AD-A279 145
AR E

EDGEWOOD

RESEARCH. DEVELOPMENT & CNCINEERING CENTER

U.5 ARMY CHEMICAL AND BIOLOGICAL DEFENSE COMMAND

ERDEC-TR-136

TRANSPORT AND FATE
OF NITROAROMATIC AND NITRAMINE EXPLOSIVES
IN SOILS FROM OPEN BURNING/OPEN DETONATION OPERATIONS:

MILAN ARMY AMMUNITION PLANT (MAAP)

Ronald T. Checkai
RESEARCH AND TECHNOLOGY DIRECTORATE

Michael A. Major
U.S. ARMY BIOMEDICAL RESEARCH AND DEVELOPMENT LABORATORY
Fort Detsick, Frederick, MD 21701-5010

Raphael O. Nwanguma

John C. Amos
GEO-CENTERS, INC.

Fort Washington, MD 20744

Carlton T. Philiips
Randall S. Wentsel
RESEARCH AND TECHNOLOGY DIRECTORATE

94" 14 1 6 1 Maria C. Sadusky

GEO-CENTERS, INC

“H m H“ ”H H‘ :\%Q(\ Fort Washington, MD 20744

December 1993

Approved for public releasu; distribution is unlimited.

Aberdeen Proving Ground, MD 21010-5423

g4 5 10 GOV -




Disclaimer

The findings in this report are not to be construed as an
official Department of the Army position unless so designated
other authorizing documents.

by



.....IIIlIIIIIIIlIIlIlI-I-lIII.---III-II-I--I-----tA*

REPORT DOCUMENTATION PAGE form Approved

OMB No (0704.0188

rubl; reporting burden for th: collection of Information 14 astimeted 10 A.€rage 1 hour per response, Including the t:me for revimw:ng instructicns, searchirg ensting data sources
Jatrenng and marmtaining the data needed, and completing and revipwving the /=llection of infarmatior Send comments u?avding this burden estimete or any other aypect ol thiy
cellecuon of infarmenion irriudieg suggestions for reducing thiy burden tc Washungton Headausrters Services Directorats for intnrmation Operstions snd Reports, 1215 letferyon

Darntighway Su-te 1704 Actogton VA 2220)-4302. srd ta the Office of Managemant ard Budqet Paperwork Reguction Proje:t (0704-0188). Washington CC 20%0)
1. AGENCY USE ONLY (Leave blank} J2. REPORY DATE 3. REPORT TYPE AND DATES COVERED

1993 December Final, 89 Jul - 92 May
4. TITLE AND SUBTITLE . S. FUNDING NUMBERS
Transport and Fate of Nitroaromatic and Nitramine PR-89PP9914
Explosives in Soils from Open Burning/Open Detonation Sales Order No. 1HCB

Operations: Milan Army Ammunition Plant (MAAP)

6. AUTHOR(S)

Checkai, Ronald T. (ERDEC);* Major, Michael A. (BRDL);

. Nwanguma, Raphael O.; Amos, John C. (GEO-CENTERS, Inc.);
Phillips, Carlton T.; (Continued on page 2)

7. PERFORMING QRGANIZATION NAME(S) AND ADDRESS({ES) 8. PERFORMING ORGANIZATION
REPORT NUMBER

DIR, ERDEC, ATTN: SCBRD~RTL, APG, MD 21010-5423 ERDEC-TR-~136

DIR, BRDL, ATTN: SGRD-UBG-~2, Fort Detrick,
Frederick, MD 21701-5010
GEO-CENTERS, Inc., Fcrt Washington, MD 20744

9. SPONSORING / MUNITCRING AGENT NAME(S) AND ADDRESS(ES) 10. SPONSORING / MCNITORING

AGENCY REPORT NUMBER
DIR, BRDL, ATTN: SGRD-UBG~2, Fort Detrick,
Frederick, MD 21701-5010

11, SUPPLEMENTARY NOTES

*When this study was conducted, ERDEC was known as the U.S. Army Chemical Research,
Dzvelopment and Engineering Center, and the ERDEC authors were assigned to the
Research Llirectorate.

12s. DISTRIBUT!ON/ AVAILABILITY STATEMENT 12b. DISTRIBUTION CODE

Approved for public release; distribution is unlimited.

13. ABSTRACT (Maximum 200 words) This report Adescribes 8oLl column experiments (task 1) used
to study fate and transport of OB/OD residues within the upper 1 m of socil. [Ter-
restrial (task 2) and aqueous (task 3) toxicity studies are reported elsewhere.)
Intact soil-cores were collected from MAAP and algo from Anniston Army Depot,
Radford Army Ammunition Plant, and Pueblo Army Depot; results of these three studiec
are reported elsaewhere. Soil columns were housed in controlled-environment
chambers. Each soil columnh was formulated to approximate the major OB/OD residues
found at the respective sites. Synthetic rainwater was added to the columns twice
weekly, and a controlled tensicn applied. Leachates were collected twice weekly.
Columns were analyzed at 6.5-wk intervals through 26 wk. Columns were cut into
2.5-cm transverse sections, and subsamples were ajir-dried, ground, and extracted.
Extracts and leachates were analyzed by HPLC for explosives to reveal fate and

. transport behavior. PDX and HMX, measurable throughout in leachates, averaged

0.4 and 12 mg I.', respectively; while 2,4- and 2,6-DNT averaged 0.63 and 0.67 mg L'
through day %8. Soil RDX migrated the full soil-core length by 6.5 wk, while soil
HMX took 19.5 wk. Soil 2,4~ and 2,6-DNT remained within the top 15 cm (6"), the A

horizo .
14. SUBJELT TERMS 15. NUMBER OF PAGES
TNT 2, 6-DNT Munitiones 238
TNB 2~Amino~DNT Fxplosives 16. PRICE CQOOE
2, 4~UnT 4-Amino-DNT {Continued on page 2)
17. SECURITY CLASSIFICATION 18. SECURITY CLASSIFICATION 19. SECURITY CLASSIFICATION 120. UMITATION OF ABSTRACY
OF REPORT OF THIS PAGE OF ABSTRACT
UNCLASSIFIED UNCLASSIFIED UNCLASSIFIED UL

NSN 7540-01-280-5500 Standard form 298 (Rev 2 £9)

S ahed By ARSI St 73918




6. AUTHORS (Continued)

Wencsel, kandall S. (ERDEC); and Sadusky, Maria C.
(GEO-CENTERS, Inc.)

14. SUBJECT TERMS (Continued)

Environmental fate
Munition-contaminated soil




PREFACE

The work described in this repurt was authorized under
Project No. 89PP9914 and Sales Order No. 1HCB. This work was
started in July 1989 and completed in May 1992.

The use of trade names or manufacturers' names in this
report does not constitute an official endorsement of any

commercial products. This report may not by cited for purposes
of advertisement.

This report has been approved for release to the
public. Registered users should request additional copies from
the Defense Technical Information Center; unregistered users

should direct such requests to the National Technical Information
Service.

Acknowledgments

The authors acknowledge Jesse Barkley, USABRNDL, for his
timely support of this research. Laboratory assistance was
provided by Denise Hammond, Pam Davidson, Annalisa Krupsha,
Maureen Kief, and Mark Magness. Graphics and collation of data
were carried out by Joseph R. Smith and Karl Stuempfle.

Aocagf‘,!(.)rl I;OI' I S
kﬂirls Tl v 1

DIis L £
Unroe 273
Jut o e e e

By . .. . . -
Digsvr i S [

.
Aoi

—— -

Mot Tt

!

Ve =~ wenmn we n o

B

P R D S A







CONTENTS

Page
INTRODUCTION . ¢ v v et sevecosutannoenasacassasesenansasnns 9
SOIL METHODOLOGY s ¢ et st esvssserasoasoscnsossstnssantasas 12
a. Collection of Intact Soil COreS.....cveeeeccvennsans 12
p. Soulil Column Preparation and 'Ibsting ................ 15
Cc. Spiking of S0il COIUMNS...cvevvruererenannasns ceee. 18
d. Simulated Rainfall and Resultmg Leachates......... 2
e. Harvest of S0il COlUMNS. ... .cuiutvrnernenrnncennoas 20
f. CESMU System Integrity......ciiiiiineineeinnacianss 21
g. Determination of Selected Soil Parameters.......... 21
DETERMINING MUNITION RESIDUES AND THEIR
TRANSFORMATION PRODUCTS. . ittt v et tttttnssrocsasosscsnns 22
a. Analytical Methods Development Using High
Performance Liquid Chromatography (HPIC).......... 22
b. Results of HPLC Methods Development.........co0uvens 24
c. Analytical Methods for Metals Determinations by
Atomic Absorption SpectrophotometIV...cveeeeeeennnas 28
MIIAN ARMY AMMUNITION PLANT (MAAP)......o000teasones oo 30
Q. RESULLS . . tiviiinivennnarnsosessnenssssvenasarnoss .. 30
i. Soil Parameters ................................. 30
11. Leachates. .. .ot iiiiiiietenreneesoonntacasssnnran 31
111, S0il.tetiiannenenrenrontnresossosnanveasananseas 32
b. DisCuSSiON..ieeevvrvenns Chesesescerenseresannnanes 37
OONTIUSIONS c tevesesnnosccccnnsanss Cheeereer et esaaacenes 46
LITERATURE CITED. . vvteeeeeeeenssssissnecrsosatsassancnane 47
APPENDICES
A - QUALITY ASSURANCE/QUALITY OONTROL (QA/QC)... 5
B - CRITERIA OF DETECTION. .. ceevvensroaonronsons 65
C — METAL ANALYSES. ... iovrenvtvessaassasansasass 149
D - MUNITION RESIDUE DATA FROM SOIL AND




List of Figures

Cross~Section of Soil Sampling Probe With Soil-
Core Encased in HDPE..... e te e 13

Soil~Core Column Including End-Cap and Fittings..... 16

Cross~Section of CESMU System Showing One Soil-
Core Column and Vacuum System........... e e 17

Frequencies of Soil-Core Column Depths: Lexington
Silty Loam Soil (MAAP)........... et ... 18

HPLC Chromatogram Showing the Separation of a
Series of Munition Residues, Environmental
Degradation Products of Explosives, and PAHs,
Using the Gradient Chromatographic (Screening)
Method. ... .. it iiit it ii et o et e et .. 25

An Example of the Separation of a Series of Munition
Residues and Associated Co-Contaminants, by the
Isocratic HPLC Method....... e e e it 27

HMX and RDX (Avg.) Conc. in Lexington Silt Loam
Soil Leachates........... et e et e et e 33

2,4- and 2,6-DNT (Avg.) Conc. in Lexington Silt
Loam Soil Leachates........ Ce e e e Che e 34

Quantities (Avg.) of HMX Leached from Lexington Silt
Loam Soil ...... e e e et e ceees 35

Quantities (Avy.) of RDX Leached from Lexington Silt
Loam Soil.......vovuvn e ettt et e 36

HMX and RDX (Avg.) Conc. in Lexington Silt Loam:
6.5 WKk Leaching...... ... it nnennneor. et 39
HMX and RDX (Avg.) Conc. in Lexington Silt loam:

13 Wk Leaching..... et ettt e e 40

HMX and RDX (Avg.) Conc. in Lexington Silt Loam:
19.5 Wk Leaching.......... ..o e e 41

HMX and RDX (Avg.) Conc. in Lexington Silt Loam:
26 Wk Leaching............ e et e et 42




LIST OF TABLES

HPLC Time/Gradient (Meth: ol:Water Mixture) for
Initial Screening of Sawples for a Broad Range
of Munition-Related Analytes and PAHs.........v.v ... 23

Efficiencies of Recovery of Selected Munitions, from
Soil and Water....... Cee et et Cetec et 24

Criteria of Detection for Selected Explosives and
Their Transformation Products for Leachate (Aqueous)
and Soil SamplesS....iiie ittt N 28

Physical and Chemical Characteristics of Lexington
Silt Loam from the Uncontaminated MAAP Site.......... 30

Average Leachate pH Values at Each Leachate Harvest
Day, for MAAP Soil-Core Columns that Received 0.7"
(1.8 cm) Synthetic Rain (pH 4.60+0.02) Twice per
week for Up to 26 WeekS.....verennne N 37

Concentrations (mg/&g‘l) of Acetonitrile Extractable
2,4- and 2,6-DNT in 1" (2.5 cm) Duplicate Sections
Of SO11-Core COJUMNS. .. v it eveeneennneecosan e e 43

HMX and RDX Recovered (Avg. of Duplicates) in Leachates
and Soil, 6.5 Weeks After Commencing Leaching......... 45



Blank




TRANSPORT AND FATE OF NITROAROMATIC AND NITRAMINE EXPLOSIVES
IN 60IL8 FROM OPLN BURNING/OPEN DETONATION OPERATIONS:

MILAN ARMY AMMUNITION PLANT (MAAP)

1. INTRODUCTION

a. Out-of-date and out-of-specification
munitions have commonly been disposed of by burning, or by
detonhation, on unprotected ground.1 Through the promulgation of
various environmental regulations, this practice has recently
been limited. Burning pans and closed treatment systems have
been used at various installations to mitigate environmental
contamination. Howevcer, guestions concerning the transport and
transformation of open burning/open detonation (OB/OL} ash and
waste explosives in solls and their environmental tox: city needed
to be answered (AEH.., 1986).2

The standard practice of OB/OD of munitions
historically involved quantities of explosives up to thirty tons
per disposal event, and generated a mixture of contaminants into
the immcdiate area at high concentration.? At many military
installations OB/OD sites consist of multiple disposal areas.
These OB/OD sites number in the hundreds, and have been developed
and used by both the military and their civilian contractors
during much of this century. Many of these sites have records
inadequate to predict the nature and extent of the contamination,
Residue from OB/OD contains both burned and unburned explosives,
but environmental weathering and microbial action are known to
produce modifications of these compounds.%'°/® Estimation of the
environmental impact of OB/OD contamination at an individual site
requires detailed knowledge of the type and amount of the
chemical contaminants present and an understanding of their
migration behavior within the soil.

The purpose of this project was to:
1) determine the transport and transformation of OB/OD
contaminants in soil, 2) measure the toxicity of soils
contaminated with explosives and 3) measure the toxicity of soil
leachates. Three tacsks were conducted to address the goals of
the program. The first task used intact soil columns to measure
the transport and transformation of chemicals in OB/OD ash and
explosives of concern. The other two tasks involved determining
the toxicity of explosives in soil to earthworms, and the
toxicity of aqueous soil extracts to Daphnia magna.

In task one, intact soil cores were collected
from Radford Army Ammuniticn Plant (RAAP), Virginia; Milan Army
Ammunition Flant (MAAP), Tennessee; Pueblo Army Depot (PAD),
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Coluradu,; and Anntston Armvy Hepobt (AAD), Alaroma.  the
predominant explosives at each site were monitooed in theidr
respect ive soil-core column:s tor transpoert and ticnstormatiop in

the s0il. Breakthrough anu subseguent concentrations ot the
chemicals in the 1cachates collected from the columns vaere
determined,  Choermieal transport and transtoruation expeliments
involved leaching soil colunns with synthetic rainvater for up to
243 days. ‘This report prescents the data for Milan Army
Annmunition Flano solls.

In task two, standard l4-day earthworm toxicity
tests were conducted on OP/0D residues and gpecitic explosives
(results reported coparately, in another technical report
entitled Toxicity of Solected Munltlons”anu Hunition-Contaminated
8oil te the Barthworm Kisenia foetida).’ 1In tack 3, gsoill/water
extruacts were prepaved, to partition wate:r soluble biologically
available conponents from the soil.  These cyuecus extracts were
tested for toxiciuvy to the aguatic organism D. nagyna (results
reported separately, in another technical report entitled
Determination of Scil Towicity to Daphnia nugna Using an Adapted
Toxicity Characteristic Leaching Procedurae). The censitivity of
the D. rnagna woethod nekes 1t a useful tool in ascessing the
impaces ot contaminated solls. The results of this project will
support site closure asscessnents at OB/OD sites, answer critical
guestions on the transport of explosives in seoil, and address
cnvironmental! toMiuity data gaps.

Intact soill-core columns were collected on-site,

to study the transport and transformation of munition residues ian

site~-specific $o0ils.  Intact soil--core columns weirce cellected
rather than cullecting bulk samples of soil for packed-column
studies buecause soll physical and caemical characteristics are
typlua;]y sonetines dramatically, altercd by the drying,

sieving, and storing of soils nccessary tor prepaling packed
columns. JFurthermore, such handling may also cause inappropriate
and radical change in the abll*ty of soil to degirade xenobilotics
or utilize naturally occurring compourds.!® Intact soil cores
offer the potential for a reaiilstic view of site-speciiic soil
conditions as they exist in the field, yeb are pertuble co they
may be studied closely in the laboratory under conditions that
simulate those occurring in the field. I appropriate
precautions are taken during the collection, transport, and study
of intact soil cores, information obtaincd for site-specific soil
conditions may also give added insighit 1o the processes
controling the transport and transtormation oi munition residues
in soils.  Many investigators acknowledge the advantages of using
intact so1l cores for study, but apply methods tbat reguire at
least. one trarster of the soll core from the cellection probe to
its destination column, potentially causing diziruptien of the
soll core and alterqation of 1ts characteristics. However, a
group of scientists!l 12 have developed 2 system tor taking
intact soil cores, and have applied the systom to the extent that

10




it was accepted as a standard methcd for soil microcosm research
by the U.S. Environmental Protection Agency' and the American
Society for Testing and Materials.' The system used during the
investigations detailed in this report is an adaptation of those
s0il microcosm methods, with various refinements toc more
realistically assess the transport and transformetion of
chemicals in soils.™ The methods presented in the following
section (II. Soil Methodology) describe these improved methods
for 1) taking and directly delivering soil cores into their
respective columns with minimal disturbance of the soil sample:;
and for 2) controlling environmental parameters of the soil cores
during study including scil temperature and moisture regime,
including quantity, gquality, and intensity of simulated rainfall.
These factors directly impact on the chemical, physical, and
biological properties of the soil, and potentially affect the
resulting transport and degradation of chemicals within soil'
and their toxicity."

MAAP was selected as the second site for
collection of samples, characterization, and investigation. MAAP
has open burning/open detonation (OB/OD) areas, and has burned
waste erplcocsives from their load/pack/assemble operations
containing cyclotrimethylene~trinitramine (RDX),
cyclotetramethylenetetranitramine (HMX), 2,4,6,-trinitrotoluene
(TNT), 2,4-dinitrotoluene (2,4-DNT), and 2,6-dinitro-toluene
(2,6-DNT). Burning operations were carried out on the surface of
the soil, and contamination of the soil occurred due to OB/0OD
operations.




2. SOIL METHODOLQGY

a. Collection of Intact sSoil Cores

Prior to initiating collection of soil cores, a
visual inspection of the OB/CD site was performed to ensure that
the soil types conformed to those specified in the soil survey
maps, obtalned trom the U.S. Soil Conservation Service.'® Next,
a site of the same so0il type and characteristic as that of the
OB/OD area was located. In order to be selected, a site must be
free from contamination by munition residues, preferably
undisturbed, and have an area large enough that sampling near
soil-type transition areas or obvious physical discontinulties
was avoided,

In the field priocr to sampling on-site, the soil
was brought to field moisture capacity. Watering of the sol1l was
initiated at least 24h before sampling to ensure sufficient time
for both wetting, and drainage of excess water. A sampling grid
was then layed out at the site selected so soil-cores would be
taken evary 4 feet, on center. This was done to ensure that
there was sufficient work area around each sampling location to
prevent compaction of adjacent locations during sampling. Each
site was measured and sampling locations were marked with flags,
Native vegetation (primarily grasses) were cut at the soil
surface and the aerial portions of the cut plants were removed
prior to sampling the solil.

The probe (Fig. 2.1) was lifted into the air and
moved to each sampling location using the front-end loader and a
chain. An aluminum stop-plate, 18" x 18" x 0.5" (45 cm X 45 cm X
1.3 cm) with a central hole for locating the proke, was placed
over the sampling location prior to pushing the probe into the
soil. The stop-plate allowed more uniform samples to be taken.
A total of thirty soail-core samgles were taken per site to ensure
an excaess of available columns!® from which to initially test and
ultimately select the final twelve columns per study. The soil
prohe was nnshed rather than neunded inte the =s0il tno alleviate
zonal compaction and minimize disruption of the soil belng
taken.?® To prevent distubance of the soil at adjacent sampling
locations, the front-end loader was brought in perpendicular to
the area in its approach to the first sampliny location; after
the sample was taken, the loader was backed out, moved to the
right, again moved in perpendicular to the next sampling
location; and this process continued until sufficient soil-core
columns had been collected.

fur the soil that entered the probe during
collection of 1intact cores, the maximum clearance discrepancy
allowed (using the tolerances specified, Fig. 2.1) during
delivery of soil into the high density pelyethylenc (HDPE) pipe

12




FIGURE 2.1
ENCASED IN HDPE.

CAP, COLD-ROLLED
STEEL; 2.5 cm THICK
AT TOP, 1.3 ¢cm WALLS,
11.5¢m 10,
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SHOULDER TO CUTTING TiP.
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10.3 ¢cm 1D.
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06 piPe CoNTAINING

SOIL-CORE; REPLACEMENT
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SHAFT, WITH FEMALE
THREADS.

TIP, WITH MALE THREADS.




inside the probe was <0.05-cm, resulting in a soil-core diameter
of 10.3-cm +<0.1. The HDPE pi, : nsed in this study was opaque,
the grade and quality used in high pressure gas pipelines. HDPE
pipe was purchased in 12.2-m (40-ft) lengths, and prior to going
to the field was cut and sanded to the specified dimensions. The
HDPE pipe collection tubes were inert hydrophobic barriers that
remained an integral part of the soil-core columns. Thus
disruption of the soil due to column-to-column transfers was
eliminated. Upon removal of the HDPE collection tube containing
the soil-core from the probe, measurements were taken of the
resulting head space within each column; additionlly it was
advantageous to measure the depth of scil penetration by the
probe that results from sampling. If dramatic inconsistencies
occurred in the depth values in the field, the corresponding
columns were rejected and others taken in their place. After
removal from the probe, each HDPE collection tube containing a
soil core was immediately placed in a set of "V" blocks for
sealing and packaging. Each end of the HDPE collection tube was
sealed with a barrier~cap consisting of double layers of 4-mil
thick polyethylene sheeting, then sealed with duct tape to the
HDPE pipe. This minimized gas exchange and prevented moisture
loss fiom the soil cores. A sufficient supply of barrier-caps
were prefabricated in the laboratory, prior to going to the
sanpling site, in order to decrease the amount of field time
required to seal a soil-core sample tube. Barrier-caps were
prefabricated by cutting out a 10" square piece of double-layered
(2 x 4-mil) polyethylene sheeting, centering the square over an
empty HDPE collection tube, and wrapping it around while pushing
it down over the tube. This wrap was then held in place by a
thick rubber band so a piece of duct tape could be placed tightly
around the wrap 1" (2.5 cm) from the end of the HDPE collection
tube. The corners of the square wrap (excess) were then cut cff
around the tube 2" (5.0 cm) below the tape. When using these
barrier-caps in the field, the barrier-cap is slipped onto the
end of the HDPE collection tube and an additional piece of duct
tape is used to completely seal the edge of each barrier-cap to
the outer surface of the tube. After the ends were sealed, each
tube was labeled with the date, location, and collection site
number.

Collected soil cores in their HDPL tubes were
placed into 32-gal (120-L) opaque polyethylene containers, which
contained a 6" (15 cm) thick foam rubber pad in the bottom. A
group of HDPE tubes were placed on the pad in each container with
the soil end down. The sealed columns extended out of the top of
the containers, and through the container covers which had been
cut to fit the columns. Black polyethylene plastic bags were
used to cover the tops of the sealed columns. All soil samples
obtained from a site were transported back to the laboratory
upright in padded containers to minimize disruption of the soil
cores during transport,




b. Soil Column Preparation and Testing

Afterward in the laboratory, selected soil-core
columns were trimmed of excess soil if any was present, fitted
with a porous ceramic disk (2.5 um pores) in opaque HDPE endcaps
containing fittings for teflon tubing with in-line monitoring and
shut-off valves (Fig. 2.2). The HDPE end-caps used in this study
were the grade and quality used in high pressure gas pipelines,
however prior to use each was milled to contain a well for the
controlled-pore ceramic plate, then milled again and threaded for
tubing fittings. End-cap fittings were also HDPE. The intact
soil-core columns were then transferred into the controlled
temperature (controlled environment soil-core microcosm unit;
CESMU) chamber (Fig. 2.3). The CESMU chamber was housed in a
greenhouse for high-temperature control, and was equipped with
10.5 MJ h™! cooling capacity sufficient for maintaining a
constant temperature within entire soil columns for isothermic
studies at 25.0 +0.1 °C. During these investigations the tops of
the columns were left open to receive sunlight, sufficient for
plant growth (however, they could instead be covered with an
opaque insulated cover spanning all columns to eliminate
photodegradation processes). Controlled tension (vacuum) was
applied equally at the bottom of each soil column across the
controlled~pore ceramic plate, at 30-35 kPa; tension was
regulated and monitored.

The tension that was applied is comparable to
that encountered in the field as a result of combined so0il matric
and gravitational forces; thus avoided were undue flooding, the
buildup of a hanging column of water in the lower portion of
columns, and artificial changes in soil redox potential in
response to steady-state alteration of the soil water content, as
can happen when gravitational forces alone are relied upon to
promote water flow through soil columns. Before initiating any
studies of the fate, migration, and degradation of munition
residues, the soil-core columns in the CESMU chamber were
saturated with water and equilibrated under tension (48h
minimum), after which water thru-put was evaluated for each of
the initially selected columns.

The initial selection of twelve columns per soil
type (site) for preliminary testing was done on the basis of
similarity of head space within columns, an easily obtained
measurement that is the compliment to column length. Using the
sampling methods and measurements described above, a group of
columns differing in length by only centimeters (Fig. 2.4) was
obtained that provided a sufficient number of columns from which
to select those for the preliminary testing of water flow
(thru-put). Soil-core columns were initially selected on the
basis of similarity of length; and replacement columns within
each soil type group, if needed, were those with the next closest
to the mean length. For the
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SOIL-CORE COLUMN INCLUDING END-CAP AND FITTINGS.
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FIGURE 2.3 CROSS-SECTION OF CESMU SYSTEM SHOWING ONE SOIL-CORE
COLUMN AND VACUUM SYSTEM.

TEFLON TUBING.

[ 4 CHAMBER (PAA
CROSS-SECTION,
TEMPERTURE
CONTROLLED (wTTw
FOAM-FR LED

10 em WALLS);
WTERNAL DIMENSIONS
fem) 84 WIDE 1 210

- LONG X 84 MIGH
ABOYE GRILLE,
AND 18 BELOW.
{COLLECTION
FLASK, 1L,
3
—————4
e
rr T
77
Yy
/{
PYC TUBING.
_—— MULTIPORT SEQUENCING VALVE; |

SUPPORTS 12 SOIL-CORE COLUMNS. I

- oam em e - eem W am wm M ST en ew = e

\ IMPROVEMENT FEATURE

FOR CESMU SYSTEM.

YACUUM
REGULATOR.

SAFETY
OVERFLOW
FLASK.

VACUUM PUMP
DUAL CYLINOER

VACUUM STQRAGE TANK. 38-L.

E——

17




FIGURE 2.4 FREQUENCIES OF SOIL-CORE COLUMN DEPTHS: LEXINGTON
SILTY LOAM SOIL (MAAP).

OCCURRENCES

12 -

!

11

15 20 25 30 35 40 45 50 55 60 65

DEPTH (cm)

18




initially selected columns that were found to have rates of flow
or water thru-put substantially different than the median,
replacement columns were selected, and then similarly evaluated.
Outlier-columns within each soil type (based on values of water
thru-puc, when water was applied, monitored, and sampled
analogous to artificial rain additions described below) were
replaced until the standard deviation about the mean value for
water thru-put was <10%. Then, based on the adjusted mean
excluding outliers, any additional columns with thru-put values
falling outside of the adjusted mean *original standard deviation
were also replaced, until all test columns fell within one
standard deviation of the mean. Representative columns were thus
identified and retained for study in the CESMU chamber.

c. Spiking of Soil Columns

OB/0D contaminated soil was collected from an
open detonation pit that had the most recent disposal operation.
This contaminated MAAP soil was air-dried, extraneous materials
(nails, stones, etc.) removed, crushed, and ground to pass a 2-mm
nylon seive. After this, the type and quantity of munition
residues was determined. Then a mixture of the prepared
detonation pit soii and explosives, related to munition residues
detected in the screening analysis, was prepared. After twelve
representative soil columns collected from the site were
identified and randomly placed in the CESMU according to the
specifications in this report, the soil and explosives mixture
(spike) was added atop the so0il surface of the randomlv assigned
treatment columns. During preparation of the mlxture +000 mg
kg'' (ppm) each of TNT and 2,4-DNT, and 400 mg kg' 2,6-DNT were
incorporated into the spike. Each of ten treatment soil colunmns
from the MAAP site received a mass of spike equivalent to 1" (2.5
cm) of the spiked soil mixture (yielding approximately 210 mL of
the mixture, after settling), while the two control columns
received a mass of uncontaminated soil from the site equivalent
to 1" (2.5 cm) of the uncontaminated native soil.

OB/0OD ash in soil (ash/soil) was collected, air-
dried, extraneous materials (nails, aluminum foil, etc.) removed,
crushed, and ground to pass a 2-mm nylon seive; then the type and
quantity of munition residues was determined. A mixture of the
native ash/soil and the type of munition residues detected in the
screening analysis was prepared. After twelve representative
501l columns collected from the site were identified and randomly
placed in the CESMU according to the specifications in this
report, the mixture of ash/soil and explosives was added atop the
soil surface of the randomiy assigned treatment columns. During
preparation of the mixture 1000 0 mg kg (ppm) each of RDX, HMX,
and 2,4-DNT, and 400 mg kg' 2,6~DNT were incorporated. The
spiking mixture was then analyzed and determined to contaia the
following concentrations of acetonltrlle extractable explosives
and transformation products (mg kg'' ): 1260 +80 RDX, 1020 +80
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HMX, 640 +50 2,4-DNT, 250 +20 2,6-DNT and a trace of TNT. Each
of nine treatment soil columns from the MAAP site received a mass
of ash/soil equivalent to 1" (2.5 cm) of the ash/soil mixture
(yielding approximately 210 mL of the mixture, after settling),
while the three control columns received a mass of uncontaminated
soil from the site equivalent to 1" (2.5 cm) of the
uncontaminated native soil.

d. Simulated Rainfall and Resulting Leachates

In the laboratory, synthetic rainwater was
formulated based on records of the constituents of rainfall
across Pennsylvania,m'zz"23 and used to represent the
constituents and characteristics of rainfall in the mid-Atlantic
coastal region. The constituents of the synthetic rainwater were
(uM, in deionized water) 15 S04, 11 NO3, 9 Cl, 25 NH,, 7 Ca, 3
Mg, 3 Na, and 2 K; pH was adjusted to 4.60 +0.02 using a 1.35:1
mixture of 1M H,S0, and 1M HNO,. Synthetic rainwater (pH 4.60
+0.02) in the amount of 0.2" (0.6 cm) was administered at the top
to the center of each soil-core column twice a week at the rate
cf 1" h™! (7 um s™!) using a peristaltic pump.!®> Resulting
leachates were collected into vacuum flasks and kept at soil
column temperature (25.0 °C). Leachates were harvested twice-
weekly, and analyzed for munition residues and transformation
products; the pH of leachates was determined at the time of
collection. The maximum duration of leaching was 32.5 weeks.

e. Harvest of 50il Columns

Replicate soil columns were harvested at regular
intervals following leaching, sealed (in the same manner as when
collected from the field, Section 2.b), then frozen. Afterward,
the frozen so0il cores encased in HDPZ pipe were carefully cut
open using a route~ (with the depth of penetration set to the
wall thickness of :the HDPE tubes) and a hand guide, allowing the
resulting intact soil core to rest in the lower half of the HDPE
pipe. Soil cores were then slowly thawed in the horizontal
position to effectively eliminate longitudinal migration. Then
from top to bottom, the s0il cores were marked into sections
using a spatula to indicate 1" (2.5 cm) depth intervals. The
soil was then sectioned into 1" depth x 4" diam. (2.5 cm x 10.3
cm) discs. Each disc was individually transferred into a clean
polyethylene bag, air-dried, crushed, and ground to silt
consistency (<150 um). Using similar sectioning methods but
larger section sizes, replicate bulk density determinations were
done individually for A and B horizons using the extra soil-core
columns.

Two of the soil-core treatment columns were
randomly selected and harvested after each designated leaching '
intervel. Harvesting of columns occurred after 6.5, 13, 19.5,

26, and 32.5 weeks of leaching, for a total harvest of ten
treatment columns. The two control columns were harvested after
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32.5 weeks of leaching, along with the final treatment columns.
column harvest, sectioning, and preparation for analyses, are
described in this report (above).

f. CESMU System Integrity

Although controlled tension was applied equally
at the bottom of each soil-core column during studies and was
regulated and monitcored, the failure to raintain tensicon at any
single column potentially affected the tension on the remaining
columns until the failing column was repaired or eliminated.
Generally this problem occurred only during the set-up and
preliminary testing of columns, and resulted from an immediately
repairable minor leakage. Infrequently this problem occurred due
to handling of system components during sampling of leachates,
but again caused only minor leakage of vacuum and was easily and
immediately repairable.

Physical and mechanical systems supporting the
CESMU chamber and raintfall delivery functioned well under almost
constant use for more than two years. Over this period, the
transport and transformation of munition residues were
investigatied in four different site-specific soils, using twelve
study columns per soil type (site), with individual studies
lasting trom six to nine months depending upon the availability
of chemicals investigated. During these studies only one
study~-column failed out of fourty-eight total columns selected
for investigation, and the remaining soil columns had relatively
constant outputs within respective soil types.

Mechanical-part failures during this period
included only one vacuum pump failure (replaced with a back-up
unit while the original was rebuilt), and one vacuum regulatoer
that failed inspection during an investigation and was
immediately replaced with a back-up unit. Performance of the
physical and mechanical systems was high, providing high
confidence in maintenance of the conditions and limits designed
for the studies.

g. Determination of Selected Soil Parameters

For this investigation several soil physical and
chemical parameters were selected for determination by the
University of Maryland Soil and Plant Testing Laboratory, College
Park, MD. The soil properties chosen were selected to more fully
characterize and understand the role of the effects of specific
soil properties on the transport and transformation of munition
residues, and their transformation products. Soil properties
determined included percent sand, silt, clay, and organic matter,
the cation exchange capacity (CEC), and soil pH.

21




3. DETERMINING MUNITIGN RESIDUES AND THEIR TRANSFORMATION PRODUCTS

a. Analytical Methods Developiment Using High
Performance Liguid Chromatography (HFLC)

The quality control program for this study was
based on a system that assessed sample preparation, analyte
recovery, and analytical precision and accuracy. Details of this
program are presented in Appendix A.

Our approach to analytical determinations
supporting these investigations was based on a two step process.
The first step was qualitative analysis of contaminated surface
samples to scrza2en for compounds present in environmentally
significant concentrations. Due to the variety of military
explosives and their environmentally modified forms, a new method
was required to chromatographically isolate and thus identify the
majority of the compounds likely to be encountered. The second
step was quantitation of these contaminants in so0il and in water
that leached through this soil. Screening and quantitation
processes required different HPLC methods because quantitation
required greater analytical sensitivity than the screening methoad
could provide.

Sample preparation and extraction procedures
were adapted from a method developed and extensively tested by
Jenkins?4 2526, These modified procedures entailed grinding air-
dried soil samples, and extracting into acetonitrile with 18
hours of sonication at 20°. Extracts were then centrifuged at
3900 X G for 15 min, and analyzed by HPLC. The latter portion of
the sequence differs from Jenkin's method in that a step
requiring mixing the acetcnitrile extract with an agueous
floculating sclution was eliminated, and that the internal
standard 1,3-dinitrobenzene (DNB) was incorporated.

An estimation of the efficiency of extraction of
each compound was cbtained by doping subsamples of uncontaminated
surface soil with acetonitrile containing a mixture of selected
0B/0OD compounds plus DNB. The soil was air-dried and extracted
as above, and the efficiency of extraction was calculated from
the amount of each compound recovered. Because the efficiency of
extraction of the OB/OD components at our test sites was similar
to that of DNB, a simplified recovery correction system was
possible. All soil samples were extracted with acetonitrile
containing 2.5 mg L' (ppm) of DNB as an internal standard.
Observed concentrations of OB/0D components in the extraction
mixture were corrected for losses of internal standard that
occurred during the extraction process. Corrections were also
made for any increases in concentration due to evaporation of the
extracticn solvent.

Agueous leachates were directly analyzed for
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munition residues and degradation products. These determinations
were done withcut any preconcentration, internal standardization,
or other preparation.

HPLC analyses of leachates and soil extracts
were done using a Hewlett-Packard (HP) 1050 HPLC system that
consisted of an autoinjector, pumping module, and UV detector.
Signal integration was performed with an HP 3396A integrator.
All analyses except screening tests tor the presence of NG were
done by UV absorbance at 244 nm. NG was determined at
220 nm.

Extracts of uncontaminated soils (bhackground)
and highly contaminated surface soils were screened by the
gradient methoa developed for this investigation. A 15-ul sample
was injected onto a 4.6 X 250 mm Rainin Microsorb €18 column with
a 5 um particle size, in series with a 4.6 X 250 mm Supelcosil
LC-PAH column. Elution was accomplished with a methanol:water
gradient (Table 3.1).

A simgler isocratic method (developed elsewhere
by Miyares and Jenkins®’) was used to substantiate identification
and to quantitate contaminants. This isocratic method entailed
isocratic pumping of a mocbile phase of 70.7% water, 27.8%
methanol, and 1.5% tetrahydrofuran, at a flow rate of 2 mL min"

Table 3.1 HPLC Time/Gradient (Methanol:Water Mixture) for
Initial Screening of Samples for a Broad Range of Munition-
Related Analytes and PAHs.

Time (mipn) Percent Methanol (% MeOH)
0 30
1.5 33.5
6.0 47.5

24.0 51.0

35.0 54.5

60.0 100.0

80.0 100.0

thr ~ g a 25 c¢cm x 4.6 mm Supelco LC8 column of 5 um particle
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size. This procedure was modified by the addition of an
acetonitrile gradient to minimize peak-broadening when amino-
dinitrotoluenes (amino-DNTs) were quantitated.

b. Results of HPLC Methods Development

The above procedures have proven effective in
recovering and gquantitating OB/OD residues in all soils tested
(Table 3.2); they have the additional advantage of being simple
and reproducible. However, several shortcomings were
encountered. Efforts to identify some minor ~onmponents of the
OB/0OD so0il contaminant mixture were not successful due to
interferences from natural soil components. Although the
majority of UV~absorbing soil components elute from reverss phase
chromatography before most explosives, some elute at later
retention times causing a rough baseline at high sensitivities
thereby making quantitation of extremely small peaks unreliable,.

Table 3.2 Efficiencies of Recovory of Selected Munitions, from
Soil and Water.

Percent Munition Recovered (%), +s

From soil extracted From aqueous leachate
_with acetonitrile concentrates in MeOH
doped doped
Compound uncontamn. contam.
RDX 95 + 1 91 + 2 38 + 1
HMX 99 + 6 112 + 4 29 +10
TNT 107 + 1 94 + 9 90 + 4
2,4-DNT 103 + 1 110 + 5 108 + 7
2,6-DNT 103 + 1 103 + 2 104 *+20
2-Amino-DNT 100 #<1 103 + 1 112 115
4-Anino-DNT 98 + 3 102 + 4 137 140
TNB 102 + 2 114 + 3 123 + 3

The gradient procedure presented here
effectively separated components of a mixture that included most
compounds likely to be encountered during analysis of soils fron
OB/OD contaminated sites (Fig. 3.1). It was able to detect many
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compounds that would otherwise be missed by previous methcds, and
produced sharp symmetrical elution peaks for all compounds
tested. However, this chromatography required 90 min to
complete, and could not be used as a routine procedure at high
sensitivity (compounds <1 mg L~ 1y pecause of problems with
baseline drift. The isocratic HPLC method of Miyares and Jenkins
proved effective in quantitating intact RDX, TNT, and DNTs (2,4-,
and 2,6-dinitrotoluene) in water, acetonitrile, and methanol but
performed less well with the aminodinitrotoluenes because they
were later eluting and exhibited significant peak broadening
(Fig. 3.2). Peak broadening caused problems with gquantitation
because it caused erratic start times during electronic
integration of peak areas. We also observed that this solvent
and cclumn combination was unusually sensitive to temperature.

At room temperatures the large negative absorbance peak from
acetonitrile interfered with the quantitation of HMX. At
temperatures above 23°C retention times were shortened, and at
30°C the system no longer resolved the two aminodinitrotoluenes.

Recovery of explosives doped into uncontaminated
soil were nearly quantitative (Table 3.2); adjustments of
recoveries due to gain or loss of the DNB internal standard were
insignificant. Conversely, recoveries from the soil and water
after leaching experiments ranged from 10-15% for TNT, 2-5% for
2,4-DNT, and even less for 2,6-DNT. Duz to ‘these low recoveries
of the rnitroaromatics from the leached soils, the concentrations
of explosives in soil extracts, and in aqueous leachates, were
otten diminished to levels below our criteria cf detection. The
criterion of detection is defined as the lowest certifiable limit
for quantitation The respective criteria of detection were
calculated using the computerized Quality Assurance Program of
the U.S. Army Toxic and Hazardous Materials Agency (USATHAMA),
based on the methods of Hubaux and Vos.?? cCriteria of detection
values were determined separately for leachate (aqueous) and soil
samples for each explosive and transformation product, with
details and calculations given in Appendix B. Criteria of
detection for selected compounds are presented in Table 3.3, as a
function of sample matrix.

When a compound was identified but gquantitated
to be at levels below the criteria of detection, it was termed to
e a "LraCe" guantity and identified as < criterion of detection;
a zero value (J) was reported when '"no peak" was registered by
the intearation unit of the HPLC (i.e. not detectable) under the
analytical conditions described in this report (above).
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Table 3.3 Criteria of Detection” for Selected Explosives and
Their Transformation Products for Leachate (Agqueous) and Soil
Samples.

Compound Criteria of Detection by Sample Matrix
Leachate Soil
(mg L~%) (mg kg~1)
RDX 0.07 5.8
HMX 0.14 2.9
TNT 0.09 6.1
2,4-DNT 0.17 5.7
2,6-DV 0.37 5.2
2-Ar =DNT 0.14 15.4
4-Am.no-DNT 0.12 14.6
TNB 0.15 2.4

* Calculations detailed in Appendix B.

c. Analytical Methods for Metals Determinations
by Atomic Absorption Spectrophotometry

Concentrations of €4, Cr, Cu, Pb, and Zn in
uncontaminated soils and OB/OD contaminated ash/soil mixtures
from each of the four OBR/OD sites were determined in order to
compare the background levels of metals in the respective soils
with those of the contaminated/fortified (spiked) samples.
Complete results from these analyses are reported in Appendix C.
Duplicate 4.00 #0.02 g air-dried subsamples from each of the
uncontaminated, contaminated, and contaminated/fortified (spiked)
s0ils were each heated for 3 h on a hot plate in 20 mL 1.0 M
trace~metal grade HNO;. When the samples were cool, each was
filtered by gravity through Whatman #50 paper, then broughLt to
50-mL volume with ultrapure water (reverse osmosis followed by
double-deionization). All samples were analyzed for total
extractable Cd, Cr, Cu, Pb, and Zn levels by atomic absorption
spectrophotometry (Perkin-Elmer Model 3030 AA
Spectrometer).

Quality assurance and control (QA/QC) for the
metal determinations were achieved as follows. Absorkance and
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concentration values for standard solutions were initially
assessed to assure compliance with the values listed in the
Perkin-Elmer methods guide. Standard solutions of the metals
were periodically reread (absorbance redetermined) throughout the
analyses for each metal determined, to check for instrument
drift. Blank solutions were analyzed to detect any possible
metal contamination. Additional subsamples were selected at
random and prepared in replicate, to verify the analytical
results obtained in initial analyses.




4. MILAN ARMY AMMUNITION PLANT (MAAP)

a. Results
i. Soil Parameters

The soil type at the MAAP 0OB/OD area
consisted of Lexington silt loam soil (Fine-silty, mixed, mesic,
thecwic Typic Palecudalfs),1® thus soil of this typc was ccught in an i
uncontaminated area on-site. Physical and chemical analyses of »
¢01l from the uncontaminated site confirmed the Lexington silt loam
soil type. These so0il parameter results are presented in Table 4.1.

Table 4.1. Physical and Chemical Characteristics™ of Lexington Silt
Loam from the Uncontaminated MAAP Site.

SURFACE SUB-SURFACE
A HORIZON B HORIZON
(0-15 cm) (15-68 cm)
0-6 TINCHES 6-27 TNCHES
SAND % 28 43
SILT % 54 38
CLAY % 18 19
ORGANIC
MATTER 16 5
g/kg
CEC 9.2 6.6
cmol./kg
pPH 4.8 5.5

* Values represent replicate determinations by the University of
Maryland So1l and Plant Testing Laboratory, College Park, MD.

Concentrations of all metals studied were higher in
the contaminated ash/soil than the uncontaminated Lexington silt
loam soil (Appendix C). The concentration of each metal in
contaminated ash/soil was divided by the concentration in
uncontaminated soil to reveal the anthropogenic elevation, in
percent. Thus relative concentrations of metals in contaminated
ash/so1l were expressed as percentages of the values from
uncontaminated background soil, followed by the determined
concentration values (mg kg™!) for the contaminated ash/soii:

Cd 1600% (9.0), Cr 760% (47), Cu 9900% (928), Pb 5600% (534), and
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alone, he greatest potential environmental hazard from metallic
residues at MAAP appear to be due to the elevated Cu, Pb, and 2n
concentrations in 0B/OD contaminated soil.
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Twelve uncontaminated Lexington silt
loam soil columns having soil-core depths that were the most
similar to the median were selected for preliminary evaluation in
accordance with the procedures described in this report. Nine of
these met the thru-put criteria while three did not. A total of
seven additional columns were tested before adequate replacement
columns were identified, according to the test criteria. Using
these procedures a set of twelve soil-core columns, selected for
spiking with contaminated MAAP ash/soil, was successfully
identified for further investigation.

ii. Leachates

The volumes of leachates collected are
given as a functicn of time in Appendix D, Table D-1.
Concentrations of munition residues in leachates from MAAP soil-
cores were determined by HPLC methods described in this report.
The concentrations and guantities (masses) of munition residues
in the leachates harvested from the MAAP Lexington silt loam
soils are given in Appendix D, Tables D-2 and D-3, respectively.
Results are summarized in Figures 4.1 through 4.4.

Concentrations of HMX and RDX in MAAP
soil leachates were measurable throughout this study, averaging
0.4 and 12 mg L~ (ppm) respectively (Fig. 4.1). Concentrations
of both HMX and RDX in leachates tended initially to increase
quickly as leaching progressed, and then to plateau. Leaching of
the contaminated Lexington silt loam s0il produced two distinct
leachate mass profiles £or both HMX and RDX (Fig. 4.3 and 4.4.),
with four of the eight treatment columns producing Type 1 pro-
files while the remaining fcur produced Type 2. Figure 4.2 gives
the concentrations of 2,4- and 2,6-DNT in leachates from MAAP
soil. The line drawn (Fig. 4.2) represents the best linear fit
for the 2,4-DNT (<>) data, but the same general trend was fol-
lowed by the 2,6-DNT (x) data. Concentrations of both 2,4~ and
2,6=-DNT in leachates tended to decrease over time as leaching
progressed, and tended to be similar in value. From commencement
of 1each1ng through day 58, the concentratlons of 2,4- and 2,6-
DNT in leachates averaged 0.63 and 0.67 mg L™* (ppm)
respectively; and from commencement of leaching through day 108,
averaged 0.46 and 0.41 mg L~ i respectlvely The final
quantifiable concentration of 2,4-DNT 1n leachate (>0.17 mg LI,
criterion of detection) was 0. 23 mng L™! and occurred on day 129,
and the flnal guantifiable concentration of 2,6-~DNT 1n leachate
(>0.37 mg L-! , criterion of detection) was 0. 42 mg L™! and
occurred on day 63. Initially five of the ten treatment columns
yielded leachates containing low concentrations of TNT, ranging
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from 0.09 to 0.21 mg L™l. These already very low concentrations
of TNT in leachates decreased quickly as leaching progressed, and
after day 10 there were no guantifiable concentrations of TNT
(20.09 mg L™, criterion of detection) in any of the leachates.
During this investigation no transformation products of HMX, RDX,
2,4-DNT, 2,6-DNT, or TNT were detected in any of the leachates
from the MAAP Lexington silt loam soil.

The average pH values for each leach-
ate harvest Aare given in Table 4.2. Generally, the pH of leach-
ates were initially a few tenths of a pH unit higher than the oH
range of the soil, pH 4.8 in the surface A horizon to pH 5.5 in
the lower B horizon (Tables 4.1 and 4.2). Overall, as leaching
progressed the pH of leachates decreased slightly; as the soil-
core columns received 1.4" (3.6 cm) synthetic rain (pH 4.60
+0.02) per week. The average pH of leachates differed by <1 pH
unit for 96% of the leachates samples, over the course of 183
days; with the greatest difference in leachate pH equaling only 1.2 pH
units.

iii. soil

Concentrations of munition residues in MAAP
solls were determnined by the HPLC methods described in Sections 2.4
and 3 of thilis report. Results of analyses for each soil-core section,
from all MAAP treatment and control soil-core columns, are given in
Appendix D, Tables D-4.1 through D-4.10.

The munition residues and transformation
products that were present in treatment soil-core columns at
commencement of column leaching included RDX, HMX, 2,4-DNT, 2,6-DNT,
and a trace of TNT. During this study of the transport and
transformation of these munition residues, no transformation products
of these compounds were found. The results for HMX and RDX from
duplicate treatment soil-core columns are summarized in Figures 4.5
through 4.8 by time of leaching/harvest; no munition residues were
found in triplicate control columns. Generally, as leaching of the
contaminated soll progressed, HMX was tound at prcgressively greater
depths within the Lexington silt loam soil; while RDX was transported
through the soil so quickly that it was found at all depths even at
the first harvest of soil-core columns, 6.5 weeks after commencing
leaching. Neither TNT or TNB (a transformation product of TNT that is
frequently fuund in surface soils at concentrations exceeding that of
the parent compound)30 were found in the contaminated Lexington silt

loam soil, although this result was not unusual since extractable TNT

was initially present only in trace amounts. Both 2,4- and 2,6-DNT .
were found in sections of the leached contaminated Lexington silt loam

soil (Table 4.3), but only in the A horizon (the upper six inches of

this soil). The vast majority of extractable 2,4~ and 2,6-DNT

occurred in the top two incnes of the soil, and was primarily

concentrated in the top inch.,
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Table 4.2 Average Leachate pH Values at Each Leachate Harvest Day,
for MAAP Soil~Core Columns that Received 0.7" (1.8 cm) Synthetic
Rain (pH 4.60 +0.02) Twice per Week for Up to 26 Weeks.

Days Avg. pH Std. Dev. Days Avg. pH sStd. Dev.
11 columns 7 columns
3 5.9 0.4 95 5.1 0.3
7 5.8 0.3 98 5.1 0.3
10 5.9 0.4 101 5.1 0.3
14 5.6 0.3 105 5.1 0.3
17 5.7 0.3 108 5.1 0.3
21 5.6 0.3 113 5.0 0.3
24 5.8 0.2 116 5.0 0.3
28 5.6 0.2 119 5.0 0.3
31 5.7 0.2 123 5.0 0.3
35 5.7 0.2 126 4.9 0.3
38 5.6 0.2 129 4.9 0.3
43 5.6 0.2 133 4.9 0.3
45 5.6 0.3 136 4.8 0.3
9 columns 5 columns

49 5.5 0.3 140 4.7 0.3
52 5.4 0.3 143 5.5 0.2
56 5.5 0.3 147 5.4 0.2
59 5.4 0.3 i50 5.4 0.2
61 5.4 0.3 154 5.6 0.2
66 5.4 0.3 158 5.3 0.2
70 5.3 0.3 16l 5.3 0.1
73 5.4 0.3 165 5.3 0.2
78 5.3 0.3 168 5.3 0.1
80 5.3 0.3 171 5.3 0.1
84 5.2 0.4 175 5.3 0.1
87 5.2 0.3 178 5.3 0.1
91 5.2 0.3 183 5.3 0.1

b. Discussion

Added into the ash/soil that made up the top
inch of each column were 1000.0 mg kg™' (ppm) each of RDX, HMX,
and 2,4-DNT, and 400 mg kg'' 2,6-DNT. When the leaching of the
soil-cores commenced, RDX, HMX, 2,4-DNT, 2,6-DNT, and a trace
amount of TNT were all initially present in the top inch of
ash/soil atop treatment columns. No detectable transformation
products were present.

After leaching of the MAAP Lexington silt loam
soil-cores commenced, concentrations of both HMX and RDX in
leachates tended initially to increase gquickly (Fig. 4.1), then
to plateau as leaching progressed. For RDX concentrations in
leachates, the plateau portion of the curve tended to increase
slightly over time as leaching proceeded. For HMX concentrations
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in leachates, the plateau portion of the curve tended to be more
erratic, making it difficult to discern whether concentrations
were increasing over time. The overall trend for the plateau
portion of the HMX curve was scattered about a near-constant
concentration value. However, from approximately day 140 onward
RDX and even HMX concentrations in leachates tended to increase
as leaching progressed, coinciding with increasing mass output
(quantities) of these compounds over the same time period (Fig.
4.3 and 4.4).

Although both HMX and RDX are chemically similar
(both cyclic nitraminesg), RDX eluted in 20-fold greater amounts
overall than HMX. The greater amounts of RDX leached may in
large part be due to its greater ‘OlUblllty (42 mg kq‘l, 20°C)
compared to HMx (6.6 mg kg™}, 20°C).3! The contour ot the
leaching profiles were remarkably similar (within each profile
type) tor both HMX and RDX (Fig. 4.1,4.3 and 4.4). In Figures
4.3 and 4.4 the type 1 mass protile that occurred in four of the
eight treatment columns yielded profiles for both HMX and RDX
that contained no distict peaks. Generally, values continuously
inereased A= learhinn nraogressed, with a greater rate of increase
from about day 140 onward. The type 2 profile, that occurred in
the other half of the treatment columns for both HMX and RDX, had
four recognizable peaks and as ... the type 1 mass prorile
generally increased in value from day 140 onward. The four peaks
within the type 2 profile occurred at the same positions (days)
for both HMX and RDX. The first and largest mass peak for both
HMX and RDX occurred at aproximately 30 days; the next peak for
each was a broad peak from about 50-65 days; the third mass peak
occurred at approximately 100 days for each compound; and the
final peak occurred ai approximately day 140. The relative
magnitudes of the second and third mass peaks were reversed for
HMX versus RDX, with the earlier-eluting second mass peak having
greater magnitude than the third for RDX, the more soluble and
faster-eluting (leaching) of the two compounds. However, a
comparison of the average concentrations of HMX leaching from
columns having type 1 versus type 2 mass profiles showed that
each type averaged to the same value (0.43 mg L~ Iy over 183 days
{(the full course of the study). Furthermore, when the same
comparison was made for PNX, nearly identical values for the two
types of mass profiles were also obtained, w1th the colunns
having type 1 mass profile averaging 12 mg L™* over 183 days
while type 2 columns averaged 13 mg L~ wWwhen two divergent mass
elution profiles -iuch as types 1 and 2 average to the samc
leachate concentration values (especially for each of two
dif ferent compounds, HMX and RDX) it indicates that at these
loading rates the same amount of each chemical was available for
leaching within type 1 and type 2 columns. Furthermore, it
indicates that the soil chemistry controlling the availability of
the compounds (ultimately leachable) was similar, and that 1t is
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FIGURE 4.5 HMX AND RDX (AVG.) CONC. IN

6.5 WK LEACHING.
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FIGURE 4.6 HMX AND RDX (AVG.) CONC. IN

LEXINGTON SILT LOAM: 13 WK LEACHING.
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FIGURE 4.8 HMX AND RDX (AVG.) CONC. IN

26 WK LEAGCHING.
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Table 4.3 Concentrations (mq/kg“U of Acetonitrile Extractable 2,4-
and 2,6-DNT in 1" (2.5 cm) Duplicate Sections of Soil-Core Columns.

TIME ZERO (NO LEACHING)

2,4-DNT 2,6-DNT
DEPTH = = =—=-—-=—--m-ec-m= mg kg!  ecemmeeem—eeea-
1 640 250

Below this depth: No detectable concentrations.

6.5 W ACHING
0-1" 139 27
1-2" 12 <5.2

3-6" <5.,7 0
Below this depth: No detectable concentrations (0).

3 WE 0 EACHIN

o-1" 134 24
1-2"% 6 <5.2
3-6" <5.7 0

Below this depth: No detectable concentrations (0).

5 W EACHIN
o-1" 115 20
1-2" 13 <5.2
3-6 <5.7 0

Below this depth: No detectable concentrations (0).

6 W A G
o-1" 112 19
2-4" <5.7 <5.2
5-6" <5.7 0

Below this depth: No detectable concentrations (0).
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likely that the differences in the patterns of elution (profiles)
were largely physical in nature. Such differences can be
explained by preferential flow of agqueous solutions within
specific soils.3? When preferential flow occurs in soils, it
direculy affects the rate at which chemical compounds are
transported and potentially the rate at which they get to
groundawater; however, preferential flow alone cannot change the
total mass of a chemical that is ultimately transported through
the soil.

In Figures 4.5 through 4.8 concentrations of HMX
and RDX acetonitrile extractable from soil are given as a
function of depth, 6.5, 13, 19.5, and 26 weeks after commencing
leaching. All values measurable by HPLC analysis are reported in
these figures; values are reported both above and below the
respective criterion of detection from soil for HMX (2.9 mg kg’ﬂ
and RDX (5.8 mg kg~!), in order to best illustrate their
recpective patterns of transport and retention. 