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THE DEVELOPMENT OF CHEMICAL COUNTERMEASURES

PFOR BAZARDOUS WASTE CONTAMINATED sod.,

W. D. Ellis and J. R, Payne
JRB Associates

McLean, Virginia 22102

A. N. Tafwri and P. J. Freestone
- Ofl and Hazardous Materials Spills Branch
Municipel Enviroamental Research Labaratory
UA&. Eavironmental Protection Ageney
Rdison, New Jersey 08837

ABSTRACT

The U.S. Environmental Protection
(EPA) Ofl and Hazardous Materials Spills Research and
Development Program in Edison, New Jersey, has de-

- signed a Chemical Countermessures Program to evalu-

ate in situ methods for mitiguting or eliminating envir-
onmental damage from releases of toxie and other
hazardous materfals to the soils around uncontrolled
hazardous waste disposal sites, and from spills of haz-
ardous chemicals to still or relatively sl

surface water bodles. To date efforts have concentrat-
ed on sofls-related activities to determine whether use
of aqueous surfactants could significantly enhance the
in situ clesnup of chemically contaminated soils with
standard water washing techniques.

Laboeatory studies were performed to determine
the maximum cleanmup efficiency under equilidrium
conditions using water washes and a combdination of 2
percent each Hyonic PE90 (now known as NP90, Die-
mond Shamrock), and Adsee 799 (Witco Chemical)
suwrfactants and to evaluate sofl cleanup efficiency
under gravity flow conditions. In general, oversll sofl
cleanup approaching the 80-plus percent level was
attained with (ntermediate molecular weight aliphatie
and aromatic hydrocarbons, polychlorinated biphenyl
mixtures and chlorinated phenol mixtures. Results
appear to support larger scale fleld demonstrations, and
plans are being discussed to conduet full-scale, con-
trqlled tests at appropriate hezardous wasts or spill
sites ("sites~of-opportunity™.

J. The work reported herein was performed by JRB
Associates under US. Environmental £rotection
Agency contract No. 68-03-3113, Task 28. The
content of this publication does not necessarlly
reflect the views or policies of the U.S. Environ=
mental Protection Agency, nor does mention of
trade names, commercial products, or organizations
imply endorsement by the US. Government.

BACKGROUND

The Comprehensive Environmental .
Compensation, and Liability Act of 1980 or Superfund
recognizes the need to develop countermeasures (mech-
anical devices, and other physical, chemicsal, and biclog-
fcal agents) to mitigate. the affects of hazardous sub-
stances that are released Into the environment and to
clean wp [nactive hazardous waste dispossl sites. One -
key countermessure is the use of chemicals and other
additives that ere intentionally introduced into the
efivironment to control the hazardous substance. The
indiscriminate use of such sgents, however, poses a
distinct possidility that the release situation could be
made worse by the spplication of an additional chemical
or other additive.

The US. Environmental Protection Agency's
(EPA) OR and Hazardous Materials Spills Branch in
Edison, New Jersey, has begun ‘2 swpport program to
define technical criteria for the use of chemicals and
other additives at release situations of hazardous sud-
stances. The criteria are to ensure that the combina-
tion of the relessed mbstance plus the chemical or
other additive, including any resulting resction or

. results in the lesst oversll harm to human
health and the environment.

The Chemical Countermessure (ccp)
hes been designed to evaluate the efficscy of in situ
treatment of large volumes of subsurface sofls, such as
found around uncontrolled hazardous waste sites, and
treatment of large, relatively quiescent waterbodies
contaminated with splls of water-spluble hazardous
substances. For each situation, the following sctivities
are planned: )

e ltersture search to develop the existing body of
theory and data -
Iaboratory studies on candidate chemicsls to assess

sdherence to theory and define likely candidates for
full-scale testing

full-scale, controlled tests at a site-of-opportunity

This paper presents the results of the information
sserch and laborstory studies for the solls-related
sctivities of the program.



INFORMATION SEARCH

A literature search of limited scope was per—
formed to gather information on the state-of-the-art in
chemical countermeasures. The emphasis of the search
was on the most recent and innovative work on the
subject, and on work most likely to be fruitful for
further development. The search was primarily directed
toward readily svailable publications on subjects related
to chemical countermeasures, and toward contacting
key people doing research, development, and [leld
implementation of chemical countermeasures.

The application of chemical countermessure
techniques in the field has been very limited. The main
reasons are caution and scarcity of information/experi-
ence. Current technology for removal of contaminants
from large volumes of sofls (too large to excavate
economically) having relatively low to moderate levels
of contamination has been limited to withdrawal of
groundwater, with or without recharge to the soil, i.e.,
in situ "water washing.” :

Accordingly, the laboratory studies were design~
ed to determine whether adding aqueocus surfactants to
recharge water used In & continuous recycle could
significantly enhance the efficiency of contaminated
soils clesnup by water washing. Based on the litersture,
it was thought that surfactant mixtures would improve
the solvent properties of the recharge water, thereby
enhancing the removal of chemical contaminants ad-
socbed onto soil perticles. This weas a direct
derivative of the laboratory studies performed by the
Texss Research Institute for the American Petroleum

" Institute on the use of surfactants for enhanced gusoline
recovery from sand (Texas Research Institute, 1982).

LABORATORY PROGRAM DESIGN

The experimental design of the laboratory pro-
gram was formulated after reviewing the resuits of
simf{lar investigations identified during the information
search. The primary purpose of the laboratory studies
was to determine whether use of squecus surfectants
could significantly enhance the in situ cleanup of chem-~
{cally contaminated soils by standard water washing
techniques. A secondary cbjective (assuming the pei-
mary goal was successful) was to obtain information and
make recommendations for designing larger scale tests
under controlled conditions and fleld tests at sites of
apportunity. .

. Before conducting the laboratory studies, four
specific issues had t0 be resclved. The {irst issue was to
identify and select a suitable sofl to be used in the
laboratory tests and included soil characterizations end
evaluation of permesbility versus compection pare-
meters. The second issue involved contaminant selec-
tion and determination of the concentrations required
for soils studies. The third issue dealt with surfectant
selection, surfactant solubllity, compatidility with sofl
type, and efficiency of pollutant removal. The fourth
fssue Involved the analytical mgthods to be used for
extraction and analysis for the pollutant grouwps of
interest in the sofls and leachates.

Selaction of Test Sofl
{n choosing the soil to be used (n the tests, native
sofls at each of 10 Region II Superfund sites were identi-
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fled to determinse the most commonly occurring sofl
series. Once determined, a ol type of the same taxo-
nomic classification was located in the vicinity of the
potential larger-scale test facility that could be excava-

. ted and used in the experiments. The most commonly

occurring classification was Typle Hapludults (Freehold
soil series), a fine-to~coarse loamy soil of humid
climates, containing zones of clay accumulation. In
addition to hxonomlc classification, a permeability
rating of 10”2 to 10™* em/s was specified as a desirable

Table 1 presents the grain size distribution
obtained by wet sieve and pipette analyses. Approxi-
mately 95 percent of the theoretical surface area (s
represented by fines (15 percent silt and 8 percent clay).

To determine the mineralogical compasition of
the Freehold sofl, x-ray diffraction studies were under-
taken. The results showed quartz and feldspar to be the
only messursble constituents. Quartz was the majoe
phase, representing at least 98 percent of the total
weight. No messurable amounts of clay minerals ap-

The tota] organic carbon content (TOC) of the
sofl was determined on a sample of soil prepared by
grinding and suspending in an aqueous solution of phos~
phoric acld and sodium phosphate, In accordance with
EPA Method 413.1. The TOC value was 0.12 percent by
weight. This relatively low level of organic matter in
the sofl implies a relatively low sdsorption potential for
arganic contaminants.

(CEC) of the ol

The eation exchange cspacity
also was determined by the methods of Jackson (1970),

and the results were combined to yield the total CEC.
The result was $.8 milliequivalents per 100 grams, an
extremely low valus, confirming the abssnce of miner-
alogie clay in the sofl.

Selection of Coantaminants

The compounds used for testing in the laboratory
were chosen on the basis of several criteria. They
should:

e occur frequently In high enough concentrations In
the sofl surrounding Superfund sites

e present s significant hazard to human health and
the environment

e have low to moderate mobility and high persistence
in ol

Tebie 1. Grain size distrbution of Freehold soil by wet
sleve and pipette analyms (Modified ASTM D~422 wsing

US. Burean of Solls seve sises)

‘Theorsetical

Class Size renge Mamss surface area

tum) (percent)  (percent)

Gravel >1000 18 <08
Sand 42 to 1000 [} S
St ¢ to 62 18 4
Clay <8 ] 61
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e be treatable by an existing chemical method

e have an appropriate chemical analog, if too hazard-
ous or expensive for experimentation

Data were gathered on the concentrations,
frequency of occurrence, soil adsorption, and toxicity of
waste chemicals found at Superfund sites. The inci-
dence of the various hazardous waste and waste classes
is given in Table 2. The data on soil contaminants
indicate that the maost widespread class of contaminant
is the slightly water-soluble organics, which includes
low molecular weight aromatics and halogenated hydro-
carbons. The next most common contaminant classes
are heavy metals and hydrophobic organies. Clearly,
the occurrence of phenols also is widespread.

Based on this review and analysis, three pollutant
compound mixtures were selected for use in soil test-
ingt (1) intermediate and high molecular weight alipha-
tie hydrocarbons and polynuclear aromatie hydrocarbons
(high bofling distillation fraction of Murban crude ofl),
(2) polychlorinated biphenyl mixture In chlorobenzenes
(Asknrel@. and (3) di-, tri-, and pentachlorophenols.

Selection of Surfactants

The preliminary selection of 2 percent Richonate
YLA and 2 percent Hyonic NP90 as the surfactant
mixture was based on the results of a Texas Research
Institute study (Texas Research Institute, 1979) evalua-
ting the removal of gusoline from pure Ottawe sand.
After initial studies, however, this mixture was found to
be unsuitable due to its marked tendency to suspend the
silt- and clay-size grains (less than 63 um In diameter),
which ressttlied in small pores, thereby inhiiting col-
umn flow.

Besker studies then were conducted to evaluate
solubility properties of the surfactants and their ten-
dency to disperse the (Ine clay-size particles present in
the Freehold sofl.

The decision was made to use g combination of 2
percent Adsee 799 and 2 percent NP90, non-ioniec sur-
factants, based on the mixture's:

e  high water solubility
e ability to disperse Murban hydrocarbons
e minimal suspension of fine sofl particles

e lower content of compounds that cause analysis
interferences than previously tested surfactants

fudle 2. Hazardous ol contaminants at Superfind sites
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Soll Contaminants Numbder Examples

of sites
Heavy metal wastes 47
Chromium 9
Arsenie ]
Lead 7 o
Zine S
Cadmium 4
* Iron 3
Copper 2

Table 2. Hazardous ofl contaminents at Superfund sites

Sofl Contaminants

Number  Examples

of sites y
Mercury 2
Selenium 2
Nickel 1
Yanadium 1
Fly ash 1
Plating wastes 2
Other Inorganics 26
Cyanides 8
Acids 7 sulfurie acid
Alkalis ¢ lime, ammonia
Radicsctive wastes 3 uranium mining and
purification wastes,
. redium, tritium
Miscellanes 4 Dberyllium, boron
hydride, sulfides,
asbestos
Hydrophobie organics 38
PCBs 18,
Ofl, grease 1 )
Volatile hy&oarbau €  hexane, Varsol
Chiorinsted hydrocarbon 3  endrin, lindane, DDT,
pesticides 2,4,5°T, dieldrin
Polynuclear aromatics 1
Slightly water soluble
organics 64
Aromatics
Bengene 9
Toluene 8
Xylene S
Other aromatics 3 styrene, naphthalene
Halogenated hrydrocerbons
Trichioroethylene It
Ethylene dichloride ]
Yinyl chloride 4
Methylene chloride 3
Other halogenated 1S  chloroform,
hydrocarbons trichloroethane,
tetrachloroethylene,
trichlorofluoro~
methane
Hydrophilic organics 20
Alcohols 4 methyl, isopropyl,
butyl -
Phenols 13 plcric acig,
pentachiorophenol,
crecsote
Other hydrophilics 4 dioxane, bis (2—chloro~
- ethyl) ether,
urethane, rocket fuel
e solvents 30 dioxin, dioxane, dyes,
unspecified) pigments, inis,
and other orguanics paints, nitrobenzene:




Analytical Procedures

The analysis of contaminated sofls and aqueous
leachates {nvolved solvent extraction, liquid chromato-
graphy (fractionation into aliphatic, sromatie, and polar
fractions), and instrumental enalysis by gas chromato-
graphy (GC) using flame {onization detectors (FID) and
electron capture detectors (ECD), and high performance
liquid chromatography (HPLC).

Por leachates in which aromatie hy&-ocarbom or
PCBs were present, EPA Method 608 was followed. The
Murban hydrocarbon contaminant extracts were ana-
lyzed by FID~GC.

The extract from the PCB contaminant leachate
was analyzed by ECD-GC without silica gel fractiona-

tion.

. For the leachate containing chlorinated phenols,
EPA Method 625 was used. The leachate was subjected

to the acid/phencl extraction step only, and then ana-

lyzed by HPLC.

Sofl samples were prepared for pollutant analysis
using & shaker table extraction procedure that
has been shown to yield results comparable to Soxhiet
extraction.

Table 3. Experimental dexign

CLEANUP 119

LABORATORY EXPERIMENTATION

The laboratory experimentation was conducted in
two phases. The first phase involved shaker table
agitation (equilibration) to determine the soll/aquecus
surfactant partitioning of the pollutants. This compared
the maximum cleanup efficiency under conditions of
water washes and 4 percent aqueous surfactant washes
with egitation. The combination of 2 percent
each of Hyonle NPS0 (Diamond Shamrock) and Adsee
799 (Witco Chemical) in water was used.

After the surfactant efficiency was determined
in the shaker table tests, the soll column studies were
performed to evaluate soll cleanup efficiency under
gravity flow conditions. In the column studies, different
concentrations of the three pollutant groups were
used. The concentration of Murban hydrocarbons was
1,000 ppm in the soil; the concentration of PCBs was
100 ppm; and the concentration of chlorinated phenols
was 30 pom.

Shaker Table Studies
Table 3 presents the experimental design for
shaker table agitation/equilibration of coataminsted

for shaker table agitation/equilibration .

of contaminated solls
Raplissts initial water equiiBration Weterplmr-axfartant egullbration Mmcm o
cample .
mmber itwwh Sudwesh  Ndwesh Itwvah Sdvah dweh | istweh Indeesh IS weh
| Extreet sell
Exzaming L [ ] [ ] [ ] ) [ ) [ ]
lasshate
 § Examine Extrast sl
lenshate Sxamine [ ] [ ] [ [ [ ] (] (]
lenshate
3 e Examine Extrest soll
lenshate Exanins [ ] [ [ ] [ ] ® []
leashate
4 - — Exanine Extreet soll
leashate Ramisg [ ] [ ] [ ] [ e
lesshete
| — p— — Rxamine Bxtrect sol
lesshate Examins [ ] [ ] [ [ ]
leachate
[ ] Sxamias Extrest ol
—— — — — laschate Exgming [ ] [ ] e
tenshate
- Jsashate Examine L4
. leashate
leashuts Bxamine
: leashate
[ —" — — — — b P - Examine Rutreet sell
: P leashuts Exanmine
: lesshats

1. "9° indicates ne setion taken Dessuse

mmple was weed (Gustreyed) Qxring sampliag

. =’ indicates no aralyticat sstivity, La., the 08 s saved {er the sext steap
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soils with aqueous surfactant. Nine contaminated soil
samples plus three controls (not shown in the table)
were prepared. All 12 samples (80 to 100 g each) were
placed in 500 ml Teflon® screw cap jars and subjected
to & water wash (200 m]), with the leachate from the
first and second samples analyzed after the first water
wash and the soil from the first sample sacrificed for
analysis after the first water wash. The remaining 11
samples then were subfected to a second water wash
(200 m1), with the soil from the second jar sacrificed for
analysis, as well as the leachate from that sample and
the leachate from the third jar analyzed, ete.

In this manner, as {llustrated in Table 3, soil and
leachate were analyzed after each of the three initial
water equilibrations; after each of three water-plus-
surfactant equilibrations (200 ml each); and after each
of three final water-rinse equilibrations (200 ml each).
Each soil/solution mixture was agitated vigorously for a
half an hour and then centrifuged to separate the sque~
ous and soil phases. '

Soll Column Studies

*  The columns used in this study were glass, 7.6 cm
(8 in) inner diameter by 152 em (5 ft). Both ends of the
column were sealed with nippled glass caps. A Teflon®
O-ring placed between the glass column and cap sealed
the two surfaces as they were clamped together by an
adjustable stainless steel jacket. Teflon® tubes con-
nected to the caps allowed the introduction of the
aqueous solution and the collection of the leachate.

The test sofl was prepared by spreading a uniform
layer in aluminum pans to a depth of about 1.3 cm (0.5
In) and treated with a fine aercsol spray of the contam-
inant mixture dissolved In methylene chloride. The
methylene chloride was allowed to evaporate, after
which the soil was mixed by stirring with a stainless
steel spatula.

Contaminated sofl was packed into the columns
using the following procedure: A plug of glass wool was
pushed to the bottom of the column. About 775 g (1.7
Ibs) of soil then was added to the column and packed to
& height of 10.2 em (4 ir) using a controlled-drop ham-
mer compactor designed to fit inside the column.
Following compaction of each lift, the soil was tested
with & pocket penetrometer to determine the compec—
tion. The soll was packed to a total height of 0.92 m (i
ft) and eomp.cte? to a density of 1.88 to 1.76 gm/em
(108 to 110 lbe/reY).

A falling head permesbility test, using modified
American Society for Testing and Materials methods
because of column design, was performed on one of the
control columns before starting the column tests. Head
level fall from the Initial starting point wes measured
over time while maintaining a constant head level at the
outflow. Permesbilities (K) were calculated from the
following standard equatiom P

K=(2.3L/1Y) lqlo (ho/h‘)

L = length of soll sample (em)
t = ¢lapsed time (s)
hg = original head level (cm)

" e hend tava) aflas Jlemand tima ¢t fam)

Wheres

Permeabilities measured {n this manner ranged
from 1.1 x 1073 t0 9.0 x 1074 em/s (3.6 x 1075 t0 3.0 x
1075 te/s). -

Figure 1 presents an overview of the column
setup during an experiment. Water or aqueous surfac-
tant was gravity-fed under a constant 61 em (2 ft) head
pressure to the top of each column via Teflon® tubing
from reservoir carboys and collected below after pass-
ing through the column. Leachate was collected and
analyzed for pore volumes 1 through 3, pore volumes 4

through 7 and pore volumes 8 through 10 for each
treatment.




RESULTS

Murban-Contaminated Soll '

The quantitative data are fllustrated in Pigure 2
as a bar graph of total hydrocarbons present in soil and
leachate after each step in the shaker table experi-~
ments. The data in the graph fllustrate that very little
cleanup of the soil occurred during the first three water
washes, but a significant reduction (down to 41 percent
of original levels) was obtained after the initial aqueous
surfactant wash. Continued improvement in hydrocar-
bon removel was observed in the second and third equi-
libeation with aqueous surfactant. Gradual removal of
surfactant and residual hydrocarbons then was cbserved
in the three final water washes. In general, overall
mass balance approsching 95 percent wes obtained in
the shaker table experiment.

) In the soil column studies with Murben, very
_ limited removal of aliphatic hydrocarbons from the sofl

" occurred even after 10 pore volumes of Initial water.

After three pore volumes of aquecus surfactant, how-
ever, the sofl material was significantly cleaner, and

sfter the final 10 pore volumes of water rinse, the sofl

was effectively decontaminated.

Significant levels of aromatic hydrocarbons were
present in the sofl after 10 initial water washes. After
the first three aqueous surfactant washes, however, the
sromatic components were completely removed, and all
that remained in the sofl were components from the
surfactant material itself.

Sofl ecolumn and leachats data are shown in
Pigure 3, which presents the relative contaminant
concentration in the soil and leachate after each water—
fsurfactant treatment. The distillation fraction concen-

N =
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tration ranged from 80 to 100 percent during the first
three water washes and then dropped to about 10 per-
cent during the surfactant treatment, with 70 to 80
percent of the originel hydrocarbons observed in the
aqueous surfactant leachate. The final three water
washes did not effect any additional cleanup of the soil,
and the average residual soil concentration was about 7
percent of the initisl spiked distillation {raction concen-
tration.

PCB Pollutant Mixture

The initisl PCB shaker table experiments follow~
od the same protocol as that described for the Murban
hydrocarbons.

Pigure 4 Nlustrates PCB cleanup from the shaker
table experiments. After the first surfactant wash, the
soil PCB concentration decressed to sbout 25 percent of
the original level, with 43 percent of the original PCBs
accounted for in the aqueous surfactant ‘at that point.
Additional surfactant rinses produced  even greater
eleanup of soll PCBs, with up to 82 percent of the
original PCB material present in the surfactant after
the third aqueous sirfactant equilibration. An overall
removal of sbout 87 percent of the.original PCBs after
the three final water rinses was finally obtained.

As In the shaker table studies, very little cleanup
of the sofl column was effected with the water washes,
while significant removal of PCBs was observed after
pore volumes 1-3 of aqueous sirfectant. The data are
Mustrated in Figure S, which shows the overall concen-
trations of PCHs in the sofl and leachate after each
successive treatment. The effect of the first aquecus
surfsctant wash from the soll column was a 90 percent
reduction in PCB concentration in the soil column.
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FPigure §. PCS recovery results from soll columss

During the three flnal water rirses, the overall PCB
concentrations were reduced to less then 3 percent of
the initial value. An overall mass balance of about 70
percent was obtained.

Chlarinated Phenols Pollutant Mixture

The oversll cleamp of phenols in the sofl s
fllustrated in Pigure 6. It s clear that defors initial
treatment, about 93 percent of the added di-, tri-, and
pentachlorophenol mixture was essociated with the
sofl. After the three water washes, however, the rest~
dual contamination of the chlorinated phenol grouwp in
the 20ll had dropped to 2 percent of the amount origin~
ally present. Pore volumes 4~7 and 8-10 increased the
final proportion of chlorinated phenol in the leachate to
about 70 percent of the amount added to the soll origin-
ally, and the residual chlorinated phenol in the sofl
dropped to sbout 0.8 percent of«the value originally
introduced.

CONCLUSIONS/RECOMMENDATIORS
The shaker tadle studies and the sofl ocolumn

studies showed that the 4 percent aqueous solution of
surfactants was extremely effective in removing hydro-

phoble and slightly hydrophilic organics from the test
soll. The performance of the aqueous surfactants in
removing PCBs from the soil was quite simflar to their
performance with the Mwban distillation fraction.
However, water alone was sufficient to decontaminate
the chlorophenols~contaminated sofl.

A small amount of aguecus sirfactants sohbiliz-
od substantial amounts of two lipophilic centaminant
mixtures from the test soll. Although the surfactants
were chasen for this function, the relative ease of
removal of the contaminants from the soil s pertly
because of the soll's characteriatics. The TOC of the
Freehold sofl used in the laborstory tests was 0.12
percent; this ls somewhat low, and values of 0.5 to 1.0

‘pereent might be expected for a soll mixture of A, B, -

and C hortzors, At higher TOC values, organics would
be removed Trom the soll less readily.

The results of the sofl column tests with Murban
and PCBs parallieied the sheker table test results.
Because of thefr hydrophoble nature, little of the con-
taminants was removed by the initial water washes,
while the aqueocus surfactants removed them from the
soll quite efficiently. The aquecus sur{actant sppeared
to be somewhat more effective in the column tests than
in the shaker tabdle tests.
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For instance, in the Murban shaker table study,
S0 percent of the contaminant was removed from the
sofl by treatment with 2 ml of aqueous surfactant per
gram of soil. In the Murban soll column study, 74.5
percent of the contaminant was removed by only 0.8 ml
of aqueous surfactant per gram of soil. The shaker
table tests were equilibration tests and should, there-
fore, demonstrate optimum efficiency of the surfactant
solution in removing the contaminants. The column
tests were flow-through teats, but showed more effi-
cient removal of contaminant, probably because the
surfactant-solubilized contaminant micelles that formed
solubilized more and more of the contaminant es they
flowed in suspension down the column. The effect is
similar to that observed in certain terthr; oil recovery
processes (Klins, Farougall and Stahl, 1976).

The results of the laboratory studies eppear
encoursging and support continuation of the Chemical
Countermeasures Program into larger scale controlled
fleld demonstrations st sites-of-opportunity. .
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ABSTRACT

Since 1981, the Releases Control Branch of the Hazardous géste Engineering Research
Laboratory has been developing techniques to wash contaminated soil in place (in situ).

The project includes: design and fabrication of the hardware to carry out the washing,
evaluation of surfactants to do the washing, determination of which geological character-
istics to use to judge the appropriateness of in sftu washing, development of a monitoring
and reporting system, evaluation of two candidate sites for the field testing of the hard-
ware, and a pilot treatment study at a contaminated site, : :

This paper summarizes the design and development of the In Situ Containment/Treat-
ment Unit (ISCTU) and the evaluation of surfactants for in situ soil ‘washing. The empha-

sis is on work completed at Volk Air National Guard Base, Camp Douglas, Wisconsin. The
work shows that surfactants will remove otherwise obstinate contaminants from soil even

without mechanical agitation of the soil.
laden leachate is an unresolved problem.

INTRODUCTION

In situ soil washing s the term to

describe washing of -contaminated sofl with-

- 1 This report i{s a summary of work per-
formed in partial fulfiliment of Con-
tract Numbers 68-03-3113 and 68-03-3203
under sponsorship of the U.S. Environ-
mental Protection Agency. The U.S. Air
Force through I[nteragency Agreement

#RW 57931283-01-0 with the U.S. EPA

has also sponsored much of the %work
reported here. This paper discusses

_out excavating.

However, subsequent treatments of the surfactant

The washing s accomplished
by applying a liquid at or near the surface

the key activities of four projects:
“Treatment of Contaminated Soils With
Aqueous Surfactants®, “Retrofit of the
In Situ Containment and Treatment Unit®,

CThemical Countermeasure Application at

Volk Field Site of Opportunity", and
“Site Characterfization and Treatment
Studies of Soil and Groundwater at Volk
Field."”



"The first washing tests were run on
a shaker table and the next test series in
columns, Contaminated soil was compacted
in 3 1n, increments into 3 {n. diameter,
5 ft high glass tubes. The tubes were
fitted with nippled glass caps at the.
bottom and top. A pressure head of 30 cm
of surfactant solution was applied to the
surface of the contaminated sofl. The
soil pores were, therefore, experiencing
* saturated flow of the surfactant solution.2

The soil used for the laboratory work
was a Freehold serfes typic hapludult from
Clarksburg, New Jersey. It was selected
_because of its grain sfze distribution and

. similarity to soil at CERCLA candidate

sites {n EPA's Region I1. Ten percent was
silt or clay, eight percent gravel and 80%
coarse~to-fine sand. Its permeability of
10-4 cm/sec is at the low end for in situ
washing.. Nine to eleven percent of the .
sofl was HCl! soluble. Of the crystalline
- structure, 98% was quartz and 2% was

" feldspar. Only 0.12% was organic carbon
which is a low value and accounts, in
part, for a low catian exchange capacity.

"~ A topped Murban crude oil in methyl-
ene chloride was applied to the sofl.
This contaminant was selected because it
contained many organic types including
aromatics, polynuclear aromatics, alipha-
tics, polar and non polar compounds. The
methylene chloride was allowed to evaporate
and the soil was aged prior to being
loaded into the test columns, *Other con-
taminants, in separate tests, were chloro-
phenols and a polychlarinated biphenyl,

Gas chromatographic analysis showed
that ten pore volumes of surfactant solu-
tions passed through the columns removed

- . 8BR% of the topped Murban crude oil and 90%

of the PCB's. Using high performance
liquid chromatograghy (HPLC), it was shown
that chlorophenols were removed with the
water alone. Surprisingly, removal in the
column studies, where there is a low level
of mechanfcal washing, was better than re-
moval fn the shaker table studies. Start-
fng at 1000 ppm contamination in the

- columns, removal efficienctes as high as
98% were reported.’

Control of In Situ Washing Fluids

Accelerating the natural tendency of
a contaminant to migrate through the vadose
zone into the groundwater {s the basic
purpose of in situ soil washing. In order
to do this so there is no adverse impact
on an aquifer, rigid controls must be
majntained to assure the contaminant is
captured. The EPA's In Situ Containment
and Treatment Unit (ISCTU) was designed
for this purpose. The drawing in Figure 2
represents the parameters (of an hydraulic
budget) Shat were considered for the
(ISCTU).? They are: recharge G,, discharge
Da, treatment system flow R, evapotrans-
piration E, precipitation P, natural
groundwater flow Uy, and induced ground-
water flow Up. Variation in these
qualities wifl change those items in lower
case letters; vadose zone thickness w,
mounding m, drawdown (he-hw), and radius
of influence re (not to be confused with
the radius of capture).

'Figure 2. In situ parameteré



Figure 3 is a simplified drawing of the
IsCTy, which {s equipped with recovery and
delivery pumps, batch mixing and propor-
tional-additive metering pumps, flow rate
controls, pressure and flow meters, and a
volatile organic stripping tower. Any
treatment of groundwater requiring more

A AIR DIAPHRAGM PUMPS
. PROPOATIONAL CHEMICAL

ADOITIVE METERING PUMP .

G INPUT MANIFOLD

MAIN ELECTRICAL
SREAKERS

than atr stripping must be done “off-
board.” A microcomputer/data logger is
used to monitor environmental conditfons
and the effect of pumping and recharye on
the aquifer. To do this, depth gauges,
flow meters, moisture meters, and a weather
station are connected to the data logger.

D. PROCESS MOMITOR RECORDER
E. WATER PUMNP
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. site was® sought.

Site Selection for the Field Evaluation

In September 1984 the U.S. Alr Force
and the U.S. EPA started in a joint effort
to evaluate in situ washing technology.
The primary objective of the project was
to demonstrate full-scale feasibility.

A secondary objective was to develop a
more comprehensive strategy for, the decon-
tamination of fire-training areas of all
Afr Force and Department of Defense (DoD)
installations. The following criterfa
were used in selecting a site suitable

- for full-scale sofls washing research. .
A site of less than one acre was desired
“.to reduce sofl varfability and reduce

~ 'sampling costs. Because sotl washing s
best suited for permeable soils, a sandy
Contaminants at the
$ite were to be common organic chemicals
found at many other Air Force sites,
{.e., trichloroethane, benzene, toluene,
trichloroethylene, 0Officials of the
selected tnstallation and responsible
environmental agencies would need to be
cooperative.

If\ Situ Containment and Treatment Unit

Preliminary screening of candidate
sites was accomplished through a review
of Afr Force Installation Restoration Pro-
gram (IRP) reports. Over sixty reports and
nearly 800 sites were screened. During
the review, it was apparent that most sites
with organic chemical contamination fell.
into two common categories: sites of fuel
spills and fire training areas.

Fire training areas were especfally
suited to this research because of their
1imited size and range of contaminants,
which included chlorinated solvents, fuel
components and lubricating oil. Fire
training areas are found at almost all Air
Force installations and, because of the
long-term fuel and solvent dumping at these

tion potential.

Following this careful review, 2 fire
trafning area at Volk Field, Air National
Guard Base, Wisconsin, was selected as a
research site, Historical records {ndi-
cate that the Volk fire trafning area may

" sites, they have significant off-site pollu- -



have been established as early as World
War 11 and has routinely received waste
solvents, lubricating ofl, and JP-4 jet
fuel. Although it is impossible to deter-
mine the quantity of chemicals that soaked
fnto the ground versus the amount volatil-
ized and burned in fire training exercises,
one estimate s 52,000 gallons. Measure-
ment of volatile organics from groundwater
samples taken in 1980 directly below the
fire pit showed chloroform, trichlorethane,
trichlorethylene, benzene, toluene, and
ethyl benzene totaling above 50 mg/liter.4

Site Studies

Two site studies were made at the fire
pit area during 1985, These studies were
conducted to thoroughly understand the
hydrology and chemistry assocfated with
the contamination have produced as a
by-product a great deal of data and tn-
sight into a chronic ofl spill, Initfally,
the character of the contamination was
.misunderstood. The original concept of
a floating layer of oil that could be
handled easily gave way to the realization
that the contamination had not remained as
a water insoluble ofl but had been trans-
formed to soluble organics by biological/
chemical activity. Biological activity
had been nourished by the firefighting
foams used in the training exercises.
These fire-fighting foams may have also
contributed directly to solubilfzing the
oils. The groundwater, 25 ft below the
surface (and only 60 ft from the
pit), had up to 50 mg/liter total organic
carbon (TOC). Infrared spectrophotometric
(IR) scans indicated this contamination
was in part esters or organic acids.

Upon emerging from the centrifugal pump
(used for a pumping test), the groundwater
frothed.5 Directly below the pit the
water table was at 12 ft. The hydraulic
conductivity was § x 10~2 cm/sec.

Treatment Studies of the Soil

The overall soil contamination had
the physical consistency of a medium
weight lube ofl. At a one-foot depth
average ofl and grease (determined by
carhon tetrachloride [CCl4] extraction)
was 13,500 mg/kg. Oeeper into the soil,

oi) and grease (0&8G) values decreased.

At 5 ft, and continuing to the capillary
zone at 10 ft, 04G values were 400-800
mg/kg. Soil samples from the aquifer
taken at 15 ft produced 5000 mg/kg 0&G.
The chemical composition of the CCLg
extract also varied with depth., IR scans
of extracts of sofl from 1 ft depth

match scans of paraffinic oil, Esters or
acids of ail become more evident when
approaching the water table. Below the
water table, the oxidized oils although
present, are less prominent. This profile
is apparently a symptom of weathering.
The more soluble oxide forms have been
carried to the groundwater by percolating
ratn water.

The volatile cantaminants also show
evidence of weathering. In contrast to
0&G, the weathered volatiles are found
closer to the surface than ta the water
table and are an order of magnitude less
abundant than 0&G extracts. A relatively
high abundance of isoprenoid compounds
(includes many naturally occurring mater-
1als such as terpenes) in relation to
normal alkanes also indicates long term . .
microbfal degradation.® A terpene-like
odor was noticed while taking soil sampleés
to determine the lateral extent of contam-~
ination near the surface. Within 6
fn. of approaching the clean soil and
at depths of 6 to 12 in. a

"minty-turpentine” smell was reported by
the field technfcian,

A part of the fire training area was
prepared so that ten mini soil washings
could be conducted simultaneously. The
first foot of soil was not to be included.
Therefore, ten 1 ft deep holes were dug
and the bottom of each hole was called
the “surface” of the test chamber. Each
“chamber" was a 14-in. depth of sofl from
the bottom of the hole down. Surfactants
tested were: an anfonic sulfonated alkyl
ester (Pit #7), a polyethylene glycol dio-
leate (Pit #10), ethoxylated alkyl phenol/
ethoxylated fatty acid blend (Pit #8), and
the contaminated groundwater (Pits #2,3.4,
§,9). The dioleate caused sofl plugging
immediately. Compared to water, penetra-
tion rates were reduced when any surfac-
tant solutions were used. The groundwater,



which has a low concentration of biologi-
. cally produced surfactant, had the least
" effect on the pene;ragion rate. '

N The dominant contaminatfon in the
soil was ofl and grease, up to 16,000
mg/kg, where volatiles were less than 100
mg/kg.6 O&G measurements were therefore
used to determine the effectiveness of the
soil washing. To avoid channeling during
the pilot treatment, prewash 0&G measure-
ments were made on samples taken adjacent
to the chambers. Statistically, the 0&G
measurements had a coefficient of varia-
tion (CV) throughout the test area of 35%
making it difficult to draw conclusions

of soil washing effectiveness. Figure 4
shows the 0&4G measurements after the sur-
factant wash process and the blank value.
Pit #8 was washed with the lab-developed
50/50 surfactant blend. It {s interesting
to note that the 0&4G at 12-14 in. has
fncreased 24% above the blank and the
surface top layer 0&G has decreased 50%,
implying a transport of contaminant down-
ward during the seven days of washing with
14 pore volumes. Keep in mind a CV of 35%
precludes any definitive conclusion. The
_expected reduction of contamination at the
12 in. depth to 50% of the original level
was not realized.

Treatment Studfes of the Groundwater

Bench scale and then pilot treatment
studies of the already contaminated ground-
water were undertaken in antfcipation of
full-scale soil washing. Bench-scale
studies evaluated addition of: lime,
hydrogen peroxide, alum, ferric chloride,
and various water treating polymers. The
pilot treatment was run using the EPA's
Mobile Independent Chemical/Physical Treat-
ment Unit, a holding lagoon, and an air
stripper made by the Air Force. Figure 5
is a process flow diagram that also indi-
cates sampling points. The three treat-
ments consistently used during the opera-

' tion were Yime addition, settiing, and
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Figure 4. Soil washing data -

volatilization. Total organic carbon -
(TOC), volatile organic analysis (VOA),’
and suspended solids (SS) tests were
used to monitor the effect of these
treatments.

Addition of lime brought about signi-
fi{cant reductions in TOC. Organics were
removed with an fron hydroxide to form a
floc. (Interestingly, the contaminated
groundwater had up to 56 mg/liter iron
compared to background levels of 0.2 mg/
liter.) Volatiles were 95 to 98% removed
in the lagoon and air stripper. Figure 6
is a bar chart depicting the measured
level of TOC at four points i{n the process.
Figure 7 1s a bar chart showing the mea-
sured levels of four volatiles at three
locations in the process.
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In anticipation of conducting a in
situ soil washing of the entire pit, —

tests were run to determine control of
the natural groundwater flow beneath the
pit. This was accomplished by a six-
member well field. In total there have
been 13 wells installed in the study,

7 monitoring wells and 6 withdrawal wells.

Boring logs were kept during the drilling

operations. Split spoon samples of the

sand and weathered sandstone were used for -

chemical analysis and particle size analy-
sis. The fines content of the directly

below the pit {s significantly lower than
in the adjacent uncontaminated soils -

2 to 5% versus 10 to 15%. Fines content
of soil 8 ft below the water table,
slightly down gradient, and in the plume
is unusually high: 28% versus 10-15%.
The production wells placed in the high~
est contamination zones have the poorest
fluid yield. Paradoxically, according
to equipotential lines constructed from
water table depths, there is a convergence
of flow passing beneath the pit

(see Figure 8).
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This 1s directly in 1ine with a pro-
ductfon well producing water containing
700 mg/ 1iter TOC at less than 2 gallons
per minute. The average for the rest of

the wells {s 260 mg/liter at 6 gallons per

minute. The design pumping rate for each
well was 12 gpm. In spite of well yield
problems the natural gradfent of 0.001
(ft/ft) was easily reversed to create a
radius of fnfluence of greater than 100
ft and a radfus of capture greater than
the 40 ft training pit radius.

A Follow-up Electromagnetic Survey

An electromagnetic survey was con-
ducted over the ground surface surrounding
the training area to determine the measur-
able extent of the plume. The decisfon to
do this was based on the low conductivity
of the soil, high conductivity of the
plume (600 micromohs), and the low
conductivify of the background water
(20 micromohs). A study conducted by
the New Jersey Geological Survey’ had been



able to map an organic plume from a fire
training area in a sandy aquifer. 1In the
report of that work, the fire fighting foam
AFFF was felt to be the conductive organic
that made the survey possible. In this
work the high iron content of the plume {s
considered the reason for the success of
the survey. The reason for the high iron
content is the reducing conditions that
exist(ed) during biological activity at

the site. Fiqure 9 ts a map of the plume -
based on conductivity.

=
Electromagnetic Survey

The CCLy extract of a sofl sample taken
at 12 ft at the point marked “S* in the
figure was identified as an oxidized otl,

The authors wish to express their .
apprecfation for the cooperation, encourage-
ment and help given by a number of people
from the Wisconsin Air National Guard and
Department of Natural Resources. But
especially we wish to acknowledge Doug
Downey of the U.S. Air Force for his
gentle persistence in directing the work
done at Volk Field.

CONCLUSION

The mechanfcal aspects of applying
a surfactant to soil and controlling an
underlying unconfined acquifer to capture
the wash solution have been demonstrated at
a site of opportunity. Issues that remain
to be addressed are treatment, if necessary,
of the used surfactant solutions, fsolation
of the containment from the surfactant and
developing a method to recycle the surfac-
tant. ‘ '
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In Place Detoxification of
Hazardous Materials Spills

in Soil -

INTRODUCTION

Spill incidents can occur in aimost any known geographic
agea, contaminating air, water and/or soil. Containment and
treatment technology for water spills has received the most
attention and is the furthest advanced. However, in many
instances, both water and soil are contaminated when land
spill threatens a nearby water body or the groundwater
table. The state-of-the-art of land spill cleanup has consisted
mainly of excavation and hauling to an approved landfill
site or possibly flushing of the affected area with water.
These methods are appropriate in certain circumstances.
However, when the groundwater is threatened, when a large
soil mass is contaminated or when no suitable disposal site
is available, other approaches may be needed.

It is the purpose of this effort, funded by the US. En-
vironmental Protection Agency under contract number
6803-2508, to develop & mobile treatment system which
allows in place (in-situ) detoxification of hazardous mate-
rials spilled on soil. Detoxification in this context refers to
amelioration of z spill's effect by chemical reaction. The
project goals were to design and demonstrate a mobile
vehicle capable of encapsulating a 10,000 gallon land spill
in grout and treating the spilled chemicals in place by either
oxidation/reduction, neutralization, precipitation or poly-
merization. The approach to achieving the design goals was
to use direct injection of grouting material into the soil
jround the contaminated area to envelop the spill and isolate
it from the groundwater, followed by detoxification by
injection of treatment agents. This paper documents the
results of the laboratory and pilot tests and the resulting
preliminary system design. The vehicle which will be fabri-
cated #nd demonstrated during 1978 should be a part of
the EPA spill response arsenal by 1979,

Project Approach

The work was divided into five phases: 1) Laboratory
Study, 2) Pilot Testing an8 Design, 3) Fabrication, 4) Test-
ing and Demonstration and S) Reports. The information
obtained during the laboratory and pilot tests was used to
develop the final system design and, as anticipated, the end-
product design was modified from that origimally envisioned.

Laboratory Testing
The laboratory tests had two main objectives:

Kathryn R. Huibregtse
Envirex Inc.

Milwaukee, Wisconsin
and

Joseph P. Lafornara

U.S. Environmental Protection Agency
Edison, New Jersey

and

Kenneth H. Kastman
Soil Testing Services Inc.
Northbrook, lllinois

1. To determine if in-situ treatment techniques could
effectively detoxify chemicals present in various soil
systems and,

2. To evaluate, choose and test various grout types for
their potential use in spill containment.

Choice of Chemicals and Soils

Various reagents and soil types were chosen for testing
the four types of chemical reactions: oxidation/reduction,
neutralizstion, precipitation and polymerization. Chemical
compounds studied as contaminants were chosen based on
the followingcriteria: 1) efficiency of the chemical reaction;
2) common use of the chemical and 3) potential risk Qf
spillage. Treatment agent choices were based on: 1) the haz-

" ardous nature of the treatment chemical, 2) its availability,
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3) its handling difficulties and 4) the volume needed for
detoxification of the contaminant. Contaminant concentra-
tions were established by common shipment concentrations,
and the strength of the reactant was established to keep the
detoxification coatrollable. The chemical systems are
shown in Table L

Four soil types were also included in the laboratory
study. It was determined that dlassification of soils by grain
size would be most advantageous, since this characteristic
often controls the soils permeability and therefore its amen-
ability to injection of treatment sgents. The four soil types
considered were day, silt, sand and gravel. In order ta
simplify data interpretation, it was decided to select soils to
minimize the amount of interaction of the soils with the
chemical systems. This was justified because the objective
of the laboratory study was to evaluate the effects of a soil’s
physical properties on insfru detoxification and it was
thought that the potential interferences from soil chemical
properties could be to mask important physical effects
which needed to be defined. Therefore, the following rela-
tively inert sod types were chosen: clay —~Georgia Kaolin;
silt—No. 290 Silica Flour; sand-blended Ottawa Silica Sand
(Rlint shot and Mo. | Federal Fine); gravel—trap rock. The
soil gradations were selected to be representative of the
specific soil type to be tested. For example, the amount of
clay or silt in the sand sample was minimal.



Table I: Chemical Reaction Systems Investigsted

Centaninant

Reactant

Reaction Type Cocapound

Concentration

Compound

Concentration

Oxidation/

Heutralization

Frecipitaticn

Polyrmerization Styrcne

Sodium Hypo-
Reduction ~ chlorite

" Sulfuric Acid

Ccpoper Sulfate

12-15% CI

36N

75 o/l

1003

Sodiun Bisulfite

Sodium l'ydroxide

Sodiuw Sulfide/ -
Sodiun liydroxide

Persulfate

7

.55

1-5N

1
0

.0
1

Laboratory Reaction Feasibility Testing

The laboratory testing was subdivided into three parts:

mixture was allowed to stand for a given time and soil core
samples were taken and analyzed.

design and fabrication of the testing apparatus and develop-
ment of the procedures: the actual performance of the tests
and evaluation of the results. Two types of testing were

rformed: flow through tests in which drainage of the
system was allowed during the reaction and sealed tests
which involved direct addition of resctant to the soil with

no drainage of the soil allowed.

In order to evaluate as many of the critical varisbles as
postible, an experimental design was established. This
approach varied soil conditions (bulk density and water
content), contaminant loadings (as percent of the soil void
space available) and detention time (pressure). The sofl and
chemical systems were to be evaluated separately. After
initial attempts and problems involved with developing a
safe, uniform and genenlly spplicable approach to poly-
merization in the soil, this reaction was not further evaluat-
ed. Therefore testing was limited to three reactions and

four soil types.

The laboratory testing apparatus consisted of a 3.5 in.
diameter clear column supported by machined aluminum
bottom and top fittings (See Figure 1). The column was
fited with an underdrain support system for the flow-
through tests and a porous plate/screen cover to distribute
the chemicals placed into the column. When necessary,
regulated air pressure was used to force the reactant through
the contaminated soil. The sealed apparatus required elimi-
nation of the base and drainage holes. Columns of both
scrylic and clear PVS plastics were used since neither ma-
terial was resistant to all of the chemical species tested.

The testing procedure involved mixing specified amounts

of soil and water and packing this mixture to incremental
heights to achieve a specified soil bulk density. These soll

columns were then contaminated with liquid to fill s
certain soll void volume, the treatment agent added and

samples collected at the underdruin. If sealed tests were
performed on s system the oonumina’ntlmacum/sou

mented. Howeweg
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Figure |: Laboratory Testing Appmtu

Initially, Bow-through testing only was to be imple-
, it soon became spparent that this
approsch was not feasible for the fine grained clays. The
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high pressures required to force the reactant through the
soil caused short circuiting along the column sides and no
detoxification occurred. Therefore it was decided to test a
surface treatment method (sealed tests) for the day systems.

The data collected from all laboratory testing were
evaluated and the percent of contaminant treated was cal-
culated along with the residual concentration in the treated
soil. Statistical analyses of these results using ANOVA
design and F tests were used to identify which of the vari-
ables had significant effects on the efficiency of the reac-
tion. The results indicate that both soil type and reaction
type significantly affect the degree of detoxification, along
with the three intemnal variables (s0il conditions, detention
time and loading).

The efficiency of fn-gitu treatment in gravel was much

lower than with other soils (See Table II). This is a result of

most of the contaminant rapidly percolating through the
. gravel prior to treatment. However, for the contaminants
entrained on the gravel, the reaction efficiency ranged from
95-99%. The overall efficiency of the neutralization reac-

tions was also lower since a pre-reactant water rinse was -

required in order to reduce the heat of reaction. Precipita-
tion reactions were more efficient than anticipated. This
may be due to the blocking affect of the precipitate which
clogs some of the voids and forces the treatment agent to

flow into other contaminated zreas. Redox reactions were
generally quite efTicient under all conditions. The detention
time was critical for sand detoxification indicating that too
high a pumping rate will be detrimental in final treatment.

The efTectiveness of sealed detoxification (surface treat-
ment) was not anticipated. As long as void saturation was
not exceeded, the treatment agent entered the fine grained
soils and mixed to a degree which detoxified most of the
contaminant. This apparent mixing in the small void sizes
was not expected. Reduced reaction efficiencies were ap-
parent for precipitation because the precipitate did block
the reactant’s path into the soil. Overall, even this reaction
was quite effective. The main problem with a sealed system
is that the volumes which can be treated are limited to voids
available for the reactant.

Grout Evaluation
The second objective of cbe laboratory testing was to
evaluate the grout which could be used for encapsulation of

‘a spill. The main types of grout available include particulate

grouts such as cement and bentonite and chemical grouts
which are mainly Acrylamide (AM-9), urea-formaldehyde
resin, lignin oc silicate based materisls. Particulate grouts
are generally used in coarse grained soils since they have a
relatively high viscosity due to their suspended particlesina

Table II: Summary of Laboratory Test Results

] . . Fanqe of Averaae “Sianiflcant Ntumber
%oil Jeacticn  Test Tyne Effectiveness® Efficiency* Variables of Test
Tant tcid Tlas Theu 3.k-52.2 22.4 Detention Time 12 4
aand “sdax *lor Theu 123.4-6C.4 37.3 Oeteation Time 12"
rand rov “lor Thry l9.2-85;9_‘ 42, Detention Time 12
Cand Y Flos Theu ( 3.4-35.8) (34.2)
silt teis flos Thru nN.1-009 57.7 Solt Conditions 12
Site “edox ‘€lo: Theru 12 -02.3 55.7 Loading £ Soi) 12

_ Conditions

tite FET Fler Thry L2.1-25.7 7h.4 Loading g
Silt fun - le.: Theu (12 -3n.9) 6i.6
Gravel ~cid Fles Thru 3.7- 5.3 4.8 ‘ione L]
fravel “adox lo: Theu 12.3-26.4 20.0 Ltoadinn ]
feavgl €27 fios Theu 12.5-31.3 29.1 lione h
frawel  Svo Clos Threu 3.7-31.3 (15)
Clay ‘cid Cealed 74.6-78 76.3 tlone ]
Tlae edox Sealed 96.2-20.§ 98 lione L}
Tlav rRT Sealed $6.5-87 74.6 < lione )
Clav ‘ve Scaled “(56.5-99.5) 82.3

an total amount of containment-amount not reacted

tased on the ( Total contalnment - —) X 130
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and can be used to grout finer grained soils. One of the
most commonly used chemical grouts is AM-9 which can
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scrylamide base wh;ch 'Ls‘ (oﬁc to .you.ndwale‘n. Therelore
it was oot conddered witable for the spill containment
spplication. :
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Figure 2: Affect of Various Chemical Mixtures on Gel Formation for Silicate Grgut
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Evaluation indicated that bentonite/cement or silicate
grouts would be most feasible for spill containment. De-
pending on both the soil and chemical characteristics, one
may be more applicable than-the other. Both systems are
environmentally acceptable, since the bentonite is a natural
clay product and may eventually resorb into the soil and
the silicate grout may break down with time; thus long
term adverse effects will be minimized. :

There are several silicate grout formulas in general usage,
The silicate grout used in this survey was formed using a
mixture of sodium silicate, sodium bicarbonate and a
copper sulfate catalyst. Extensive laboratory testing was
performed to establish the most feasible dosages. The
results are plotted in Figure 2. It is anticipated that this
type of presentation will be included in the final systems
operation and maintenance manual with instructions for
choosing an appropriate mix. Chemical tests to determine
the grout’s resistance to treatment chemicals were also
performed. The results indicated that the silicate grout
while resistant to bisulfite, hypochlorite, sodium sulfide
and copper sulfate, had very low resistance to acids and

relatively low resistance to bases. This was expected because -

the silicate is an alkaline material and the gel is affected by
pH. Whea a high pH occurs, a beatonite grout would be
- recommended. - S

The final output of this effort was to develop an approach
for establishing a specific chemical’s treatability by in-situ
techniques. This involved determining if neutralization,

CLAY TEST
80X

Figure 3: Pilot Test Cells

oxidation/reduction or precipitation would detoxify the
hazardous material and establishing which type of grout
would be most resistant to chemical penetration. These
results will be presented in the final report and Operation
and Maintenance Manual in tabular form for quick reference.

Pilot Testing

Based on the results of the laboratory tests, two reaction
types and two soil types were chosen for pilot scale evalua-
tion. Precipitation and redox reactions were selected to
further define effect of solids formation. Sand and clay soils
were chosen so that both flow-through and sealed pro-
cedures could be tested on a larger scale. The main objec-
tives of the pilot testing were: 1) to determine if the
detoxification procedure was feasible on 8 larger than
laboratory scale and 2) to establish critical parameters such
a3 pumping rate, injector placement and back pressure, for
consideration in the development of the final system design.

Testing Equipment and Procedures
Special test cells were constructed for the two types of
tests as illustrated in Figure 3. Both were made from coated

 plywood, the larger box having heavy reinforcing. Addi-

tional tanks, pumps, tubing and mixers were procured and
used during the test operations, as needed. The test pro-
cedures for the surface and injection treatments were quite
different. The surface testing was basically similar to the
laboratory tests. The soil and water were compacted in the
PLEXIGLASS _

/ 1° THK.

6’°

- SAND TEST 80X



box to a given bulk density and the specified amount of

" contaminant was sprinkled over the surface and allowed to

migrate. After 24 hours, the reactant was sprinkled on the .

soil surface and allowed to detoxify the soil for 48 hours.
Core samples were taken at specified locations in the box
and analyzed for contaminant concentration.

The flow through testing required that the box be filled
with 5600-5800 Ib of sand which was placed and compacted
in 3.5 an layers to achieve the desired bulk density. Water
was added to yield a 5% water content. The contaminant
was again placed on the surface, and the reaction was per-
formed the same day as contamination. An injector and wet
well were placed on opposite ends of the box and then the
specified volume of reactant was forced through the injector
into the soil. After the reactant was pumped into the
system, 8 volume of water was injected to rinse the soil of
excess reactant. Throughout the pumping period, the wet
well was continuously emptied into a separate holding tank.
After all liquids were pumped into the soil, cote samples
were collected and analyzed for moisture content and con-
taminant concentration.

Two pilot grouting tests were also petformed to aid in
choosing injector types and establishing anticipated pump-
ing pressures and to define some of the problems associated
with grouting. Various mixes of grout were pumped and the
resultant grout wall observed and tested, where postible.

Results of the Pilot Tests

Data on the percent of contaminant remaved in the pilot
tests are shown In Table IL This measure of extent of
reaction was based on residual concentrations found in the
soil as opposed to the total amount of contaminant which
had rescted as calculated for the laboratory testing. This
. percent reaction is generally higher than the contaminant
percentages, but for g large system it is & better measure of
the overall effectiveness of detoxification. However, direct
comparisons to the laboratory results should not be made.

The effectiveness of detoxification for all of the pilot
tests was quite high. As expected, the geometry of reactant
injection and the shape of the pilot study box sffected the
detoxification. When evaluating the results of flow-through
testing, it was spparent that the detoxification was most
effective within a radius of 1.5 ft from the injector. How-
ever, detoxification effects did extend beyond this radius.
The surface treatment results reflected those predicted
from the laboratory testing. The redox reactions were very
effective, removing most of the contaminant which was
entrained in the surface layers. Precipitation reactions were
less efficient than the redox reaction. This can be attributed
to the blocking of voids by precipitate formation. Shrinkage
cnacks which formed when the surface dried allowed more
effective ‘reaction in some of the lower layers. However, as
with the redox system, the majority of the contaminant
entrained in the surface layer was detoxified.

Evaluation of the grout test results indicated that injec-
tion of chemical grout on an angle was possible, while
gprouting near the ol surfacs was not feasidle because of
short circuiting caused by grouting: pressures being larger
than -the soil over burden weight. The particulate grout
. was difTicult to handle hthctlunovtesun.boxmdthn
P4

only injection device which proved feasible was one with s
single outlet hole.

The pilot tests also indicated: 1) the importance of
driving an injector directly into the soil as opposed to
boring and then placing the injector, 2) the necessity of a
wet well equipped with s self priming pump for liquid
removal, 3) the need for pumping systems equipped for
pressures up to 80 psi., 4) the roquirement for volumes of
rinse water was not as critical as originally anticipated, S)
the back-pressure caused by higher void volume Joadings of
contaminant reduced the forward flow rate significantly
and 6) the neutralization chemicals could be added using s
multi-holed injector (which allowed for much faster treat-
meat). It was determined that pilot test grout gel times
were shortét than in the lab and that the chemical grout
injection could be controlled by the volume added while
the particulate grout addition was best regulated by pres-
sure in the injection lines.

Prototype Design

After the pilot tests were completed, the design of the
prototype system was begun. Much of the information
obtained throughout both the laboratory and pilot tests
significantly influenced the design. A process and instru-
mentation diagram is shown in Figure 4 and s layout is
shown in Figure 5. The system provides much flexibility for
spill cleanup. The grout or chemicais are to be mixed in
alternate batches in the two 1500 gal fiberglass tanks.
Batch'in; eliminates potential problems associated with
exact mixing of grout constituents at the point of injection
and thereby allows closer system contral.

Two pump types were included. For grouting, positive .
displacement pumps will provide the most control and the’ -
simplest operation, however they were not sufficiently - .
chemically resistant for chemical injection which will be
sccomplished by the sir pumps, available in Hastelloy C. It
was also determined that multiple pumps instead of exten-
sive manifolding of injectors would sllow more control of
the volumes pumped into the soil. If necessary, the injectors
can be manifolded in pairs to allow higher pumping rates,
however this approach may not always be feasible when
difficult so@l conditions are encountered. The volume of
liquid added is to be metered and totalized, since in most
instances the chemical solutions will be added until 3 cal-
culated amount is pumped into a specified area. The injector
will then be withdrawn » certain distance and the pumping
process repested.

The vehicle will be equipped with a diesel-electric geners-
tor and an air compressor. Aa “girhammer”™ type devics
will be used to drive the injectors (1% in. OD, 1 in. ID) into
the ground. Separate multiholed injectors will be used for
chemical addition. Since the cost of chemical resistant
injectors would be excessive, standard steel pipe injectors
will be rephcedweatheyeatoduod:epommudny
are no longer usable. All components would be accessible
cither on the vehicle o from the side. The controls will be
centralized on 8 panel permanently mounted oa the truck.
Accessory equipmeat will include standard test apparatus
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to measure soil conditions and chemical coacentrations, Costs are presently being developed and this design may
well points for use as wet wells, some small air pumps to be modified depending upon the complete economic con-
empty wet wells, and a surface holding tank. sideratioas.

Table III: Summary of Pilot Testing Results

Test Conditions -_Pesules
Test Avg tont  Avg Percent Avq Percent
o, Media Contalnment %Loadlng Location Conc Removal(Tot) Peroval(inj)
: (4] b1s]
i sand tancl 25 top an 141 93,73
bot 3374 . 97.6 99.76
¢t s03
) sand . Na0Cl 50 top 2532 58.3 93,92
mid 2218 100 94,90
bot 6Gn6 97.3 99.89
. - Cu Cu
z sand CuS0y 25 top 1049 .S 835
mid 1253 8s.2 82.7
bot 1262 £8.7 ; 88.2
. Cu Cu
3 sand CuSOg S0 top 2076 78.7 883
. mid st 94.9 97.°
bot - asso 9615 N 9,05 A
: a '
b clay Ha0Cl 25 top 20306 %.7 -
4 , ‘ ald M3 8s5.0 -
bot 28 60.7 -
: Cl S0y
8 clay 20C1 so top 20306 33.2 99, -
mid (15 82.3 97.85 -
bot 28 85.7 99.%2 -
? Cu
s clay CusOy 2 top 8197 75.8
mid 2653 2.5
bot 86 76.2
] Cu
fo clay Cusny S0 top 8197 70.6
»id 265) 36.0
Sot 86 76.8

% Ronoval 100 x = (concentration of contsainant In = concentratlon after)
soll before treatment treatment
concantration of contaminant In =
- soll bdefore treatmant
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fi;ure 4: Process and Instrumentstion Diagram of Prototype Unit

Design Limitations and Decision Matrix

The limitations of in-situ detoxification techniques
either through surface treatment or direct injection of grout
and chefnicals must be undentood before the prototype
equipment is used. Whea a land spill occurs, alternstive
approaches thould be evaluated and the most time and cost-
effective approach for the specific situation chosen. In
order to determine if in-dru detoxification is most efficient,
8 decision matrix will be prepared. This matrix will preseat
an spproach for evalusting the feasibility of grouting and
chemical injection, as well as surface containment and treat-
ment. Among the critical variables are type of chemical

spilled, interaction with the soil, the soil’s “groutability™
(permeability, void loading, geometry, water table level,

~ etc.), il volume contaminated, feasibility of excavation

and availability of treatment supplies and manpower.

This equipment will not be spplicable to all land spills.
However, there are many situations in which it will be a
feasible technique. The surface treatment approach may be
desirable in many cases even if the spilled soil is to be
removed and transported to a landfill. This pretreatment
will protect equipment and may even allow redefinition of
the removed soil as aon-hazardous. Grouting in and of itselfl
will be feasible even when direct chernical trestment is aot
possible. Construction of a grout layer will protect the



groundwater if excavation is incomplete or if rain rinses the
area. Although grouting will be limited to relatively coarse
grained sand and gravel materials, it is these soils that allow
permeation of the contaminant through the soi structure
and into the groundwater.

Design Changes

Several changes have been made in the initial design con-
cept. Most significant is the addition of a surface treatment
technique for fine grained soils. Polymerization was limited
to a few possible materials and was determined to be too
dangerous (o implement in a field situation. The pilot tests
indicated that it was critical to meter liquid flows indivi-
dually so the original design which included a high capacity
pump with extensive manifolding of injectors was changed
to include a larger number of lower capacity pumps with
much less manifolding.

[t was also determied that the pumping rates for chemi-
cal injection should be relatively low to allow effective
reaction. Therefore the overall time tequired for treatment
will be longer than anticipated.

Y."L‘a’ covrsyorR
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CONCLUSIONS

1. An inplace treatment technique has been shown to be
an effective land spill cleanup on a laboratory and pilot
scale basis,

2. Grouting technology appears to be an effectivé method
to contain spills and thereby minimize potential ground-
water contamination.

3. Where small grained soils (silts and clay) preclude the use
of injection equipment, a surface treatment using a
diluted reactant provides an efficient way to detoxify
land spills of spplicable hazardous materials.

4. [n order to establish the most time and cost-effective
method for land spill cleanup, the limitations of the in-
place detoxification as well as specific spill variables
must be considered.

S. A stepwise approach to containment by grout injection,
followed by chemical treatment seems to ptonde the
most flexible treatment sy:tem.
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€PA‘s Office of Research and Development (ORD) has recently completed con-
struction of a Mobile [n-Situ Containment/Trestment Unit designed for field
use to detoxify sofls which nave been contaeinated by hazardous materfals
from spills or uncontrolled nazardous waste sites. EPA develops such equip-
wment to actively encourage the use of cost-effective, sdvanced technologies
during clesnup operations. Once an ftea of hardware §s complete, 1t {s tested
under field conditions., After testing, the plans, specifications and other
inforeation are made avalladle publicly for the purpose of encouraging coe-
mercialization of the new technology., Mumerous systems, including a mobile
water trestment unit and a sodiie ladoratory, have been developed by ORD,
were duplicated by the privete sector, and are now avallable comercially.

‘to & secure landft]) s one solution.

[

' When spills, or hazerdous sudstance releases fros waste suesacontnlncu

tive sethod
Excavation and hauling of contaminated soll
However, this approsch 15 not precti-
cal for those incidents where 3 large voluse of soil is Involved., An alter-
nate commercially feasidle spproach is to flush tne sof) in place with water.
ORD 1s developing en {nnovative, {sproved method for tresting contsminated
soils in place at reduced cost, in teres of dollars per pound of contaminant
resoved, The technique employs flushing with additives and ouox“lcauoa
by chemical reaction.

soils and threaten nesrdy surface water or groundwater, an eff
of treating tne soll s needed.

The modile In Situ Conmmnt/tnumnt Unit, shown left, is wmounted on a
13.1-@ (43-ft) drop deck trailer and includes: a diesel electric generstor,
an air cospressor, mixing tanks, hoses, & solids feea conveyor, pipe injec-
tors, soll testing apparstus, and accessory itees. In-situ containeent s
accomplished by direct injection of grouting materisl into .the soil around
the contastnated ares in order to isolste the released cheaicals. The chemi-
cals are then treated in place by flushing, oxtcation/reduction, ngutraliza-
tion or precipitation. Specially prepared solutfons of wash watér can bde
delivered into nighly contaminated sotl through 16 fnjectors. A vacuus well-
point withdrawa} systes (not shown) creates an artificial) hydravlic gradient
which draws the wash solution fros the {injectors through the contasinated
sol ! thereby collecting water-soludle contaminants in the solutfon, The withe
drawal system has granular activated vapor-phase carbon packs for ruoul of
organic vapors reledsed during the withdrawal operstion,

The collected chemically contasinated wash solution s processed through ¢
sobile water treatment unit, where contaeinints are resoved. Fresh cheeical
additives are then iIntroduced into the cleansed wash solution which 13 re-
injected into the contasinated ar¢a. This process is continued uatil o

~point of diminishing returns is reached.

For further information, contact ¥r. Frank J. Freestone or !ir. 'Rw{urd P.
Traver, Municipal Environsental Research Laboratory, Ofl & Hazardous Mater-
fals Spills Brancn, Edison, New Jersey 088)7. Telephone numbers are: (201)

- J21-6632/6677 (Commercial); 340-6632/6677 {F1S).
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ABSTRACT

The U.S. Environmental Protection Agency's Hazardous Waste Engineering Research Lab-
oratory has initfated a program to evaluate in situ methods for mitigating or eliminating
environmnental damage from releases of toxic and other hazardous materials to the soils
around uncontrolled hazardous waste disposal sites, As part of this program, various re-
agents suitable for the in situ washing of heavy metal contaminants from soil were tested
at laboratory scale. The work was performed on a soil from an actual Superfund site near
Seattle, WA. The soil contained five toxic heavy metals often found i{n hazardous waste
site soils:-cadmium, chromium, copper, lead, and nickel.’ L

The tests demonstrated that sequential treatment of soil with ethylenediaminetetra~
acetic acid (EDTA), hydroxylamine hydrochloride, and citrate buffer was effective in re-
moving metals from sofl, and all were necessary for good cleanup. The EDTA chelated and
solubilized all of the metals to some degree; the hydroxylamine hydrochloride reduced the
sofl iron oxide-manganese oxide matrix, releasing bound metals, and also reduced insoluble
chromates to chromfum (11) and (III) forms: and the citrate removed the reduced chromium
and additfonal acid-labile metals. The best removals observed were: cadmium, 98 percent;
lead, 96 percent; copper, 73 percent; chromium, 52 percent; and nickel, 23 percent.

INTRODUCTION
The U.S. Environmental Protection EPA Contract No. 68-03-3113, investigated

Agency's (EPA) Hazardous Waste Engineering chemical methods for in situ cleanup of
Research Laboratory (HWERL) initiated a heavy-metal-contaminated soil.
program to develop in situ chemical methods

-- for mitigating or eliminating environmen- Toxic heavy metals are frequently
tal damage from releases of hazardous ma- found in soil at uncontrolled hazardous
terfals at chemical spill sites and around waste sttes, including lead {15 percent of
‘hazardous waste disposal sites. As part sites surveyed), chromium (11 percent),
of this program, Science Applications : cadmium (8 percent), and copper (7 percent)

International Corporation (SAIC) ,“under (EVlis and Payne, 1983).



Based on these results, an optimum
treatment sequence was designed, Then
column tests of the optimum treatment
sequence were conducted,

The column studies evaluated metal re-

moval under gravity flow conditions, with

analysis of soil and duplicate analysis of

leachate after each treatment. A three-
agent sequentfal extraction was tested
using five paore volumes of the optimum

concentration and pH for the EDTA solution
to semove most metals, followed by hydrox-

ylamine hydrochloride to reduce any hexa-
valent chromium to trivalent, and to
reduce any sofl fron or manganese oxides
to release any bound metal. Citrate
buffer was then used as a final acidic
leaching agent. The same metal-contamin-

ated sofl was used for all tests; all
initial concentrations for each metal were
the same (see Table 1).

Samples were analyzed for trace ele-
ments by atomic adsorption spectrophotom-
etry (AAS) using flame or graphite fur-
nace procedures. Analyses by the method
of standard additions were routinely
performed along with standard calibrations.
When the two calibration curves deviated
significantly, calculations of sample
concentrations were based upon the stan-
dard addition calibratfon; when they were
the same, a combination of the standard
addition/standard calibration was used.
Sample blanks and National Bureau of Stan-
dards (NB8S) standards were analyzed in the
same manner as the samples.

TABLE 1. SINGLE AGENT SHAKER TABLE EXTRACTION EFFICIENCIES

- Cd e Cu L Pb

Soil Metals (ppm) 47 349 219 214 2,480
EDTA (0.1 M @ pH 6) : R

% Extracted 114 24 62 14 - 106
Hydroxylamine hydrochloride
(0.1 M in acetic acid)

% Extracted 86 32 43 20 80
Citrate buffer (0.1 M @ pH 3)

% Extracted 77 24 48 14.5 65
Pyrophosphate (0.1 M) '

. % Extracted 5.4 9.6 29 2.9 9.7
DPTA (0.005 M in
0.1 M triethanolamine)
2 48 2 67

% Extracted 59




" Conventional remedial methods for
.sites containing heavy metals include

"excavation followed by land disposal and

[4

groundwater pumping and treatment. The
use of excavation and land disposal is
meeting with increased opposition not only
because of high cost but also because the
contaminated soil is simply transferred to
another location. Also, pump and treat-
ment methods are costly and are not effec-
tive for removing contaminants sorbed to
the *soil. In situ treatment of toxic
metals in soil and groundwater offers a
potentially cost-effective remedial
alternative. However more research is
needed before the in situ methods can be
implemented in the field.

The objective of this project was to
select the most promising in situ treat-
ment method for metals and evaluate the
method through laboratory studies. The
study was limited to methods suitable for
in situ treatment of cadmium (Cd), chro-
mium (Cr), copper (Cu), lead (Pb), and
nickel (Ni). These metals are found
frequently at hazardous waste sites and
are among the most toxic. Methods that
are effective with these metals might
also be suitable for treating other heavy
metals found at hazardous waste sites.

Potential in situ treatment methods
for metals include methods that immobilize
the metals in soil by means such as prect-
pitation and methods that solubilize and
remove the metals from the soil, Methods
that solubilize and remove the metals
offer an advantage over immobflization
methods because the need for long-term
monitoring is eliminated. Immobilization
methods, on the other hand, simply reduce
the concentration of dissolved species.
The potential exists for resolubilization
of the metals through subsequent naturatl
chemical reactions; therefore, the site
must be continually monitored.

__ Methods for mobilizing metals in
soils involve the use of dilute weak
acids, bases, or aqueous solutions of

.chelating agents. Considerable research

on a laboratory scale has already been
conducted on the use of chelating,and
other complexing agents for selectively
removing metals from soil.

This research demonstrated different
degrees Of extractability of any given
heavy metal from soil. The extractability
has been described according to which type

"of extraction agent will remove the bound

metal which corresponds to a specific soil-
metal binding mechanism or the chemical
state of the metal. For example, soluble
heavy-metal salts are extractable with
water; metals bound to the soil organic
fraction are extractable with aqueous
alkaline buffers such as tetrasodium
pyrophosphate (“tetrapyrophosphate”): and
metals occluded in the iron and manganese
oxide fraction of the soil are released
by reduction of the oxides with hyroxy-
lamine hydrochloride. These techniques,
if developed further, could be used for
the cleanup of contaminated soil at
hazardous waste sites.

Laboratory Task Description

Laboratory studies were conducted to
determine whether in situ cleanup of heavy-
metal-contaminated soil Dy treatment with
chelating solutions or acidic buffers was
possible. The soil used in the studies
was collected from the Western Processing,
Inc. Superfund site, near Seattle, WA. P,
Previous analysis of this soil (Repa, et
al, 1984) had shown high levels of cadmium,
chromium, copper, and lead (>10 ppm). - - .

The laboratory task consisted of:
(1) soil characterization; (2) laboratory
equilibration (shaker table) experiments
designed to evaluate treatment methods
(i.e., single agent treatment vs sequential
treatment with several agents) for metal
removal; and (3) soil column tests to
evaluate cleanup efficiency under gravity

- flow conditions.

Based on a review of the literature,
the chelating agent ethylenediaminetetra-
acetic acid (FDTA), the reducing agent
hydroxyl amine hydrochloride, and the
acidic citrate buffer were identified as
suitable agents for testing. Shaker table
equilibration studies were conducted in
which various combinations of the above
treatment aggnts (10:1 w/w agent solution:
soil), either singly or in sequence, were
shaken with the contaminated soil in a
closed container on a vibrating platfom.



RESULTS AND DISCUSSION

Sail Characterization

Soil permeability measured in the
laboratory was approximately 5 x 10-3
cm/sec. The grain size distribution was
determined by wet and dry sieve procedures
and pipet analyses on organic-free soil
after a hydrogen peroxide wash. Approxi-
mqte\y 75 percent of the soil was in the
silt and clay range. This probably caused
the rather slow percolation rate, X-ray
diffraction analysis showed alpha-quartz
and feldspar to be the only measurahle
constituents of the sofl. No measurable
amounts of crystalline aluminum oxide
forms were present. The total carbon
content of the soil averaged 16,400 * 709
ppn by weight (1.64 percent). This Tnter-
mediate level of carbon corresponds to the
?henols and other organic compounds found
in the soil.

The cation exchange capacity (CEC) of -
the soil was also determined. The results

were 13 and 8.2 milliequivalents per 100 g

for bulk and organic-free soil, respec-
glvely. These results are quite low and
indicate an absence of mineralogic clay in
the soil. The pH and Eh measurements
(made in triplicate) yielded an average
soil pH of 7.39 and an Eh of +0.198 v
(electron potential, pe = +7.01), reveal-
ing a neutral, slightly oxidizing soil.
The iron and manganese oxide mean concen-
trations were 15,000 and 291 ug/g, respec-
tively. The carbonate results yielded an
average value of 1.42 meq/g as bicarbonate.

The results of the determination of
heavy metals of interest in Western Pro-
cessing soil were as follows (in ug/g) :.
cadmium (47), chromium (349), copper
(219), iron {30,200) , manganese (1,690),
nickel (214), and lead (2,480). These
values were compared with the concentra-
tions of°’the metals in the treatment
solution to assess percent removal of
metals by the treatment.

Shaker Table Studies

In the single’shaker table extractions
using EDTA at Yifferent concentrations and
pH values, the 0.1 M solution was much
more effective in metal removal than the
0.01 M solution. The pH trends, however,
were not so clear cut. A pH of 6 was
chosen as the optimum because it afforded
slightly better chromium removal than that
obtained at pH 7 or 8; EDTA is more jon-
jzed at pH. 6. This pH and concentration
combfnation was used in subsequent
studies.

The results of the EDTA, hydroxylamine
hydrochloride, acidic buffer, and diethyl-
enetriamine pentaacetic acid (DTPA) single-
method shaker table extractions (Table 1)
showed that EDTA was the best single
extraction agent for all metals. However,
hydroxylamine hydrochloride was more
effective at chromium extraction.

Results of the two-agent sequential
extraction (Table 2) indicated that the
ENTA was much more effective in removing
metals than the weaker agents often used
to characterize the mechanism of binding
of metals to soils. Thus, weaker extrac-

_tion techniques (magnesium chloride,

potassium fluoride, acetate buffer, tetra-
pyrophosphate) can be eliminated if just.
an EDTA solutfon fs used. .,

The results of the three-agent sequen- .
tial extraction studies (Table 3) showed
that, compared to bulk untreated soil,
this extraction scheme removed nearly all
the lead and cadmium, 73 percent of the.
copper, almost 52 percent of the chromium,:
and only 23 percent of the nickel. Over-
all, this scheme was shown to be better
than three EDTA washes, better than switch-
ing the order of EDTA and hydroxy]amine
hydroch\oride. and much better than simple
water washes, in subsequent three-agent
tests. However, the EDTA washing alone
might be used with only a slight decrease
in removal efficiency.



TABLE 2. TWO-AGENT SEQUENTIAL SHAKER TABLE EXTRACTION EFFICIENCIES

13.0

: e Cd . Cr Cu - Ni Pb
Sofl Metals (ppm) 87 349 219 7213 2,480
EDTA (0.1 M @ pH 6) -
% Extracted: 83.6 24.4 77.6 10.8 84.6
Magnesium chloride (1 M)
%€ Addnl. Extracted 1.02 0.11 2.22 1.47 0.29
EDTA (0.1 M @ pH 6)
% Extracted 95.3 28.9 56.4 11.6 85.3
.Potassium fluoride (0.5 M) _
% Addnl, Extracted 1.17 0.37 1.27 0.47 0.85
EDTA (0.1 M @ pH 6)
X Extracted 119 24.3 76.3 10.7 117
Acetate buffer (1 M @ pH 5)
% Addnl, Extracted 2.36 2.36 1.18 1.89. . 1.41
EDTA (0.1 M @ pH 6)
% Extracted 75.3 24.2 59.6 9.72 98.2
Tetrapyrophosphate (0.1 M) . .
% Addnl. Extracted 23.9 5.59 3.11 0.99 1.20
TABLE 3. CUMULATIVE SHAKER TABLE
THREE-AGENT SEQUENTIAL EXTRACTION EFFICIENCIES (%)
Cd Cr Cu N Pb
Soil Metals (ppm) 7 349 219 214 2,480
1) ENTA (0.1 M @ pH 6) 87.2 24.6 63.0 13.8 87.1
2) Deionized water . 92.5 27.5 67.4 15.4 92.6
3) Hydroxylamine hydro- 96.3 34.0 69.8 19.8 94.8
chloride (0.1 M in
e acetic acid)
4) QDeionized water 96.6 34.5 70.1 20.6 94.9
. §) Citrate buffer
(0.1 M @ pH 3)
(=Total £ Extracted) 98.4 51.9 23.0

96.4




Column Studies

The results of the metals extraction
achieved during column tests are shown in
Table 4.

The pattern of removal for each metal
was somewhat unique. Lead appeared to
be removed easily by the EDTA; further
removal occurred with citrate, Cadmium
was removed by EDTA and also by hydrox-
ylamine hydrochloride; removal was slight-
ly improved with the other treatments.
Copper was removed only by EDTA; the other
treatment methods had little effect on
removal, The data indicated a generally
high extraction efficiency for EDTA. The
analysis of metal remaining in soil versus
pore volume and type of treatment indica-
ted that lead and cadmium concentrations
in soil decreased steadily from the begin-
ning of treatment to the end. The pattern
for the other metals was similar, but with
slight differences, probably due to random
sampling .or analytical errors. Chromiun
appeared to exhibit a pattern of migration

from the top to the middle of the column,
followed by rather ineffective removal,
Nickel showed a similar trend. These
latter results suggest that more pore
volumes of each treatment solution (e.q.,
10 rather than 5) would improve the re-
moval, probably to the level of extraction
efficiency achieved in the shaker table
tests.

CONCLUSIONS

The results of the shaker and sofl
column studies permit a number of con-
clusions about the potential feasibility
of in situ cleanup of soil contaminated
with heavy metals, :

The Cleanup Efficiency of the Soil Treat-
ment Agents

The various treatment-agent tests
showed that there are definite differences
in efficiency of the agents that vary with
the heavy metal. '

TABLE 4. THREE-AGENT SEQUENTIAL EXTRACTION EFFICIENCIES:
SOIL COLUMN TESTS

Cd Cr Cu Ni Pb

Soil Metals (ppm) LY, 219 214 2,480
Water '

% Extracted by water 0.2 o 0 0 0.1
EDTA (0.1 M @ pH 6) '

% Extracted by agent 60.5 12.2 47.1 6.8 60.1
Hydroxylamine hydrochloride
(0.1 M in acetic acid)

% Extracted by agent 23.8 8.9 0.7 y.7 2.3
Citrate Ruffer (0.1 M @ pH 3)

%X Extracted by agent 3.6 12.2 . 0.2 - 4.8 8.8
Water Wash P ; = .

% Extracted by water 0.4 1.1 0.1 0.5 0.5

Total % Extracted: 88.5 34,4 48.1 20.8 71.8




The preliminary tests of single heavy-
met-al treatment agents provided the opti-
mum concentration and optimum pH for EDTA
treatment, The more concentrated solution,
0.1 M EDTA, is clearly more effective. A
pH of 5 is probably as effective as pH 6,
pgt either is more effective than pH 7 or
above, :

The two-agent tests demonstrated that
weaker agents do not remove any of the
metals of interest more efficiently than
EDTA alone.

The three-agent tests demonstrated
that EDOTA, hydroxylamine hydrochloride, and
citrate buffer are all necessary for good
cleanup of the soil. The EDTA chelates
and solubilizes all of the metals to some
degree; the hydroxylamine hydrochloride
probably reduces the iron oxide-manganese
oxide matrix, releasing bound metals, and
also reduces insoluble chromates to chro-
mium (II) and (I11) forms; and the citrate
removes the reduced chromium and addi-
tional acid-labile metals. The chelating
agent/reducing agent/acidic citrate buffer
combination appears to be very effective
in heavy-metal cleanup.

The three-agent test with just ENTA
demonstrated that cleanup of cadmfum and
chromium s significantly better with the
sequential ENTA/hydroxylamine/ citrate
than with three treatments of EDTA alone,
However, ENTA alone appears to be suffi-
cient for removing the lead and copper;
although the nickel removal was poor with
EDTA alone, the treatment with all three
agents showed no hetter removal.

The three-agent test with hydroxyla-
mine hydrochloride first, followed by EDTA
and then citrate, demonstrated that the
use of a chelating agent following the re-
duction step does not fmprove the cleanup.

Effects of the Soil Characteristics on the

Cleanup Efficiency

The efficient cleanup of the heavy-
metal contamination in the soil was prob-
ably facilitated by the low cation ex-
change capacity (CEC) of the sofl. How-
ever, the presence of iron and manganese
oxides apparently interferes with heavy
metal removal by EDTA; reducing these
oxides was necessary to remove all the
cadmium,

Feasibility Studies Using Shaker and

Caolumn Tests

The shaker studies were quick and
effective screening tests for estimating
treatment-agent efficiency. The column
tests, although more difficult and time-
consuming more closely represent the
behaviour that might be expected if the
agents were used for in situ cleanup of an
actual contaminated site. The column tests
mode! cleanup under gravity flow conditions

" through soil with a permeability somewhat

similar to the native soil. If time had
permitted longer soil column tests, extrac-
tion efficiencies would probably have been
similar to .the shaker table test results,
Both the shaker and column tests are very
useful for studying the feasibflity of = -,
potential soil cleanup agents. . R
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STUDENT PAPER COMPETITION

To encourage student participation in the Association and to
recognize outstanding research at New England colleges and
universities, NEWPCA recently held its fourth annual student
paper competition. Judges under the direction of Mr. William
VanBlarcom reviewed a number of entries and selected four
finalists who presented their papers at the January 28 session of
the NEWPCA 1985 winter meeting. Based on the quality of the
written papers and the oral presentations, judges selected
Camille C. Connick as winner of the $200 cash award. Other

finalists, each of whom received a $100 cash prize, were Robert C. .

Backman, Northeastern University (The Treatment of Dairy
Wastewater by the Anaerobic Up-Flow Packed Bed Reactor);
Akbar Johdri, University of Rhode Island (A Pilot Study of the
Responses of Powered and Granular Activated Carbon in the
Remouval of Shock Loadings of Synthetic Organics); and Eid
- Alkhatid, University of Rhode Island (Treatment of a Combined
Petrochemical Industrial Waste Stream for Reuse).

Presented herein is Ms. Connick's winning entry. Copies of
the other finalists’ papers are available from NEWPCA.

MITIGATION OF HEAVY METAL MIGBATION IN SOIL
By CamitLe C. Connick®

INTRODUCTION

The uncontrolled or accidental contamination of the environ-
ment with hazardous materials through chemical spills and
hazardous waste site releases necessitated the enactment of the
Comprehensive Environmental Response Compensation and
Liability Act of 1980 (CERCLA) often called Superfund. The pur-
pose of one Superfund program, the U.S. Environmental Protec-

*Graduata Student, Dept. of Civil Engineering, Northeastern University,
Boston, Massachusetts.
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tion Agency's (USEPA) Chemical Countermeasures Program
(CCP), is to investigate in-situ chemical methods for mitigating or

" eliminating environmental damage from releases of toxic and

other hazardous materials to the soils around uncontrolled hazar-
dous waste disposal sites and from spills of hazardous chemicals
to still or relatively slow moving surface water bodies. Because it
is recognized that the environmental impact of hazardous
material spills and releases can be worsened by adding chemicals
indiscriminately, the CCP is intended to provide guidance and

_define appropriate treatment techniques.

" This investigation of in-situ treatment of soils contaminated
by heavy metals was performed as a joint research project with
the USEPA and Northeastern University. The study involved
the determination of adsorption isotherms for the heavy metals
and specified soil, as well as the desorption behavior of the metal
using water rinses, water and surfactant rinses, and water plus
chelating agent rinses. The first phase consisted of shaker table
agitation (equilibration) to determine maximum adsorption of
metal to soil. The second phase involved the use of soil column
studies to evaluate the maximum adsorption/desorption of the
metal. A simulated spill of heavy metal-laden liquid for soil con-
tamination was followed by successive treatment rinses under
gravity flow conditionas to determine removal efficiencies. In-
fluent and effluent pH, metal content, permeability rates and
variations, and chemical oxygen demand (COD} were monitored
during the study to determine metal removal efficiencies and the
occurrence of unanticipated reactions,

~ The results of this research and results from a similar atudy
investigating the use of in-situ treatment of soil contaminated
with hazardous organic constituents are to be used as the basis
for development of pilot scale testing in a chemical additive treat:
ment tank at USEPA’s Oil and Hazardous Materials Spills En-
vironmental Test Tank (OHMSETT) facility in Leonardo, NJ.

BACKGROUND INFORMATION & LITERATURE REVIEW

The soil used in the chemical countermeasure study wa:
selected based on its frequency of occurrence at Superfund site:
in New Jersey and also its availability for excavation in ar
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uncontaminated condition. The soil selected for the research was
Typic Hapludult of the Freehold Series. It is described as fine to
coarse loamy, low clay content (< 16%) and a high content (>
16%) of fine, medium, and coarse sands, plus coarse fragments up
to three inches. Only soil from the B horizon was intended to be
used so as to attempt to model soil containing contaminant
releases which are greater than two feet underground. Such
releases usually affect large volumes of soil, making excavation
and land treatment methods and equipment uneconomical and
physically impractical.

The characteristics of soil have a tremendous effect on the ef-
ficiency of various treatment processes for contaminant removal.
Grain size, specific gravity, density and water content
characterizations determine available void volume, soil porosity,
and permeability which directly affect both pollutant and treat-
ment considerations. Buffering capacity and soil pH affect
neutralization and possibly precipitation reactions resulting in
enhanced or decreased water solubility of products. High organic
soils (such as peat) have a higher affinity for non-polar organics,
which can affect in-situ treatment with surfactants and/or
solvents. A high cation exchange capacity (CEC) observed in
some clays and fine silts can attenuate treatment of metals and
metal salts. A high mineral content can affect neutralization and
redox treatment of acid spills. In some cases, treatment of a
caustic spill with acid might increase resolubilization of inherent
metal species. Interfering reactions can result in a need for a
greater volume of the treatment reagent, increasing wastewater
treatment requirements. :

A complete chemical and physical analysis of the soil was

performed prior to the start of the studies by JRB Associates'.
The mineralogical composition of Clarksburg soil was determined
using X-ray defraction studies. Quartz is the major phase,
representing at least 98 percent of the total weight. No
measurable amounts of clay minerals appeared in the sample
which accounts for the relatively low CEC of 8.6 mg Na/100
grams. The organic carbon analysis showed only 0.12 percent.

C.C. Connick ] G

The average permeability when compacted to a density of 107
lbs/cu ft was 1.6 X 107! cm/sec. The natural moisture content was
10 to 12 percent.

Metal Contaminants

The heavy metals (Cd, Cu, Pb, Ni, Zn) selected for use in the
reseach were chosen based on frequency of occurrence in soil at
USEPA Region 11 Superfund sites and concern for toxicity to
human health and the environment. The metals Cd, Cu, Pb, Ni
and Zn were detected in soil at 4, 3, 7, 3 and 6 of 60 sites reviewed,
respectively, at concentrations ranging from 2,000 to 30,000
ppm. The toxicity of these metals in such elevated concentrations
is apparent when compared to the acceptabletconcentrations
specified by USEPA water quality criteria and the reported Rat
Oral LD,, of these cations (Table 1).

Tablel. WATER QUALITY AND TOXICITY LIMITS
USEPA Water Quality  Rat Oral LD,

Metal Criteria, ppm __mghg
Cd 0.01 ‘ 88 (CdCl,)
Cu 1. ' 265 (CuCl)
Pb 0.06 - -
Ni 0.0134 105 (NiCL,)
Zn 6. 350 (ZnCl,)

: \

Chemical Countermeasures

A literature review was performed to investigate the avail-
able methods for in-situ treatment of contaminants. Three types
of treatment were reported for either removing or fixing con-
taminants in soil including: use of surfactants to solubilize and
flush contaminants; use of chemicals for in-situ metal precipita-
tion; and use of chelating agents for metal extraction. -

Surfactanta were reported as being succeesful in the recovery
of gasoline from soils and as having the ability to solubilize
organic materials that were previously only solubilized in organic
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solvents’. Several analyses were performed by JRB Associates'
to determine the appropriate concentration of surfactant/water
solution which would provide adequate pollutant extraction effi-
ciency and yet not inhibit soil-column flow. A mixture of two non-
ionic surfactants, one percent Adsee 799 (Whitco Chemicals) and
one percent NP90 (Diamond Shamrock) in tap water was chosen
as the chemical countermeasure to be tested for in-situ treat-
ment. Both surfactants, Adsee 799 and NP80, are considered
non-toxic. They are often used for treating farmland to enhance
percolation of fertilizers and irrigation waters. The surfactants
are biodegradable and the potential for excessive accumulation or

hazardous effects is minimal, which further enhances their ap-

plicability for in-situ removal of organic contaminants. The high

organic content of the surfactant allows one to monitor its con-

centration in soil leachate by performing analyses such as the
COD determination of organic content.

The use of sodium sulfide for in-situ metal precipitation and the
use of ethylenediaminetetracetic (EDTA), a chelating agent for
meta) extraction were reported as successful in fixing and remov-
ing heavy metal contaminants in soil. Chelating agents are com-
pounds or ligands (generally organic) that coordinate or bond a
metal ion in more than one position. This bonding of the metal
ion, in most cases results in its deactivation. The metal is no

longer able to react chemically and is, therefore, made less toxic®. -

Competition from hydrogen ions usually occurs at low pH levels.
A decrease in pH always produces a shift towards disassociation
of the complex fon (an increase in free metal concentration).
Organic chelating agents may be divided into two classes, se-
questrants and precipitates. Sequestrants form chelate com-
plexes which are soluble in water; therefore, the compound still
remains distributed throughout the water body although in a less
toxic form.

EDTA isa sequeswrlng agent used in metal cleaning, preser- '

vation of canned fruits and vegetables, leather tanning, and in
medical treatment of Zn, Fe, Ni, Pb, and Hg poisoning. EDTA is

generally applied as a soluble sodium salt along with a buffer

solution such as ammonia ammonium nitrate to maintain a pH of
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9 to 10. Since the effectiveness of the chelating agent EDTA i:

pH dependent, the buffer solution was prepared so as to maintaii

a pH of 9 to 10 when subjected to the acidity of the soil system a:

the time of treatment and during the displacement of hydroge:
jons as the EDTA reacted with the metal cations in the soi
system’, A 0.144 M concentration of disodium EDTA wa.
gselected as the chemical countermeasure to be tested in thi
research along with the prescribed surfactant combination sup
plied by JRB Associates and tap water'.

EXPERIMENTATION METHODS AND MATERIALS

The laboratory study conducted to evaluate the effectivenes
of the chemical countermeasures included shaker table agitatio:
and gravity flow soil column studies. To insufe data accuracy
replicate leachate samples were analyzed along with blan!
samples (non-contaminated soil mixed with deionized water) fo
each run during shaker table analysis and column tests. Al
glassware, plastic ware, columns, storage vials, and any ir
struments used in the study were acid cleaned (1+1 HNO,) an:
rinsed with deionized water where feasible. Control samples o
metal contaminants were placed in shaker table bottles and a co’
umn to evalute the extent of the cation adsorption onto the ex
perimental apparatus throughout the course of the study.

Shaker Table Studies

Four different concentrations, as shown ln—Tal;b 2, wer
prepared for each metal using a solution of the sul{ide or acetat
salt of the metal with deionized water. The selection of the mets

'!‘able 2. METAL CONCENTRATIONS FOR SHAKER

TABLE ADSORPTION STUDY
Metal (Source Compourg) Concentrations, mg/l
Cadmium (Sulfate) 40,000 4,000 400 4
Copper (Sulfate) 2,000 200 20 ‘
Lead (Acetats) " 20,000 2,000 200 2
Nickel (Sulfate) 20,000 2,000 200 2
Zinc (Sulfate} . 30,000 3,000 300 k1



0 MeTar MIGRATION IN SoIL

oncentrations was based on the review of the data on average
ontaminant concentrations found in Superfund sites. The pur-
ose of various concentrations of the specified metals during the
dsorption shaker analysis was to determine Freundlich and
.angmiur isotherms which allow determinations of compound-
pecific soil/water partition coefficients.

_Seven pyrex bottles for each of the specified concentrations
{ the five metals were agitated with 100 ml of the metal solution
.nd 10 grams of the soil. Agitation time ranged from 156 minutes
0 48 hours with samples removed at intervals of 16 min, 30 min,

hr, 3 hr, 6 hr, 12 hr, 24 hr and 48 hr for analysis. The shaker
able was operated at 180 rpm throughout the analysis to insure
:3mplete mixing of the soil in the metal solution (Figure 1). pH
salues of the initial metal solution prior to mixture with the soil
ind pH of each liquid sample from the adsorption analysis were

v, ‘.'-.‘A" R
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Figure 1. SHAKER TABLE ADSORPTION STUDY
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recorded. Samples removed at the specified times for each metal
and their respective concentrations were filtered using a Vacuum
Pump Millipore Filter Apparatus and a 0.45-micron filter pad
placed in a sample vial and acidified to a pH of 2 with 141 HNO,.

Soil samples from the 48-hour time interval for each metal
and its respective concentrations were digested using the Nitric
Acid Digestion Procedure (Standard Methods, 302D, 15th Ed.)
The purpose of the digestion was to determine the maximum
quantity adsorped on the soil following the longest contact
period. Metal content of each sample was determined using a
Perkin Elmer 660 Atomic Absorption Spectrophotometer (AA).
Data from the adsorption analysis using the shaker table were
presented in the form of plots of percentage of contaminants in li-
quid samples versus time. These data were used to obtain the
adsorptive capacity of the soil at a given contaminant concentra-
tion. Plots of concentration adsorbed per unit weight versus
residual concentration were used to obtain adsorption isotherms.

Soil Column Studies

Column tests were conducted for each of the five metal con-
taminants and a mixture of Cd, Cu, Ni, and Zn to simulate field
contamination and cleanup using the specified chemical counter-
measures, under gravity flow conditions. The custom-fabricated
soil columns used in this study were 32-inch (81.28-cm) long clear
plexiglass cylinders with an inside diameter of 2.76 inches (6.985
cm). Both ends of the column were fitted with a plexiglass cap
with l-inch (2.54-cm) diameter holes. A 2.6-inch (6.35-cm)
diameter, 0.26-inch thick perforated plastic disk was placed at
the base of each column to prevent the loss of soil during the
analysis. The caps were held in place with four nuts attached to
support rods running from column top to column bottom. Teflon
tubes connected to plastic fittings threaded into the end caps
allowed the introduction of aqueous solutions and the collection
of effluent samples. Tubes at the base of the columns were placed
into one-liter plastic containers for the collection of effluent
samples during column rinsing. An aqueous solution contaminant
or treatment rinse was introduced at the top of each column in
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premeasured aliquots in such a manner as to minimize the distur-
bance of the surface soil structure (Figure 2).

Column Packing

A plug of soil weighing 0.73 pounds (331 grams) was brought
to the field moisture content of 11 to 12 percent and added to the
column. It was packed in 2-inch (5.1-cm) lifts using a custom-
made controlled-drop hammer compactor designed to fit inside
the column (Figure 3.)

This procedure was repeated for a total of nine lifts per column
. to acheive a soil height of 18-inches (46.72-cm), a total volume of
106.9 cubic inches {1762.3 cc) and a total mass of 6.6 pounds
. (2979 grams). Records were maintained for each plug of soil that
was added to qach column. Soil weight, packing depth, number of
taps required, and compaction data (from the pocket penetro-
meter) were monitored for uniformity. The columns were packed

""""Il“

Figure 2. SOIL COLUMN APPARATUS

. -~

Figure 3. CONTROLLED-DROP HAMMER COMPACTOR

in this manner to achieve the desired density of 105 to 110 Ibs/cf
{1.68 to 1.76 gm/cc) to simulate original field conditions and the
desired permeability rates of approximately 1.6 X 10" to 1.0 X
107* ft/sec (6 X 107 to 3 X 10~* cm/sec).

- Determination of Quantity of Countermeasure

The treatment or cleanup of the contaminated soil was de-
fined as the number of pore volumes of water or water and
countermeasure needed to remove the desired amount of metal.
Successful cleanup was defined as the removal of enough metal to
produce a leachate from the columns which fell below EP toxicity
criteria®. EP Toxicity Concentrations for the heavy metals used
in this study are presented in Table 3. EP toxicity values are 100

- times the concentration permitted by drinking water standards.

The pore volume {quantity of water within the pores of a
saturated soil sample) was calculated using the following equation:
PV = wv — av
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where pv = pore volume (cc); wv = whole volume of soil in col-
umn {cc); and sv = solid volume of soil {cc) = {weight of soil added
to column in grams)/(specific gravity in glcc)*.

The determination of specific grav:ty of the soil was
calculated following the procedure outlined in Methods of Soil
Analysis* and ASTM D864-58. The pore volume of each of the
packed columns was determined based on the above formula. The
average pore volume of the 14 packed columns was 690 ml and for
the remainder of the study this volume was used as the “treat-
ment'’ pore volume.

Table 3. EP TOXICITY CONCENTRATIONS

Metal Concentration, mg/l
Cadmium -1

Copper 100

Lead b

Nickel 1.34

Zinc 600

Column Contamination

The concentration of contaminant used in the column
analysis was chosen as the maximum concentration used in
shaker table analysis. Two columns were contaminated with each
metal. Two columns packed with soil were used as blanks. No
metal was apphed to these columns, but they did receive the
treatment rinses applied to the contaminated columns.

Columns 1 to 10 received 1.9156 liters of the metal con-
taminants. The tube at the base of the columns was closed off and
the contaminant poured slowly into each column through the hole
in the cap of each column. The columns were filled to the top with
the metal solution which was allowed to saturate the soil for four
days. Following this period of saturation, the metal con-
taminants were drained from the base of each column into a two-
liter collection container. The columns were then allowed to air
dry for two days to insure complete draining and simulate the

C.Or Connick . Y

drying of a spill which might occur in the field. Samples of th
drained contaminants (leachate) were analyzed for metal concen
tration using the atomic adsorption spectréphotometer (AA). The
pH of the metal contaminant was recorded before and followin;
its passage through the soil column. A soil sampla was take:
from the surface of each column and digested uamg the Nitri
Acid Digestion Procedure (SM 302D).

Column Treatment and Cleanup

One column of each contaminant pair received only tap wate
rinses while ita sister column received the chemical countet
measures, water plus surfactant (Rinse 2) and water plu
chelating agent (Rinse 6). Columns receiving only tap water wer:
rinsed 15 times in pore volume aliquots (680 ml). Columna whic!
received the surfactant and EDTA solution received a total o
eight rinses, one surfactant rinse, one EDTA rinse and six ta;
water rinses, Initial and final pH, metal content, and COD wer:
recarded for each rinse,

el y et

RESULTS AND DISCUSSION

From the shaker table analysis, plots of adsorbance versu
time were prepared for each concentration of each metal. Figure -
shows an example of cadmium adsorption. From each plot, th
final adsorbance was estimated and presented as total percent ac
sorbance and total mg metal adsorbed per gram of soil as well a
the equivalent (m-moles) metal adsorbed per gram' of soil (Tabl
4). The shaker table results were used to estimate a “minimum
contact time between 80il and contaminant to achieve a heavil
contaminated soil and to determine if the time to reach equilibr.
um is a function of initial contaminating concentration. Data ir
dicated that six hours of agitation achieved maximum adsorptio
values for the contaminant concentration tested, with a longe
time needed for the lower concentrations. The shaker table dat
were also used to generate adsorption isotherms, a graphical pre:
entation of the mass of metal adsorbed per gram of soil versus th
residual metal contaminant concentration in the contact solutior
Table 4 (showing the format of data generated for each meta!
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Table4. SHAKER TEST RESULTS — CADMIUM ANALYSIS

A) 24 Hour Test — Ligquid Sample Analysis

Initial Final Reduction
Conc, Conc, Cone, Adsorbance, Adsorbance,
No mygn b mg/l mg/l mg/g percens
) 30000 26000 4000 40 13
2 2200 1300 800 ] 41
k) 320 178 145 1.48 45
4 26 12 13 0.13 62
B} Soil Sample Digestion Analysis
Digested Soil Equiv Equlu
Initial Sample Sample Conc,
Cone, Cone, Mass, Adsorbance, Removed, Rcmalnin, Adsorbance,
No mgnl _ mgl ya mg/g mg/l mgl percent
1A 30000 7000 3.423 133 13300 16700 44
2A 2200 160  3.567 2.33 233 - 1967 11
A 20 150  3.041 2.46 246 74 .
4A 25 225 3.224 0.041 4.07 209 84

g —— —

C.C. Connick
Table4. SHAKER TEST RESULTS — CADMIUM ANALYSl
(CONTINUED)
Summa

Cﬁnccntmtion RLog~Com: Ad Log
emaining, emaining, sorbance, Abs,

No - _mgh mM/A mM/l mg/g mM/ mM/i
1 26000 231.3 2.36 40 0.356 -0.44
2 1300 116 1.06 9.0 0.080 -1.10
3 176 1.66 0.19 1.45 0.013 -1.89
LI 12 0.107 -0.87 0.13 0.0012 -2.94
1A 16700 148.6 2.17 133 1.183 0.07
2A 1967 17.6 1.24 2.33 0.021 -1.68
3A 4 . 0.658 -0.181 2.46 0.022 —1.66
4A 21 0.187 -0.731 0.041 0.00006 —3.44

summarizes the data required for isotherm generation based on |
quid sample analysis. Part B presents the results of the digeste
soil samples. Part Cis a representation of data in Part A and 1
expressed in units necessary for plotting the two types ¢
isotherms.

A comparision of the percent adsorption columns in Part .
and Part B of the summary tables showed that the digested so
samples consistently varied from the corresponding |
quid/leachate samples. The soil sample analysis consistently i
dicated a lower value for total metal adsorbed than did ti
filtrate analysis. An explanation for this trend is that the sc
digestion process does not remove all the metal adsorbe
therefore, total adsorbance is undereatnmated by the soil samp
analysis.

The isotherms developed were prepared using the Freundlic
(Figure 5) and Langmiur equations (Figure 6). The Langmiur a.
sorption isotherm equation’ can be derived from simple ion e
change considerations, assuming that only one type of adsor
tion site is involved and that only simple heavy-metal catio
take part in the exchange reaction (1-site model). The Freundlic

~ isotherm’ equation can be interpreted as an approximate descri:

tion of ion exchange involving one or more types of heavy met
cations and one or more types of adsorption sites (2-site mode:
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From the plots and their corresponding correlation coeffi-
cients, it can be seen that for all five metals the Freundlich equa-
tion corresponds well with the adsorption data generated in the
study of this soil and contaminant system. The Langmiur equation
corresponds well only with data generated from the adsorption
behavior of Ph, Ni, and Zn.

An explanation for the correlation of the data to the
Langmiur equation for only Pb, Ni, and Zn is that these ions are
not complexing in solution to the same degree as Cd and Cu and
they are adsorbing to the soil based on the mono-layer theory
with more uniform bonding strengths. Excessive complexing of
Cd and Cu in solution would cause adsorption on the soil surface
to be less uniform with varying strengths of attachment and,
therefore, be more accurately described by the Freundlich theory.
Support of this hypothesis is found in a study by B.E. Blom’
which determined that in the presence of a relatively large excess
of calcium or potassium the formation of CdCl* enabled the Cd to
be more easily bound to the soil system due to the preference of
univalent ions over multivalent ions. The soil used by Blom was
similar in type to the Typic Hapludult socil type used in this
study, although the calcium content of the Typic Hapludult soil
was not determined. It can be hypothesized (but not proven) that
Cd was adsorbed as CdCl* in this study. During AA analysis, the
flame appeared red and yellow in color, indicating the presence of
significant levels of calcium and sodium respectively, in the liquic
sample.

Considering the theoretical aspects of the twa isotherm typé:
and the better agreement of the Freundlich equation to the dat:
generated, the Freundlich isotherm was selected for use durin;
soil column evaluation. The isotherm plots also contain a dotte(
line which represents a family of potential adsorbance versu:
residual concentration end points. The line was formed by select
ing a series of arbitrary final concentrations and, using tht
change from the Initial concentration, calculating the unique ad
sorbance that could occur. The predicted adsorbance of the meta
in the column at the initial contaminant concentration applied i:
designated at the intersection of the isotherm line by the squar:
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symbol. The actual adsorbance measured for the metal by the soil
column is designated by the hexagon symbol. The optimum con-
tamination obtained in the columns was consistently lower than

that obtained in shaker tests. This is due to the greater

contaminant-to-soil ratio in the shaker test and also the improved
soil-liquid contact achieved during the agitation process, as com-
pared to the gravity flow conditions in the soil column.

Adsorption of the metal contaminants achieved by the soil
column were: Cd, 0.083 mM/g; Cu, 0.023 mM/g; Pb, 0.030 mM/g;
Ni, 0.073 mM/g; and Zn, 0.132 mM/g. These values are about 70
percent of the values predicted to be adsorbed based on the
shaker test analysis.

Soil Treatment and Decontamination

Table 5*presents the percent removals of the metal con-
taminants by each treatment method. The tap/surfactant/EDTA
8-rinse treatment was more effective than the 156 tap water rinse
in all cases except lead. An increase of metal concentration in the
leachate following the application of the EDTA/buffer solution
indicates that EDTA is responsible for the increased removals in
these columns. Metal concentrations in surfactant leachate are
equivalent or less than the concentrations in the leachate of the
corresponding tap water rinse from its sister column, indicating
that the surfactant was ineffective in desorbing heavy metals
from soil systems. This is shown in Figures 7 and 8. The shape of
the removal curves indicates the majority of the metal is removed
in the first four to five rinses. The column receiving the EDTA

[}

Table 5. TOTAL PERCENT METAL REMOVED
Tap Water Only, Tap/Surfactant/EDTA,

Metal 15 Rinses - 8 Rinses
Cd 87 100
Cu 44 82
Pb 74 63
Ni . 87 94
Zn 88 93

C.C. Connick .2
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solution experienced a marked decrease in permeability. This in- -
dicates that the increase of the system pH due to the addition of
the EDTA buffer mixture is causing the precipitation of the
metals, presumably as hydroxides. (Precipitants were also
observed in the leachate from the EDTA treated columns.)

EP Toxicity analysis performed in the soil following the
treatment rinses indicated that five pore volumes of tap water (or
tap water plus surfactant) were successful in reducing the metal
content of the soil contaminatéd by zinc, copper and lead to
within EP Toxicity limits, but only with the application of the
EDTA/buffer rinse was the soil contaminated with cadmium and
nickel reduced to levels within EP Toxicity limits. Using rain
data for the area of the soil origin, the pore volume of rinse ap-
plied was equated to 0.34 years of rain.

CONCLUSIONS
Results of this study indicate that in-situ treatment is a

“viable solution for the removal of metals Cd, Cu, Pb, Ni and Zn

from contaminated soil. Care must be taken when extrapolating
the results obtained in these tests to other situations as there are
many variables which influence detoxification.

The use of the surfactant mixture as a rinse treatment for the
removal of heavy metals proved ineffective in this soil system.
The surfactant solution provided removal efficiencies.com-
parable, but not superior to the tap water alone rinses.

EDTA proved effective in desorbing the metal cations from the
soil system. The columns which received only eight treatment
rinses, one of which included EDTA, indicated greater removals
of contaminaht than the columns which received 15 rinses of tap
water alone. The use of EDTA appears to flush the metal from
the soil as observed from the very high metal content of the
EDTA rinse leachate in comparision to the previous tap water
rinse leachate from the same column.

A decrease in the permeability of the column is observed when
a large volume of treatment rinses is applied. This occurs in part
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because the fines are washed to the base of the column where they
accumulated and inhibit the flow. The application of the
EDTA/buffer solution increases the system pH to 9 to 10 which
induces the formation of precipitates within the column, further
decreasing the column permeability and potentially clogging it.

Maximum adsorbance of the metal by the soil under shaker
table anaylsis was obtained within the first three to six hours for
contaminant concentrations greater than approximately 20,000
mg/). The required contact time increased to six to twelve hours
for contaminant concentrations between 20,000 mg/l and 20 mg/l.
At contaminant concentrations less than 20 mg/l, the time to
equilibrium was as long as 18 hours.

The Freundlich isotherm appeared to be applicable for the
description & the adsorption behavior of all the soil/metal
systems in this study. This implies that the adsorptive sites in
the soil system are heterogeneous and a possible interaction
among particles in the adsorbed phase may be occurring. The
energy of this adsorption decreases logarithmically as the frac-
tion of surface covered increases.

The Langmiur isotherm only successfully described the adsorb-
tive behavior of Pb, Ni, and Zn. The Langmiur adsorption equa-
tion is derived from simple ion exchange considerations, assum-
ing that only one type of adsorption site is involved and that only
simple heavy metal cations take part in the exchange reaction.
The fit of Pb, Ni and Zn adsorption results to the Langmiur equa-
tion may indicaje that these ions are not complexing in solution
to the same degree as Cd and Cu and that they are adsorbing to
the soil based on the mono-layer theory with more uniform bond-
ing strengths.

-
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? UNITED STATES ENVIRONMENTAL PROTECTION AGENCY
“, ._oﬂc.\_f OFFICE OF RESEARCH AND DEVELOPMENT
HAZARDOUS WASTE ENGINEERING RESEARCH LABORATORY
CINCINNATL OHIO 45268
‘ REPLY TO:

Releases Control Branch
U.S. EPA

Woodbridge Avenue
Edison, New Jersey 08337

DATE: December 19, 1985

SUBJECT: ODraft Research Project Plan: Removing Lead with EDTA Cheléting
Agent from Contaminated Soil at the Michael Battery Company,
Bettendorf, lowa

FROM: Richard P. Traver, Staff Engineer 4 =4
Releases Control Branch, LPCD, HWERL
T0: James R, MacDonald, Environmental Engineer

. Site Investigation Section, Emergency Planning
and Response Branch, ESD - Region VII

THRY: Frank J. Freestone, Chief éﬁzgi;;,,-
- Technology Evaluation Staff, RCB, LPCD HWERL ¢ ~

- This is {n response to your request to'Ira Wilder for an estimate to use
the EPA Mobile Soils Washing System at an Immediate Removal Action at the former
Michael Battery Company, Bettendorf, Iowa.

Attached is a Research Project Plan for your review and comment. The pro-
posed project consists of the following four phases:

Phase I ...... Preliminary Laboratory Feasibility Study for Evaluating
Potential Use of EDTA Chelating Agent for Removing Lead
from Michael Battery Soil

Phase Il ...... Laboratory Feasibility Study for Evaluating Removal of
Chelated Lead from EDTA Solution, and Preliminary Process
Design

Phase III .....: Full Scale Pilot Study
JPhase IV ...... Field Demonstration

The objective of the proposed project is the development of operating proto-
cols and cost estimating procedures that could be used by Region VII to engage
the services of a commercial cleanup company or those of an existing EPA cleanup
contractor. We are flextble segarding the extent to which this plan needs to be
implemented and we stand ready to discuss any modifications you might suggest to
suit your purposes, :
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DRAFT RESEARCH PROJECT PLAN

REMOVING LEAD WITH EDTA CHELATING AGENT FROM SOIL CONTAMINATED
WITH LEAD IN BETTENDORF, QWA

OPTION B: On-Site Treatment/Soil Washing
December 19, 1985

OBJECTIVE

The overall objective of this project is the development of engineering speci-

. fications, cost estimates, and operating protocols for use by Region VII to

evaluate the alternative of soils washing for treatment of lead-contaminated

~ soil, defined as Option B under the Region VII Action Memorandum of 8/28/85.

If this alternative is subsequently implemented for a full-scale cleanup, the

treatment of substantial quantities of contaminated material at the Michael

Battery Company could be pursued under either a separate contract with a haz-

. ardous material cleanup company or under the appropriate EPA Emergency Response
Cleanup Services contract.

SUMMARY AND LIMITATION OF SCOPE

The Hazardous Waste Engineering Research Laboratory's Releases Control Branch
(RCB) in Edison, NJ, has been asked by EPA Region VII to evaluate the feasi-
bility of removing lead from contaminated soils at the Michael Battery Company,
located in Bettendorf, IA. Previous work by RCB and othersl~? has shown that.
lead may be removed from some sofls using EDTA as a chelating agent in an aqueous
solution to solubilize the lead, with subsequent removal and concentration of
the lead from solution. This Research Plan addresses a multi-phase engineering
feasibility study only, and does not explore other aspects of the lead-in-soil
problem at the Bettendorf Site such as: a detailed “"extent of contamination®
survey, or means of solving the contamination problem other than by processing
the sofls. It should be further noted that removal and treatment of contami-
nated soils may be limited to collected dust/soil from the main building, the
approximate 535 cubic yards of soil from site drainage ditches, and the approxi-
mate 300 cubic yards from around the building.

BACKGROUND

1. Site Description - The information Pertaining to the Site Description is
Basically a Summary of Information Provided in James
R. McDonald's Draft Action Memo of 8/28/85.

The.Michael Battery Company operated a battery manufacturing and recycling busi-
ness in Bettendorf, Iowa, from October 1979 thru June 1983. Michael Battery
Company leased the 0.6 acre site and a 5,000-square-foot metal building from the

" present deeded owner, Jessee Roofing and Painting Company.. The site is located
P 4
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in an industrial area of Bettendorf within the floodplain of the Mississippi
River which is located approximately one half mile south. Surface run-off from
the battery manufactur!ng operation has contaminated portions of the adjacent
property.

The subsurface geologic characteristics are the bedrock, which is approxi-
mately 10-15 feet below the surface, and the 0-10 feet of unconsolidated
sediments which are alluvial silts, clays and fine sands. The upper surface has
received crushed limestone to level the surface and to serve as footings for the
building. The hydrology in the area consists of the surface water, groundwater
in the unconsolidated alluvial deposits, and the deep bedrock aquifer. The sur-
face water and storm runoff is largely contained in the industrialized area
around the site, and is eventually diverted to the Mississippi River. Local
drainage from the Michael Battery Company site is to the south, over the adjacent
Rogan Scales property, into a railroad ditch draining west. The runoff in the
ditch ponds and percolates into the substrata. The Davenport Water Company has
water intakes on the Mississippi River, 3.75 miles downstream from the site. '

A. Quantity and Types of Substances Present

In February 1982, in response to a report of illegal dumping of sulfuric acid at
the site, preliminary soil and surface water samples were collected. These pre-
liminary samples identified heavy metal contamination of both soils and surface-
waters. Followup sampling conducted by EPA on July 8, 1982, detected lead con-
centrations fn soil up to 5,200 ppm. In response to these sampling efforts, an
expanded EPA field 1nvestigation was conducted in April 1984, On site monitoring
wells were installed fn June 1984, The results of the above investigations have
"indicated that significant lead contamination exists on site. The areas of lead
contamination have been divided into four subareas: (1) metal building; (2)
western drainageway; (3) sump area and eastern drainageway; and (4) storage areas
around the building. The concentratfons of lead and the volume of lead-contami-
nated sofl/dust in each area are summarized below:

1. Interior Dust/Soil Samples

Concentratfons of lead fn dirt and dust collected from inside the 5,000 square
foot metal building, ranged from 4% to 5% for EPA samples collected in June, 1984,
and from 17% to 33% for the Natfonal Institute of Occupational Safety and Health
(NIOSH) samples collected in November, 1984. Dust has settled throughout the
building on walls, roof and floors; with notable concentrations on the roof trus-
ses and cross member supports for the walls and loft area. An estimate of the
quaatity of dust/soil that could be vacuumed from the building would be approxi-
mately ten 55-gallon drums.



Page 3 of 14

2. Western Drainage Samples

The western drainage from the Michael Battery Company site is directed south from
the blacktop around the building, southwest across Rogan Scales property, flow-
ing west in the drainage ditch to the southwest corner of the lot. Concentrations
of lead in this drainageway varied from 65 ppm to 31,700 ppm and averaged over
4,000 ppm. Soil samples were collected to a depth of 12 inches; if subsequent
soil sampling below the 12 inch depth reveals further lead contamination, quanti-
ties of soil to be processed could be dramatically increased. The length of the
western drainage ditch is approximately 150 feet. The surface area of the sur-
rounding contaminated drainage area is approximately 13,000 square feet. The es-
timated volume of contaminated soil, assuming ‘an average depth of one foot, is
480 cubic yards.

3. Sump and Eastern Drainage Samples

Drainage from the sump at the loading bay at the east end of the building was
pumped onto the shoulder of Devils Glen Road where it drained south to the drain-
age ditch beside the railroad and then drained west. Concentrations of lead in
this eastern drainage varied from 94 ppm to 9,600 ppm and averaged 4,600 ppm.

The length of the Devils Glen Road shoulder from the sump to the drainage ditch
south is approximately 150 feet. The surface area of the surrounding contami-
nated area is estimated to be 1,500 square feet. The estimated volume of con-
taminated soil, assuming an average depth of one foot, is 55 cubic-yards. .

4. Storage Areas Around the Building

The highest concentration of lead found (102,000 ppm) was located outside the
backdoor where Michael Battery Company sorted lead. -Other storage areas in-
cluded an area north of the blacktop adjacent to the auto parts warehouse;
concentrations range from 74 ppm to 5,300 ppm and average 1,000 ppm. A second
storage area is located to the west of the blacktop area; concentrations range
from 210 ppm to 2,300 ppm and average 770 ppm.

Sweeping of soil/dust from the asphalt surfaces would result in an estimated
five 55-gallon drums of material. The unsurfaced area on the site with potential
storage, not including the western drainage-way, {s estimated at 8,000 square
feet. The estimated sofl volume assuming a one foot depth is 300 cubic yards.

. 5. Surface Water and Groundwater Analysis

Previous sampling efforts have documented moderate lead contamination of sur-
face drainage waters (96 ppm). No significant groundwater contamination has
been detected, however. -
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REMEDIAL ACTION

Based on COC advisories, a clean-up level of 1,000 ppm lead ian soil is recom-

mended. Soils which fail the E.P. Toxicity Test for lead, it is proposed, would
be handled as hazardous waste and transported to a licensed hazardous waste site
for disposal. Soils which do not fail the E.P. Toxicity Test, but which contain
}ead in]concentrations above 1,000 ppm, would be dispased of at a state approved
andfill,

Region VII's Remedial Action Plan calls for cleaning the interior of the building,
including the roofing, trusses, walls and floor of all dirt/dust. This would be
accomplished vacuuming with a High Efficiency Particulate Air (HEPA) filter fol-
lowed by pressurized water and detergent wash. The use of a chelate solution of
EDTA should be considered for the wash solution. This would allow for the col-
lected wash solution to be treated and recycled. The concentrated lead would be
either disposed of as a hazardous material, or could be sold to a metal refinery
to be reprocessed _

Region VII has proposed three action options: Option A - Dig and Haul; Option B -~

Sotls Washing, and Option C - On-Site Chemical Fixatfon and Capping. Options A
and C are briefly summarized with a detailed explanation of Option B following.

OPTION A - DIG & HAUL

Regfon VII's Option A calls for excavation and off-site disposal of soil and
materials having lead concentrations in excess of 1,000 ppm. It is estimated
that the volume of sofl and lead dust would approach 900 cubic yards. It {s
presumed that 75% of this material (675 cubic yards) would not fail E.P. Toxic-
ity criteria for lead (< 5 mg/1 in leachate) and would be suitable for disposal
in a state approved landfill. The remaining material, approximately 225 cubic
yards, is expected to fail the E.P. Toxicity Test and would be handled as a
hazardous waste. Disposal of this material would be carried out at an approved
Resource Conservation and Recovery Act (RCRA) disposal site. Cost estimates are
approximately $214 K if only a portion of the materfal must be disposed of at a
RCRA approved site. If all material must be taken to a RCRA site, the cost
estimate 1s $463 K. It should be noted that this Option does not eliminate the
contamination problem, but merely relocates it until such time that the RCRA
site materfal would have to be treated.
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OPTION C - ON-SITE CHEMICAL FIXATION & CAPPING

Region VII has proposed a commercial chemical fixation process for on-site en-
capsulation, This approach would stabilize the contaminated soil through a pro-
prietary fixation process. The fixated soil would be replaced on-site and then
covered with a clean soils cap.

With the approximate 1125 cubic yards of material, the rough cost for on-site
chemical fixation is $100/cubic yard, or $112 K. An additional estimated $60 K
would be needed to install a clean soil cover.

No laboratory analysis has been performed evaluating the effectiveness of chemi-
cal fixation with the site specific Bettendorf Soil. A thorough bench-scale
study would be necessary in order to determine if the fixated soil would pass the
E.P. Toxicity Test for lead. It is also uncertain if the site would be usable

by the owners following the chemical fixation process.

OPTION B - SOILS “WASHING" USING EDTA -

The soil decontamination process first used by RCB was at a lead-storage type
battery reclamation site in Leeds, Alabama, in 1984, at the request of Region IV.
This involved the use of a prototype “Soils Washing System" for application of
13% EDTA solution to lead contaminated soil. The lead-in-soil concentration was
reduced from 50,000 to less than 100 ppm. EDTA or ethylenediaminetetraacetic
acid, disodium or tetrasodium salt, is a commercially produced chelating agent
that, in an aqueous solution, can complex with lead to produce a water soluble
chelate. (See attached Project Summary and Fact Sheet for more detail on the de-
sign and operation of the EPA prototype Soils Washing System.) :

Region V has subsequently evaluated various treatment processes for the cleanup
of a battery reclamation site at Woodville, Wisconsin. After examining the ORD
experience and conducting laboratory tests, Region V also chose washing with
EDTA as the best approach. A pilot-scale system is now being implemented in the
field for treatment of battery casings. : }

A literature search and laboratory study, performed by JRB Associates under the
Hazardous Waste Engineering Research Laboratory's “Chemical Countermeasures Pro-
gram,” also established the use of EDTA as the likely technology for the removal
of a variety of heavy metals from soils. The study noted that lead-in-soil wash-
ing with ENTA must be evaluated on a site-specific basis. An independent study
conducted by Northeastern University, in cooperation with RCB, corroborated these
findings. '



A significant concern at this time is not knowing the percent of EDTA that can
be regenerated for reuse. Chelate that cannot be regenerated causes a double
expense: one, it must be replaced; and two, it must be disposed of in a safe
manner. Apparently, iron blocks the regeneration process. In the Alabama work,
iron is listed at 2,100 mg/kg and apparently, although not specifically noted,
the EDTA regeneration was only 5% through sulfide precipitation. The iron
content of the alluvial silts, clays and fine sand at the Bettendorf site is
approximately 1-2% in the form of hematite, magnatite and {lmenite. Or. Anderson
of the Geology Department of Augustana College (across the river from Bettendorf)
indicated that the Mississippi River received a “slug" of iron from Wisconsin in
that area in the last 4ce age. If this is the case, there is, on the average,
three times as much fron as there is lead. This would be expected to cause sig-
nificant problems in regenerating the lead {f the chelate can remove the iron
from these mineral structures. For this reason, a thorough comparison on a lab-
oratory scale basis needs to be run on both sulfide precipitation and electrodi-.
alysis as means for EDTA regeneration. :

SCOPE_QF WORK

" The response activities proposed by RCB for dealing with the lead problem in
Bettendorf consist of four phases. . Phase 1 will be a laboratory feasibility
study to determine if EDTA offers a reasonable chance of success for removing
lead from the type of soil matrix present at the affected Michaél Battery site.
Phase Il will also be a laboratory-scale engineering study geared to determine
the optimum approach and conditions” for removing chelated lead from solution
and regenerating EDTA for recycling purposes. If these phases are successful,
Phase III will be a full-scale pilot study involving approximately 100 drums

of lead-contamfnated sofl befng shipped to Edison, New Jersey, where the ORD
Soils Washing System will be used to evaluate process performance, operating
costs, and system capacity. Additionally, Phase III will provide for any
necessary permit applications, including a delisting petition. Phase IV will
be a field activation with the Sotls Washing System at the Michael Battery
site to demonstrate the field capability of the technology and to develop oper-
ating protocols for use by Region VII in acquiring contracted cleanup services,
tf so desired.

Phase | Preliminary Laboratory Feasibility Study for Evaluating Potential
Use of EDTA Chelating Agent for Removing Lead from Bettendorf Sofl

The objective of Phase I is to establish the optimum concentration of EDTA in
solution for lead removal and the percent lead reduction in the Bettendorf soil.
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A 2-4 kg sample consisting of a homogeneous blend of "Michael Bettendorf Site
Soil® contaminated with 2,000-330,000 ppm lead will be obtained by Region VII
by compositing samples from several hot spots. Region VII will attempt to make
this single composite-sample as representative as pract1cab1e of the soils in
the hot spots in terms of organic content, soil particle size, and potentially
interfering elements such as In, Ba, Ti, Cr and fFe.

- It should be noted that this preliminary study is a single sample study only--

the results must, therefore, be interpreted with great caution, Soil variabil-
ity among the hot spots could easily be obscured in the blending process needed
to obtain the single “representative" sample. Phase II will include samples
from a greater number of locations such that an analysis of the variability of
key parameters of the sofls to be treated can be made. _

The single sample will be “washed" with EDTA solution in the laboratory to deter-
mine the effectiveness of the EDTA chelating process. Ten gram (10g) soil por-
tions will be agitated on a "shaker table" for 30 minutes with one hundred milli-
Titer (100 m1) volumes of the following percentages of EDTA (disodium salt) in
water:

0 (blank); 1.0; 2.5; 6.5; 13.0; and 25.0

Analyses will then be performed to determine the amount of lead removed by EDTA
washing and lead remaining on treated soil.

An EP Toxicity Test (40 CFR 261.24) and a qualitative analysis for all metals
- present in the Bettendorf soil blend will also be performed to determlne some
of the soil's characteristics.

The QA/QC program for this Phase I study will have the single sample l1m1tation
as noted above, ~and will include the following:

[a] The soil washing and analyses procedures will be performed in duplicate.

[b] At least three replicate portions of the original Bettendorf soil blend
will be analyzed to assure homogeneity.

[c] “Lead in Sofl1® analyses will be performed using both X-Ray Fluorescence and
Acid Digestion methods.

[d] Analyses performance will be evaluated using “QA Audits"” with primary em-
. phasis on Performance Evaluation Audits.
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A reduction of lead content in soil to approximately 1,000 ppm is currently con-
sidered successful for Phase I. If unsuccessful, due to the possible presence
of interfering compounds (e.g., fron) that limit the performance of EDTA, a more
intensive laboratory effort (not fully described in this Plan) may be necessary.
This subsequent effort would seek to define alternative chelating agents or
entirely different treatment processes. If successful and an adequate reduction
of the soil lead level is achieved with EDTA, Phase Il will be implemented.

It should be noted that some residual EDTA will remain on the treated sofls along
with residual lead (and probably other residual substances). There is a possi-
bility that the residual EDTA could cause the residual lead to have a greater
environmental mobility than that experienced by an equivalent concentration of
lead prior to the treatment process, or the EDTA may, itself, pose some type of
toxicity problem. While the reported LDgg of EDTA is 2 g/kg (rats, orally), and
toxicity does not appear to be an obvious problem, these aspects of the use of
EDTA will be investigated on a preliminary level during this initial laboratory
study phase. Assistance from other ORD offices may be needed for answers to
these questions. :

Time Frame ... 15-30 days from rgceipt‘of “representative" sample.
COSt ecccsccce 510 .000 - sls .000 i
Product ...... Letter report on the preliminary feasibility of EDTA extraction.

Phase Il Laboratory Feasibility Study for Evaluating Removal of Chelated Lead:
from EDTA Solutfon, and Preliminary Process Desfgn

The objective of this phase is to establish the optimum treatment process for the
recovery of lead and EDTA from the "soil wash” solution and to prepare preliminary
engineering process specifications, a detailed cost estimate, a test plan, and a
schedule for Phase III.

The EDTA recovery process used by ORD at Leeds, Alabama, reacted sodium sulfide
with the EDTA-lead chelate to form a lead sulfide precipitate that was dewatered
and disposed of at a smelter. Subsequent acidification of the remaining EDTA
solution enabled substantial recycling of EDTA. An alternative treatment process
for the removal of lead from solution is based on electrolytic reduction and may
be potentially more cost-effective than the use of sodium sulfide. Evaluation of
final disposal or reclamation of the EDTA (e.g., solidification for storage) will
be pursued.
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Add1t1onally. further testing with a selected concentration of EDTA on several sep-
arate "representative” samples from hot spots (the inverse program of Phase I) will
be performed to determine if variability of soil parameters will cause unacceptable
treatment system performance changes among the various soils to be treated. Each
soil sample will be analyzed for particle size, organic content, presence of other
metals or other interfering compounds, and other parameters that could affect per-
formance of either the EDTA extraction or the recycle of the EDTA. This testing
will be performed with QA/QC similar to that in Phase I to assure reliability and
reproducibility of data. The samples will be obtained thraough coordination with
Region VII. :

At this time, it will be necessary to assure that the soil samples received are
reasonably representative of those expected in the field. Subsequent project ele-
ments (Phases III and IV) are considerably more expensive than these laboratory
phases and rely heavily upon the precision and accuracy of the laboratory data.

Once an EDTA recovery process is identified, the necessary process equipment for

executing the entire treatment (lead removal with EDTA recycie) at pilot scale
(Phase II1) must be identified and -sources sought for needed equipment not now on
hand (e.g., dewatering equipment for lead sludge or electrolytic lead removal cells).

Finally, a detailed cost estimate, testing protocol, including a Sampling and
Analysis Plan and a Quality Assurance Project Plan, and schedule for Phase III will
be prepared.

Time Frame ... 30-60 days from receipt of authorization to proceed.

Cost ........ Laboratory work: $10,000-$15,000
‘ Detailed Engineering Planning:  $50,000-$135,000

Product ...... Letter report providing the results of Phase Il and detailed
planning information for Phase III as noted above.

Phase IIl Full Scale Pilot Study

The objective of this phase is to obtain engineering information on the unit cost,
capacity, personnel requirements, and treatment effectiveness of lead removal using
EDTA in the EPA sofls washing system, and to provide preliminary planning infor-
matfon for Phase IV,

The study will simulate a field activation using the full-scale prototyptcal equip-
- ment in Edison, New Jersey. Equipment needed for the treatment process but not
currently on hand will be acquired or leased, whichever {is more favorable. The
buy/lease decisfon will be made during Phase II, such that the estimate for Phase

IIl is as accurate as possible.



The tests will involve the following sequence of activities:

1. E?A and contractor personnel involved with the proposed tests will be provided
with operator training, safety training, and medical monitoring as appropriate.

2. Equipment will be set up 1ndoofs in a suitable area where the testing can be
conducted safely and in an environmentally suitable manner.

3. Inittal process shakedown will be conducted using clean soils to assure that
all elements of the process function properly individually and together. Such
normal operating activities as determining pump capacities and flow balances
among the various unft processes must be performed carefully and on clean
material. During this activity, minor process adjustments will be made to
assu;e ?ppropriate system function in the absence of contaminants or treatment
chemicals.

4. Clean soil of a type reasonably similar to the Bettendorf soil will be inten-
tionally contaminated with lead known to be 1n similar form and concentration
as the lead from the Michael Battery site and controlled-condition tests will
be performed, first at laboratory scale, then at pilot scale to assure that the
treatment process is operating properly. (This is done to reduce the amount of
Bettendorf soil that must be transported to Edison for the shakedown poition of -
the tests as opposed to-the portion of the tests intended for data gathering.)
This activity will assure that the treatment chemistry is operating properly
and that such steps as EDTA additfon, addition of othér treatment agents, and/
or removal/recycle of the EDTA are functioning properly.

S. Approximately 100 - 200 (55 gal.) drums of lead-contaminated soil will be ob-

" tained from Region VII and used in a set of tests (probably three or four
“runs“) designed to provide capacity and performance information. The samples
contained i{n the drums must be "representative” to the satisfaction of the EPA
Office of Solid Waste such that the data resulting from the treatment test can
be submitted in a delisting petition, as noted below. Variables for the test
will dnciude soil feed rates, EDTA concentration, recycle system data, and other
system operating parameters. Measurements will include initfal lead concen-
tration, final lead concentration, lead concentration in produced sludge, feed
rates, EDTA recycle effectiveness (EDTA use rate), and other chemical use rates.
Also, the number and training levels of the personnel needed for operating the
process will be determined. The.goal of these tests is to identify the most
cost-effective treatment conditions, requiring the minimum personnel, at the
greatest possible capacity.



6. After the tests, remaining soil must be disposed of. Some soils, by design,
will not have been adequately treated and may have to be recycled to reach the
design treatment level. There is always an outside possibility that all of the
soil will fall short of the treatment goal. These soils will be either trans-
ported back to Bettendorf or sent to a hazardous waste disposal facility.
Specific arrangements for the disposition of untreated/inadequately treated
soils must be made and agreed to by all principals prior to the transportation
of the contaminated soils from Bettendorf to Edison, and should be addressed in
the Plan for Phase IlI prepared during Phase II.

7. The equipment and test area must be decontaminated and the decontaminating
_solutions disposed of in a suitable manner as noted above for the soils.

8. The test equipment must be disassembled and returned to stofage or prepared for
shipment to the field.

Concurrent with these tests, necessary permitting documentation associated with
Phase IV (and also appropriate to a full field activiation using the same process)
will be prepared. As noted above, this will include State and Federal requirements
and will probably include a delisting petition. Data from the pilot-scale tests
will be used in the delisting petition to demonstrate that the treated soil is
“nonhazardous” to the satisfaction of OSW.

Additionally, during and following these tests, preliminary planning will be con-
ducted for a field activation using the EPA prototype Soils Washing System. This
planning will include all of the necessary logistical elements and preparations
for operating the system in the field for an extended period. However, because
this planning is a significant effort, a detailed plan will not be conducted
until authorization to proceed with Phase IV is received.

Time Frame ... 3-6 Months from authorization to proceed

Cost ceecee... $300,000 - $700,000

Product ....... Interim report providing data, detailed estimates and preliminary
plans for Phase IV

Note: This interim report will contain sufficient data for the specification of a
field operation by sources other than ORD. Therefore, Phase IV is designed

- to be an optional phase.



Phase [V Field Demonstration

The objective of this phase will be to determine field-related variations to the
unit costs, lead removal performance and system relfability determined during the
pilot scale tests in Phase III. The resulting information from this phase would
be used by Region VII to specify contracted cleanup efforts using commercially
available equipment and personnel.

Pilot scale tests conducted during Phase III will be done under carefully con-
trolled conditfons at Edison, NJ, with a maximum of nearby shop and logistical
support to help overcome unanticipated difficulties. Running changes can be made
relatively easily and cheaply because of the availability of extra personnel when
needed and a strong base of equipment testing capabilities. Field operations, by
comparison, require substantial advance planning to assure that the operation pro-
ceeds smoothly from mobilization through startup and into reliable continuous
operations. Omissions or errors in the planning process, as well as uncontrolla-
ble varfations such as severe weather, quickly translate into lost time and extra
costs. Field tests are, therefore, expensive, demand the most from advance plan-
ning and preparations, and require contingencies in the planning process relative
to both time and costs. However, once these advance planning actfvities have

been completed, the equipment has been set up and is operating smoothly, continu-
ing field operations are not especially difficult.

RCB has had twelve years of field experience with operations utilizing complex
cleanup equipment for hazardous material spills and waste sites., These experi-
ences have highlighted the need for careful, sequential advance planning and ade-
quate shakedown and testing prior to committing to expensive .field activities,

This phase would proceed in approximately the following manner:

0 Meet with Region VII to define goals, objectives, financing arrangements, oper-
ating location(s) permitting responsibilities; division of activities between
ORD and Regfon VII (e.g., Region would handle legal and public affairs, ORD
would execute technical aspects of project; Regional analytical support could
be very helpful if available; authority to access site critical). Note that
operating location may or may not be on the site to be cleaned up--depending
upon many factors. ’ ‘

o Define with Region VII a project management plan, including roles and responsi-
bilities of Regional, ORD, and contractor individuals on the project. Define
1ines of communication and patterns of routine reporting. This is criticall

o D;fine with Region VII a desirable scope of operation, e.g., materials to be
treated during demonstration, duration of operation, operating period per day

(8, 10, 12, or 24 hours).

o Define with Region VII means to excavate and transport (if needed) contaminated
soils to treatment site and treated soils from treatment site to point of origin.
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Dgffng with State of [owa, as needed, permitting requirements and responsi-
bilities. (This will be done preliminarily during Phase IIl but must be
continued during Phase IV.)

Prepare detailed site-installation design(s), with provision for security,
power, wastewater discharge, water supply, storage of equipment and chemicals,
personnel support trailers or other quarters, etc.

Prepare detailed logistical support list of all necessary equipment to be
taken to the field, including spare parts and necessary tools and trouble-
shooting apparatus.

Arrange for necessary analytical support, either through the Region, a local
laboratory, or an on-site mobile laboratory, as appropriate. Prepare a de-
tailed Sampling and Analysis Plan and a Quality Assurance Project Plan.

Arrange for suitable ultimate disposal (hazardous landfill, smelter) of con-
centrated lead products.

Arrange for chemical and other expendable supplies.

Prepare detailed project plans, including schedule and budget, with arrange-
ments for routine reporting to compare planned progress and expenditures
against actual progress and expenditures, and management “checkpoints.”

Mobilize operating crews, with appropriate safety, environmental, and operator
training (may be subcontractor personnel, particularly if 24 hr/day, 7 day/
week operatfons are needed and multiple crews with rotation are used). Conduct
training on equipment set up at Edison or at Bettendorf.

Mobilize equipment including all necessary arrangements for transportation,
setup, and on-site shakedown.

Execute operation, in accordance with detailed operating plans.
Demobilize and decontaminate equipment and restore operating site(s) to a con-
dition suitable to owners (criteria for suitability to be agreed to prior to

mobilizing personnel and equipment at site). Return equipment to Edison and
perform restoration maintenance, as needed.

The scope of this Phase can be highly varfable. It is desirable to clean up a

small site or sites to. demonstrate the suitability of the process; however, it
is not desfrable to use the ORD equipment for extended operations for the pur-
pose of cleaning up many sites. The most appropriate scope will involve a
short proof-of-technology demonstration to obtain specifications and cast esti-

mates such that the actual cleanup involving many “hot spots“ could be executed

by a cleanup contractor, '
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Time Frame ... Planning & preparations: 1-6 months (depending on permits)

Field Demonstration: 30-90 days of operatfons (including
some “down time" for matntenance, etc.)

Report: - . Oraft delivered 90 days after completion
of field operation; final report to
management after additional 90 days.

Cost ......... $500,000 - $2,000,000: (depending oh hours/day of operatfon
: ' and degree of acceleration of the
schedule)

Products ..... Final Report, consolidating the work of all phases, and providing
spectfications, cost estimates, and activity schedules suitable for
use by Region VII in procuring contracted services for a full-scale
cleanup using EDTA-extraction technology.

Technical paper, providing synopsis of Final Report.
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Moblile System For Extracting Spl‘lled Hazardous Materlals From Soil

The Hazardous Waste Englneering Research Laboratory, Releases Control
Branch at Edison, NJ, has recently developed a mobile system for extracting

spilled hazardous materials from solls at cleanup sites.

Landborne spilis of hazardous materials that percolate through the soll

pose a serlous threat to groundwater.
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PROCESS FLOW SCHEME FOR SOIL SCRUBBER

Effective response to such Incidents should include the means for removing
the contaminants and restoring the soll to Its original condition. Currently
practiced techniques, such as excavation with transfer to land fill or flushing
with water in sliu, are beset with ditticullles ~ large land area and volume of

" materlals Involved. An Innovative In Situ Contalnment/Treatment System has

been developed to treat contaminated solls. However, it is not sultable lor all
8ojis and/or all chemicals.

The mobile treatmaent (see {liustration) has been designed for water extrac-
tion of a broad range of hazardous materlals from splil-contaminated solls.
The system will: (1) treat excavated contaminated solls, (2) return the treated
soif to the site, (3) separate the extracted hazardous materials from the
washing fluld for further processing and/or disposal, and (4) decontaminate
process flulds before reclrculation, or final disposal. A prototype system has
been developed utllizing conventional equipment for screening, slze reduc-
tlon, washing, and dewatering of the solls. The washing fluld - water - may
contaln additives, such as aclds, alkalies, detergents, and selected organic
solvents to enhance soll decontamination. The nominal processing rate will
be 3.2-m*(4-yd?) of contaminated soll per hour when the soll particles are
primarily less than 2-mm in size and up to 14.4-m*(18-yd’) per hour tor soil of
larger average particle size. .

For further Information contact Frank J. Freestone or Richard P. Traver,
Hazardous Waste Englneering Research Laboratory, Releases Control
Branch, Edison, NJ. Telephone numbers are: (201) 321-6632/6677 (commaer-
clal) or 340-8632/6877 (FTS).
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Project Summary

Mobile System for Extracting
Spilled Hazardous Materials
from Excavated Soils

Robert Scholz and Joseph Milanowski '

A technique was evaiuated for the
scrubbing or cleansing of excavated
soils - contaminated by spilled or
relessed hazardous substances.
Laboratory tests were conducted with
three separate pollutants (phenol,
arsenic trioxide, and polychiorinated
biphenyis (PCB°s]} and two soils of sig-
niticantly different character
{sand/gravel/silt/clay and organic
loam).

The tests show that scrubbding of
excavated soil on site is an sfficlent
approach for freeing soils of certsin
contaminants but that the effectiveness
depends on the washing fluid {(water +
additives) and on the soll composition
and particle-size distribution. Based on
the test resuits, a full-scale, fisld-use,
prototype system was designed,

- engineered, fabricated, sssembled, and

briefly tested under conditions where
large (2.5 cm) abjects were removed

. by & bar screen. The unit s now resdy

for fleld demonstrations.

The system includes two masjor soll
scrubbing components: 8 water-knife
stripping and soaking unit of novel
design for disintegrating the soll fabric
({matrix) and solubllizing the
contaminant from the larger pearticles

G2 mm) and sn existing, but re- -

enginesred, four-stage countercurient--
sxtractor for fresing the contaminants

‘from smaller particles {<2 mm). The

processing rate of the system is 2.3 to
3.8 m*/hr (4 to 8§ yd®/hw), though the
water-knife unit (used alone) can
process 11.6 to 13.8 m*/hr (18 to 18
vd?/hr). The compiete system requires
ausilisry equipment. such ss the EPA-
ORD physical/chemical treatment
trailer, t0 process the wastewater h_g

recycling: under some circumstances,
provision must be made to confine and
treat released gases and mists.
Treatment residues consist of
skimmings from froth flotation, fine
particles discharged with the used
washing fluids, and spent carbon. The
principsl lmiting constraint on the
treatability of soils is clay content (high
weight-percent), since breaking down
and efficiently tresting consolidated
clays ls impractical or not aconomically
attractive. Most inorganic compounds,
almost atl water soluble or readily oxi-

. dizable orgenic chemicals, and some

puﬂalynd.dhb—h-mmlam
bouuudﬁdlmwmplmu
additive. .

o«mmwm
phenol was very

: efficientty
m!mbom«undemd

inorganic solls, wheresas PCB and
arsenic clung more tenaciously to the
soils and were released less readily into
the washing fluids. The extent to which
the system has practical, cost-effective
utility in & particular situstion cannotbe
determined until preliminary, bench-
scale leb work has been performed and
scceptable limits of residual concentra-
tons in the washed »soil sre adopted.
taborstory tests show thet soll scrub-
- bing has the capability of wvastly
speeding up the releasse of chemicals
from soils, a process that occurs very
slowly under natural leaching

Note that this system requires exce-
vation of the soil, which can subse-

the contaminated area s isolated for



example, by grouting, and then water-
flushed with removal of the wash water
at s well-point is an siternative. The
overall etficiency of the soil washing
system is greater than that currently
being achieved by in situ methods.

Based on the laboratory program, a
series of staps (water-knife size
reduction; soaking; countercurrent
extraction; hydrocycione separation;
and waste fluid treatment for reuss)
was selected as the most suitable
process sequence for the prototype
system. The systam was constructed
for the U.S. (EPA) and is now being
subjected to field evaiuation. Howaver,
soils rich in humus, organic detritus,
and vegetative mattar can present
special problems in the extraction of
certain hazardous substances, which
may not partition between the solid and
fiuid phases to a practical and necessary
axtent.

This Project Summary was developed
by EPA’s Municipal Environmental Re-
search Laboratory. Cincinnati, OH, to
announce key findings of the resesrch
praoject that is fully documented in a
separate report of the same title (see
Project Raport ordering information at
back).

introduction

The leaching of hazardous materials
from contaminated soils into ground-
water is recognized as a potential threat
to the Nation's drinking water supplies.
Such situations occur as the reéesult of
accidental spills of hazardous substances
and from reieases at the many uncon-
trolled hazardous waste disposal sites
now known to exist acrass the country.
Current removal/remedial technology is
largely limited to the excavation and
transfer of such soils to suitably sealed or
lined landfills where uncontrolied leach-
ing cannot occur.

Onsite treatment can be 8 more cost-
effective solution to the problem. In some
research projects, contaminated sails
have been isolated by injected grout,
trenched slurry walls, stesl piling, etc.,
and then subjected to in situ leaching.
The effectiveness of such a process is
limited by, among many factors. the
~ permeability of the soil in its undisturbed
state. Economic and sffectiveness factors
cannot be generalized but are situation-
specific.

An alternstive process is needed for
those situatians in which permeability or
other factors preverit effective in-situ
leaching and where landfilling is too
costly. The proposed technology — the

2 .

subject of the current effort — cansists of
excavation, onsite but above-ground
treatment of the contaminated soil, and
return of the treated soil ta its original
site.Excavation of the sail from its natural
state ocpens a number of options for
improved separation of contaminants
through batter (high energy)mixing and
the potential for using different salvents.
Such cleanups can also be carried out
more quickly than they couid by the
leaching of a more or less compact
natural soil (cost factors not being consid-
ared). This engineering approach has also
made it possible, or more convenient, to
incorporate any control devices that may
be needed to reduce emissions of particu-
lates or fumes into the air column and/or
to trest the contaminated wastewaters

_ genersted during the processing.

The purposes of this project was to carry
out appropriste laboratory studies and to
develop, design, and construct a full-
scale system capable of treating a wide
range of contaminated soils. The existing
system will be useful for the correction of
long-standing (remedial) contamination
problems {waste disposal sites), as well
as for the emergency cleanup of spilis and
for the prompt removal of released
wastes.

Discussion

To meet the objectives of the program,
specific criteria were identified for the
solvent, the soils, the pollutants, and the
process.

To be suitable for field use in such a
process, the solvent or extracting fluid
should have the following characteristics:

1. A favorable separation coefficient
for extraction,

2. Low volatility under ambient condi-
tions (to reduce sir contamination
effects),

3. Low toxicity (since traces of
extractant may remain in the
cleansed soail), .

4. Safety andrelative ease of handling
in the field,

S. Recoverability for reuse.

The selected solvent must be able to
separate the contaminant from the soil,
preferably using 8 minimum volume of
solvent so that the equipment can be kept
compact. In addition, the solvent must be
readily separsble from the soil fines to

allow return of the decontaminated soil to -
the site and to permit treatment and
reuse of the solvent. High voiatility in the
soivent can contribute to unacceptable
losses and can, when coupled with
flammability, exacerbate health and
safety risks for the workers.
Following a brief evalustion and
screening of potential solvents (inciuding
-organics), consideration of ail the above-
cited factors clearly indicated that water
was suitable as the primary target
solvent. The use of additives such as
acids or basas, oxidizing or reducing
agents, or wetting agents was judged to
be a reasonable approach for enhancing
removal efficiency. Though certain
organic solvents can mest most of the
solvent criteria and may have definite
advantages in specific cases, a decision
was made early in the project to limit the
investigation to water-based systems.
The range of soils that is encountered
in & cleanup situation is very broad.
encompassing fine, highly cohesive clays,
sandy soils, silts, soils high in organic
matter, etc. Though processes can be
devised to handle any or ail of these
materials, certain contaminated soils do
not require exhaustive extraction and
others do not lend themselves to an
extractive process. The organic content of
8 soil can sffect the ease of size reduction
and the efficiency of extraction. The pH of

. & soil can affact the extraction efficiency

for a particular contaminant. When the
soils and contaminants have catonic or
anionic qualities, ion exchange (partmoh
factors cannot be neglected.

For purposes of this investigsation, m
soils were selected as suitable represent-
stives of many that might be encountered.
These were a granulsr (sandy),
essentially cohesionless inorgsnic soil
(containing some fine sand and about
20% clay) and a8 highly organic (18.4%,
mostly as peat and humus) commercial
topsoil.

Though spill situations and waste .

disposal sites may differ in many ways
{such ss the portion of a contaminant that
is tightly bound to the soil versus the
amount loosely associated in the voids),
plans for the test program emphasized
the spill situstion by using freshly
prepared mixtures of soil plus
cantaminant. Funding was insufficient to
support work with aged or weathered
contaminated soils that are more repre-
sentative of dumpsites.

The actusl process for the planned
system must include excavation and
transfer to the processing equipment.
scresning to remove large (>2.8 cm)



objects, size reduction to maximize soil-
solvent contact, extractive treatment,
separation of contaminated solvent from
{relatively) decontaminated soil particles,
and return of the soil (either “as is” or
after drying) to the excavation.

Excavation can be readily handled by
conventional earthmoving and
construction machinery. Size reduction
of soils can be accomplished with
various, commaercially available
equipment, including rotary scrubbers,
log washers, attrition scrubbers, and
high intensity water-knives. The
properties of each were considered, and
the water-knife was chosen as the most
versatile unit; it was also suitable for both
disintegrating clay-like lumps and for
scrubbing the loosely held contaminant
from the resulting smaller &2 mm)
components.

For the decontamination process to be
offective with a wide range of water-
insoluble and tightly heid contaminants
an smail particles (>2 mm), follow-on
multi-stage extraction was judged to be
necessary. The use of countercurrent
extraction allows several stages of
extraction with minimum solvent use.
Clearly, the final system aiso requires
equipment to separate fines from the
solvent, both between extraction stages
and after the last stage. Gravity
separators, clarifiers, and filters were
generally inappropriate for the planned
system; hydrocyciones were selected for
evalyation.

The thres hazardous contaminants
seiected for testing were phenol, arsenic
trioxide, and PCB’s. These were chosen

because of the frequency with whichthey -

are encountered in spills and the range of
physical and chemical characteristics
they offer. Laboratory tests were carried
out to assess the effects of different
water-based soivents and different pro-
cessing conditions on thess three
chemicals mixed with the two soil types
noted earlier. The results of these studies
were then used to design the fuil-scale
prototype.

Equipment Evaluation
Size Reduction and Extraction
A series of tests was conducted with
the water-knives, first using a local, avail-
able, uncontaminated soil sample.
Numerous spprosches to exposing the
30il to the water-knife jets were tried and
abandoned (refer to the full report). Only
when the s0il was contained in @
truncated, cone-shaped, tilted rotary-
screen drum (2-mm mesh openings) was
the desired lump breaking obtained. The

first tests were performed in an 18-in.

trash basket (top ID = 15 in.; bottom (D =

12 in.) in which 50% of the bottom

sidewall (up to 8 in.) was cut away in four

sections that wers overiain with various
mesh screens. (The device was re-
engineerad for the actual testing.) In the
bench apparatus, approximately two-
thirds of the sail was washed out through

the screen within the first 2 min of
treatment with 4.5 L/min (1.2 gal/min) of
water at a pressure of 4.9 kg/cm2 (70 psi)
and a drum speed of 10 to 20 rpm. Further
experiments indicated that a three step
sequence was needed to achisve the best
decontamination:

1. Low-pressure wash,
2. Sosking, followed by stripping, and

3. Low-pressure fresh-water wash.

Liquid-Solid Separation

To study the separation of soil fines
from water, 8 full-sized hydrocyclone
(227 L/min) was used with different
infiow rates (and pressures) and differsnt
concentrations of both sails. Though the
results of these tests show that the
hydrocyclone is suitable for each soil,
they also indicate that the solids were
better concentrated in the underflow
from the inarganic soil. With both soils,
the overflow contained a smail but
significant amount of fines (0.7% to 3.7%),
which would require additional separstion.
Passing this overflow through the._
hydrocycione in a second treatment was
not notably effective in removing these
fine solids. .

Because the hydrocycione wsas too
large for routine use in the laboratory
study of contaminant removal from soil,
simply gravity settling in & beaker was
evalusted and found to represent a good
simulation of the separation achievable
with the hydrocycione.

Extraction Testa

Tests were carried out with the three
chemicals (all three were not used in all
experiments) to establish the following:

8) probable loading on a soil column,

b) distribution on particles of different
sizes, snd

c) effect of extraction with different
sovents on particles of different
gizes.

Column loadmg Studies

" A stock solution of the contaminant
equsl in volumne to the void space in the
column was added to 8 15.2-¢cm (6.0-in.)
column of soil (various moistures and
densities) and allowed to drain for 24 hr.
The contaminant remaining in the
column was calculated on a dry weight
basis, based on the amount of fluid that
drained from the column. Modified gas
chromatographic and atomic absorption
methods (described more fully in the
report) were used. Results obtained with
the three materiais are shown in Tabie 1.
Note the heavy loading of phenol, which
represents the situation that might exist
shortly after a spillage onto soil.

Distribution Tests

Differant procedures were used with
phenol and with arsenic trioxide to evalu-
ate their distribution on particles of
different sizes. For phenol, dry soils were
first size-classified with 8 sonic fraction-
stion device. Each fraction was then
wetted with a stock solution of phenol.
After 18 hr, the fractions were rinsed
with water and analyzed. For arsanic, the
scil from the column dosing tests was
dried, size fractionated, asnd then
analyzed. High recoveries (based on
snalyses) were achisved in bath cases.

With phenol, these tests indicated that
spproximately 90% of the contaminant

.was absorbed (or retained interstitiaily)

on the larger particies {0.6 to 2 mm*) of
the organic soil. Thess somewhat
unexpected resuits aiso sppesr to be a
consequence of nonuniform distribution
of organics in the different partitie-size
fractions. Tests confirmed that the fine
perticles contained predominantly
organic degradation products rather than
plant tissues, which remained primarily
with the larger particles. Such
differences may make it necesssry, in
some cases, 10 presosk the soil for
efficient extraction. .

Unexpected results were also obtained
when testing the distribution of phenolon
the inorganic soil. The reistively low
adsorption by the finer particles was
sttributed to differences in internal
porosity and chemicsl composition
between the large snd small particles
rather than the proportionately greater
surface area (caiculated on & mm
basis) of the fine particles.

The results obtained with srsenic
trioxide on the organic soil were similar to
those obtained with phenol. With the

* Nominal slses ere given for sreens.
3



inorganic soil, however, the arsenic
compound exhibited the normally
expected relationship between particle
size (i.e.. surface area) and amount
adsorbed. That is ta say, because of the
greater surface-to-mass ratio, more
adsorption occurs per unit weight of fines.

PCB’s were not tested to any great
extant because of their low solubility and
the hazards involved in working with
them. Time and funding constraints also
influenced this decision to curtail PCB
studies.

Water-Knife Stripping Tests:

Contaminated soil samples were
subjected to 1 min of stripping by the
water knife to remove particles smailer
than 2 mm. Residual contaminants on the
remaining (larger than 2 mm) particles
were then determined. The results (Table
2) show the value of additional washing
or extraction, at least for phenol and
arsenic trioxide.

Chemical Extraction Tests

Since water is not the optimum extract-
ant for all contaminants tested, and since
most of the contaminants will be
absorbed by and adsorbed on the smaller
(<2 mm) particles. a saries of tests with
the following aquecus solutions was
conducted to determine whether
extraction efficiency could be improved:

water + sulfuric acid to pH 1
waier + sodium hydroxide to pH 11
water + 7.5% ﬁdium bisulfate
water + 5.0% sodium hypochlorite
water + 1.0% TWEEN 80

water + 1.0% MYRJ 52

water + 5.0% methanol

For the inorganic soils contaminated
with phenol, all extractions were highly
efficient, with removals greater than
87%. Only for the organic soil could the
difference between solvents be
considered significant, with the sodium
hydroxide solution being the maost
effective solvent. A portion of the dsta
presented in the report is summarized in
Table 3. The relstive and actual
importance of the residual contaminant
on the soil should not be ignored, nor
should the fraction of solvent remaining
in the sail (not shown in Table 3). When
the residusl level of contamination is

L

Tabie 1. Maximum Column Loadings
Qrganic Soil lnorganic Soil
Contaminant {mg/g soil) {mg/g soil)
Phenol 453.2 483
Arsenic irioxide s5.0* 0.75°
PCB - 25.6 10
*As arsenic (As)
Tabile 2. Effect of Washing on Large Particles®
Test % Removal
Time
Soidl {min) Phenol As;0, PC8
Inorganic 15 97.9 28.9 21.4
: 30 982 527 50.0
60 98.8 422 20.4
120 99.¢1 521 28.6
Organic 15 §0.7 42.7
: 30 79.2 558
60 -86.0 540
120 91.6 59.0
*2¢2 12.7 mm
Tebdle 3.  Soivent Extraction: Representative Single-Washing Tests®
Indtisl .

: Sod Dose Supernstamt  Residuel Soi
Contam- {mg/g dry % Concentrstion Concentration
inant Soil*® Soivert sosl) Removel {mg/ti my/g
Phenci ! Water 48 926 1.150 o.ss

0 Water 452 72.8 17.600 . 100.4
NaOM (pH 11) 88.4 20,000 828 : .
A%,0, 1 Water Q75 27 16 0.43
H; SO, (pH 1) 853 32 o1y
O Water 75.0 75 1.25
My SO, [pHM 1) 85.0 426 075
PCEB ! Water | 24.8 72 266
1% Tween 80 3756 110 1.88
0O Water 26 48.3 418 13.2
1% Tween 80 22.8 J66 19.5

¢ Extractant to dry solids 10:1 (w/w)
** | = inorgenic: O = organic.

sufficiently 1ow, the trested soil may no
longer require disposal as a hszardous
material, 0.g.. in a safe landfill.
Samples of phenol-contaminated
organic snd inorganic soils were aiso
subjected to muitiple extractions. These
tests demonstrated that continued
removal of phenol did occur, even when
the extractant was recovered solvent
(water) from 8 previous stage and alresdy
contained phenol. Residual phenot
concentrations of 30 mg/kg (0.03 mg/g)

of soil w;ro achieved sfter four
countercurrent extrections of the
inorganic soil.

Prototype Design and
Construction

The process sequence for full-scale
treatment (Figure 1) was finalized, besed

on the laborstory experiments. The

sequence includes I(nitial removs! of
oversized chunks 2.6 cm), water-knife

'



scrubbing to deconsolidate the remaining
soil matrix and to strig any contaminant
loosely absorbed on the solids (>2 mm)or
held in the void spaces of the soil, and
four-stage, countercurrent extraction
coupled with hydrocyclone separation
after each extraction stage to separate
the solids (<2 mm) fram the liquid. Froth
flotation is used to give maximum mixing
of extractant and soil in each stage. The
overhead extract {mostly sorbent) from
the first stage extractor hydrocyclone
contains the highest level of dissolved (or
dispersed) contaminants and fines. This
extract must be clarified and then treated
(possibly with activated carbon) before it
is recycled.

Note that: chunks (> 2.5 cm) are not
normally processable in tha system

except for moderate washing on a bar -

screen®; the 2.5-cm to 2-mm as well as
the <2-mm fraction, will be used to fill in
the excavation; all processing fluids must
be appropriately treated. All dust and
vapor emissions should be ducted to an
air cleaner or scrubber before discharge.

The basic system was constructed
according to the design shown in Figure 1.

The water-knife unit (rotary drum-
screen scrubber) consists of a tilt-skip
loader and hopper feed from which the
soil moves into & tiltable 19-m{21-ft)long
by 1.4-m (4.6-ft} ID cylinder fitted with
end pieces, watesknives, and a rotating
mechanism (Figures 2, 3, and 4).

Soil is metared from the tilt-skip
resarvoir hopper at rates up to 18 yd*/hr
onto a_manuslly washed bar screen
where >2.86-cm (1-in) chunks are
rejected. The solids then pass into the
tilted drum-screen scrubber where it is
subjacted to first-stage water-knife strip-
ping. water sosking. and finaily second-
stage water-knife stripping using freshor
partially recycled water. The first section
of the scrubber cylinder is 1.3-m (4-ft)
long and is fabricated from 2-mm mesh
{HYCOR Contra-Shear screen)} and
equipped with internal water-knives.
Solids then move into the 5-m {15 ft)
soak cylinder that is fitted with a baffle
plate that has & 0.5-m (22-in.) center
opening through which solids pass into s
0.7-m (2-ft) long screaned, water-knife
rinse zone. Fines (<2 mm) pass through
the screens, as does the wash water. The
coarse particlies are voided at the end of

o

' There are two ber screena. The soil is hosed-reused
on 8 7.5- or §5-cm (3- or 2-in.) upper screen in the
skip-hopper from which large or nondsntegrable
chunks sre raked off. Weshed chunks that paes the
UPPeY SCIEeNg Ore fej d and ¢ d & the
second (lower) ber screen (<2.6 cm (1 in )

N +2 mm Scrubdbed Soil

. Cleen Air
Discharge
l Air Cleaner l Skimmings
. Exhaust Exhaust to Disposal
Conteminated from Mood | from Hood ‘
il ‘ 1
S Feeder Drum Screen | _ 2mm | Counter-Current | o . Drying
{ Rough |—p{ Water Knite - Chemicel 8ed
Screen Soil Scrubber Soil Extractor Scrubbed (If Needed)
Sturry Ly Soil
. pont
Recycled Washing
Stripper Spray Clean Fluids Runotf
Oversi Rinse
orsire "
Non-Soil - Clasitior |-+ Co% 12
Materials ¢
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Backwesh ‘ Washing Fluids
Makeup Water —p| Washing Fluid Recycler
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Figure 1. Process flow scheme for soll scrubber.
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Figure 2. Fully constructed rotary drum screen scrubber.

the drum. The unit can be backflushed ss
needed. The screens resist buildup of
fines (blinding). The actual arrangement
of the weter-knives and other details of
construction are given in the project
report.

-

From the water-knife and soaker unit, -
the slurry (<2-mm particles) is pumped to
the countercurrent extractor. The four-

countercurrent extraction unit
(Figures 5 and 8) has been modified from
the so-cslied EPA beach sand froth
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flotation unit.® Basically, the washing
chambar was pantitioned into four
sections (3-ft long X 4-ft wide X 5-ft
deep), each of which hes an aerator
agitator and a hydrocycione with pumps
and piping. Flow of solids (<2mm) and
fluid is countercurrent with clear water
being introduced at the fourth(discharge)
chamber (Figure 8). The extraction unit
has an on-board diesel generator; the
water-knife unit requires axternal power.
The underflow (solids-rich) slurry from
the fourth hydrocyclone is dischargedta s
drying bed.

To achieve mobility, the water-knife
unit is skid-mounted for transport by
semi-trailer; the countercurrant extractor
is integrally attached to a separate semi-
trailer. Refer to Figures 2 and 5 for details.
Caiculations indicate that the total
system has a throughput range of 2.3 to
3.8 m¥/hr {3-5 yd?/hr), but that the
water-knife unit alone can process 11.5
to 13.5 m3/hr (15 to 18 yd¥/hr).

Conclusions

The following conclusions can be

awn from the work carried out during
this program and the knowledge gained
during that effort:

1. Spill-contaminated soils can be
excavated and treated onsite using
extraction with water or aqueocus .
solutions for many poliutants that
sre frequently sncountered in such

2. A system capable of decontamina-
ting 2.3 t0 3.8 m3/hr(3-6 yd?/hr) of
soil has been designed and
constructed and it is now available
for field testing by EPA.

3. Water-knives function as a compace,
efficient, and economical means or
achieving effective contact between
contaminated soil particles and
extractant,

4. Countercurrent extraction is an
effective process for removing
certain edsorbed contaminants
from soils and, for the size of
equipment needed, hydrocyciones
are preferred devices for separating
the extracted solids from the ex-
tractant.

*Garth 0. Gumtz. Restorstion of Baaches Contamin-
sted by Oil. EPA-R2-72-048 (Washingwon, D.C: US
EPA, 1972}



5.

Laboratory experiments demon-

. strate that soil characteristics
* (particle size, distribution, organic

content, pH, ion-exchange proper-
ties, atc.) are important factors in
the removal or retention of
contaminants.

. In addition to the actual percentage

of the contaminant removed, the
allowable level of patlutant
remaining in the soil is an important
factor in determining when
adequate decontamination has
been achieved since the final,
residual concentration affects the
options available for disposal of the
cleansed solids.

Recommendations

Based on the observations made during

this-

investigation, several suggestions

are offered for future work.

1.

Laboaratory screening tests should

-be perfarmed on a wider range of

typical compounds and mixtures
encountered in hazardous
substance spill and release situa-
tions to ensure that appropriately
high levels of decontamination can
be achieved with this process.

The results of this study apply pri-

~ marily to spill situations. Contami-

nated soils found at waste disposal
sites may exhibit different

_ extraction characteristics because

of the extended soil/contaminant
contact time and of weathering and
in situ reactions. Studies are needed
to establish whether and to what
extent such changes affect the
decantamination process.

. Other extractant solutions should

be evaluated to determine whether
the efficiency of the procass can be
improved without damaging the
equipment or increasing the
hazards to which the workers are
exposed.

. A wider range of soils should be

examined to determine what
changes in the system are practical
to better cleanse soils with charac-
teristics (e.g., greater cohesiveness
and adsorptive properties of clay-or-
silt-rich soils) that differ signifi-
cantly from those of the soils alresdy
tosted.

Figure 5. EPA Froth Flotation System(beach clesner) modifiad as a countercurrent

chamical extractor for soil scrubbing.
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Figure 6. Process flow scheme for soil scrubber.
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Project Summary

Guidelines for the Usé' of
Chemicals in Removing
Hazardous Substance

Discharges

C. K. Akers, R. J. Pilie, ang:l J. G. Michalovic

This project was undertaken to

develop guidelines for the use of

various chemical and bialogicsl agents
to mitigate discharges of hazardous
substances. Eight categories of miti-
gating sgents are discussed along

, with their potential uses in removing
hazardous substances discharged on
{and snd in waterways. The agents sre
classified as follows: mass transfer
maedia, sbsorbing sgents, thickening
snd gelling agents, biological treat-
ment agents, dispersing agents, pre-
cipitating agents, neutralizing agents,
snd oxidizing agents. Each of these
classes is developed in terms of the
sgents’ genaral properties, their use in
spill scenarios, evnironmental effects,
possible toxic side etfects, and recom-
mended usass.

A matrix of countermeasures has
been developed that refers to various
classes of mitigating agents recom-
mended for treatment of hazardous
substances involved in spills in or near
8 watercourse. The matrix includes a
list of hazardous chemicats, the
corresponding U.8. Eavironmental
Protection Agency (EPA} toxicity
classification, and the physical prop-
erties of the chemicasl.

This Profect Summaery was devel-
oped by EPA°s Municipal Environ-
mental Research Laboratory, Cincimk
+nati, OM. to announce Key findings of
the research project that is ftully

documaented in a separate report of the
samae title (see Project Report ordering
information at back). .

Introduction ;,
The 1972 Water Poliution Contral Act
Amendmants gave the U.S. Environ-
mental Protection Agency (EPA) re-
sponsibility for removing spilled haz-
ardous substances from the environ-
mant. EPA was siso made responsible
for developing criteria to be used for
designating substances ss hazardous.
Of the two criteria developed, the first
involves the potential toxic effect of &
substance on the bicsphere. The second
criterion considers the probability of
spills based on snnual production,
methods of transgporting, storage,
physical-chemical properties, and past
history. Based an these criteris, 8
proposed list of hazardous substances
was published in the Federal Register
M:7l.s 40, No. 250) on December 30,
197S. ’
The responsibility EPA besrs for
hazardous material spills raises many
questions about removing discharged
hazardous substancas effectively. Many
psrameters are involved in deciding
how to counteract a hazardous sub-
stance spill, and which countermeasure
{if sny) to use. The guidelines deveiloped
by this study for mitigating hszardous
material discharges are to be used by
EPA in the future to expand and revise



Annex X of the National Oil and Haz-
ardous Substance Pollution Contingency
Plan, 40CFR1510. so that it includes
specific referance to chemical use for
spills of hazardous sudstances. The
guidelines aiso establish a method for
datermining the circumstances under
which a particular mitigating agent can
be used and those under which the use
of chemicais and other additives is
harmful to the environmant.

Results

Use and Effects of
Mitigating Rgents

Study results are outlined in Table 1,
which summarizes the recommaended
uses for each class of agent and the
possible toxic side effects sssociated
with their use. The eight categories of
mitigating agents are as follows: mass
transfer media, absorbing agents,
gelling and thickening agents, biological
treatment agents, dispersing agents,
precipitating agents, neutralizing agents,
and oxidizing agents. The recommended
uses, effectiveness, and possible toxic
effects of these agents are discussed
~ here briefly.

Note that the effectiveness of a
mitigating agent depends largely on the
specific spill situation. The amount of
agent needed to counteract a hazardous
substance discharge is dictated by many
factors, including the size of the
watercourse, the conditions of flow, and
the possible long-term toxic effects of

irretrievable contaminated agents and
byproducts. .

Mass Transfer Media—

Agents within this category include
activated charcoal and ion exchange
resins. Avsilable evidence indicates
that activated charcoal and ion ex-
change resins introduced in moderate
amounts to the aquatic environment
will not in themselves be toxic. But the
dasorption.of 8 hazardous chemical
from such mass transfer media in
natural surface water and the potential
persistence of these toxic organic
compounds in the aquatic enviconment
must be considered in any decision t0
usa irretrievable mass transfer agents.
We can safely assuma that if those toxic
compounds can be removed from the
environment by biological processes,
they can also be removed if bound to &
mass transfer medium. We can siso
assume that the total toxic effect of
those biodegradable materials can be
reduced if mass transfar agents can be
used to minimize acute toxicity. .

Irretrioavable mass transfer media
should be considered acceptable for
treating the class of materisls that is
biodegradable under all conditions.

Absorbing Agents—

The use of absorbing agents is
‘ganeraily limited to spilis of oil and
petroleum products. Natural sgents
such as straw, sawdust, etc., sre
routinely’ used in such cleanups. A

veariety of synthetic sbsorbents are
svailabla for mitigating both hydrophobic
and hydrophilic chemicals. These ab-
sorbents are nontoxic and do not
present a hazard to the environment in
an uncontaminated state. but desorption
of the spillad material from both natural
and synthetic absorbents can ba signifi-
cant. For this reason, the use of

_ absorbing sgents is recommended only

in those situations in which the sorbent
can be removed from the environment.

Thickening and Gelling Agents—

Mitigating agents in this category are
actually special types of absorbents
used to immobilize the spilied material
to prevent further spread into the
environment and to condition the spill
for mechanical removal. We recommend
that these agents be used on (and spiliis
of all liquid materials on which they are
effective. Cartain ggents should be
considered appropriate for treatment of
water spills of insoluble organics thst
fioat. Thickening or geiling agents
should not be used on water spills of
mastarisls that sink oc mix into the water
column.

Biological Treatment Agents—
Biologicaf agents have been shownto
be effective in mitigating spills of oil and
ail-derived products. Severat limitations,
however, exist to the use of these
agents in the treatment of spilled

organic materials.

- Table 1. Mitigation Summaery __
Mitigation
Category Possidle Toxic Effect(s) Recommended Uses
Mass transfer medis Desorption of hexrerdous substance - 8iodegradabla substances.

Absorbing agents

Thickening and
gelling agents

Biological trestment

Dispersing agents

Precipitating agents
Neutralizing agents

Oxidizing sgents

chronic 1oxicity.

Deasorption of harardous substance - .
chronic toxicity, increassed biologicel
oxygen demand.

No known toxic sffects.

Ecological imbalance. Toxiciy of de-
gradation products.
Incresse in toxicity resulting from dis-

All land spills. Insoluble organics that
flost, provided absorbent can be removed
from the environment. ’

All land spills. Insoluble organics that flost.

Biodegradable substances. Spills that are
easily contained and monitored.

Biodagredasble substances.

persed substances. Toxicity of degrads-

tion product of sdded agent.
Toxic effect of insoluble metsl salts.
Toxicity resulting from change in pM

Removal of mci;l\ﬁﬁs from-solution.
All spills involving acids or bases.

from natural conditions. Toxic metal ion

byproduct.
Toxic intermediate resction products.

Oxidation of natural organic materials -

ecological imbalance.

Limited to detoxification of hezerdous sub-
stances in closed system to allow control
of reaction.




.

_ Considerable time is required by the
biological degradation process, which
makes it necessary to contain and
isolate the spilled material from the
environment before treatment. The
bacterial culture must also be given
sufficient nutriants and maintsined in
an environment that will encourage
adequate growth. A culture maintenance
program must therefore be initiated.
Finally, no agent should be introduced
into the environment if it will cause any
significant change to the ecological
balance of the treated waterway.
Biological agents should be considered
asppropriate for treating spills of materials
that are biodegradable, but only when
conditions allow the contaminsted
environment to be contained for suffi-
cient time to permit detoxification.

Other types of mitigating agents should

be usad whenever possible.
Dispersing Agents—

Dispersing agents can be used ta (1)
increase the rate of biodegradation of
spilled material, (2) protect aquatic fowl
by removal of oil or other organics from
surface water, (3) minimize fire hazards
by dispersing hazardous material into
the water column, and (4) prevent
shoreline contamination. Some dis-
persants are toxic, however, and care
must be exaercised to prevent unneces-
sary harm to aquatic life.

Precipitating Agents—

Precipitation is a valid mitigating
technique for removing toxic metal ions
from solution. The technigue generally
requires the addition of either hydroxide
or sulfide ions at elevated pH levels.

Hydroxide ions will re-enter the water
column when the pH returns to neutral,
creating the possibility of a long-term
environments! hazard. Sulfide precipi-
tation is thus recommended. At toxic
concentrations of heavy metal ions, an
insoluble metal sulfide will form and
reduce toxicity rapidly. The precipitate is
insoluble enough to reduce re-entry of
metal ions into the environment to 8
nontoxic level. Further study will be
necessary, however, to determine the
long-term etfect of metal saits on the
water system.

A byproduct of sulfide precipitation is
toxic hydrogen sulfide gas. To inhibit

- hydrogen sulfide formation, the sodium

sulflide precipitating solution should be
stabilized with sodium hydroxide.
Neutralizing Agents—
Neutralization is an scceptable method
of tresting all spills of acids and bases,

provided some method for monitoring
PH is available. Treatment should be
accomplished on land whenever passible
to prevent the spilled material from
entering aquifers or surface water. Toxi-
city associated with pH change from
normal values once the spill has entered
a waterway is critical, in which case
neutralization of the spill becomes the
primary method of trestment.

Toxicity reduction is coupled with the
return of normal pH values regardiess of
the neutrslizing agent, howaever, care
must be taken to select an agent that
produces the least toxic bypraducts. All
other considerations being equal, weak
scids and bases should be selected to
neutrslize a spill in preference to strong
acids and bases. This policy will
minimize the potential for agvertreat-
ment. The use of solid agents should
also be avoided when possible.

Whare the monitoring system is not
sccurate snough to ensure treatment to
the exact pH desired, it is better to
undertreat than 1o risk overtreatment.
PH values batween 8 and 9 are recom-
mended. :

Oxidizing Agents—

Oxidizing agents are toxic to most

organisms at relatively low concentra-
tions. The reactians are ditficult to
control and seldom go to completion,
thus leaving toxic intermediate reaction
products. The use of oxidizing agents
should be limited 10 land or water spills
that are completely contained. Further-
more, thaese sgents should be used only
as a last resort.

Countermeasure Matrix

A comprehensive list of the various
types of mitigating agents and their
potential uses has been generated in
matrix format (Table 2). This counter-

measure matrix refers to classes of

agents recommaended for treating
hazardqus substances involved in spills
in or near waterways. The matrix is a
comprehensive list of hazardous chemi-
cals, the EPA toxicity classification for
each, and the density and the physical
form of the pure hazardous substancs.
Each chemical is also assigned s
physical/ chemical/dispersal (P/C/D)
factor, which hassrange fromQ.1 10 1.0
and is “....based on the solubility,
density, volatility, and associated
propensity for dispersal in water of each
hazardous substance.”” 40CFR60002,
December 30, 1975. The remainder of
the matrix specifies which categories of
countormeasures are effective for

controlling hazsrdous substances dis-
charged onthe ground or in a waterway.
The full report was submitted in
fuifillment of Contract No. 68-03-2093
by Claspan Corporation, Butfalo, NY,
under the sponsorship of the U.S. Envi-
ronments) Protection Agency.

\
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C. K. Akers. R. J. Pilie. and J. G. Michalovic are with Claspan Corporation,
Buffalo, NY 14221,

Joseph P. Lafornara is the EPA Project Officer (see below).

The complete report, entitled “Guidelines for the Use of Chemicals in Removing
Hazardous Substance Discharges.” (Order No. PB 82-107 483; Cost: $9.50,
subject to change) will be available only from:

National Technical Information Service
5285 Port Royel Road
Soringlield, VA 22161
Telephone: 703-487-4650
For information contact John E. Brugger at: .
Oil and Hazardous Materials Spills Branch
Municipal Environmental Research Laboratory—Cincinnati
U.S. Environmental Protection Agency .
Edison, NJ 08837

--

:

LY U 5. GOVERNMENT PRINTING OFFICE: 1981/559 <092/3343
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RCRA/CERCLA
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- TECHNOLOGY SEMINARS
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SOIL WASHING OF LEAD
CONTAMINATED SOIL

~ EPA Mobile Soils Washer
Leeds; Al |
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MOBILE SOILS WASHER

Counter=Current Extraction Unit




PROCESS FLOW SCHEME FOR
COUNTERCURRENT EXTRACTOR

CHEMICAL
CHEMICAL FRESH

ADDITIVE
(1F NEEDED) CHEMICAL ADDITIVE WATER
ADDITIVE (IF NEEDED)
eeh {IF NEEDED) . J . J
22 :
SPENT J ' HYDROCYCLONE
WASHING et > .
FLUID N . 7H—
L - QAJ«me
0 ¥
Yo v /

A

HRIILE
wzéa L\L_ 2

SLURRY PUMP

CLEAN
PROOUCT




PROCESS FLOW DIAGRAM AND SAMPLE POINT
LOCATIONS - BATTERY WASTE TREATMENT SYSTEM
MOODY, AL. - EPA/EERU
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LEAD REMOVAL

LEEDS, ALABAMA

. LEAD E.P. TOXICITY
MATERIAL (mg/1) (ma/1)
ILCO FEED 47,000 88
+2mm DISCHARGE 3,050 60

1,300 49

- 2mm DISCHARGE



IN-SITU WASHING OF

JP-4 AND SOLVENTS

Volk Air National Guard Field
Camp Douglas, Wl

LOCATION OF VOLK FIELD ANG BASE AHU HARDWOOD RANGE
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LOCATIONS OF THE PROPOSED AREAS AT VOLK FIELD TU Ut
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LAYOUT OF THE IN SITU CONTAINMENT/
TREATMENT UNIT (ISCTU)

A. AIR DIAPHRAGM PUMPS

8. PROPORTIONAL CHEMICAL
ADOITIVE METERING PUMP

C. INPUT MANIFOLD
0. PROCESS MONITOR RECORDER
€. WATER PUMP

F. BATCH CHEMICAL METERING PUMP

MAIN ELECTRICAL .
BREAKERS GROUY MIXING zommsm cu:mcu, MIXING TANX \

) S—
' O VAPOR EXTRACTION
AIR COMPRESSOR SYSTEM
c:c:

ELEC TRICAL
HOSE STORAGE REEL

OIESEL ELECTRICAL MOVYNO CAVITATING PUMP
GENERATOA ] PULLOUT OPERATOA'S PLATFORM

INJECTION MANIFOLD -

'VOLK FIELD
EVALUATION CRITERIA

® Reduction
- Total Organic Can bon
- Volatiles A
- Qil And Grease
- Chemical Oxygen Demand
— Biological/Chamical Oxygen
Demand



Localions of Existing Groundwater Monitoring Bore Holes at the

- Fire Department Training Area. _

To Wiaconsin Avenue D
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Unimproved
access
road
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'“? 04 OF5
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@ N-14 |
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Boundary of Traning
Area

. Bore Holé Location
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e ——————sm— " Groundwater Flow
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DESCRIPTION OF VOLK ANG

FIRE TRAINING PIT

® Diameter: 75 Feet

° Depth (To Water Table): 12 Feet
® Surface Area. 4.400 Sq. Feet

¢ Volume Of Soil. 53.000-Cu. Feet
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Mobile System For Extracting Spilled Hazardous Materials From Soll

The Hazardous Waste Englneering Research Laboratory, Releases Control
Branch at Edison, NJ, has recently developed a moblle system for extracting
spllled hazardous materlals from solis at cleanup sites.

Landborne spllls of hazardous materials that percolate through the soll
pose a serious threat to groundwater,

s 2 mm SCRURNED SON,

? CLEAN AIR

!

DRYIRG |

HWEn
1F NN

-1

FILTER
PRESS

MAKEUP WATER

’-l WASIHING FLUID RECYCLER

MISCHARGE
AL CLEANER
KSKIMMING
TO UISPUSAL
FEXNAUST EXNAUST
1 HOM OO FROM NOOD *
sx AT FLRDER DRUN SCREEN 2 me COUNTER-CURRENT .l om
——d NG NATLR KNITY e Jiond CHEAUCAL S
e NUMEEN SOH. SURBhoE R sen, EXTHALTOR RCRUNAED
SLUNRY son,
PEN
RECYCLED :Asnl;m'.
NTHRIPPER NPRAY CLEAN "'_"m"h RUNOFF
HINSE S
QVENSIZE ! .
NON OB, FINLS. TO
MATEMIALS 1 CLARIFIER MSTOS AL
AND DLIRIS -
FILTER CLARIFIED
NACKWASH WASHING FLUIDS
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'+ JCESS FLOW SCHEME FOR SOIL SCRUBBER

Effective response to such incidents should include the means for removing
the contaminants and restoring the soll to its original condition. Currently
practiced techniques, such as excavation with transfer 10 1and fIll or flushing
with water in situ, are beset with difficulties - targe land area and volume of
materlals involved, An innovative In Situ Contalnment/Treatment System has

. baen developed o treat contaminated solls. However, it Is not suitable for all

solls and/or all chemicals, .

The mobile treatment (see Hiustration) has been designed for water extrac-
tion of a broad range of hazardous materlals from spill-contaminated solls.
The system wilk (1) ireat excavated contaminated solls, (2) return the trealed
soll to the site, (3) separate the extracted hazardous materiais from the
washing {luld lor turther processing and/or disposal, and (4) decontaminate
process flulds betore reclrculation, or final disposal. A prototype system has
been developed utilizing conventional equipment for screening, size reduc-
tion, washing, and dewatering ol the solls. The washing liuld - water - may
contaln addilives, such as acids, atkalles, delergents, and selected organic
solvents to enhance soil decontamination, The nominal processing rate will
be 3.2.m*(4-yd") of contaminated soil per hour when the soll particles are
primarily less than 2.mm In size and up 10 14.4-m?{18-yd’) per hour for soll of
larger average parlicle size. N

For turther Information contact Frank J. Freestone or Richard P. Traver,
Hazardous Waste Englneering Research Laboralory, Releasas Control
Branch, Edison, NJ. Telephone numbers are: (201) 3216632/6677 (commer-
cial) or 340-8632/6877 (FTS).
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ESTIMATED TIME REQUIRED FOR
VOLK IN-SITU WASHING

® Recommended Application Rate
3 Inches Per Day

® 3 Inches Applied On Surface
Fills 10 Inches Of Soil Colurnn

¢ 14.4 Days Per Pore Volume Or

144 Days Washing To Achieve
80% Removal

MASS BALANCE

What Goes In..
.. Must Come Out.



SURFACTANT QUANTITIES REQUIRED
TO REMOVE CONTAMINANTS AT
VOLK ANG

® 15% Surfactant Solution Required

® Ten Pore Volumes Used In Pilot
Lab Study To Achieve 80% Removal

® One Pore Volume At Volk Fire Trainung
Pit = 16,000 Cubic Feet

SURFACTANT QUANTITIES REQUIRED
AT VOLK ANG (Continued)

® 10 Pore Volumes = 9.884.000 Ibs.

® 0084,000 Ibs. x 015 = 150.000 ibs.
Of Surfactant
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FLOW DIAGRAM FOR ISCTU

TO ATMOSPHERE 0\

GAC
COLUMN
CHEMICAL OR GROUT
I ‘ ADDITIVES
CONTAMINATED vort INJECTION PUMPS
GROUNDWATER™* TANK \ AND MANIFOLD
TO PHYSICAL- ‘
. CHEMICAL

REINJECTION, SURFACE

TREATMENT 4000 |CATION OR DISPOSAL

UNIT (OPTIONAL)

WATER TREATMENT PROCESSES
AT VOLK ANG |

¢ Lime Precipitation
¢ Clarification
® Acration



CONTAMINATION LEVELS AT
~ VOLK ARNG |
Soil:
Oil & Grease 500-25.000 mg/«g
Groundwater:
Volatiles 10-20 mg/!|
TOC 100-700 my/!

AMOUNT OF CONTAMINATION AT
VOLK ANG FIRE TRAINING PIT

¢ Estimated 52.000 Gallons “Unburnt”
After 35 Years Of Operation

. Remaining Contamination Averageé
0.2%. Equivalent To 1.700 Gallons

SOIL TREATMENT AT VOLK Fi:L
¢ In-situ Washing
- Water
- Surfactants
- Treated/Contaninated
Groundwater



' SIMPLIFIED. PROCESS FLOW DIAGRAM

SOIL SCRUBBER
AIR CLEANER
L] . .
SOIUBIZE COUNTER. CURRENT "PRESSURE FILTER )
——— CLASSIFICATION ~ o] CHEMICAL (1} e —
CONTAMINATED SYSTIM EXTRACTON ORYING 8EO _ :
. }1+118 .
‘ ' ) SQUEEZATL/
oveRnIZE AUNOS §
MATERIALY SPENY RECYCLLD uno“c
OtsRis
SOLVENT
RECYCLEN
MAKELF 1

WASTE
SLUOGE

RECLAIMED
oS



EPA Report Number
November 1987

ROUGH DRAFT
INTERIM REPORT

INVESTIGATION OF FEEDSTOCK PREPARATION AND HANDLING

2096B

FOR MOBILE ON-SITE TREATMENT TECHNOLOGIES

by

William F. Beers, P.S.S.
Roy F. Weston, Inc.
EPA Ohmsett Facility
NWS Earle - Waterfront
Leonardo, New Jersey 07737

68-03-3450
‘Work Assignment 087208

Richard P. Traver, P.E.
Releases Control Branch

Hazardous Waste Engineering Research Laboratory
Edison, New Jersey 08837

HAZARDOQUS WASTE ENGINEERING RESEARCH LABORATORY
OFFICE OF RESEARCH AND DEVELOPMENT
U.S. ENVIRONMENTAL PROTECTION AGENCY
CINCINNATI, OHIO 45268



SECTION 1
BACKGROUND

Under the Comprehensive Environmental Response, Compen-
sation, and Liability Act of 1980 (CERCLA), the current
National Contingency Plan (NCP) that implements it, and SARA
(1986) requirements, response actions at hazardous waste sites
must reduce the threat of uncontrolled wastes into the envi-
ronment. In the 1984 Resource Conservation and Recovery Act
(RCRA) Amendments, Congress clearly showed its intent to
minimize the volume of solid waste disposal in landfills. This
policy would mandate a major change in the current practices at
CERCLA sites of removing the hazardous waste material and
burying it elsewhere without any prior treatment.

The policy of the Office of Solid Waste and Emergency.
Respohse (OSWER), responsible for implementing the 1984 HSWA
requirements, is to discourage the excavation and reburial
“disposal" philosophy of CERCLA waste and debris, and to
encourage technologies to eliminate or reduce the hazardous
character of the waste materials. On—-site treatment
technologies that destroy or reduce contaminant levels achieve
more positive control than containment techniques. Off-site
disposal to engiheeted and protected landfills will only be
allowed in the future when no destruction technology is
available, or for "pretreated" soil and debris materials
complying with Best Demonstrated Available Treatment (BDAT)
levels as promulgated under the impending 1988 Land Ban
legislation. In addition, as landfill disposal becomes more
expensive and as hazardous waste transportation is more.
stringently requlated, on-site waste destruction or volumetric
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reduction technologies will be far more desirable—--if they are
technologically feasible, environmentally safe, and
economically viable.

In order to destroy or reduce the hazardous character of
any contaminated material, the treatment technology selected:
must receive a "feedstock" with ‘a predetermined range of
physicél/chemical characteristics to ensure reliable treatment
efficiencies and cost effectiveness. The types of contaminated
materials normally identified and discussed in remedial
investigation/feasibility study (RI/FS) reports are primarily
materials such as soils, sludges, and liquids. The debris
compohent is not addressed unless the primary contaminated
matrix is a mixture of materials (i.e., building demclition
debris or sanitary landfill type wastes, such as household
trash and garbage).

The land disposal rules, which are scheduled to be enacted
in November 1988, will address feedstock and site debris as
well as contaminated soil under the Land Ban legislation.

Following the review of numerous Records of Decision (RODs)
and RI/FS's, there is a lack of historical site-specific data
quantifying and qualifying Superfund debris. Féw, if any RODs
or RI/FS's factor in the operational considerations of han-
dling, segregating, sizing, site excavation, and feedstock
delivery to various recommended mobile on-site technoloqieé
such as biological degradation, chemical treatment (K-Peg),
solidification/stabilization, incineration, low temperature
thermal desorption, and physical treatment (soils washing). It
is critical that an engineering and economic evaluation of the
types of debris and their impacts on these technologies be
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performed, if any form of on-site treatment is ever to be
successfully executed. The current HWERL work assignment
addresses these issues. The objectives of the work assignment
are to:

° Categorize Superfund-related solids, sludges, sedi-
ments, and debris according to excavation, handling,
and separation problems. Data will be provided on
frequency of problem occurrences.

® Provide a written summary on the state—-of-the-art
isolation/separation technologies of debris from
feedstock-excavated soils, sediments, and sludges.

e Identify specific handling areas for a detailed
engineering analysis of feedstock preparation for the
following six candidate on-site treatment technologies:

- . Incineration

- Low temperaturé desorption

- Chemical treatment (K-Peg)

- Solidification/stabilization

- Physical treatment (soils washing)
- Biological degradation

L Provide recommendations for future research needed on
technologies that have a high probability of success
and that are applicable to frequently occurring
debris-handling problems.

- 2096B



SECTION 2
CONCLUSIONS

Debris is anything that cannot be handled by the treatment
process. In general, any material larger than the 1/4 to 6-inch
range presented in Table 1 would be considered debris for all
six technologies being reviewed. Decontamination of debris is
not always possible because of its material nature (absorption
of the contaminant), or because the contaminant should not be
diluted, as in the case of dioxin. Debris cannot always be
subjected to analytical testing to determine its hazard classi-
fication or its level of cleanliness. Debris is only currently
categorized by the participating requlatory agencies as to its
hazardous or nonhazardous status, and handled on a case-by-case
basis. Disposal is currently based on the type of debris,
quantity, c¢ontaminant involved, and local/regional regulatory’

concerns.
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SECTION 3

RECOMMENDATIONS

RECOMMENDATIONS FOR _PROPOSED RULEMAKING

Classify material as debris based on the size require-
ments of the recommended technology.

Segregate debris for decontamination, recycling and
reuse, incineration, treatment, or land disposal.

‘"Treat each site debris situation on a case-by-case

basis with the disposal determination made by the

local regulatory authority (i.e., county, state, or
EPA region).

RECOMMENDATIONS FOR IMMEDIATE RESEARCH NEEDS

20968

Modify reporting and site investigations under RI/FS
programs to quantify and qualify the forms and amounts

of debris as presented in Appendix A on both a percent
weight and volume basis.

Conduct an engineering review and evaluation of exist-
ing applicable vendor technologies for segregation of

soil and debris for further processing and feedstock
preparation.



" 20968

Conduct a pilot evaluation of selected feedstock
processing equipment utilizing a standardized nonhaz-
ardous debris matrix as presented in Appendix A.

Preparation of a guidance document for use by EPA
Remedial Project Managers, On-scene Coordinators,
contractors, and emerdency response personnel identi-
fying mobile and transport separation equipment,
sources, costs (lease/purchase, operation and main-
tenance), debris applications, and anticipated per-
formance.



SECTION 4
DEBRIS DEFINITION

The six on-site technologies under review include: incin-
eration, low temperature desorption, chemical treatment
(K—Peg),.solidification/stabilization, physical treatment
(soils washing), and biological degradation. Each technology
requires that the feedstock material (soil and debris) be
delivered with predetermined consistencies so that the selected
treatment "hardware" can function and perform reliably in order
to efficiently and cost-effectively destroy or reduce the
contaminants of interest. To accomplish this task, the contami- .

nated material, which may be in. the form of soil, sludge,

liquid, or debris, must be prepared by either of the following
means:

o Physicai preprocessing of oversize material (e.g.,
crushing, shredding, screening, separation, dewater-
ing, etc.).

° Chemical preconditioning, such as neutralization or
reduction/oxidation.

Debris can be defined as oversize materials that cannot be
handled by the selected treatment hardware, and may, in fact,
damage the processing equipment.

The types of debris and contaminated materials found at
Superfund sites vary considerably and range in size from
clay-sized particles to large contaminated tanks and buildings.

Debris can be grouped into the following nine general cate-
gories: ‘
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Cloth

Glass

Metals (ferrous/nonferrous)

Paper

Plastic

Rubber

Wood

Construction/demolition materials (e.g., concrete,
brick, asphalt)

o Electronic/electrical devices

The nine categories of debris were determined by interviews
with various EPA Regional Superfund Site Managers; EPA Environ-:
mental Response Team members; EPA, TAT, REM, FIT consultants; .
and the EPA HWERL Technical Project Managers for various treat-
ment technologies. A detailed breakdown of specific items found
in éach-deb:is category is located in Appendix A. '

Along with the wide range in the types of debris, the
quantities of debris at sites also vary considerably. It has
béen "unofficially" reported through interviews, that the
debris at sites varies on a volumetric basis from less than 1
percent to greater than 80 percent. This is attributed to sites
where demolition debris or sanitary landfill wastes have been
co-disposed with hazardous materials.

A preliminary assessment of each of the six on-site treat-
ment technologies was conducted to determine the maximum size
of debris and material that could be allowed to undergo‘the
treatment process. The maximum debris size for each technology
based on this preliminary assessment is indicated in Table 1.
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TABLE 1. MAXIMUM DEBRIS SIZE/TECHNOLOGY

Maximum debris size Technoloqgy
1-2 inches Biological degradation
1 inch Chemical treatment (K-Peq)
6 inches Incineration
1/4 inch ‘ Low temperature desorption
2 inches Physical treatment (soil washing)
6

inches Solidification/stabilization

Debris larger than the maximum allowable size must be
segregated from the feedstock material and handled separately.
This oversized material must then be either treated separately
or reduced in size to allow the debris to Be refed to the
treatment equipment.

In addition to debris removal, feedstock preparation may
also include'other preparatory steps for the treatment process
to be effective. Feedstock requirements will vary with each
technology and contaminant under consideration. The types of
other feedstock factors that must be identified and evaluated
when considering one of the six technologies include:

Contaminant concentrations
pH adjustment

Moisture content
Oxidation/reduction status
Temperature range

Salt concentrations

Any special requirements
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The range of contaminant concentrations found in the waste
to be treated must be known to prevent "shock" loading of the
treatment process and also to ensure that the technology
treatment process can handle the contaminant concentrations
identified. Biological degradation is adversely affected by
“shock" loading of toxics. Dechlorination (K-Peg) treatment
processes become noncost effective when contaminant concen-
trations exceed high levels of certain contaminants because of
excessive sodium requirements.

pH adjustment of -the wastes may be necessary to reduce cor-
rosion potential; air impacts in incinerators and to ensure
proper growth of microorganisms in the biological degradation
process. '

Moisture content also affects certain treatment tech-
nologies because excess moisture can adversely affect reaction
rates and energy input requirements,

The temperature of the waste is an important factor in
rotary kiln incineration because of the potential for thermal
shock due to the moisture content and low temperature of the
waste.

Salt concentrations in the waste under consideration affect
biological degradation processes and immobilization/fixation
treatment. Excessive salts retard or prevent biological growth,
and, in the case of fixation technologies, salts interfere with
the setting and curing times of cement.

Each treatment technology may have other special handling
requirements for various wastes, and these need to be identi-
fied in a detailed engineering analysis of each technology.

10
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SECTION S
- - CURRENT DEBRIS HANDLING PRACTICES

The preliminary information collected on debris indicates
that the current handling procedures at hazardous waste sites
range from "elaborate separation and recycling" to "no
separation." Processed material and debris are then handled in
one of the following ways:

° Sent to a secure landfill for ultimate disposal.

. Decontaminated to levels allowing disposal in a
municipal landfill.

. Treated material used for construction foundation
bedding.

. Recycled/reclaimed as a recoverable resource. -

o Delisted to a nonhazardous status.

Current debris handling practices have been determined by:

L Technology feedstock requirement.

U Type of contamination.
° Type of debris (size, shape, phase, form, Btu, and

recycle value).

11
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L Quantity of debris (percent volume or weight).

. "Clean-up" standards or target levels (Federal, state,
local, private).

] Potential for decontamination of the debris.

A list of the types of debris and their handling history at
29 Superfund sites is shown in Table 2.

12
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TABLE 2. DEBRIS HANDLING AT SUPERFUND SITES

Recommended

EPA Major clean-up Debris Debris
Site name Contact - region contaminant alternative types handling
1. Kane & Lombard Charles Kufs III Organics, Incineration Concrete Presorting
metals Soil washing. Rocks and
Containment Metals shredding
In-situ vitrification
(ISV)
2. Ambler Asbestos  Frank finger' II1" Asbestos, ISV None
CaC03 Contaiament reparted
Capping
Off-site
land disposal
3. Myers Property Victor Velez II Organiis. Solidification/stabi- Pebbles
: metals lization Boulders
Biological degradation Wood
Soil washing Bolts
Off-site land disposal
{(untreated waste)
4. Fried Industries Victor Velez II  Organics Biqlogical'degrada— Drums
tion
Ltow temperature
thermal stripping
3 Incineration
Soil washing
5. Roebling Steel George Anastos II  Metals, FS not done; RI in Tires
organics, progress Shredded rubber
asbestos Partial emergency Shredded plastic
removal action Concrete
Baghouse dust
Buildings and
metals
Wire, cables
6. L.A. Qlark Ralph Shapot III Organics High temperature Solidification/ Railroad ties

thermal stripping
Metals, cyanides

stabilization Rails, wood

Biological Concrete,
degradation rocks
{in-situ)

Soil washing

Containment
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TABLE 2. (CONTINUED]
-Recommended
EPA Major clean-up Debris Debris
Site name Contact region contaminant alternative types handling
7. Morgantown Ralph Shapot III Organics, Capping Tire§ Separation
metals Incineration Refrigerators
Wood
Concrete
Cloth
8. Southern MD , Jay Motwani III Organics, Biological degrada~ Railroad ties
dioxins tion Rails, wood
Incineration Concrete, rocks
Soil washing
ISV activated
9. Cryochem . R. Purcell II1 Organics Work plan stage No debris
10. Shaffer -— II1 PCBs Methanol extraction Tires Vibratory
Large stones screen-
set aside
11. Montgomery Bros. 7. Massey 111 Organics . Off-site disposal Drums Off-site
Residential disposal
trash
12. Bridgeport 0i1 D. Lynch 11 0il Incinerate lagoon Wood, drums Clean tanks
Water contents Tanks
Buildings
13 Swissvale J. Downey IIT Dioxins, Off-site disposal Buildings Dioxins to
PCBs in secure land- Metals secure land-
fill and recycling Orums fill; steel
decontami~
nated and
recycled to
steel mill
15 Allied-Hopkins —_— 5 Toxaphene, Incineration Railroad ties Rails decon~
ooT, O0ff-site disposal Rails taminated for
xylene Concrete pad re-use

Blocks

Railroad ties,
concrete to
secure land-
fiN
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TABLE 2. (CONTINUED)
Recommended
EPA Major clean-up Debris Debris
Site name Contact region contaminant alternative types handling
16. Baird & McGuire Ms. Sanderson I Cresote, Incineration Tanks Metal-recycled
dioxins Off-site disposal Wood buildings Wood-shredded
. Masonry and incinerated
Masonry-0ff-site
disposal
17. Metaltec/ M. Rusin 1T TCE Heat treatment No debris Screening of
Aerosystems, NJ Rotary dryer Large stones stones/rocks
18. Syncon €. Finnerty II Pesticides Off-site Buildings Buildings and
PCBs, disposal Tanks tanks-decontam-
metals On-site capping Piping, heat- inated for ’
coils future use
Piping, etc,
-0ff-site
disposal
19. Delaware City G. Chodwick 111 PVC, TCE 0ff-site disposal No debris Reuse of
Reuse of recoverable recoverable
product product
20. Drake Chemical V. Legel 111 Organics 0ff-site disposal Furniture off-site
and inor- . Piping disposal
ganics '
21. Colemon Evans C. Teepen Iv PCP Incineration Miscellaneous  Separation
. T with shredding
and recycling
of metals
22. Hollingsworth €. Zimmermon IV  TCE, metals Vacuum extraction None
. 23. MowGray ' ). Trudeau IV PCBs Soligification None
Engineering : '
24. Sapp Battery €. Moore IV Lead, Solidification Battery cases Crushing
cadmium
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TABLE 2. (CONTINUED)

Recommgndqd
EPA Major clean-up Debris Debris
Site .name Contact region contaminant alternative types handling
25. LaSalle . Cattiche v PCBs Incineration Roots, Screening
Electrical sticks, stones
26. Metamora . Tanaka v VOCs, Incineration
tandfill metals
27. Geneva . Williams vl  VvOCs, Off-site disposal Tanks Off-site
Industries PCBs, . Prefabicated disposal
PAHs buildings
Cracking tower
Houses
28. United - . Williams vl  PCPs, On-going N Clean
Creosoting PAHs investigation Wipe samples
Recycle
29. Denver/ROBCO . Brink VIII Radiation Off-site disposal Miscellaneous Separation
: Wood masonry of materials
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SECTION 6
DEBRIS DECONTAMINATION

Once contaminated debris has been separated from the hazard-
ous waste material undergoing treatment, it must either be
disposed of in a secure landfill, stored for future approved
treatment (i.e., dioxin-contaminated material) or decontami-
nated. The determination that debris is contaminated is gener-
ally an assumption that is made with little or no analytical
testing. In some instances monitoring devices such as an Hnu
organic vapor analyzer or a geiger counter are utilized to
determine if a particular object is contaminated with volatile
organic compounds or is radioactive.

Decontamination of debris is possible for contaminants that
aré water soluble and can be washed, rinsed, or are removed
when the associated contaminated soil is cleaned off. Insoluble-
and inorganic (heavy metal)-contaminated fine soil material can
sometimes be successfully separated from debris by high
pressure washing or vibratory separation, allowing the over-
sized material to be safely disposed of. Some contaminants,
such as dioxin, are not generally considered for decontamina-
tion and are designated for interim storage, awaiting either
incineration or alternate approved treatment.

Impervious debris, such as steel, brass, or copper, is
generally decontaminated  and recycled, when possible.

-17.
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In most instances debris cannot be subjected to current or
proposed testing procedures (EP toxicity (extraction procedure
toxicity testing), TWA (total waste analysis), and TCLP (toxic
contaminant leaching potential)) to determine if it is hazard-
ous due to the type, form, and surface areas involved. Such
determinations are generally made by the participating requ-
latory parties at the regional, state, and local levels.

Debris that is determined to be nonhazardous can be dis-
posed of as industrial or municipal trash in a sanitary land-
£fill. Debris that is deemed hazardous by the requlatory parties
involved must then be incinerated, decontaminated, or otherwise
disposed of in a secure landfill.

18
20978



SECTION 7
DEBRIS HANDLING EQUIPMENT

Oversize material removal, disaggregation, and material
sorting can be accomplished by physical preprocessing. The
specific type of preprocessing required is dependent on the
technology under consideration and the contaminant involved.
Oversize material removal and debris sorting is generally
accomplished by vibrating or static screens. Magnetic
separation and flotation separation are also utilized in
conjunction with the required screens to obtain a feedstock
with a predetermined consistency.

Grizzlies and hammermills are.used to remove a small amount of

.oversized material from fines. Shredders are used for size

reduction.

A list of preprocessing equipment vendors was assembled and
is included in Appendix B. The applicability of several speci-
fic types of preprocessing equipment should be considered when
completing the detailed engineering analysis of the feedstock
preparation and handling for the six mobile on-site
technologies.

19
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APPENDIX A

DEBRIS IDENTIFICATION

Cloth
- Rags
- Tarps
- Mattresses

Glass S
- Bottles
- (white, brown, green
clear, blue)
- Windows

Ferrous Metals
~ Cast iron
~ Tin cans -
- Slag

Nonferrous Metals
— Stainless steel
- Aluminum
- Brass
- Copper
- Slag

Metal Objects

- Autos/vehicles
5S5-~gallon drums/containrs
Refrigerators
Tanks/gas cylinders
Pipes
Nails
Nuts and bolts
Wire and cable
Railroad rails
Structural steel

-Rubber

Paper

- Books

- Magazines
Newspaper
Cardboard
Packing

Plastic

- Buckets

- Pesticide
containers

- Six-pack
retainer rings

- Thin plastic
sheets

- Plastic bags

- Battery cases

Tires

-~ Hoses

- Insulation
Battery cases

Stumps and
leaves

- Furniture

- Pallets

- Plywood .
- Railrocad ties

Electronic/Electrical
~ Televisions
- Transformers
- Capacitors
- Radios
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Construction Debris
- Bricks
- Concrete blocks
- Asphalt
- Stones and rocks
- Reinforced concrete pipe
- Wood
- Steel beams
~ Asbestos insulation and roofing/siding shingles
- Fiberglass insulation
- Fiberglass tanks
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SUPERFUND STANDARD ANALYTICAL REFERENCE MATRIX PREPARATION
AND RESULTS .OF PHYSICAL SOILS WASHING EXPERIMENTS

by: M. Pat Esposito*, Barbara Bruce Locke, and Jack Greber
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" and
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ABSTRACT

In response to the RCRA Hazardous and Solid Waste Amendments of 1984 pro-
hibiting the continued land disposal of untreated hazardous wastes, the EPA
has instituted a research program for establishing best demonstrated and
available technologies for RCRA and Superfund wastes. Under Phase I of EPA's
Superfund research program, several projects were initiated under which a
surrogate soil containing a wide range of chemical contaminants was prepared
for use in bench-scale and pilot-scale performance evaluations of five dif-
ferent treatment technologies. This paper covers one of the projects in which
the surrogate test soil was developed and bench-scale soil washing treatabi-~
1ity studies were completed. This work was conducted by PEI Associates under
EPA Contract No. 68-03-3413 during 1987. This paper has been reviewed in
accordance with the U.S. Environmental Protection Agency's peer and admini-
strative review policies and approved for presentation and publication.

*
Formerly with PEI, now with Bruck, Hartman & Esposito, Inc., Cincinnati,
Ohio.



INTRODUCTION

The RCRA Hazardous and Solid Waste Amendments of 1984 prohibit the con-
tinued land disposal of untreated hazardous wastes beyond specified dates.
The statute requires the U.S. Environmental Protection Agency (EPA) to set
"levels or methods of treatment, if any, which substantially diminish the tox-
icity of the waste or substantially reduce the likelihood of migration of
hazardous constituents from the waste so that short-~term and long-term threats
to human health and the environment are minimized."” The legislation sets
forth a series of deadlines beyond which further disposal of particular waste
types 1s prohibited if the Agency has not set treatment standards under Sec-
tion 3004(m) or determined, based on a case-specific petition, that no further
migration of hazardous constituents will occur for as long as the wastes
remain hazardous.

- . In addition to addressing future land disposal of specific listed wastes,
the RCRA land disposal restrictions also address the disposal of soil and
debris from CERCLA site response actions. Sections 3004(d)(3) and (e)(3) of
RCRA state that the soil/debris waste material resulting from a Superfund-
financed response action or an enforcement authority response action imple-
mented under Sections 104 and 106 of CERCLA, respectively, will not be subject
to the land ban until November 8, 1988.

Because Superfund soil/debris waste often differs significantly from
other types of hazardous waste, the EPA is developing specific RCRA Section
3004 (m) standards or levels applying to the treatment of these wastes. These
standards will be developed through the evaluation of best demonstrated and
available technologies (BDAT). In the future, Superfund wastes in compliance
with these regulations may be deposited in land disposal units; wastes exceed-
ing these levels will be banned from land disposal unless a variance is is-
sued.

In early 1987, EPA's Hazardous Waste Engineering Research Laboratory, at
the request of the Office of Solid Waste, initiated a research program to .
evaluate various treatment technologies for contaminated soil and debris from -
Superfund sites. Under Phase I of this research program, which was conducted
from April to November 1987, a surrogate soil containing a wide range of
chemical contaminants typically occurring at Superfund sites was prepared for
use across the board in the bench-scale or pilot-scale performance evaluations
of five available treatment technologies: 1) soil washing, 2) chemical treat-
ment (KPEG), 3) thermal desorption, 4) incineration, and 5) stabilization/fix-
ation. This report covers those segments of Phase I related to development of
the surrogate soil and experimental bench-scale tests on the potential effec-
tiveness of physical soil washing as a treatment technology.

PROCEDURES
SARM PREPARATION
The surrogat2 soil is referred to throughout the text as SARM, an acronym
for Synthetic Analytical Reference Matrix. More than 30,000 pounds of clean

(uncontaminated) SARM was prepared after considerable research into the types
of soils found at Superfund sites nationwide. The final composition selected



consisted of 30 percent by volume clay (a mixture of montmorillinite and
kaolinite), 25 percent silt, 20 percent sand, 20 percent topsoil, and 5 per-
cent gravel. The components were air-dried to minimize moisture and then
mixed together in two 15,000-1b batches in a standard truck-mounted 6-yd3
cement/concrete mixer,

A prescribed list of chemicals found to be widely and frequently oc-
curring at Superfund sites was then added to the clean SARM in a series of
smaller-scale mixing operations utilizing a 15~ft>® mortar mixer. The organic
chemicals added included ethyl benzene, 1,2-dichloroethane, tetrachloroethyl-
ene, acetone, chlorobenzene, styrene, xylene, anthracene, pentachlorophenol,
and bis(2-ethylhexyl) phthalate. Salts or oxides of the following metals were
also added: lead, zinc, cadmium, arsenic, copper, chromium, and nickel.
Because concentrations of contaminants in soils vary widely, four different
SARM formulas containing either high or low levels of organics and metals were
prepared for use in subsequent treatability tests using the five technologies
named. Table 1 presents the target contaminant concentration of the four
SARMs prepared. Reserves of each SARM were also packaged and archived for

. future use. The archived samples are being stored at EPA's R&D facility in
Edison, New Jersey.

PHYSICAL SOIL WASHING EXPERIMENTS

As part of the performance evaluation of soil washing as a potential
treatment candidate, samples of each SARM were physically washed in a series
of bench-scale experiments designed to simulate the EPA-developed Mobile Soils
Washing System (MSWS). This system can extract certain contaminants from
soils, which reduces the volume of the contaminated portion of the soils. The

- MSWS is expected to be an econamic alternative to the current practice of
hauling contaminated soils offsite to a landfill and replacing the excavated
volume with fresh soils.

Specifically, this project was designed to simulate the drum screen
washer segment of the MSWS as described by J.S. Shum in the Operation and
Maintenance Manual(l). This segment of the MSWS separates the +2 mm soil
fraction from the -2 mm soil fraction (fines) by use of a rotary drum screen.
A high-pressure water knife operates at the head of the system to break up
soil lumps and strip the contaminants off the soil particles. Both the design
of the MSWS and the.design of the bench-scale experiments to simulate the MSWS
for cleanup of the SARMS samples are based on the following assumptions, which
underlie the volume reduction approach of physical soils washing:

1. A significant fraction of the contaminants are attached to the silt,
humus, and clay particles.

2;~--The silt and clay are attached to the sand and gravel by physical
processes (primarily compaction/adhesion).

3. Physical washing of the sand/gravel/rock fraction will effectively
remove the fine sand, silt, and clay-sized (less than 0.25 mm)
materials from the coarse material.



TABLE 1. TARGET CONTAMINANT CONCENTRATIONS _FOR SARMS

(mg/kg)
SARM 1 SARM 11 SARM 111 SARM 1V
(High | '
organic, (Low organic, (Low organic, (High organic,
Analyte low metal) Tow metal) high metal) high metal)

Volatiles _
Acetone . 6,800 680 680 6,800
Chlorobenzene 400 40 40 400
1,2-Dichloroethane 600 60 60 600
Ethylbenzene 3,200 320 320 3,200
Styrene 1,000 100 100 . . 1,000
“Tetrachloroethylene 600 60 60 ' 600
Xylene o 8,200 820 . 820 - 8,200
Semivolatiles
Anthracene - 6,500 - 650 650 6,500
Bis(2-ethylhexyl) o

phthalate 2,500 250 250 2,500
Pentachiorophenol 1,000 - 100 100 1,000
Inorganics
Arsenic 10 10 500 500
Cadmium 20 20 1,000 1,000
Chromium 30 30 1,500 1,500
Copper 190 190 : 9,500 9,500
Lead 280 280 ' 14,000 14,000
Nickel ‘ 20 20 1,000 1,000

Zinc 450 450 _ 22,500 22,500




4, The contaminants will be removed to the same extent that the silt
and clay are separated (i.e., increasing the efficiency of the
washing process will directly increase the removal efficiency for
the majority of the contaminant mix).

These assumptions were tested by evaluating different wash solutions in
bench~scale shaker-table experiments. The wash solutions chosen. for evalua-
tion included 1) a chelant solution (tetrasodium salt of EDTA, Dow Chemical
Versene 1007), and 2) an anionic surfactant.solutioﬁ (phosphated formulation
from Procter and Gamble, Institutional Formula Tide ). Different pH and
temperature conditions were evaluated for the wash solutions. Organic sol-
vents and oxidizing agents were considered, but were found not to be viable
soil-washing solutions because of material handling problems associated with
these compounds, especially when used in a field situation. Following the
shaker~table wash, the soil was wet-sieved to separate the fines from the
coarse material. Although the EPA MSWS only separates the soil into +2 mm and
-2 mm size fractioms, three size fractions (+2 mm, 250 ym to 2 mm, and -250
um) were investigated in this study to determine if an intermediate size
fraction (medium to fine sand) could be cleaned effectfvely, thereby increas-
ing the volume reduction potential. For determination of the effectiveness of
the soil-washing techniques in reducing the volume of contaminated material,
each of the resulting soil fractions was subsequently analyzed for total
organics and metals by standard Gas Chromatography Mass Spectrometry (GC/MS)
and Inductively Coupled Plasma (ICP) techniques (SW-846, 3rd ed.) and for
leachable constituents by Toxicity Characteristic Leaching Procedures (TCLP).

RESULTS
SARM PREPARATION

Results of physical tests conducted on the clean SARM are summarized in
Table 2. These test results indicate that the synthetic soil is characteris-
tic of a slightly alkaline sandy loam with moderate clay and organic content
and a relatively high cation exchange capacity. Such a soill, when contami-

“nated, should present a reasonable challenge to any applied treatment tech-
nology.

Chemical analyses of samples of the four SARMs were conducted before
treatment to verify contaminant levels and moisture content. Table 3 contains
the average concentrations obtained for each analyte in each of the four
SARMs. All numbers reported by each laboratory conducting the analyses (five
separate analytical laboratories performed these analyses) were included in
calculating the averages. '

. 1f the target contaminafit-levels (Table 1) are compared to the actual
levels found (Table 3), the recovery efficiencies obtained are the highest and
most consistent for the metals, followed by the volatiles and the semivola-
tiles. Generally, the SARMs containing the higher concentrations of volatiles
and semivolatiles showed better corelation between the target and the actual
contaminant levzls. The results for the lower organic contaminated SARMs
(SARM II and III) seem to indicate either that a greater portion (relative to
the high organic SARMs) of the indicator organics added to the soil were lost
through one or more routes (e.g., volatilization, adsorption), or alterna-
tively, that the lower concentrations of the organics were more difficult to
reliably detect and quantitate.



TABLE 2. PHYSICAL CHARACTERISTICS OF CLEAN SARM

Averagea Range
‘Cation exchange capacity, meq/100 g %3257 77.5 to 155
) (10
Total organic carbon, % 3.2 2.7 to 3.9
(6) : :
pH 8.5 8.0 to 9.0
(6)
Grain size distribution, weight %
Gravel (>4.75 mm) 3 2 to 4
o (6)
* Sand (4.75 mm - 0.075 mm) 56 54 to 58
i1t (0.074 mm to 0.005 mm) 28 27 to 30
. : - (6) .
Clay (<0.005 mm) %2) 11 to 14
6

2 values in parentheses indicéte number of samples analyzed.



TABLE 3. ANALYTICAL PROFILE OF SARMS:_ AVERAGE CONCENTRATION

FOUND UPON ANALYSIS®

(mg/kg)
SARM 1 SARM I1 SARM 111 SARM 1V
(High ~ '
organic, (Low organic, (Low organic, (High organic,
Analyte low metal) low metal) high metal) high metal)
Volatiles
Acetone 4,353 (9) 356 §8) 358 (2) 8,030 (2)
Chlorobenzene _ 316 (9) 13 (6) 11 (2) 330 52;
"1,2-Dichloroethane 354 (9) 7 (8) 5 (2) 490 (2
Ethylbenzene 3,329 (9) 123 (8) 144 (2) 2,708 (2)
Styrene ‘ 707 (9) 42 (8) 32 (2) © 630 (2)
Tetrachloroethylene 408 (9) 19 (8) 20 {(2) 902 (2)
Xylene 5,555 (9) 210 (8) 325 (2) 5,576 (2)
Semivolatiles '
Anthracene 5,361 (9) 353 (7) 181 (3) 1,920 (3)
Bis(2-ethylhexyl)
phthalate 1,958 (9) 117 (7) 114 (3) 646 (3)
Pentachliorophenol 254 (9) 22 (7) 30 (3) 80 (3)
Metals
Arsenic 18 (10) 17 (7) 652 (4) 500 (4)
Cadmium 22 (8) 29 (6) 2,260 (2) 3,631 (2)
Chromium 24 (8) 28 (6) 1,207 (4) 1,314 (4)
Copper 231 (10) 257 (8) 9,082 (4) 10,503 (4)
Lead 236 (10) 303 (8) 14,318 (4; 14,748 (4)
Nickel 32 (10) 38 (8) 1,489 (4 1,479 (4)
linc 484 (8) 642 (6) 31,871 (4) 27,060 (4)
Moisture, % 20 (7) () 19 (3) 26 (2)

2 values in parentheses indicate number of samples analyzéd.



PHYSICAL SOIL WASHING EXPERIMENTS

During the initial phase of these experiments, pH and temperature varia-
tions were evaluated as well as different chelant and surfactant concentra-~ ,
tions. Experiments were also run to determine the optimum reaction time for
both the chelant and surfactant solutions. 1In all cases, a 10:1 wash solution-
to-soil ratio was utilized. Temperature ranges from 78° to 120°F were found
to have little effect on the contaminant reduction efficiencies. Adjustment
of the pH of the surfactant solution from 5.0 to 12.0 resulted in no appreci-
able change in the organic contaminant removal efficiencies. Also, reducing
the pH of the chelant solution from its natural pH of 12 to 8.0 produced no
additional metal removal.

Reaction times of 5, 15 and 30 minutes were evaluated in a series of
trial tests for the chelant and surfactant solutions in order to select the
optimum reaction time for all subsequent testing. Figures 1 and 2 present the
reaction time results for a 1l:l molar ratio (moles of tetrasodium EDTA to
moles of total metals present in the SARM) chelant wash of metals from SARM
I1I, and for a 0.1 percent (by weight) surfactant wash of organics from SARM
I, respectively. The concentrations used for evaluation of the reaction times
were the lowest concentrations of both chelant and surfactant chosen for
overall evaluation in this study. As shown in Figure 1, no significant addi-
tional metal chelation occurred for SARM III after 15 minutes for any of the
six metals. Therefore, a l15-minute reaction time was chosen for all of the
subsequent chelant wash tests. As shown in Figure 2, no similar completion of
reaction was evident for the organic contaminants (as total organic halogens);
their concentration in the wash water continued to increase over the entire
30-minute interval. Therefore, 30 minutes was chosen as the reaction time for
all subsequent surfactant washes. Longer reaction times were not evaluated
because reaction times in éxcess of 30 minutes are typically too costly in
scale-up operations. '

Next, surfactant concentrations of 1.5, 0.5, and 0.1 percent (by weight)
were evaluated in a series of 30-minute washing tests of SARM I to determinme
the optimum organic contaminant removal efficiency achievable. The tests
showed that the 0.1 percent solution was least effective, and that the 1.5
percent and 0.5 percent concentrations were essentially equal; the results
obtained for the 1.5 percent solutfon did not indicate sufficient additional
contaminant reduction over the 0.5 percent solution to justify the higher -
surfactant concentration. Thus the 0.5 percent surfactant solution was chosen
as the optimum wash concentration for subsequent organics removal tests. Two
molar ratios (moles of tetrasodium EDTA to total moles of metals present in
the higher metal SARM-SARM III) were evaluated for metals removal--l:1 and
3:1. The 3:1 EDTA molar ratio solution exhibited consistently higher removal
efficiencies for the metals, particularly in the middle soil fraction (250 um
to 2 mm); therefore it was chosen for further study in all subsequent metal
removal tests. -

During the second phase of these experiments, the optimum conditions for
reducing organic and metal contamination (as determined in the initial phase
of the soil experiments and discussed in the preceding paragraphs) were ap-
plied to all four SARMs and compared with a baseline plain water wash for each
SARM. Tables 4 through 7 present the results of these final washings. 1In
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TABLE 4. SOIL WASHING RESULTS: SARM I (HIGH ORGANICS, LOW METALS)

(ppm)
_ Water wash -0.5% Surfactant wash
Initial a
Contaminant concentration >2mm 250 ym to 2 mm <250 um >2 rm 250 ym to 2 nm <250 um
Volatile organics
Acetone 4,353 10 20 140 22 8.0 50
Chlorobenzene . A6 0.028 0.28 160 0.30 1.0 3
1,2-Dichloroethane 354 <0.023 0.18 24 0.15 0.32 6.0
Ethyl benzene 3,329 0.63 1.4 2300 2.3 8.5 680
Styrene 707 ND ND 400 <0.17 ND 96
Tetrachloroethylene 408 0.009 0.12 250 0.20 0.81 49
Xylene 5,555 0.38 3.2 1800 4.0 14 820
Total volatile organic >99.9% 99.8% 66.2%  >99.8% 99,8% 88.5%
reduction
Semivolatile organics
Anthracene 5,361 6.5 3200 1400 3.3 2500 2700
8is(2-ethylhexyl) 1,958 4.0 92 1600 <6.1 100 1600
phthalate -
Pentachlorophenol 254 66 26 53 8.4 4.6 ND
Total semivolatile ] 98.9% 56.2% 59.7% >99.8% 65.6% 43.2%
" organic reduction
Inorganics
Arsenic 18 3.0 5.2 18.6 4.5 5.8 !¢ 19.1
Cadmium 22 7.3 11.3 28.8 6.9 11.0 26.2
Chromium 24 1.5 2.6 43,4 3.0 3.0 46.8
Copper 231 10.6 30.5 387 11.8 4.6 384 ,
Lead 236 11.1 28.8 402 10.1 40.1 420
Nickel 32 3.2 7.8 35.1 5.1 6.8 31.6
linc 484 4.8 106 726 47.9 101 647
Total metal reduction 92.2 81.6 NRC 91.5 80.7 NR

3 From Table 3.
b ND = not detected.
€ NR = no reduciton in overal) contamination.



SARM 11 (LOW ORGANICS, LOW METALS)

Total metal reduction

1 e

TABLE 5. SOIL WASHING RESULTS:
(ppm)
Water wash 3:1 Molar chelant wash 0.5% Surfactant wash
Initial
Contaminant concentration” 2 mm 250 ym to 2 =M <250 um >2 mm 250 ym to 2 ¢m <250 ym >2 mm 250 ym to 2 mm <250 ym
Volatile organics _ .
Acetone 356 0.50 0.31 0.50 1.2 2.7 0.46 0.75 1.8
Chlorobenzene 13 0.902 0.013 <0.23 0.006 0.020 0.002 0.002 ND
1 .Z-Dichloroethane 7 ND <0.004 ND 0.003 0.003 ND 0.004 ND
gthyl benzene 123 0.014 0.082 0.14 0.058 0.13 0.009 0.015 0.62
Styrene 42 0.016 0.1 0.25 0.066 0.12 0.010 <0.013 0.28
Jetrachloroethylene 19 ND <0.004 <0.22 <0.004 0.009 ND ND <0.30
Yylene 210 0.040 0.31 0.52 0.20 0.44 0.028 0.040 1.3
- Total volatile organic 99.9% »99,9% »99.8% >99.8% 99.6% 99.91 >99.91 »99.4%
reduction .
semivolatile organics
Anthracene 353 3.2 180 830 210 660 1.6 120 700
sis(z-ethylhexy\) 117 27 46 370 ¥ ) 260 28 32 160
phthalate
Pentachlorophenol 22 ND 6.8 4.6 5.1 ND 2.4 7.8 ND
Total semivolatile 93.9% 82.7% NRE 47.3% NR 93.5% 67.5% NR
organic reduction .
Inorganics
Arsenic 17 2.5 4.2 4.8 3.9 4.4 12.6 3.0 3.6 21.8
Cadmium 29 6.0 10.2 §5.6 2.0 4.0 7.5 4.8 9.4 1.7
Chromium 28 <0.88 4.0 90.4 1.6 3.4 69.7 2.7 3.5 56.6
Copper 257 5.0 25.4 652 8.2 15.6 238 9.0 28,6 478
Lead 303 4.0 69.0 710 6.2 12.6 110 8.5 31.8 511
Nickel 38 4.0 1.2 68.6 4.2 7.0 43.0 3.2 6.8 41.8
linc 642 21.0 107 1380 28.3 63.6 546 25.8 112 906
»96.7% 82.7% NR 5.9% 91.6% 21.9% 95.7% " 85.1% NR

2 From Table 3.
b ND = not detected.

€ wR = no reduction in overall contamination.



TABLE 6. SOIL WASHING RESULTS: SARM IT1 (HIGH ORGANICS, LOW METALS)

(ppm)
Water wash 3:1 Molar chelant wash
Initial 2 -
Contaminant concentration >2mm 250 ym to 2 mm <250 ym >2mm 250 ym to 2 mm <250 um
Volatile organics
Acetone 358 0.74 1.7 16 0.96 2.6 33
Chlorobenzene 11 0.008 0.16 1.6 0.011 0.2 1.2
1,2-Dichloroethane s <0.004 0.024 0.084 0.002 0.0 <0.050
Ethy) benzene 144 0.040 1.3 3 0.856 2.0 20
Styréne 32 0.026 <0.30 6.4 ND 0.5 3.0
Tetrachloroethylene 20 0.002 0.16 3.0 0.006 0.2 2.2
Xylene 328 0.10 2.6 58 0.09% 3.6 3l
Total volatile organic >99.91 >99.3x 86.7% 99.9% 99.0% »93.2%
reduction
Semivolatile organics
Anthracene 181 <5.6 480 1,800 1.7 540 1,800
Bis(2-ethylhexyl) 114 2.2 7.4 1,100 3.4 9.4 790
phthalate .
Pentachlorophenol 30 9.2 40 59 <6.6 13 <96
Total semivolatile >94,8% NR® " NR 96.4% NR NR
organic reduction :
Inorganics
Arsenic 652" 54.6 102 1,160 36.6 51.0 243
Cadmium 2,260 2 276 746 290 116 110
Chromium 1,207 3.8 14.8 2,590 3.2 9.2 1940
Copper 9,082 68.4 264 20,800 38.6 104 2250
Lead 14,318 122 491 30,600 98.1 17 1470
Nickel 1.489 18.6 42.2 1,570 17.5 28.2 472
linc 31,871 558 1010 48,200 500 519 6760
Total metal reduction 98.0% 96.4% NR 98.4% 98.4% 718.2% '

® From Table 3..
b D = not detected.

CNR = no reduction in overall contamination.



TABLE 7. SOIL WASHING RESULTS: SARM IV (HIGH ORGANICS, HIGH METALS)

(ppm) :
‘il Water wash 3:1 Molar chelant wash 0.5% Surfactant wash
Initia
Contaminant concentration‘ >2 250 ym to 2 mm <250 um >2 m 250 pm to 2 em <250 pm >2 mm 250 ym to 2 em <250 ym
Volatile organics
Acetone 8,030 5.8 5.8 120 16 21 180 14 15 53
Chlorobenzene 328 0.020 1.5 68 0.012 1.4 99 0.076 0.94 22
1,2-Dichloroethane 490 0.028 <0.34 «8.6 <0.004 <0.54 40 0.10 <0.30 4.4
Ethy! benzene 2,708 0.g80 15 2,000 0.051 12 1000 0.52 7.4 300
Styrene 630 ND <2.8 150 <0.026 ND 200 0.17 ND 54
Tetrachloroethylene 902 <0,017 2.3 120 0.006 1.4 170 0.048 1.1 45
Xylene 5,576 0.18 25 3,200 0.11 23 1700 0.86 26 460
Total volatile organic »99.9% >99.7% >69.6%  >99.9% »>99.7%  81.8% 99.9% »>99.71 95.0%
reduction
Semivolatile organics ,
Anthracene 1,920 28 2700 5,200 40 1700 3300 2.4 1800 5,800
Bis(2-ethythexyl) 646 5.8 3 3,100 9.6 70 2800 <5.6 26 1,500
phthalate
Pentachloropheno) 80 23 k] 360 8.4 22 <180 38 42 100
Tota) semivolatile 97.8% NR® NR 97.8% 32.2 NR >98.3% 29.4% NR
organic reduction .
Inorganics
Arsenic 500 126 110 924 /zg;.a 91.7 180 30 110 538
Cadmium 3,631 348 286 643 9 210 107 308 336 739
Chromium 1,314 7.7 29.0 2,180 6.4 29.8 1480 5.9 32.5 1,500
Copper 10,503 148 467 18,400 80.6 332 1990 63.1 446 11,100
Lead 14,748 168 1260 23,900 103 272 1360 68.4 818 15,000
Nickel 1,479 29.8 56.4 1,240 19.4 70.7 284 14 62.9 618
linc 27,060 873 3320 36,200 558 4730 5160 462 3040 25,400
Total metal reduction 97.1% 90.7% NR 98.1% 90.3% B2.2% 98.4% 91.8% 7.3%

2 from Table 3.
b ND = not detected.

€ NR = no reduction in overall contamination.



general, the cleaning results of the water wash, the 3:1 molar chelant wash,
and 0.5 percent surfactant wash for the +2 mm soil fraction did not differ
significantly. As hypothesized, the silt and clay particles appeared to be
attached to the sand and gravel primarily by physical processes such as com-
paction and adhesion. These physical attractions are often related to the age
of the soil and the contact time between the contaminants and soil particles.
Because the SARM was a freshly prepared soil that had not been compacted,
weathered, and aged, the physical forces of attraction are believed to have
been relatively weak, a condition more typical of a spill site soil than an
older soil found at an abandoned CERCLA site. Consequently, the water wash
was as effective in cleaning the +2 mm soil fraction as the water-plus-addi-
tive solutions were. . '

Removal of contaminants from the medium-grained fraction (250 um to 2 mm)
appears to entail both physical and chemical processes. By nature, this
middle soil fraction, which is composed of medium to fine sand, does not
absorb contaminants to the degree that clays and silts do. It has more sur-
face area, however, and should be somewhat harder to clean than the coarse +2
mm fraction. A comparison of the water wash with the 3:1 molar chelant wash
showed that the chelant wash reduced the residual concentration of metals in
the medium soil size class for each SARM subjected to the chelant wash (SARM
II, III, and IV). This trend is especially apparent in the data for SARM II
(Table 5) where the total residual metal reduction increased from 82.7 percent
for the water wash to 91.6 percent after the chelant wash. The organics show
less variation among experimental rumns in this soil size class., For the most
part, water was as effective as the surfactant wash for reducing the level of
organic contamination. The one anomaly was anthracene, which showed very high
concentrations in the medium soil class. The anthracene evidently was not
fully dissolved before it was added to the SARM; flakes of what was believed
to be anthracene were observed on the 250 ym screen during the washing experi-
ments.

Reduction of contaminants appears to be affected more by the use of
different wash solutions in the fine soil fraction (less than 250 pym) than in
the other soil fractions. Contaminants are typically bound by both chemical
and physical processes in fine soil fraction. As shown in Tables 5 through 7,
the chelant wash significantly reduced metal contamination in the fine soil
fraction. This reduction is particularly evident in Tables 6 and 7, which
present the results for the SARMs initially high in metal content. Although
the spent wash water was not analyzed, it can be assumed that the chelant
effectively mobilized the metals into solution. Similarly, the surfactant
wash significantly reduced the volatile organic contamination in the fine soil
fraction, as evidenced by the results shown in Tables 4 and 7 for the high-
organic-content SARMs. Again, the wash water was not analyzed; however, it
can be assumed that the surfactant successfully mobilized the organics into
solution. —

The trends indicated by the results of the TCLP analysis were similar to
those shown in Tables 4 through 7. In general, reduction efficiencies ranging
from 93 to 99 percent were obtained in the TCLP analysis of volatile organics,
semi-volatile organics, and metals for the top two soil fractions (+2 mm and 2
mm to 250 ym). Most of the TCLP contaminants present in the +2 mm soil frac-
tions dropped below the proposed regulatory limit given in the Federal Register,
Volume 51, No. 114, June 13, 1986. In the SARMs containing lower levels of



metals (specifically SARM I and II), the middle soil fraction (2 mm to 250 um)
also exhibited concentrations below the proposed TCLP levels.

CONCLUSIONS AND RECOMMENDATIONS
SARM PREPARATION

The preparation of a standard synthetic surrogate soil with physical
characteristics and contaminant levels representative of a wide range of
conditions typically found at Superfund sites was successfully completed. The
surrogate or SARM was subsequently utilized in evaluating the relative effec-
tiveness of five selected treatment technologies (physical soil washing,
chemical treatment, stabilization, low temperature thermal desorption, and
incineration), and a soil treatability data base has now been established.

Further studies comparing the treatability results that were obtained
with the SARM to results from similarly designed studies using actual site
soils are needed to further supplement the data base. Also, future studies in
which the SARM is used to evaluate the relative effectiveness of other pro-
posed treatment technologies at Superfund sites would be valuable.

PHYSICAL SOIL WASHING EXPERIMENTS

The soil washing results from this study appear to support the basic
assumptions underlying the volume-reduction approach to site remediation--that
a significant fraction of the contaminants in contaminated soils are attached
to the smaller sized particles or fines (i.e., silt, humus, and clay) and that
the coarse material can be cleaned and returned to the site by physically
washing and separating it form the fines. The data indicate that water alone
can efficiently remove a significant portion of the contamination from the +2
mm soil fraction. Contaminant removal from the middle (2 mm to 250 um) soil
fraction and the fine (<250 um) soil fraction, however, can be generally
enhanced by chelant and surfactant solutions. Addition of a chelant to the
wash solution can improve metal reduction efficiencies for both the medium and
small particle size fractions. Addition of a surfactant to the wash solution
can lead to higher organic removals (compared with the water wash) from the
fine particles. In general, water appears to be more effective in mobilizing
the organics into solution than in mobilizing the metals.

In the preliminary bench-scale experiments, it was determined that the
SARM was approximately 13 percent (by weight) coarse material (i.e., >2 mm),
29 percent medium-grained material (250 ym to 2 mm), and 58 percent fines
(<250 uym). Therefore, the data presented in Tables 4 through 7 indicate
achievement of at least a 13 percent weight reduction of contaminated material
with a water wash alone. Addition of a chelant solution resulted in a 42
percent reduction by weight of the metal~contaminated SARM, and use of the
chelant and surfactant solutions resulted in lower metal and organic contam-
ination, respectively, in the fine particles.

The mix of contaminants in Superfund soils often lends itself to an
extraction or washing treatment technology such as that demonstrated in this
study. Although promising results have already been achieved at the pilot
scale at a number of lead-contaminated Superfund sites, additional research is
needed to demonstrate the cost-effectiveness of soil washing for full-scale



treatment of a wide range of metal- and organic-contaminated soils. Specif~
ically, most of the research conducted to date has involved demonstration of
the operation of various pieces of equipment for pretreatment and extraction
of the contaminants from the soil and for post-treatment of the extractant.
The effective separation of the wash solution from the soil, the recycling of
the regenerated wash solution, and the concentration/destruction of the con-
taminants, however, have not been demonstrated at a large-scale pilot facil-
ity(2). The following is a listing of areas in which future work is needed
with respect to the development of soil washing as a full-scale, viable treat-
ment option for Superfund soils:

1. Laboratory feasibility studies for evaluating removal of contaminants
from the wash water.

2. Laboratory-scale physical soil washing studies using actual Superfund
soils containing a mix of metal and organic contamination. (The first
study of this type is currently funded and should begin in the spring of
1988.)

3. Evaluation of sequential wash solutions for reducing combined organic and
metal contamination.

4. Additional pilot—scale studies on the use of the EPA Mobile Soil Washing
Systenm.

5. Bench-~scale feasibility studies evaluating stabilization/solidification
effectiveness as a treatment train option for the concentrated fines
- remaining after soil washing.

6. Evaluation of feed stock preparation methods for the EPA Mobile Soil
Washing System. '
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INTRODUCTION

The RCRA Hazardous and Solid Waste Amendments of 1984 prohibit the
continued land disposal of untreated hazaérdous wastes beyond specified dates.
The statute requires the U.S. Environmental Protection Agency (EPA) to set
"levels or metheds of treatmert, if any, which substantially diminish the
- toxicity of the waste or substantially reduce the likelihood of migration of
hazardous constituents from the waste so that short-term and long-term
threats to human health and the environment are minimized." The legislation
sets forth a series of deadlines beyond which further disposal of untreated
wastes is prohibited. Specifically, Sections 3004(d)(3) and (e)(3) require
solid/debris waste material resulting from a Superfund-financed response
action or an enforcement authority response action implemented under Sections
104 and 106 of CERCLA,** respectively, to become subject to the land ban on
November 8, 1988.

In response to this mandate, the EPA Office of Solid Waste and Emergency
Response (OSWER) is developing standards for the treatment of these wastes.
These standards will establish treatment levels through the evaluation of
readily available treatment technologies. In the future, Superfund wastes
meeting these levels or standards may be deposited in land disposal.units;
otherwise, they will be banned from land disposal unless a variance is issued.
EPA's Office of Research and Development has initiated a research program to

* Formerly with PEI Associates, Inc., now with Bruck, Hartman, & Esposito,
Inc.

*
* Comprehensive Environmental Response, Compensation, and Liability Act

1
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identify and evaluate readily available treatment technologies for contam-
inated Superfund soils.

Under Phase I of EPA's research program, which was conducted from Apri)
to November 1987, a surrogate soil containing a wide range of chemical con-
taminants typically occurring at Superfund sites was prepared and subjected
to bench- or pilot-scale performance evaluations using the following treat-
ment technologies: 1) physical separation/volume reduction (soil washing),
2) chemical treatment (specifically, KPEG), 3) thermal desorption, 4) in-
cineration, and 5) stabilization/fixation. This report covers the formu-
Tation and development of the surrogate soil; it also highlights the results
of the five treatment evaluations. It is worth noting that virtually all of
the analytical data underlying this research were developed using EPA-SW846
methods. Detailed project reports covering the findings of each study are
available through EPA's Hazardous Waste Engineering Research Laboratory in
Cincinnati (see acknowledgments for contact names).

PREPARATION OF SURROGGATE SOIL (SARM)

SARM, an acronym for synthetic analytical reference matrix, is the
term used throughout this text to refer to the synthetic soil. The decision
to use a synthetic soil was driven by several factors. First, RCRA permit
regulations restricting off-site treatment of hazardous wastes, such as
contamination Superfund site soils, limited the planned research program.
Second, there was a strong desire for the test soil to be broadly represen-
tative of a wide range of soils and contaminants, and it was felt that no
single site soil could adequately satisfy this need. Third, large quantities
of a herngeneous test material were needed for the.research program, parti-
cularly for incineration, which was to be =voluaced using pilot-scale equip-
ment (requiring thousands of pounds of feed stock). Fourth, it was important
to have contaminarts present in the soil at sufficient levels to determine at
least 99 percent reduction efficiencies. Fifth, the contaminants had to
include both metals and organics, and the organics had to include compounds
representing a wide variety of structural types (e.g., both chlorinated and
nonchlorinated alphatics and aromatics, volatiles and semivolatiles, etc.).
Sixth, the soil with its mix of contaminants had to present a reasonable
challenge to the technologies of interest.

The basic formula for the SARM soil was determined from an extensive
review of 86 Records of Decision (ROD's) and a parallel independent study of
the composition of eastern U.S. soils. The recommendations of both sets of
data came to almost the same conclusion: 30 percent by volume of clay (mont-
morillinite and kaolinite), 25 percent silt, 20 percent sand, 20 percent top
soil, and 5 percent gravel. These components were assembled, air-dried, and
mixed together in two 15,000-1b batches in a standard truck-mounted cement
mixer.

Also, as part of the background work, the ROD's were studied to deter-
mine the occurrence, frequency, and concentration of more than 1000 contami-
nants found on Superfund sites. The objective of this effort was to identify
contaminant groups, and indicator chemicals for those groups, that were most
representative of CERCLA wastes.
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The three basic contaminant groups identified as being frequently found
in Superfund site soil and debris were volatile organics, semivolatile organ-
ics, and metals. The selection of specific compounds to serve as representa-
tive analytes for each contaminant group was based on an analysis of specific
site contaminants and their occurrence, as well as the physical and chemical
properties of each compound, including:

Molecular structure

Vapor pressure

Heat of vaporization

Heat of combustion
Solubility

Henry's Law constant
Partition coefficient

Soil adsorption coefficient

O o 0 0 O 0 0 ©

Health effects and toxicity were also taken into account during the
selection process.

As a result of this research effort, a list of target contaminant com-
pounds was developed that represented the most frequently occurring hazardous
_ compounds at Superfund sites, and that also provided a challenging test
matrix for all five treatment technologies. The final list of chemical
contaminants chosen for the SARM studies is as follows:

Volatile organics Metals
Ethyibenzene Lead
Xylere Zinc
1,2-Dichloroethane Cadmium
Tetrachloroethylene Arsenic
Acetone Copper
Chlorobenzene Chromium
Styrene - Nickel

Semivolatile organics

Anthracene
Pentachlorophenol
Bis(2-ethylhexyl)phthalate

The final step in this research process was to examine the levels at
which these chemicals have been found at Superfund sites and to select concen-
trations that would be representative of contaminated soils and debris. The
EPA compiled average and maximum concentrations of each selected chemical and
calculated the percentage of each compound within its group. From these
data, target contaminant concentrations were devised for formulating four
different SARM preparations: : -

SARM 1: High levels of organics (20,800 ppm volatiles plus 10,000 ppm
semivolatiles) and low levels of metals (1,000 ppm total metals).



88-68B.5

SARM 2: Low levels of orcanics (2,080 ppm volatiles plus 1,000 ppm semi-
vo]ati]gs) and low levels of metals (1,000 ppm total metals).

SARM 3: Low levels of organics (2,080 ppm volatiles plus 1,000 ppm semi-
volatiles) and high levels of metals (50,000 ppm total metals).

.SARM 4: High levels of organics (20,800 ppm volatiles plus 10,000 ppm
semivolatiles) and high Tevels of metals (50,000 ppm total metals).

Table I presents the selected target levels for each of the contaminants in
each of the four SARM's.

More than 28,000 pounds of SARM samples were prepared through a series
of small-scale mixing operations utilizing commercial stocks of chemicals,
the clean SARM soil, and a 15-ft3 mortar mixer. Batches of each SARM were
prepared in 500-1b quantities sufficient to meet the needs of each treatment
technology. Only a few pounds of each SARM was necessary for most of the
technologies because they were conducted at bench scale; however, incinera-
tion was evaluated at pilot scale, and therefore required thousands of pounds
of SARM to serve as feed stock for the testing. More than 200 1b of each
SARM was also reserved, packaged, and archived for future use. The archived
samples are currently being stored at EPA's R&D facility in Edison, New
Jersey, and are available to serve as standard test material for future
treatability stud1es

A number of chemical and physical analyses of the basic SARM soil and
the four spiked 3ARM formulas have been conducted to verify their composition
prior to treatability testing.. Results of the physical and chemical analyses
are compiled in Tables II through IV. Toxicity characteristic leaching
procedure (TCLP) data were also gererated during the study, but space limita-
tions prevent their being presented here. These data can be found in the
individual EPA project reports.

METHODOLOGY AND RESULTS OF TREATMENT EVALUATIONS

Physical Separation/Volume Reduction (Soil Washing)

As part of the performance evaluation of this technology, samples of
each SARM were physically treated in a series of bench-scale washing experi-
ments designed to simulate the EPA-developed pilot-scale Mobile Soils Washing
System (MSWS). This system physically separates contaminated fines from
coarse soil material, which effectively reduces the volume of the contaminat-
ed portion of the soils. The MSWS is expected to be an economic alternative
to the current practice of hauling contaminated soils offsite to a landfill
and replacing the excavated volume with fresh soils. The use of a soil
washing system also performs the task of feedstock preparation for other
subsequent treatment technologies by prescreening the soil into a "smooth"
homogenous feed.

Specifically, this project was designed to simulate the drum-screen
washer segment of the MSWS. This segment separates the >2-mm soil fraction
(coarse material) from the <2-mm soil fraction (fines) by use of a rotary
drum screen. A high-pressure water knife operates at the head of the system

4
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TABLE I. TARGET CONTAMINANT CONCENTRATIONS _FOR SARMS
: (mg/kg)
SARM 1 SARM 11 SARM 111 SARM 1V
(High :
organic, (Low organic, (Low organic, (High organic,
Analyte low metal) low metal) high metal) high metal)

Volatiles
Acetone 6,800 680 680 6,800
Chlorobenzene 400 40 40 400
1,2-Dichloroethane 600 60 60 600
Ethylbenzene 3,200 320 320 3,200
Styrene 1,000 100 100 1,000
Tetrachloroethylene 600 _ 60 60 600
Xylene 8,200 - 820 820 8,200
Semivolatiles
Anthracene 6,500 650 650 6,500
Bis(2-ethylhexyl)
phthalate 2,500 250 250 2,500
Pentachlorophenol 1,000 100 100 1,000
Inorganics
Arsenic 10 10 500 500
Cadmium 20 20 1,000 1,000
Chromium 30 30 1,500 1,500
Copper 190 190 9,500 9,500
Lead 280 280 14,000 14,000
Nickel 20 20 1,000 1,000
Zinc 450 450 22,500 22,500




TABLE II. Results of Clean Soil Matrix Ana]yses.a

Sample and Batch Numbers

Sample | 1 3 4 5 6 7
Batch | 1 1 2 2

NN.
N
—
L
| od
N

Average

Cation exchange , :
capacity, meq 100/g 117.5 152.5 150 150  77.5 150 155 80 147.5 147.5 133

T0C, % 3.2 3.9 3.0 3.8 28 27 -2 . . ; 3.2
pH, S.U. 8.0 9.0 8.5 8.5 9.0 8.0 ' 8.5
Grain size |
distribution, %
Gravel 3 2 4 3 2 3 - - - - 3
sand 55 57 58 54 56 57 - - - - 56
Silt 29 30 27 30 28 27 - - - ] 28
Clay 3 1 11 13 14 13 - - - - 12

@ The clean SARM was also analyzed for all contaminants on the Hazardous Substances List to determine
background contamination, if any. Organic analyses showed no volatile or semivolatile compounds at
the micrograms/kilogram level; metals analyses showed appreciable quantities of iron, potassium,
aluminum, calcium, and magnesium (as would be expected), but no substantial amounts of the more toxic
metals (e.g., chrome, nickel, lead, zinc). In other words, the clean SARM was found to be free of
anthropogenic contamination.

b A dash indicates that the sample was not analyzed for this parameter.
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TABLE III. MOISTURE CONTENT OF SPIKED SARMS?
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(percentage)

Laboratory SARM-1I .SARM-II SARM-III SARM-1V Method
IT Corp. 16.9 6.0 - - Oven-dried
(thermal desorption

‘for PEI)
Hittman-Ebasco 31.4 8.6b 19.3 22.1 Oven-dried
(stabilization

for Acurex)

Radian Corp. 17.1 16.02 -- -- Oven-dried
(incineration 16.1 17.8c -~ - Oven-dried
for PEI) ' 16.1 17.6 -- - Oven-dried
EPA - Edison 22.9 7.23 20.6 30.1 Oven-dried
(soil washing 19.6 6.2 18.6 -- Dean Stark
for PEI) . distillation
Analytical Enter- . -- - -- --

prises

(KPEG for Wright

State)
Average (all values) 20.0 11.3b 19.5 26.1

7.0
17.1°¢

a

Values obtained by the oven-drying method (ASTM D2216) are expressed as

percent total moisture (i.e., water plus volatile organics); values ob-
tained by Dean Stark distillation Method (ASTM D95) represent percent

water only.

See footnote C.

These values are for aliquots taken only from Batch 1 of SARM-II, to which
only a small amount of water was added.

These values are for subsequent batches of SARM-II, which were prepared

with a higher water content, similar to that added to other SARMs.
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TABLE IV. ANALYTICAL PROFILE OF SPIKED'SARM'S:
AVERAGE CONCENTRATIONS FOUND UPQN TOTAL WASTE ANALYSIS®
" (mg/kg)
SARM 1 SARM ‘11 SARM 111 SARM IV
(High _
organic, (Low organic, (Low organic, (High organic,

Analyte Tow metal) Tow metal) high metal) high metal)
Volatiles
Acetone 4,353 (9) 356 (8) 358 (2) 8,030 (2)
Chlorobenzene 316 (9) 13 (6) 11 (2) 330 %2;
1,2-Dichloroethane 354 (9) . 7(8) 5 (2) 490 (2)-
Ethylbenzene . 3,329 (9) 123 (8) 144 (2) 2,708 (2)
Styrene 707 (9) 42 (8) 32 (2) 630 (2)
Tetrachloroethylene 408 (9) 19 (8). 20 (2 902 éZ;
Xylene 5,555 (9) 210 (8) 325 (2 5,576 (2
Semivolatiles , '
Anthracene 5,361 (9) 353 (7) 181 (3) 1,920 (3)
Bis(2-ethylhexyl)

phthalate 1,958 (9) 117 (7) 114 (3) 646 (3)
Pentachlorophenol 254 (9) 22 (7) 30 (3) 80 (3)
Inorganics
Arsenic 18 (10) 17 (7) 652 (4) 500 (4)
Cadmium 22 (8) 29 (6) 2,260 (2) 3,631 (2
Chromium 24 (8) 28 (6) 1,207 (4) 1,314 (4
Copper 231 (10) 257 (8) 9,082 (4) 10,503 (4)
Lead 236 510) 303 (8) 14,318 (4) 14,748 (4)
Nickel 32 (10) 38 28; 1,489 (4; 1,479 4;
Zinc 484 (8) 642 (6 31,871 (4 27,060 (4
Moisture, % 20 (7) 11 (7) 19 (3) 26 (2)

2 values in parentheses indicate number of sampies analyzed.
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to break up soil lumps and strip the contaminants off the soil particles.
Both the design of the pilot-scale MSWS and the design of the bench-scale
experiments to simulate the MSWS for cleanup of the SARMS samples are based
on a set of assumptions that underTie the volume-reduction approach of treat-
ing contaminated soil, i.e,

1) A significant fraction of the contaminants are either physically or
chemicaily bound to the silt, humus, and clay particles.

2) The silt and clay are attached to the sand and gravel by physical
processes (primarily compaction/adhesion).

3) Physical washing of the sand/gravel/rock fraction will effectively
remove the fine sand, silt, and clay-sized (less than 0.2 mm)
materials from the coarse material.

~4) The contaminants will be removed to the same extent that the silt
and clay are separated from the sand/gravel/rock fraction (i.e.,
1ncreas1ng the efficiency of the washing process will directly
1nc;ease the remova] efficiency for the maJorvty of the contaminant
mix

These assumptions were tested by evaluating different wash solutions in
a series of bench-scale shaker-table expervments Two wash solutions were
chosen for evaluatloﬂ 1) a chelant solution (tetrasodium salt of EDTA, Dow
Chemical Versene 100"), .and 2) an anionic surfactant solution (phosphated
formulation from Procter & Gamble, Institutional Formula Tide ). Organic
solvents and oxidizing agents were considered, but were found unacceptable
because of material-handling problems assoc1ated with these compounds, espe-
- cially when used in a field situation. Following shakar-table washing, each
SARM soil was wet-sieved to separate the fines from the coarse material.
Although the EPA MSWS only separates the soil into >2-mm and <2-mm size frac-
tions, three size fractions (>2-mm, 250-um to 2-mm, and <250-um) were investi-
gated in this study to determine if the middle fraction (medium to fine sand)
could be cleaned effectively and thereby increase the potential volume reduc-
tion. For determination of the effectiveness of the soil-washing techniques -
in reducing the volume of contaminated material, each individual treated size
fraction was analyzed for residual total organics and metals by standard gas
chromatography/mass spectrometry (GC/MS) and inductively coupled plasma (ICP)
techniques (SW-846, 3rd ed.), and for leachable constituents by toxicity
characteristic leaching procedures (TCLP, Federal Register Vol. 51, No. 114,
June 13, 1986).

~ The soil-washing experiments were conducted in two phases. During the
initial phase, pH and temperature variations were evaluated as well as dif-
ferent wash concentrations of chelant and surfactant. Experiments were also
run to determine the optimum reaction time for both the chelant and surfac-
tant solutions. Temperacure ranges from 78° to 120°F had 1ittle effect ¢n
the contaminant reduction efficiencies. The pH of the surfactant solution
was adjusted from 5.0 to 12.0 with no appreciable change in the organic
contaminant removal efficiencies. A reduction of the pH of the chelant
solution to 8.0 produced no additional metal removal (ambient pH of the
chelant solution was 12.0).
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The optimum chelant concentration was determined to be a 3:1 molar ratio
of tetrasodium EDTA to total contaminant metals present in the SARM. A
surfactant solution of 0.5 percent (by weight) proved to be most effective in
removing the organic contaminants. Reaction times of 15 minutes_for the
chelant solution and 30 minutes for the surfactant solution were determined
to be optimum for allowing sufficient contact between the solution and soil
matrix.

During the second phase of these experiments, the optimum conditions for
reducing organic and metal contamination (as determined in the initial phase
of the soil experiments and discussed in the preceding paragraphs) were
applied to all four SARM's and compared with a baseline tap-water wash for
each SARM. Tables V through VII show an approximation of the effectiveness
of various treatment solutions (wash solutions) by presenting the overall
removal efficiencies observed for each size fraction and contaminant group.
These efficiencies, which are expressed as percentage reductions, were devel-
oped by dividing the residual contaminant concentration in each size fraction
by the initial concentration in the whole soil. Although this comparison is
admittedly imprecise, it is nevertheless useful for demonstrating trends and
relationships between soil fractions, contaminant types, and waste solutions.
The discussion that follows examines the data according to the results ac-
hieved for each soil size fraction.

The data underlying Tables V through VII clearly showed the tendency for
contaminants to accumulate or concentrate in the smaller size fractions
(i.e., to' bind to the clay and silt). For nearly all of the contaminants,
the concentration increased as the size fraction decreased. This finding is
consistent with the findings of earlier soil-washing tests.1%2°3

For tie >2-mm soil fraction (see Table V), the water wash, the 3:1 molar
chelant wash, and 0.5 percent surfactant wash were all about equally effective.
In all cases, overall contaminant removal efficiencies by group exceeded 90
percent, and volatile removals as a whole exceeded 99 percent across the
board. Semivolatile removals ranged from 90 to 99+ percent, and metals from
92 to 98 percent. Individual contaminant removal efficiencies within groups
varied somewhat. These variations are probably due to physical properties
associated with each contaminant (such as water solubility, volatility,
polarity, etc.), as well as physical properties of the soil (e.g., cation
exchange capacity, surface area) and the wash solution itself (pH, tempera-
ture, chelant, surfactant concentration, contact time, etc.). These excel-
lent results are believed to be closely related to the "freshness” of the
soil. It has been hypothesized that the physical processes of compaction and
adhesion were not highly operative in the SARM soils, which allowed the
Toosely attached silt and clay particles to be easily separated from the
larger sand and gravel fractions. These physical attractions tend to be more
operative in older soils, and are especially noticeable in soils that have
experienced long periods of weathering and contact time between contaminants
and soil particles. Because the SARM wa: a freshly brepared synthetic mixture,
the forces of compaction and adhesion at the time of treatment were probably
weak, a condition more typical of a recent spill-site soil than an older soil
found at an abandoned CERCLA site. Consequently, in these studies, the water
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Table V. Soil Washing Effectiveness (greater than 2-mm size_fraction),
overall percentage reduction by contaminant group.

SARM 1 SARM 1 SARM 111 SARM 1V
(high organics, (Yow organics, (Yow organics, (high organics,
Tow metals) Tow metals) high metals) high metals)

Water Surfactant Water Surfactant Chelant Water Chelant Water Surfactant Chelant'

Volatiles >99.9 >99.8 99.9 99.9 >99.9  >99.9 99.9 >99.9 99.9 >99.9
Semivolatiles 98.9 >99.8 93.9 93.5 90.1 »>94.8 96.4 97.8 >98.3 97.8
Inorganics 92.2 91.5 >96.7 95.7 95.9 98.0 98.4 97.1 98.4 98.1

2 Total waste analysis.

Table VI. Soil Washing Effectiveness (250-um to 2-mm size graction).
overall percentage reduction by contaminant group. ’

SARM 1 - SARM 11 _ SARM 111 SARM TV

Water Surfactant Water Surfactant Chelant Water Chelant Water Surfactant Chelant

Volatiles 99.8 99.8 >99.9 >99.8 >99.9 >99.3 99.0 >99.7 >99.7 >99.7
Semivolatiles 56.2 65.6 52.7 " 47.3 67.5 0 0 0 29.4 32.3

Metals 81.6 80.7 >82.7 91.6 ~ 85.1 96.4 98.4 90.7 91.8 90.3

3 Total waste analysis.

Table VII. Soil Washing Effectiveness (less than 250-um size_fraction),
overall percentage reduction by contaminant group.

SARM I SARM 11 SARM [IT SARM IV

Water Surfactant Water Surfactant Chelant Water Chelant Water Surfactant Chelant

Volatiles 66.2 88.0 >99.8 >99.4 99.6 86.7 >93.2 >69.6 95.0 81.8
Semivolatiles 59.7 43.2 0 0 0 0 0 0 0 0
Metals 0 0 0 0 21.9 0 78.2 0 7.3 82.2

3 Total waste analysis.

6°99-88
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wash proved to be as effective in cleaning the >2-mm soil fraction as the’
water-plus-additive solutions.

Contaminant removals from the 250-um to 2-mm size fraction are summa-
rized in Table VI. Overall, the data show that the volatiles also were
efficiently removed from this soil category at levels exceeding 99 percent by
all wash solutions. These results are similar to those seen in the >2-mm
fraction. Semivolatile removal efficiencies dropped off compared with results
for the >2-mm size fraction (see Table V). Also, semivolatile removal effi-
ciencies for SARM's III and IV were markedly lower than for SARM's I and II.
Metal removal efficiencies were also somewhat lower across the board for this
size fraction compared with the >2-mm fraction. The trend toward reduced
removal efficiencies for the semivolatiles and metals is not surprising, as
this size fraction has more surface area than the >2-mm fraction, and also
some small amount of silt and clay particles; therefore, it has a higher
potential to adsorb and retain more contamination than the larger >2-mm
fraction..

For the fine soil fraction (<250 um) washing with any of the solutions
effectively removed the volatiles; conversely, none of the solutions were
found to be consistently effective in removing the semivolatiles from this
size fraction of the SARM's. Removal of metallic contaminants definitely
appeared to be enhanced somewhat by the use of the chelant. As shown in
Table VII, the chelant wash was much more effective than with the water wash
or the surfactant wash in reducing metal contamination.in the fine soil
fraction.

In summary, the results support the basic assumptions underlying the
volume-reduction aporoach to soil decontamination; that is, a significant
fraction of the contaminants are attached to the fines (silt, humus, and
clay), and the coarse material (sand and gravel) can be cleaned by physical
_ separation from the fines. The data indicate that 1) water alone can effi-
ciently remove a significant portion of both the organic and inorganic contam-
ination from the >2-mm soil fraction, and 2) the addition of a chelant can
enhance metals removals from the middle (2 mm to 250 um) and fine (<250 um)
soil fractions.

Chemical Dechlorination/KPEG

Chemical dechlorination was examined as a treatment technology because
it had already been successfully demonstrated at laboratory scale with PCB-
and dioxin-contaminated soils and sludges, and was viewed as a promising
treatment technology for development to pilot scale and possibly full scale.
The KPEG dechlorination process involves the application of a potassium
hydroxide-polyethylene glycol reagent to contaminated soil at elevated tempera-
tures for a period of 2 to 4 hours, after which the reagent is decanted and
recoverad and the soil is rinsed and neutralized. The reagert strips one or
more chiorine atoms from the PCB or dioxin molecule, forming an inorganié
chloride salt and a derivative of the PCB or dioxin, which, in theory, should
be less toxic than the original contaminant.

12
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- Each of the four SARM's was evaluated in this study. Although the
SARM's did not contain any PCB's or dioxins, other chlorinated species were
present, and there was interest in learning whether these compounds could be
dechlorinated. There was also interest in learning whether the process would
exhibit any removal effectiveness on the other organic and inorganic contami-
nants in the test soils.

Testing was conducted in either 500-ml or 2-liter glass reaction vessels
mounted within temperature-controlled heating mantles. In each test, either
125 or 500 g of SARM were treated with KPEG reagent at 100°C for 2 hours.
During the reaction period, the contents of the glass reaction vessel were
~continually stirred at 100 rpm with a Teflon-coated stainless steel stirring
rod. The system was also continually purged with nitrogen, and the off-gases
were filtered through a Tenax/XAD-2/carbon trap system. The contents of the
traps were subsequently analyzed to establish material balances and to deter-
mine which compounds had been destroyed versus those which had simply been
volatilized. At the end of the 2-hour reaction period, the reagent was
separated from the soil by centrifugation and decantation. The soil was then
neutralized by an acid rinse followed by a plain water rinse. A1l rinse
solutions, soil residues, and the spent reagent were analyzed for the target
SARM contaminants. :

Overall results of the KPEG tests are given in Table VIII. The analyses
show that the KPEG process was very effective in removing the volatiles from
all four SARM's. Removal rates for all volatiles exceeded 90 percent in all
tests, and most .often ranged from 98 to 99+ percent. Although material bal-
ances were generally poor, the data strongly indicated that most of the vola-
tiles were unaffected chemically by the treatment and were removed strictly

Table VIII. KPEG effectiveness on SARM's -
overall percentage reduction by contaminant group.

SARM 1 SARM 11 SARM II1 SARM IV

Test 1 Test 2 Test 1 Test 2 Test 1 Test 2 Test 1 Test 2

Volatiles 99.9 98.3 » 98.2 96.3 99.5 97.5 99.9 98.1
(al1)

Semivolatiles
Anthracene 91.3 96.3 75.6 -10 -490 ~1246 96.0 97.0

Pentachlo- 98.1 97.7 91.9  94.5 99.6 99.0 95.8 95.4
rophenol

Inorganics 44.5 - 39.4 - 49.4 - 29.3 -
(a11)

3 As measured by total waste analysis. A negative percent reduction results
when chemical analysis of a treated residue yields a higher contaminant
concentration than the untreated material.

13
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by volatilization processes. Notable exceptions to this were 1,2-dichloro-
ethane and tetrachloroethylene, which appeared to have been completely de-
stroyed by the process.

Semivolatile results are available for only anthracene and pentachloro-
phenol. In the case of pentachlorophenol, the data indicate it was removed
from the soil at efficiency levels ranging from 92 to 99 percent; however,
the mass balance data indicate that it was not dechlorinated by the KPEG
reagent. Anthracene also was not destroyed. Removal efficiency data for the
compound are somewhat equivocal; in the tests utilizing SARM's I and 1V,
which had starting concentrations of anthracene of 4000+ ppm, it was found to
be efficiently removed (i.e., removal rates ranged from 91 to 97 percent).

In tests involving SARM's II and III, which had much Tower anthracene levels
(i.e., less than 250 ppm), no removal was observed. This may be due to
Qna]y@?cal limitations associated wtih recovering anthracene at these levels
in soils.

The KPEG process had only a limited effect on removing the inorganic
contaminants from the SARM's. Overall removal rates ranged from 29 to 49
~ percent. :

Low-Temperature Thermal Desorption

The purpose of this research was to investigate the capability of a
laboratory-scale low-temperature thermal desorption technology for removing .
volatile and semivolatile contaminants from the SARM's. The laboratory test-
ing program consisted of 15 separate bench-scale tests (10 in a tray furnace
and 5 in a tube furnace). Only SARM's I and II were tested at 150°, 350°,
and 550°F for 30 minutes to determine the effect of each temperature on
remova® of the contaminants. The tray furnace was used as a baseline tech-
nology to determine the overall effectiveness of thermal desorption in remov-
ing contaminants from the soil. The tube furnace was used to provide addi-
tional data on the concentration of contaminants in the off-gas in an attempt
to establish a material balance.

The first series of 10 tests involved the use of the tray furnace in
which SARM's I and Il were each tested once at 150° and 350°F (four tests)
and three times each at 550°F (six tests). Jhe second series of five tests
involved the use of the tube furnace to evaluate the nature of the off-gas
(desorbed volatiles) generated during thermal treatment. One tube furnace
test was run at 150° and 350°F and three tube furnace tests were run at 550°F
using only SARM I. For the tray furnace, the bed of soil that was heated
represented the entire sample that was analyzed. For the tube furnace, all
of the off-gas was collected as one sample, and the remaining soil residue
was collected as a second sample.

Table IX shows the overall results for the tray tests for SARM's I and
II. The studies showed that volatiles were efficiently removed frcm the soil
by at least 95 percent at all temperatures. Semivolatiles were removed less
efficiently than the volatiles at 150° and 350°F, but removals tended to
increase with temperature and approached the 90 percent efficiency range when

14
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550°F was applied. The apparent increase in metal concentrations in the
residues (as indicated in the negative reduction values) may be an artifact
in the data, due to moisture losses during heating; because the SARM's con-
tained 6 to 17 percent moisture before treatment (see Table III), the losses
tended to produce a higher metal-to-soil ratio (i.e., concentration) in the
treated residual, which results in an apparent (but unreal) increase in metal
content. A second factor that may have contributed to the change in concen-
tration of the metals may have.been a change in the matrix's ability to
retain metals after heating.

Table IX. Low temperature desorption - overall percent
reduction of contaminants by group at various test tempgratures using
tray furnace and 30-minute residence time.

SARM 1 SARM 11
150°F 350°F 550°F 150°F 350°F 550°F
Volatiles 97.8 92.8  99.8 98.3 95.9 96.0
Semivolatiles -5.3 41.6 93.6 11.7 74.8 86.3
Metals : -9.3 -12.1 - -15.1 5.1 10.2 -7.3

3 As measured by total waste analysis. A negative percent reduction results
when chemical analysis of a treated residue yields a higher contaminant
concentration than the untreated material.

" In terms of total actual residual concentrations, the following state-
ments can be made (refer to Table IV for initial concentrations prior to
treatment): . ‘ '

SARM I:

° At 350° and 550°F, all volatiles except acetone were reduced to
less than 1 mg/kg in the treated residue; acetone residuals on the
order of 100 ppm remained, even at the highest temperature.

° For the semivolatiles anthracene and BEHP, residuals remained well
above 1000 mg/kg at the 150° and 350°F temperatures, but were re-
duced to less than 20 mg/kg at 550°F. Pentachlorophenol residuals
remained high at the 150° and 350°F temperatures and were only
reduced to levels on the order of 100 ppm at the 550°F temperature.

SARM I1:

° As with SARM I, at 350° and 550°F, all volatiles except acetone
were reduced to less than 1 mg/kg; acetone residuals on the order
of 100 mg/kg remained, even at the 550°F temperature.

° A1l semivolatiles were reduced to less than 100 mg/kg at 350°F and
to less than 10 mg/kg at 550°F.

15
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Overall, the 150°F temperature was considered ineffective under the reation
conditions tested.

High-Temperature Incineration

In this segment of the test program, a series of pilot-scale test burns
was conducted with SARM's I and II only. The testing was conducted at the
John Zink testing facility in Tulsa, Oklahoma, in a rotary kiln incineration
system using a nominal feed rate of 1000 1b/h. More than 12,000 pounds of
each SARM soil was prepared for the tests so that three 4-hour test burn runs
(for a total of six test burn runs) could be conducted on each SARM. Approxi-
mately 1 week prior to startup of the test burns, the soils were delivered to
John Zink in forty-eight 55-~gallon steel drums, each containing 500 to 600 1b
of SARM I or SARM II.

Two runs per day were conducted over the 3-day period of September 16
through 18, 1987. Runs 1, 2, and 3 were conducted with SARM I (high organics,
Tow metals), and Runs 4, 5, and 6 were conducted with SARM II (low organics,
Tow metals). Equipment operations were normal throughout each run.

The process operating data collected during each test show that the
temperatures and feed rates achieved were reasonably close to the goals
(i.e., 1800°F in the kiln, 2000°F in the secondary combustion chambers, and a
nominal feed rate goal of 1000 1b/h). Excess air was maintained at about 3
percent in the kiln and about 5 percent in the secondary chamber during both

.tests. Emissions of 0,, CO,, and CO were steady throughout; and CO remained
at less than 10 ppm at all times except for a few brief excursions of 46 to
90 ppm, which lasted from 1 to 5 minutes. A total of 13,932 1b of SARM I and
13,460 1b of SARM II were incinerated over a course of 3 days that involved
29 hours 22 minutes of testing.

Table X presents the results of chemical analyses (total waste analyses)
of the bottom ash (i.e., SARM residue) samples collected during each test
run. Samples analyzed for semivolatiles and metals were collected as com-
posites over the course of each test; samples analyzed for volatiles were
collected as discrete samples at the beginning, middle, and end of each run
and composited at the time of analysis.

The volatile compounds styrene, tetrachloroethylene, and chlorobenzene,
and the semivolatile compounds anthracene and pentachlorophenol were not
detected in any of the ash samples. Measureable quantities of ethylbenzene
and xylene were found in the ash of both SARM's. and 1,2-dichloroethane was
found in the ash of SARM II, but the amounts were small (in the low parts-
per-billion range) and typically at Tevels within 2 to 3 times the method
detection limit. Acetone was found in the ash samples of all runs for both
SARM's at significant levels ranging from 190 to 790 ug/kg; these levels are
24 to 99 times higher than the method detection level (8 ug/kg).

On the average, the concentrations of acetone and phthalate found in the
ash of SARM I are similar to those found in the ash of SARM II, even though
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Method
detec- SARM I SARM I1
) tion
Parameter Timit Run 1. Run 2 Run 3 Run 4 Run 5 Run 6
VOLATILES, ug/kg
Ethylbenzene 7.0 nod 19 ND 8 ND 13
Xylene 5.0 ND 34 ND 11 6 20
Tetrachloroethylene 4.0 ND ND ND ND . ND ND
Chlorobenzene 6.0 ND ND ND ND ND ND
Acetone 8.0 440 420 630 190 210 790
1,2-Dichloroethane 3.0 ND ND ND ND . 5 10
Styrene 3.0 ND ND ND ND ND ND
SEMIVOLATILES, ug/kg
. Anthracene 37, ND ND ND ND ND ND
Bis(2-ethylhexyl) " 63 1800 540 740 950 710 1300
phthalate '
Pentachlorophenol 370 ND ND ND ND ND ND
METALS, mg/kg
Lead 4.2 56 98 107 146 75 88
Zinc 0.12 217 227 250 252 199 237
Cadmium 0.12 <0.2 <0. <0. 0.2 <0. <0.2
Arsenic 0.04 38 36 44 46 39 37
Copper 0.42 111 132 159 . 126 106 162
Nickel 0.30 12 15 11 12 9. 12
Chromium 0.30 10 14 12 12 7 10
VOLATILE PICs, pg/kg
2-Butanone 25 3 ND ND 14 ND ND
Methylene chloride 2.8 2.9 5. 4, ND ND ND
2-Chloroethylvinyl 5.0 70 ND ND ND ND ND

ether

a ND = Not detected.

b Estimated value; less than method detection limit.
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the input waste feed levels for these compounds were roughly 10 times h1gher
in SARM I than in SARM II. This suggests sample contamination or carryover,
and the data for these compounds should be interpreted with caution. Signif-
jcant quantities of phthalate were also found in several of the method blanks,
and phthalates are known to be commonly encountered contaminants in sample
analysis.

The metals data for the ash samples were also interesting. Prior to the
testing, most of the metals concentrations in the ash were expected to be
elevated compared with those in the waste feed because of the combined effects
of the retention of metals in the ash and the losses of water and organics
from the feed during the incineration process. Cadmium levels in the ash,
however, were expected to be low as a result of volatilization of the metal
in the kiln at the high operating temperature of 1800°F. As expected, cad-
mium levels in the ash were quite Tow, at least 99.9 percent lower than the
waste feed levels. Surprisingly, all of the other heavy metal levels were
also lower in the ash (e.g., on the order of 50 to 80 percent lower) than in
the waste feed, which indicates significant volatilization or perhaps slag-
ging or condensation onto the kiln refractory. On the other hand, arsenic
levels in the ash were more than double those in the feed across the board.

The test burns successfully met all the RCRA emission requirements for
hazardous waste incineration. Stack samples ccllected during the SARM I and
II test burns revealed the following:

° Particulate concentrations corrected to 7 percent 0, were below the RCRA
allowable 1imit of 0.08 gr/dscf for each SARM type.

Measured HC1 emission rates in pounds per hour were considerably less
than the RCRA allowable rate of - 4.0 1b/h for each SARM type.

The average stack gas concentration of CO was less than 23 ppm during
each test.

The destruction and removal efficiency (DRE) performance standard of
99.99 percent was achieved for all of the volatile compounds for each
SARM. The DRE data for the semivolatiles show that anthracene was
effectively destroyed, as the amount in each emission was less than the
method detection 1imit, and the resulting DRE's were greater than 99.99
percent. The DRE data for bis(2-ethylhexyl)phthalate showed that only
three of six sample runs met the 99.99 percent criteria. Sample contam-
ination (background level) problems may have been responsible for the
poor DRE's in the other three runs.

SOLIDIFICATION/STABILIZATION
This project evaluated the performance of solidification as a means of
treating the SARM soils. Tests were conducted on all four SARM's using three

commonly used solidification agents or binders: portland cement (Type 1),
“Time kiln dust, and a 50:50 mixture by weight of lime and fly ash. ‘At 7, 14,
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21, and 28 days after the SARM's and binders were mixed, samples of the
solidified material were subjected to unconfined compressibility strength
(UCS) testing. Samples that achieved a UCS minimally greater than 50 psi or
that showed the highest UCS below 50 psi after 14 and 28 days were subjected
to total waste and TCLP analyses.

Results of the testing showed that the UCS tended to increase with time
as the samples cured. Portland cement produced the strongest, hardest, and
most consistent product, followed by kiln dust and lime/fly ash. The Time/
fly ash samples required several weeks of curing before they finally set.
The amount of moisture in the SARM's seemed to be an important factor in
solidifying the soils. Offgassing of volatile compounds from the stabilized
samples occurred during mixing and continued throughout the curing period.

Table XI presents an overall summary of the 28-day samples when analyzed
for TCLP and TWA. The percentage reduction values in this table represent
the total amount of contaminants found in the untreated soil samples (or TCLP
extract) less the total amount of contaminant found in the stabilized sample
(or TCLP extract) divided by the amount in the untreated soil (or TCLP ex-
tract) x 100 percent. The data have been adjusted to account for changes in
201; volume and contaminant concentrat1on caused by the addition of the

inders.

The results fail to indicate either dramatic or consistent treatment
efficiencies. Volatiles in the SARM's were reduced, but the reductions are
attributed to volatilization losses (offgassing) during mixing and curing
rather than binding within the stabilized matrix. Metals were less prevalent
in the treated sample TWA and TCLP extracts, which indicates reduced mobility
after stabilization/solidification. The percent reductions seldom exceeded
90 percent, hcwever, and generally tended to range-from 0 to 20 percent to 60
to 75 percent. Overall, kiln dust and lime/fly ash produced the best contam-
inant-reduction results.

SUMMARY AND CONCLUSIONS

The research program produced a valuable and interesting new data base
outlining the kinds of results that can be achieved by treating a synthetic
contaminated soil at bench and pilot scale. This paper only highlights key
port1ons of the data base; it is by no means complete. Detailed reports
covering the complete findings of each study are available through EPA's
Hazardous Waste Engineering Research Laboratory in Cincinnati (see Acknow-
Tedgments).

Preparation of the SARM's is viewed as a particularly valuable segment
of the research because this had never before been attempted on such a large
(volumetric) scale. Methods of mixing both the basic clean soil and the
contaminated material were developed and found to prcduce a quality product
with good homogeneity. This allowed each of the ticatment technologies tu
operate with a high degree of assurance that the starting materials were
essentially identical from one test to another.
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Table XI. Summary of Effectiveness of Stablization/Solidification Agents
After 28-Day Cyre
(% Reduction)

SARM 1 SARM 11 SARM 111 SARM TV
pc® ko u/fRd Pc KD L/FA PC KD L/FA PC KD L/FA

TCLP
Volatiles 73.9 97.6 75.8 42.2 82.0 88.0- 68.3 >93.6 90.3 -45 77.5 73.7
Semivolatiles 67.2 >98.8 >96.5 >53.8 >68.5 >72.8 -47.0 82.2 54.8 ~-139 57.2 88.6
Inorganics >82.1 >75.0 >92.3 »>83.0 »71.2 »92.1 99.4 83.7 54.3 85.3 66.4 68.3

THA

Volatiles - 98.5 83.7 86.9- 99.7 97.0 76.9 98.1 92.0 58.5 95.3 83.4
Semivolatiles . 87.7 80.2 33.1 38.0 27.5 -101 -37.5 -32.2 24.2 28.3 47.9
Inorganics - 43.8 56.6 -13.6 9.7 28.1 28.5 73.2 82.3 32.3 60.5 73.9

ap negative percent reduction results when analysis of the treated residual (or extract of a treated
residal) yields a higher contaminant concentration than the untreated material.

b PC = Portland cement.
C KD = Kiln dust.
d LFA = Lime/fly ash.

G°99-88
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A rank-order summary of the effectiveness of each treatment technology
on the four SARM's, is presented in Table XII. The thermal technologies
effectively reduced the organic fractions (>99.6%) when measured by TWA., The
chemical treatment (KPEG) operated on the semivolatile fraction with greater
than 90 percent reduction effectiveness. Greater than 98 percent of the
volatile organic compounds were removed, but this was likely due to volati-
lization during the test runs. Soil washing was the best metals reduction
technique across all the SARM's, averaging 93 percent. Soils washing was
also very effective in reducing the semivolatile compounds (averaging about
87%) and the volatiles (99%). Stabilization generally ranked behind the
other technologies, as expected, since it does not remove metals, but im-
mobilizes them. For stabilization, TCLP is a better measure of treatment
effectiveness than TWA.

Phase 11 of the CERCLA Research Program was initiated in 1988 and is
continuing. Soils from actual Superfund sites have been collected and are
being tested for treatment effectiveness using the same bench-scale proce-
dures as in Phase I. Results, which are expected to be available in late
1988, will be compared with those produced on the SARM's.

ACKNOWLEDGMENT

Phase I of this CERCLA Research Program was funded in its entirety by
the U.S. Environmental Protection Agency, Office of Research and Development,
Hazardous Waste Engineering Research Laboratory, Cincinnati, Ohic. The work
was conducted by the following contractors:

Project . Contractor '. EPA contract EPA Project Officer

SARM preparation PEI Associates, Inc. 68-03-3413 Richard P. Traver
Cincinnati, Ohio Work Assign-
ment 0-7
Physical soil PEI Associates, Inc. 68-03-3413 Richard P. Traver
washing Cincinnati, Ohio Work Assign-
ment 0-7
Dechlorination/ Wright State Univer- 68-03-3413 Charles J. Rogers
KPEG sity ' Work Assign-
Dayton, Ohio (subcon- ment 0-6
tractor to PEI Asso-
ciates)
Thermal desorp- IT Corporation 68-03-3389 Robert C. Thurnau
tion Knoxville, Tennessee Work Assign-
(subcontractor to ment 0-5

PEI Associates)

21



2e

Table XII. Overall BDAT Phase I treatment efficiency summar'y.a

Percent Percent Percent Percent
SARM | reduc~ SARM 11 reduc- SARM 111 . reduc- SARM 1V reduc-
(high organics, low metals) tion {low organics, low metals) tion {Yow organics, high metals) tion (high organics, low metals) tion
VOLATILES
Incineration >99.99 Incineration >99.98 Soils washing + 2 mm water >99.9 Chemical treatment KPEG 99.98
’ No. 1
Soils washing + 2 mm water >99.99 Soils washing - all frac- >99.9 Soils washing + 2 mm chelate 99.9 Soils washing + 2 mm water >99.9
tions - water
Chemical treatment KPEG 99.96 Soils washing - 211 frac- >99.7 - Chemical treatment KPEG No. 1 99.5 Soils washing + 2 mm >99.9
No. 1 tions - chelate chelate
Soils washing + 2 mm surfac- 99.82 Soils washing - all frac- 99.7 Soils washing 2mm to 250 um 99.3 Soils washing + 2 mm >99.9
tant tions - surfactant water surfactant
Soils washing 2 mm to 250 99.82 Solidification - kiln dust 99.7 Sofls washing 2nin to 250 99.0 Soils washing 2 mm to 250 >99.7
um surfactant 28 days um chelate wm surfactant
Soils washing 2 nm to 250 99.8° Low temperature thermal 98.70 Solidification - kiln dust ~ 98.1 Soils washing 2 mm to >99.7
um water desorb at 150°F 28 days 250 um chelate
Low temperature thermal 99.79 Chemical treatment KPEG 98.2 Chemical treatment KPEG No. 2 97.6 Soils washing 2 mm to >99.7
desorb at 350°F test No. 1 . 250 um water
Low temperature thermal 99.78 Sol{dification - Yime/fly 97.0 Soils washing <250 um 98.2 Chemical treatment KPEG 98.1
desorb at 550°F ash chelate . No. 2
Solidification - kiln dust - 98.5 Chemical treatment - KPEG 96.3 Solidification lime/fly ash - 92.0 Sotidification kiln dust - 95.3
28 days No. 2 28 days : 28 days
Chemical treatment KPEG 98.3 Low temperature thermal at 96.17 Soils washing <250 um water 86.7 Soils washing <250 um 81.8.
No. 2 500°F chelate
SEMIVOLATILES
Incineration >99.98 Incineration »99.87  Chemical treatment KPEG 99.6 Soils washing + 2 mm sur- >98.3
No. 1 factant
Soils washing + 2 mm sur- »99.8 Soils washing + 2 mm water 93.9 Chemical treatment KPEG No. 2 99.0 Soils washing + 2 mm ) 97.8
factant chelate
Soils washing + [ mm water >98.9 Soils washing + 2 mm sur- 93.5 Soils washing + 2 mm chelate >96.4 Chemical treatment KPEG 96.2
factant No. 2
Chemical treatment KPEG 97.0 Soils washing + 2 mm 90.1 Soils washing + 2 mm water 594.8 Chemical Treatment KPEG 92.9

No. 2

(continued)

chelate

No. 1
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Table XII (continued)

Percenf

Percent

No. 1

Percent Percent ) .
SARM 1 reduc- SARM 11 reduc- SARM 111 reduc- SARM 1V reduc-

(high organics, low metals)  tion (Yow organics, low metals)  tion  {low organics, high metals) tion (high organics, low metals) tion
Chemical treatment KPEG 95.6 Low temperature thermal 88.73 Solidification lime/fly ‘ 47.9
No. 1 desorb at 350°F - ash - 28 days
Low temperature thermal 94.6 Chemical treatment KPEG 83.8 Soils washing 2 mm to 323
desorb at 250°F Test No. 1 250 um chelate
Soils washing 2 mm to 250 82.3 Soils washing 2 mm to 250 ym 67.5 Soils washing 2 mm to 39.4
um surfactant surfactant 250 ym surfactant
Solidification lime/fly ash  80.2 Soils washing 2 mm to 250 ym 22.7 Solidification kiln dust - 28.3
surfactant water 28 days
Solidication kiln dust 80.2 Soils washing 2 mm to 250 ym 47.3

chelate
Soils washing <250 um water 59.7 Chemical treatment KPEG 42.3

No. 2
METALS .
Soils washing + 2 mm water 92.2 Soils washing + 2 mm water >96.7 Soils washing 2 mm to 250 um 98.4 Soils washing + 2 mm sur- 98.4

chelate factant
Soils washing + 2 mm surfac- 91.5 Soils washing + 2 mm 95.9 Soils washing 2 mm to 250 um 98.4 Soils washing + 2 mm 98.1
tant . chelate chelate chelate
Soils washing 2 mm to 250 ym 81.6 Soils washing + 2 mm sur- 95.7 Soils washing 2 mm to 250 ym  98.0 Soils washing + 2 mn water 97.1
water factant water
Soils washing 2 nm to 250 um 75.5 Soils washing 2 mm to 91.6. Soils washing 2 mm to 250 um 96.4 Soils washing 2 mm to 91.8
surfactant 250 um chelate water 250 ym surfactant
Solidification Yime/fly ash - 56.6 Soils washing 2 mm to 85.1 Solidification 1ime/fly ash 82.3 . Soils washing 2 mm to 90.7
28 days 250 um surfactant . ) 250 ym water
-Solidification kiln dust - 40.2 Soils washing 2 mm to 62.7 Soils washing <250 m chelate 78.2 Solidification lime/fly ash 73.9
28 days 250 ym water ’
Incineration 38.7 Incineration 64.3 - Solidification kiln dust - 28 73.2 Solidification kiln dust 60.5
: days
Chemical treatment KPEG 39.4  Chemical treatment No. 1} 49.4

% Based on totul waste analyses.
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Project Contractor EPA contract EPA Project Officer
Incineration PE1 Associates, Inc. 68-03-3389 Robert C. Thurnau
Cincinnati, Ohio Work Assign- .
ment 0-7
Stabilization Acurex Corporation 68-03-3241 Edwin F, Barth
Durham, North Carolina Work Assign-
. ment 2-18

NOTICE: This report has been reviewed by the Hazardous Waste Engineering
Laboratory, U.S. Environmental Protection Agency, and approved for
publication. Approval does not signify that the contents necessar-
ily reflect the views and policies of the U.S. EPA, nor does men-
tion of trade names or commercial products constitute endorsement
or recommendation for use.
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