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EXECUTIVE SUMMARY

OBJECTIVES OF THE DEMONSTRATION

The Department of Defense (DoD) has custody and responsibility for human safety and
environmental stewardship for coastal ranges, many of which have underwater sites that are known
to contain underwater military munitions (UWMM), such as discarded military munitions (DMM)
and unexploded ordnance (UXO), as a result of historic military activities. In addition to explosive
blast (safety) considerations, regulators are increasingly concerned about potential ecological impacts
of MC on the marine environment, which has resulted in costly risk characterization efforts (e.qg.,
NAVFAC, 2011; USACE, 2012; UH, 2014a; and UH 2014b) and could lead to more resource-
intensive remediation efforts. Although underwater UWMM have the potential to corrode, breach,
and leak munitions constituents (MCs) such as 2,4,6-trinitrotoluene (TNT) and hexahydro-1,3,5-
trinitro-s-triazine (RDX), and their major degradation products into aquatic environments (Lewis et
al., 2009; Pascoe et al., 2010; Rosen and Lotufo, 2010; Wang et al., 2013), a number of challenges
prevent accurate assessment of environmental exposure using traditional water, sediment, and tissue
sampling and analyses. These challenges include a high level of effort or difficulty required to (1)
measure MC at very low (ng/L) concentrations; (2) identify leaking UWMM, and evaluate the nature
of the leakage (e.g., varying levels of corrosion, MC release rates attenuated by currents, dissolution
rate, biofouling, and MC degradation); (3) measure MC release during episodic events; and (4)
measure MC in biota in spite of low bioaccumulation potential (Lotufo et al., 2009; Lotufo et al.,
2013).

This demonstration focused on field validation of commercially available passive sampling devices
(PSDs), specifically Polar Organic Chemical Integrative Samplers (POCIS), that had recently been
optimized for detection and quantification of MC under environmentally relevant conditions in
laboratory-based studies (e.g., Belden et al., 2015) .

The technical objectives of the effort included the following tasks:

Task 1: Conduct a controlled field validation study using a known source (i.e., fragments of the
explosive fill material Composition B) placed in a marine environment.

Task 2: Conduct a calibration study to evaluate the performance of POCIS under multiple flow
velocities and different levels of source material (e.g., shell) encapsulation, including fully
exposed versus breach hole scenarios.

Task 3: Use the results from Tasks 1 and 2 to develop a technology user’s guide for POCIS
application at underwater military munitions (UWMM) sites.

Task 4: Conduct a full field validation study at UWMM site, specifically a bay in the Live
Impact Area at the Vieques Naval Training Range (VNTR).

Exposure data from the proposed validation efforts were then compared with existing toxicity
criteria (Lotufo et al., 2017) to assess potential for ecological risk of UWMM associated with the
data derived from the field. The technology user’s guide is appended to this report, and will be made
separately available to Department of Defense (DoD) end users, regulators, and commercial
laboratories for POCIS employment at such sites.
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TECHNOLOGY DESCRIPTION

The measurement of polar organic compounds in environmental matrices, especially at trace
concentrations, represents a significant challenge. In recent years, significant improvements in
analytical techniques coupled with the development of PSDs have much to offer towards in situ
monitoring of ultra-low concentrations of emerging contaminants by providing a time-integrated
sample with low detection limits and in situ extraction. PSDs are fairly well developed for legacy
hydrophobic compounds (e.g., low-density polyethylene membranes, polymer-coated jars or fibers),
as well as for polar organic compounds (e.g., POCIS and Chemcatcher).

The POCIS technology (Table 1-1) offers an advantageous alternative to traditional sampling
methods (e.g., grab sampling) at sites where very low concentrations (ng/L) or fluctuation in
concentrations are expected to occur, such as near underwater munitions. A continuous sampling
approach allows detection and quantification of chemicals in an integrated manner, providing time-
weighted average (TWA) concentrations, and the detection of chemicals that rapidly dissipate or
degrade in the environment following release from the source (Alvarez et al., 2004; Mazzella,
Debenest, and Delmas, 2008). Unlike samplers that rapidly achieve equilibrium using very high
surface area to sorbent volume, POCIS exhibits negligible loss rates and does not require long times
to reach equilibrium, allowing small masses of chemical from episodic release events to be retained
in the device by the end of the deployment period. The POCIS vastly simplifies sampling, and
preparation steps, by elimination of electrical or fuel powering requirements, significantly reduces
the numbers of analyses required, and provides protection of analytes against decomposition during
transport and storage (Kot-Wasik et al., 2007).

Table 1-1. Performance Objectives for the Demonstration of POCIS Technology.

Quantitative Performance Objectives

# Perfqrmgnce Data Requirements Success Criteria Results
Objective
POCIS will detect | In controlled field ' :
MC in positive study, POCIS Detectable MC Met. In C.O.erHGd f'eld. study with
: ; . Composition B explosive fill
1 | control field analyzed for TNT, concentrations in material. MC detected at 9—103
deployment (Gulf | ADNTs, DANTSs, and | POCIS. na/L 0 3,to > m from source
Breeze, FL). RDX. gL 9. '
Met. Composition B flume studies
showed that POCIS TWA
concentrations were 19-44% and
For flume study <6% higher than TWA
. simulating field concentrations derived for
Simultaneous conditions and for multiple grab samples. In the
POCIS wil collection of POCIS- the positive control ositiF\)/e 3ontrol fie?d st'ud POCIS
accurately derived and discrete- P P Y

quantify time-

2 | averaged MC
concentrations in
the water
column.

sampling-derived
concentrations under
actual field
conditions or field
conditions simulated
in a flume

and the Vieques
field studies, POCIS
estimated TWA
concentrations
validated using
concentrations
determined for grab
water samples

data were more meaningful, as
MC were detected at low ng/L
concentrations in a gradient from
the source, but grab samples
were always non-detect. In the
Vieques field validation, the
average TNT concentration from
the two grab samples (5,984
ng/L) was only 11% higher than
the average for POCIS (5,304
ng/L).
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Table 1-1. Performance Objectives for the Demonstration of POCIS Technology. (Continued)

Quantitative Performance Objectives

Performance

o Data Requirements Success Criteria Results
Objective
Met. A positive linear relationship
Development of between flow velocity and
POCIS will sampling rates and sampling rate for POCIS was
. time-weighted established for multiple MC,
quantify MC : ;
. Sampler uptake data | average useful for correcting sampling rate
under different ) . :
among varying flow concentrations based on flow velocity. Two

flow velocities
and MC release
conditions.

velocities in flume.

under controlled
experimental
conditions in a
flume.

different explosive fill
encapsulation scenarios showed
highly comparable TWA
concentrations for POCIS and
multiple grabs.

POCIS sampler
will detect MC at
levels
substantially

Conduct field and
flume studies using
discrete (i.e., grab)

1. QL for POCIS
substantially lower
than QL for discrete
water samples.

2. POCIS
continuous sampling
over time will result
in MC detection
while MC in
corresponding
discrete water

1. Met. The QL for POCIS-derived
TWA concentrations were
consistently lower than those
derived for discrete samples.

2. Met. For the positive control
study, TNT and RDX in all grab
samples reported as non-detects
while detects obtained for 12 of
20 POCIS stations. For 12 of 15
stations at Vieques, RDX in grab
samples reported as non-detects
while POCIS detected RDX at 8
of those stations.

3. Met. For the positive control
study, TNT and RDX from grab
samples reported as non-detects

lower than sampling alongside samples below (detection frequency = 0);
detection integrative POCIS detection contrastingly, POCIS-derived
limits achievable | samplers. ' TWA concentrations were
for grab samples. 3. POCIS reported for 12 of 20 stations
continuous sampling (detection frequency = 60%). For
over time at field Vieques field validation, RDX in
sites will result in initial grab samples were detected
higher frequency of for 3 of 15 stations (detection
detection of MC frequency = 20%), while for final
compared to grab grab samples RDX was _reported
samples. as non-detect for all stations
(detection frequency = 0).
Contrastingly, POCIS-derived
TWA concentrations for 11 of 14
stations (detection frequency =
79%).
POCIS will Met. 100% of samplers were
successfully Vld;?;”se%%im and Useful data recovered from positive control,
detect MC ' ' collected for at least | flume, and Vieques field efforts.

concentration at
a site (Success
Rate)

tissue data from
target sampling
locations.

80% of locations for
POCIS.

97% of Vieques POCIS produced
useful data (one sample lost in
lab).




Table 1-1. Performance Objectives for the Demonstration of POCIS Technology. (Continued)

Quantitative Performance Objectives

Performance
Objective

Data Requirements

Success Criteria

Results

Quality control
and Quality
assurance meet
technology
requirements

Site- and/or
experiment-specific
sampling and
analysis plans (e.g.,
demonstration plan)
will be developed.

Per sampling and
analysis plans, trip
and laboratory
blanks less than
guantitation limit,
laboratory spikes
within 25% of
expected, chain of
custody and sample
control procedures
followed.

Met. Trip blanks and laboratory
blanks were below quantitation
limits. All chain of custody and
sample control procedures were
met. Extraction of POCIS and
SPE of water samples were
always less than 25%. A few
analytes in tissue and sediment
had recoveries up to 30% lower.
See Appendix E for more details.

POCIS will provide
useful data for

Reporting of MC at
low enough

Met. Instead of largely non-
detects from grab samples,
POCIS reported = low ng/L MC

UWMM field assessing potential concentrations to concentrations in all tasks,
validation MC exposure at determine realistic allowing more quantitative
underwater UXO assessment of assessment, but negligible
sites. ecological risk. ecological risk based on species
sensitivity distributions.
Met. Feedback in field by DoD
contractors was mixed. They
Feedback from field indicated the deployment and
recovery went well, but they noted
deployment ; ; :
the design was labor intensive,
personnel and . .
Reduced effort and costly in comparison to grab
laboratory . " ; . .
L relative to traditional | sampling, which can be done in a
technicians on . . , . .
Ease of use usability of sediment and water | single field effort without divers.

technology, sample
prep and extraction,
and time
requirements.

chemical sampling
and analysis.

We agree with this conclusion if
assuming that integrated
sampling will not provide added
value, but complexity is expected
to be comparable if autosampling
and multiple trips to the site are
desired for an integrated sample.

Cost-benefit

Costs for acquiring
data, and usefulness
of data via
comparison of
POCIS, water, and
sediment.

Relative value of
data compared to
cost of traditional
measurements from
water, sediment,
and tissues.

Met. POCIS was only technology
that detected MC in positive
control study, and had a higher
frequency of detects compared to
grab sampling at Vieques. In this
case, both POCIS and grab
samples were below regulatory
screening levels, with both clearly
showing no unacceptable risk.
The high percentage of
detections with POCIS may help
convince the Vieques public that
samplers were placed in
representative locations.




Table 1-1. Performance Obijectives for the Demonstration of POCIS Technology. (Continued)

Quantitative Performance Objectives

# Perfqrmgnce Data Requirements Success Criteria Results
Objective
Met. Site managers and
. contractors understood value of
Positive feedback . )
Feedback from end ; ! integrative samplers, and
; . : and consideration of g : L
users including site . . provided considerable in kind
End user managers and integration of the support to successfull

10 | understanding g technology in PP y

and acceptance

regulators from
reports, webinars,
meetings.

assessments at
Munitions Response
Sites.

demonstrate the technology at
Vieques. Concerns were
expressed about cost, diver
safety, and regulatory acceptance

at their site.

PERFORMANCE EVALUATION
Performance Objective #1. Detection of MC in Controlled Field Study

Performance objective 1 was the verification that POCIS could detect munitions constituents
(MCs) in a positive control field study at a clean site. Following permit approvals, 15 grams of
Composition B (an explosive fill composed of 39.5% TNT, 59.5% RDX, 1% wax) was placed at the
site over a 13-day exposure. The performance objective was met, with POCIS-derived TNT and
RDX average water concentrations ranging from 9-103 ng/L, with the highest concentrations within
0.3 m of the source. MC was non-detectable at stations > 2 m from the source. Grab water samples
collected and oyster tissues deployed at the site were below detection limits for all stations,
indicating POCIS was the most sensitive technology for ultra-trace level detection in a controlled
field study.

Performance Objective #2: Accurate Quantification of Time-Weighted Average MC
Concentrations

Performance objective 2 was the verification that POCIS-derived TWA water concentrations and
TWA concentrations derived from multiple grab sampling would produce similar results, or better
results for POCIS in a flume study simulating field conditions or in actual field studies. This
objective was met for the Composition B flume study, the positive control field study, and the
Vieques field validation study. Composition B flume-deployed POCIS estimated TWA water
concentrations for TNT and RDX that were similar to averaged concentrations generated using
multiple grab TWA concentrations. The highest ratio of the POCIS-derived and the grab-sample-
derived averages was only 1.44. In the positive control field study, MC concentration successfully
determined using POCIS (TWA water concentrations 0.3 to 2 m from source, 9-103 ng/L for TNT,
and 9-97 ng/L for RDX) could not be compared to discrete-sampling-derived concentrations, as grab
water samples resulted only in non-detects. When considering the QL for grab samples (50 and 120
ng/L for TNT and RDX, respectively), grab sample data provide some level of validation of the
POCIS-derived data. In the Vieques field validation study, one of 30 sampling locations resulted in a
relatively high water column concentration for TNT and several of its transformation products. The
average TNT concentration from the two grab samples (5,984 ng/L) at the station was only 11%
higher than the POCIS sample (5,304 ng/L). The POCIS-derived average TNT concentration was
19% above the initial grab and 29% below the final grab sample concentration. POCIS-derived
average RDX concentrations ranged narrowly from 5 to 13 ng/L (average = 8 ng/L) for 11 stations
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with detectable concentrations. Only three stations had detectable concentration from grab samples
during the initial period, and all stations had concentrations reported as non-detects for the final
period. The three reported concentrations for the initial period were 24, 26 and 51 ng/L. When
considered along with the non-detects reported for the final period, average concentrations estimated
using POCIS and two grab samples were similar. Overall, data from grab samples validated the data
obtained using POCIS for all the flume and field studies.

Performance Objective #3: Accurate Quantification Under Different Flow Velocities and
Encapsulation Conditions

Performance objective 3 was the demonstration of the effects of varying current velocities, in a
series of controlled flume studies with precise velocity control, on the uptake of MC from spiked
water to optimize sampling rates based on site-specific flow velocities. The objective was met, with a
positive, statistically significant, linear relationship between current velocity and sampling rate for
POCIS for multiple MC, providing useful means of applying appropriate sampling rates. From the
regression equations derived, simple calculations are able to be used to correct for flow velocity if
such measurements are made at the field site. In this project, a Nortek® current profiler was used at
Vieques to calculate the most accurate sampling rate based on measured flow. Two different
explosive fill encapsulation scenarios showed highly comparable TWA concentrations for POCIS
and average from multiple grab samples.

Performance Objective #4. Detection of MC at Levels Substantially Lower than Achievable for
Water Samples

Performance objective 4 was the demonstration that the POCIS sampler would detect MC at levels
substantially lower than achievable using typical grab sampling methods. The QL for POCIS-derived
TWA concentrations were consistently lower than those derived for discrete samples. Lower
detection limits are achieved using POCIS sampling because the estimated volumes of water cleared
of MC during the deployment time were substantially greater than the volume (1 L) which was
consistent for all grab water samples. Detection limits for POCIS-derived TWA concentrations and
grab water samples are generally comparable when the volume of water volume of water cleared of
MCs’ for both methods is comparable (e.g., 3-week POCIS deployment and 10 L of grab water
sample). For the Comp. B positive control study, the concentrations of TNT and RDX in grab
samples taken at three different time points adjacent to the source were reported as non-detects; in
contrast, POCIS-derived TWA concentrations were reported for 12 out of 20 stations, including those
more distant from the source than the point of grab water sampling. For 12 stations out of 15 in the
Vieques field validation study, the concentrations of RDX in grab samples were reported as non-
detects; in contrast, POCIS-derived TWA concentrations were reported for 8 out those 12 stations.
For the Vieques field validation study, the concentrations of RDX in the initial grab samples were
reported as non-detects for 3 out of 15 stations (detection frequency = 20%), while for final grab
samples RDX was reported as non-detects for all stations (detection frequency = 0). In contrast,
POCIS-derived TWA concentrations were reported for 11 out of 14 stations (detection frequency =
79%). Despite POCIS having a higher frequency of detection than grab samples at Vieques, the
detection levels for both grab sampling and for POCIS were below regulatory screening levels and
both sampling methods clearly showed no unacceptable risk. Therefore, the grab samples and POCIS
are expected to be of equal value for CERCLA risk assessment.

Performance Objective #5: Success Rate

Performance objective 5 was the demonstration of the success rate in terms of both recovery of
POCIS from the field and the determination of useful data. A total of 20, 51, and 30 POCIS canisters
(each containing three samplers) were deployed in the positive control field study, in the flume
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studies, and at the Vieques site. All samplers (100%) were recovered. Data were considered useful
whether or not the concentrations were above or below method detection limits, as it was expected
that many field samples would be non-detect. All flume study data resulted in measurable
concentrations, as the flume was spiked at concentrations to ensure detects. The strong
correspondence between POCIS and multiple grab-based TWA concentrations in flume studies
(Section 2.2; Appendix D) are a quantitative measure of the value of the POCIS data, showing
negligible losses and post-uptake preservation of the parent compounds throughout the exposures.

Performance Objective #6. Quality Control and Quality Assurance

Performance objective 6 was the demonstration that all field and laboratory efforts followed
experiment-specific quality assurance objectives and that quality control criteria were met. All
criteria were met for this part of the project. Blanks, including field and laboratory, did not have MCs
above the quantitation limits. All spike tests had accuracy and relative precision within 25% of
expected. In addition, all other sampling handling and instrument criteria were also met.

Performance Objective #7: Successful Assessment of Potential MC Exposure at UWMM Site

Performance objective 7 was the demonstration of the ability to use POCIS TWA data for MC to
evaluate ecological risk based on comparison with toxicity benchmarks developed from species
sensitivity distributions. Compared to the high incidence of non-detects from grab samples, POCIS
reported > low ng/L MC concentrations in all tasks, allowing more quantitative assessment.
Measured concentrations indicate negligible ecological risk based on comparison with hazardous
concentrations derived from species sensitivity distributions. For Vieques, POCIS-derived TWA
concentrations were 10 to 1,000,000 times lower than hazardous concentrations to 5% of species
(HC5) generated from the most up to date and comprehensive species sensitivity distributions (SSD)
as reported by Lotufo et al. (2017). Despite POCIS having a higher frequency of detection than grab
samples at Vieques, detection levels for grab sampling and POCIS were below regulatory screening
levels and both sampling methods clearly showed no unacceptable risk. Therefore, the grab samples
and POCIS are expected to be of equal value for CERCLA risk assessment at that site.

Performance Objective #8: Ease of Operator Use

Performance objective 8 was a qualitative objective of ease of operator use, requiring feedback
from field and laboratory technicians on the usability of technology, sample prep and extraction, and
time requirements. At Vieques, feedback in the field from Navy and contractor personnel was mixed.
The deployment and recovery of POCIS went well, but the overall process was highly labor
intensive, with dive teams and boat support required for both deployment and recovery of the
samplers. The use of munitions response and scientific divers creates significant safety concerns
associated with deployment and retrieval of POCIS. Overall, the level of effort and the associated
safety concerns for POCIS are higher than grab sampling, which if kept at a minimum, can be done
in a single field effort without divers. Site managers understood the benefits of integrative sampling
and the potential advantages of providing enhanced credibility through lower detection limits and
obtaining data representative over extended timeframes, thereby sampling over a larger area. Grab
sampling intended to provide temporal trends and TWA concentrations could require substantially
more labor, depending on site-specific logistics and study objectives. Similarly, autosampling would
require multiple trips to the site to obtain an integrated sample over time and ensure that MC don’t
degrade (e.g., freeze or extract samples daily). Laboratory feedback indicated that processing of
POCIS in comparison with standard solid-phase extraction (SPE) of grab water samples was
negligible.
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Performance Objective #9.: Cost-Benefit

Performance objective 9 was the demonstration that the relative value of data from POCIS
compared well with the cost of measurements from water and sediment porewater. POCIS was the
only technology that detected MC at Gulf Breeze, and had a higher frequency of detects compared to
grab sampling at Vieques. The costs of using POCIS over more traditional means of water sampling
(e.g., grab or composite sampling) are examined using multiple examples in the Cost Analysis
(Section 7), and suggest that POCIS are less expensive when traditional sampling involves multiple
sampling events to develop an integrative sample (as opposed to single grab samples that would be
less expensive than POCIS). However, for sites where regulatory requirements are for single grab
samples, the costs for a POCIS-based program can be considerably higher. Vieques is a complex site
and the demonstration was designed to maximize likelihood for detecting a leaking munition. It is
unlikely that POCIS would be routinely applied in such a manner in a monitoring or regulatory
program.

Performance Objective #10: End-User Understanding and Acceptance

Performance objective 10 was the qualitative objective of end-user understanding and acceptance
of the POCIS technology for potential use at UWMM sites. Site managers and contractors
understood the value of integrative samplers for MC, and provided a considerable amount of in-kind
support to successfully demonstrate the technology at Vieques. The notion that the use of POCIS
would help with the criticisms of sampling at the wrong place at the wrong time was seen as a
primary advantage, especially considering the results of the Gulf Breeze study. Site managers on
Vieques expressed concerns about the cost, diver safety, and difficulty of implementing POCIS. Site
managers also noted that the grab samples matched well with the POCIS results and the grab
samplers are accepted by the regulators for risk assessment. Although the cost for POCIS is less than
grab or composite sampling based on a sampling program that would produce similarly integrative
samples (see Section 7), the cost of collecting a single grab sample at a site would be less expensive
than monitoring with POCIS.

IMPLEMENTATION ISSUES

Previous laboratory proof of concept and calibration and work for MC by this project team (e.g.,
Belden et al., 2015), and the demonstration and validation of POCIS in laboratory and field efforts
for this project indicate the technology is highly valuable for assessment of MC exposure at UWMM
sites. POCIS-derived TWA concentrations are expected to be more informative about exposure to
MC compared to discrete grab samples when MC concentrations are low and MC is released to the
water column in a time-varying nature, either from UWMM (Wang et al., 2013) or from terrestrial-
based time varying inputs (e.g., runoff events or tidal pumping of groundwater contaminated with
MC). For most applications, the cost associated with POCIS sampling is less than that for multiple
grab or composite sampling required to represent a comparably integrated sample (see Section 7). In
addition, POCIS sampling is expected to directly address sentiment from those concerned with
UWMM as sources of contamination who perceive grab sampling may take place at the wrong time,
in the wrong place, and therefore fail to adequately characterize exposure risk potential. UWMM site
characterization using POCIS addresses all three of these concerns, and implementation as part of
monitoring programs or for risk assessment should be considered depending on the site-specific
objectives. Site characterization using POCIS may be site-wide or spatially focused, or may be used
to complement traditional sampling approaches to identify or rank sites of potential concern and
support leave in place versus a removal decision-making processes.
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CONCLUSION

Based on results from laboratory, positive field control, and UWMM site field validation efforts,
we conclude that POCIS is a valuable technology for characterizing MC contamination and assessing
ecological risk at UWMM sites. A large number of published reports of field evaluations show that
integrative sampling technology has been extremely useful for detecting a long list of hydrophilic
contaminants when they might otherwise not be detected due to potential for time varying exposure
and a requirement for low detection limits. In this study, when detected, POCIS-derived RDX
concentrations at Vieques ranged from 4-13 ng/L. POCIS-derived TNT concentration above the
quantitation limit occurred at only 1 of 30 stations, with the relatively large value (5.3 pg/L)
quantified immediately adjacent to a breached munition. Even the highest MC concentrations
observed in the field in this study were substantially lower than those expected to be hazardous to the
most sensitive aquatic species and ecotoxicological endpoints. Identification of potentially breached
bombs and projectiles by placing POCIS in close proximity to UWMM was conducted as part of this
study to maximize the likelihood of success of demonstrating the technology at UWMM sites.
However, such an approach is extremely labor intensive and expensive, and therefore, an unrealistic
option as a sampling design for most site characterization and monitoring programs. The non-biased
grid design used and described in this report, therefore, is expected to be more feasible than targeted
sampling. Note that the comparison of POCIS with grab sampling has several challenges in
uncontrolled field settings, particularly if MC release or exposure is time varying. However,
increasing the volume of grab samples from 1 to 10 L would more closely represent the volume
cleared by the POCIS in a 2- to 3-week deployment and result in more comparable detection limits.
Finally, note that although POCIS data have the potential to be more informative as integrative
samplers, the field validation at Vieques showed no ecological risk with both POCIS and traditional
sampling technologies.
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ACRONYMS

2,4-DNT 2,4-dinitrotoluene

2,4,6-TNT 2,4,6-trinitrotoluene

2,4-DANT 2,4-diamino-6-Nitrotoluene

2,6-DANT 2,6-diamino-4-Nitrotoluene

2,6-DNT 2,6-dinitrotoluene

2-ADNT 2-amino-4,6-dinitrotoluene (2-ADNT)
4-ADNT 4-amino-2,6-dinitrotoluene (4-ADNT)

ADNT Aminodinitrotoluene

ADV Acoustic doppler velocimetry

AFWTA Atlantic Fleet Weapons Training Area

ATSDR Agency for Toxic Substances & Business Registry
BIP Blow in Place

BRAC Base Realignment and Closure

BSS Bahia Salina del Sur

CERCLA Comprehensive Environmental Response, Compensation, & Liability Act
Comp B Composition B (39.5% TNT, 59.5% RDX, 1% wax)
CSM Conceptual Site Model

DANT Diaminonitrotoluene

DDT Dichlorodiphenyltrichloroethane

DMM Discarded Military Munitions

DNB 1,3-dinitrobenzene

DOC Dissolved Organic Carbon

DoD Department of Defense

DOl United States Department of Interior

ECA Eastern Conservation Area

EMA Eastern Maneuver Area

EOD Explosive Ordnance Disposal

EPA Environmental Protection Agency

ERA Expanded Range Assessment

ERM Environmental Resource Management

ER,N Environmental Restoration, Navy

ESA Endangered Species Act

ESTCP Environmental Security Technology Certification Program
FFA Federal Facilities Agreement

FS Feasibility Study

FUDS Formerly Used Defense Site

FY fiscal year

GC/MS Gas Chromatography/Mass Spectrometry

GED EPA Gulf Ecology Division

GMI Geo-Marine, Incorporated

GPS Global Positioning System

HLB Hydrophilic-lipophilic balance (POCIS sorbent)
IR Installation Restoration

Kow Octanol-water partition coefficient

LIA Live Impact Area

LIP Leave in Place
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LOD
MC
MD
MDL
MEC
MLW
MMRP
MRP
MRS
NASD
NAVFAC
NESDI
NMFS
NOAA
NOSSA
NPL
OE
osu
PAH
PAOC
PCB
PES
POC
POCIS
PRC
PREQB
PRDNER
PSD
QAPP
QL
RA
RAD
RCRA
RD
RDX
RFI

RI
ROD
ROV
Rs
SEED
SERDP
SI

SIA
SSS
TNB
TNT
TOC
TSS

Low Order Detonation

Munitions constituents

Munitions Debris

Method Detection Limit

Munitions and explosives of concern

Mean low water

Military Munitions Response Program

Munitions Response Program

Munitions Response Site

Naval Ammunition Support Detachment

Naval Facilities Engineering Command

Navy’s Environmental Security Development to Integration Program
National Marine Fisheries Service

National Oceanic and Atmospheric Administration
Naval Ordnance Safety and Security Activity
National Priorities List

Ordnance and explosives

Oklahoma State University

Polycyclic aromatic hydrocarbon

Potential area of concern

Polychlorinated biphenyl

Polyethersulfone

Point of Contact

Polar Organic Chemical Integrative Sampler
Performance Reference Compound

Puerto Rico Environmental Quality Board

Puerto Rico Department of Natural and Environmental Resources
Passive Sampling Device

Quality Assurance Project Plan

Quantitation Limit

Remedial Action

Remedial Action Objectives

Resource Conservation and Recovery Act
Remedial Design
Hexahydro-1,3,5-trinitro-s-triazine (also Royal Demolition Explosive)
RCRA Facility Investigation

Remedial Investigation

Record of Decision

Remotely Operated Vehicle

Sampling Rate

SERDP Exploratory Development

Strategic Environmental Research and Development Plan
Site Inspection

Surface Impact Area

Side-scan sonar

1,3,5-trinitrobenzene

2,4,6-trinitrotoluene

Total Organic Carbon

Total Suspended Solids
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TWA
USACE
USEPA
USFWS
USGS
USN
uXxo
UWMM
VNTR
WAA

Time-weighted average

United States Army Corps of Engineers

United States Environmental Protection Agency
United States Fish and Wildlife Service

United States Geological Survey

United States Navy

Unexploded ordnance

Underwater Military Munitions

Vieques Naval Training Range

Wide Area Assessment
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