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Introduction ¥3

Decontamination operations of personnel, vehicles, and the affected area
following a chemical, biological, radiological, and nuclear (CBRN) attack
require large volumes of water. The resulting wash water from these
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operations will likely contain an unpredictable mixture of toxic and hazardous
contaminants alongside sediments, surfactants, soaps, and disinfecting
agents such as bleach that threaten human health and the environment. The
Army currently has no capability to treat or recycle the effluent from its
agueous-based CBRN decontamination operations. This effluent is very
hazardous, and is a major handling and logistical problem and, potentially, a
political burden. To address this, the Deployable Treatment of
Decontamination Effluent Project was initiated to develop and evaluate
technologies and approaches to achieve effective treatment of contaminated
wash water. An alpha version of a pilot-scale treatment system, which is called
the Decontamination Effluent Treatment System (DETS), was developed for
the project

i it 2 %% (CBRN)sz# 2 {5 > L | ~ & f@frX i"?\:ﬁ‘%év’?ﬁ%iﬂ’ﬂf T% 3z
BBk od i iTEZ A m,m,n$1\’*§b FFAFIRTFAEF T ALR
Er o e TARA S A om R ER] e B fr/ﬁ’iéf?d%ﬁ » Bldeikd Ao AR g R P A
REEfrHRBE L2 o HAP wilF i ? dTa v e R 4 %42 (CBRN)S %
/}J "$ 'FT‘E—E’”/TI koo lz'ﬁé.ﬂ" kKt pie s - BER E””/%@_a’f‘—"w:ﬁ*}a\: : CHRIE
ﬁi:fﬁ&%é#*éTﬁ%#ﬁ@%%{“?fm%ﬁﬁ%ﬁ%ﬁ?b&ﬂ?%?ﬁ@
T BB oG L AEBMTE S 2 5 10 G anAJRE Roukitok o A E B
#7 - B alpha wdhh FRNRIT ko &L SE AR E R RIE ks
(Decontamination Effluent Treatment System, DETS)" -

This study evaluated field treatment of decontamination wash water at a
pilot scale. Holistic evaluation of the DETS proceeded along three axes. The
first goal was evaluating the feasibility of integrating the DETS into CBRN
decontamination operations. The second goal was establishing viable
performance metrics for a scaled-up system. The third goal was identifying
shortcomings of the system with the idea that any such shortcomings could be
addressed in a beta version of DETS.
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System Size % 3t /|

The system was sized to address a chemical release event involving
people and vehicles. For this study, the DETS was designed to render-safe
wash water from the decontamination of approximately 200 people and 10
large military vehicles (representative of a battalion size event). Water use
factors were calculated from Army G-3/5/7 decontamination planning factors.
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Combining the estimated water generated over a 12-hour treatment period
resulted in an approximate rate of 10 gallons (38 liters) per minute.
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Treatment Strategy BJ2 i &

The objective of DETS is to have the capacity to treat any chemical,
metallic, radioactive, or biological contaminant to a sufficient level so that the
effluent can be safely discharged with no limitation. To achieve this goal, an
agnostic treatment approach is needed, meaning that the treatment approach
is effective for all contaminants. Membrane treatment is an effective, agnostic
treatment that can be readily adapted for this approach. However, membrane
treatments can be compromised by constituents that foul, clog, or degrade the
membrane; pretreatments were added to protect the reverse-osmosis system.
The constituents that are expected in decontamination effluent and the
treatment process that targets those constituents are identified below:
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® Sediment. Sediment could cause clogging in the reverse-osmosis system. A

settling process (tank or blivet) and filtration in the sand filter are used to

remove particulates.
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® Hardness. Some forms of bleach (particularly supertropical bleach) can
greatly increase water hardness (the combined concentration of calcium
and magnesium ions). Excessive hardness could result in scaling that would
compromise the granular activated carbon column and the reverse osmosis.
An ion exchange resin media filter removes calcium and magnesium ions
before the granular activated carbon treatment.
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® Surfactant. Surfactants (the active components of soaps) can foul
reverse-osmosis systems. Granular activated carbon is an effective
pretreatment.
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® Bleach. Granular activated carbon is an effective pretreatment.
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® Oils, greases, and miscellaneous organic compounds. These were washed
off people or vehicles during decontamination. Two processes target these
compounds: granular activated carbon and reverse osmosis.
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® Chemical warfare agents. Chemical warfare agents are effectively removed
by granular activated carbon. In addition, reverse osmosis provides

complete removal for any agents that might pass the granular activated
carbon process.
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® Radioisotopes. Most radioisotopes are in the form of particulates, so they
should be effectively removed by the same processes that target the
particulates - settling and sand filtration. However, some radioisotopes

(such as ionic cesium) could be in ionic form. For these forms, the most
effective removal method is reverse osmosis.
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In addition, removal can occur during the treatment of another

contaminant. For example, chemical weapon residue could be adsorbed on
sediments and particulates and removed during settling or sand filtration.
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System Costs ,& St = &

Table 1 summarizes the costs of system elements. Equipment costs were
$60,000 (including the trailer). If a DETS unit were needed in a highly
contaminated environment, it might be more economical to surplus the unit.
Keeping costs low allows for a unit to be disposed of in its entirety if it gets
highly contaminated during treatment.
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Field Evaluation ¥ =iz

The field evaluation was conducted at the Waterways Experiment Station,
operated by the U.S. Army Engineer Research and Development Center,
Vicksburg, Mississippi. The evaluation focused on vehicle decontamination.
Vehicles were moved to a wash area where they were pressure-washed using
a firehose, scrubbed with soapy water, and then washed again with a firehose.
Water was collected using the storm drainage system present at the site.
Influent water was spiked with supertropical bleach, Malathion (a simulant for
organophosphate chemical warfare agents), and cesium (Cs-133). DETS was
then used to treat the water in the 250-gallon influent tank. The concentrate
was collected in another 250-gallon tank. The treated effluent was allowed to
flow into an open storm drain downstream of the test area.
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The field evaluation test took approximately 6 hours. However, the actual

DETS operational time was 2 hours, during which time approximately 1,200
gallons (4,500 liters) of contaminated water were treated.
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The system performance was evaluated as very successful. The system
showed no signs of performance degradation. One minor leak occurred after 1
hour of use; however, it was quickly repaired, and the operation continued. At
approximately the 2-hour mark, the system pressure of the reverse-osmosis
unit climbed by about 20 pounds per square inch, resulting from sediment
buildup in the 5-micrometer prefilter cartridge at the entry point of the
reverse-osmosis system. The system was stopped for a few minutes, and the
cartridge was immediately replaced.
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Treatment Results A2 % %

Figure 1 shows a comparison of samples collected from the system
influent and effluent. The influent on the left was brown and opaque, and the
effluent on the right was very clear, which demonstrates the effective
performance of the system for turbidity and suspended solids removal. A
colorimetric measurement method was used to detect total chlorine (as a
measurement for bleach). The influent sample had a strong color response to
the reagent, indicating a high chlorine concentration, and the effluent sample
was clear, indicating that bleach was effectively removed.
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Samples were collected during operation and analyzed. The constituents,
analytical method, average concentrations, and percentage removal are given
in Table 2. Turbidity, hardness, total chlorine, and Cs-133 were 100 percent
removed. Surfactants and total organic carbon were 98.7 and 98.0 percent
removed, respectively. Malathion was measured using two methods. With the
first method, a phosphorus balance method, Malathion was 98.7 percent
removed. With the second method, U.S. Environmental Protection Agency
Method 8141A, Organophosphorus Pesticides-GC Capillary Column (gas
chromatograph with electron capture detector), essentially 100 percent of the
Malathion was removed.1 All measurements indicate that DETS is highly
effective when treating constituents found in decontamination wash water.
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Aqueous Wash Water Treatment -k & i &2

Water is a very effective solution for decontamination. Most CBRN agents
are at least partially soluble in water, and washing with water can be very
effective. Water can also be readily used with additives (such as bleach,
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surfactants, adsorbents, and enzymes) to further improve decontamination.
For continental United States events, water-based decontamination is the
primary approach and is expected to continue to be so into the future.
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Due to transportation logistics and the lack of water availability, the Army
Is aggressively studying methods for nonaqueous decontamination for
overseas operations. Such methods include the use of wipes that remove and
sequester the constituents for people and equipment as well as the use of
fixatives, which can be applied as a patch to isolate the agents on vehicles
and equipment, allowing them to complete the missions.2, 3 Efforts to reduce
the role of water in decontamination are expected to continue, but
nonaqueous methods are currently applicable primarily to small-scale
applications. It may still be several years before water-based decontamination
Is supplanted, even for overseas operations.
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Recycling ¥ jyz

William Horne describes the need to conserve water during
decontamination in his article entitled “The Need to Conserve Water During
CBRN Decontamination.”4 Operating environments are frequently located in
areas with limited water, and decontamination operations can use a
substantial amount of water. This may stress local water resources and
adversely affect friendly or neutral populations. The DETS system can
address this issue because it has shown that high contaminant removal
produces treated water that is suitable for reuse.
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Figure 2 (page 45) demonstrates the advantage of water reuse based on

a scenario of 85 percent water recovery (which was achieved by DETS) and
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an initial water volume of 600 gallons. The scenario assumes that 100 percent
of the wash water is captured. The solid lines represent the scenario in which
the treated water is reused for decontamination and the concentrate is simply
collected. In this scenario, 600 gallons can be used instead of 4,000 gallons
for decontamination (see solid blue line). The total collected concentrate
would be 600 gallons (solid grey line).
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In addition, the concentrate could be treated and reused as well (see
dashed blue line). If the original 600 gallons can be reused, this would
produce a total volume of more than 7,000 gallons of recycled water. The total
collected concentrate (dashed grey line) would be more than 550 gallons. In
either case, reuse of treated wash water can greatly extend water resources.

porb o RdEA S VO FRGEArEAF R (SR E S AR o 4ok Rk 600
eV UEAFR Y > IRAREHRA L ATE 7,000 tef R PFIROK o T B mfg,}mﬁ
P(%d mAR)HAZE 550 4o o TP - FIRT o S RITAUEEK SR ]
o T LA A GF R T R o

Conclusions %%

Based on this study, several conclusions can be derived. DETS is a
low-cost treatment system—the first of its kind to treat and recycle
decontamination effluent. DETS as an effective means of capturing wash
water from vehicle decontamination was clearly shown, and the process was
effective at 98 percent or higher removal of all constituents tested. The system
was easy to use and performed reliably.
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Table 1. Cost of System Elements

% 1. %

A cha &

Unit ¥ =

Cost = &

Comments #p@

Reverse osmosis unit with pump
and prefilter & & foa ¥ #§im B g %15
W AR

Cleaning units for scale and
Organics * »>-kiafrj @4 ifF kR
Sand filter media unit w#)iEm 4 F 4
Carbon filter media unit 7= s iE 5 4
i~

Water softener media unit -k # i & 4
i~

Ultraviolet sterilization unit (not used
in these studios) # t s FEE (& &
peaiET AP )

$13,621.44

Price is for all of the units

listed
Be zorg el &

Generator # 7 #

$9,922.45

Breaded pumps with mounting
equipment and hoses & % %% & feit

$13,283.09

Two were purchased for
this study, but only one was
used. Cost is for one unit.
AFTHME AR RRTRY
— oS AEHEEHE

Flanges iz jf $1,066.00
Hose reels i # # $8,939.92

We determined that
Trailer 4 2 $5,000.00 |upgrades were needed
Trailer upgrades # # = $1,500.00 |after the field evaluation. s
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Control units with associated

software £ 4p B & i+ -4 B < $1,800.00

Instrumentation and wiring & % fc&% |$5,045.00

Total &3+ $60,177.00
Table 2. Summary of Treatment of Key Constituents by DETS Field
Evaluation % 2. DET B 3= Mt & e B 2 % 5K
0
Constituent Analytical Method Influent_ Effluent_ /0 |
PN B35 Concentration| Concentration |Remova
EoRER HRER B F
Turbidity ;§ # |USEPA Method 180.1° >4200 NTU 1.825 +1.145 mg/L |100.0
Hardness # & |Summation of Ca?* and Mg®* |82.36 + 40.79 |0 mg/L 100.0
concentrations as measured by|mg/L
ion chromatography
Total Chlorine |Standard Method 4500-Cl G* |0.26 + 0.07 0 mg/L 100.0
BAEE mg/L
Surfactants 4 |Spectrophotometric method®  [1.422 + 0.359 [0.019 + 0.017 mg/L |98.7
B ] mg/L
Total Organic |USEPA 9060* 58.23+29.7 |1.18 +0.84 mg/L 98.0
Carbon mg/L
ENE
Malathion Phosphorus balance 26.71+12.16 |0.08 + 0.05 mg/L 98.7
(5 ) mg/L
Malathion USEPA 8141A° 24.7 mg/L 0.000097 mg/L 100.0
(5 424)
Cesium USEPA 6020A° 2.97+4.21 0 mg/L 100.0
() mg/L
Legend:

USEPA—U.S. Environmental Protection Agency

Ca**—calcium ion

Mg?*—magnesium ion

mg/L—milligram per liter

NTU—Nephelometric Turbidity Unit

Cl—classifier

Endnotes:

1. USEPA Method 180.1, Determination of Turbidity by Nephelometry, August 1993.

2. Standard Method 4500-C| G, DPD Colorimetric Method, 2011.

3. Ralf Kloos, “Measuring ‘LAS’ Based Surfactants with Hach Barcode Cuvette Testing TNTPIlus
874,” Application Note, Hach Company, Loveland, Colorado, 2015.

4. U.S. Environmental Protection Agency Method 9060, Total Organic Carbon, November 2004.

5. USEPA Method 180.1. Determination of Turbidity by Nephelometry, August 1993.
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6. USEPA Environmental Protection Agency Method 6020A, Inductively Coupled Plasma/MS, 1
January 1998.
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Figure 2. Water Reuse With DETS
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