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INTRODUCTION

2,4-Dinitrotoluene (DNT), a chemical used in the manufacture of single-base
propellants, is a suspected carcinogen and has also been linked to heart disease
by some studies. In processing propellants containing this ingredient at Radford
Army Ammunition Plant (RAAP, Radford, VA), wastewater is generated containing
various concentrations of DNT. This wastewater requires abatement prior to
discharge into the New River. At present, a central biological wastewater
treatment plant (BWTP) is operated at RAAAP for treating wastewaters from
propellant and nitrate ester manufacturing processes. The nitrate ester
wastewaters are chemically pretreated prior to being combined with the propellant
wastewater, then treated biologically. Though the Virginia State Water Contrul
Board has not established limits on DNT discharge, monitoring is required; DNT
content in discharged wastewaters must be reported semi-monthly. Additionally,
in the March 29, 1990 Federal Register, 2,4-DNT was listed as a constituent
hazardous organic chemical. The purpose of this engineering study was to
characterize the sources of DNT that feed into the wastewater collection system
and to identify and develop the technology for removal/destruction of DNT from
these wastewaters.

During 1989-1990 a survey of the wastewater collection system was conducted
to identify and characterize all wastewater streams containing DNT. ONT is a
negative rate and energy modifier which is used mostly in cannon propellants.
Additionally, it is used as a surface inhibitor for cannon propellants. The
current formulations being processed contain roughly 3-10% ONT by weight, The
primary DNT sources were single-base manufacturing operations such as the water
dry (WD), solvent recovery (SR), wet screening (WS), and coating operations (CO).
Analysis of the effluent stream from the BWTP indicated an intermittent release
of low concentrations of DNT. Further study indicated that treatment of the WD
and the WS wastewater alone may be sufficient to eliminate discharge of DNT from
the BWTP. Additionally, little or no detectable quantities of DNT were found in
the sludge or rotating biological contactor (RBC) biomass.

This project was tasked with the following: performance of a literature
review to identify technologies available for both DNT destruction in wastewaters
and DNT removal methods; based on the literature review, selection of the most
promising technologies for evaluation in the laboratory to determine their
removal efficiency; and bench-scale evaluations of one or more optimum
technologies to quantify DNT destruction/removal efficiency and to select the
best available and most cost effective technology for application at RAAP.
Additionally, research was to be performed to evaluate bioaccumulaticor, and
determine if DNT was toxic to microorganisms utilized in wastewater treatment.

CHARACTERIZATION

Figure I contains a generalized process flow chart of single-base
manufacturing operations. Nitrocellulose (NC) is first dewatered by centrifugal
action (wringer house) and solvent extraction (dehydration building). Procured
DNT is sized by screening and weighed at the DNT screen house for mixing with the

I



NC and other ingredients at the mix houses. After mixing is performed, the
material is pressed into blocks which are extruded through screens and dies to
remove unpl sticized material (block and macaroni presses). The material is then
extruded through dies and cut into the desired configuration (press and cutting
house). Inert gas is utilized to extract and recover processing solvents (SP)
followed by exposure to water and heat to further reduce the solvent content of
the propellant (WD). WS Is then performed to properly size the propellant and
air (air dry) is utilized to reduce the moisture content of the propellant. The
remaining operations involve packout of the material. Additionally, some
propellants require a coating of DNT which is performed at the CO.

There are four major propellant formulations produced at RAAP containing
DNT. These single-base solvent propellants which contain 3-10% ONT are Mi, M6,
M14, and LKL. In addition, IMR propellants receive a DNT ballistic inhibitor
coating. The locations where DNT could enter the wastewater system from the
processing steps are also shown in figure 1. There are six process wastewater
streams, but only the following four contribute significant quantities of
wastewater containing DNT: SR (cool down wash water and motive water), WD
(process water, motive water, leak and overflow water), motive water for the WS,
and the DNT CO water. All buildings involved receive a dry cleanup before
wash-down which effectively prevents DNT from entering the wash-down water. The
air dry (AD) buildings require cleaning approximately once a month and are dry
cleaned prior to wash-down.

M1, M6, and LKL propellants were the primary DNT-containing propellants
being manufactured during this evaluation. Therefore, the majority of the water
samples were taken while processing these three propellants. Characterization
of the DNT-containing waste streams was accomplished by collecting samples and
analyzing from the SR, WD, WS, and CO. Grab samples were taken when the other
single-base propellant formulations were being processed. Flow rates were either
measured or estimated.

Process Flow Sources

In SR and WD operations, water used to remove solvents from propellants
during processing becomes contaminated with other propellant ingredients such as
DNT. The SR buildings contain five tanks per building (generally four utilized)
which hold -10,000 lb of green (solvent rich) propellant. After the propellant
is exposed to heated inert gas to remove and recover the solvents, the propellant
is covered with water (1,250 gal ./building) at the end of the cycle to remove the I
surface solvents and to reduce the electrostatic potential. Water (3,790
gal ./building) Is then used to move the propellait from the tanks into transfer
buggies. These waters, -5,040 gal./SR building, become contaminated with DNT,
ethyl ether (ether), and ethyl alcohol (alcohol).

At the WD operation, residual amounts of processing solvents are removed
by exposing the propellant to hot water. Approximately 40,000 lb of propellant .
in one tank is covered with water and heated to 65*C for 4 to 18 days depending
on the propellant formulation and physical data. During the WD cycle, It is
estImated that 7,000 gal. of process water is released from each WD tank during
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I draining and 3,320 gal. is required to discharge the propellant from the tanks
to transport buggies (1,890 gal. for the wood tanks and 4,740 gal. for the
fiberglass tanks). Additionally, it is estimated that the average WD tank leaks
and overflows 6,820 gal ./day. These leaks are caused by the aged wooden WD tanks
which hpve not been replaced by fiberglass tanks. These wooden tanks have small
cracks between the boards which permits water to leak; especially if the wood is
allowed to dry.

The last major sources which produce ONT wastewaters are the WS and CO's.
The WS house generates 40,000 gal./WD tank and the CO generates 300 gal. of
coating water/1,000 lb of propellant (50,000 to 100,000 lb of ONT propellants
coated/yr).

I Clearly, the WD's contribute the larger quantity of DNT-containing
wastewater and sampling was concentrated at the WD buildings. The results of WD
wastewater sampling during a nine-day period are presented in table 1. These
samples were collected at the end of the WD cycle during draining. As shown in
table 1, samples were collected from the processing of two MI-type propellants;
M67 and M724. The average DNT concentration in the wastewater for the M67
propellant was -160 m9/L and 280 mg/L for M724. Chemical oxygen demand (COD) for
the M67 was 2,100 my/L 0 versus 6,100 mg/L 02 for the M724.

Additional WD sampling was performed over a six-month period (table 2).f The propellant formulations produced during this ,2riod were M14, M6-155, and LKL
120-mm. Additional items were characterized such as COD, ether, alcohol,
diphenylamine (DPA), dibutylphthalate (DBP), and N-nitrosodiphenylamine (NnDPA).
NnDPA results when the stabilizer DPA is utilized by the propellant to react with
NO2. This occurs if the propellant is exposed to excessive heat during
processing. M14 and M6 propellants produced the higher DNT concentrations (as
high as 370 mg DNT/L) while LKL produced lower DNT concentration due to it
containing a lower DNT concentration and longer treatment period. Solvents
(total) were present at less than 1,000 mg/L and other contaminants were usually
only a few mg/L. Generally; if it is assumed that each WD tank releases 7,000
gal. of 200 mg DNT/L of process water, 3,320 gal. of motive water (0 mg DNT/L),
and the WD area releases 122,731 gal ./day of leak/overflow water containing 6.4
mg DNT/L into the waste collection system; this results in roughly 8.3 kg ofSDNT/WD tank.

In addition to WD samples, samples were taken at the WS house, the cool
down wash from a SR building, and IMR CO. The results are shown in table 3. The
estimated release of ONT into the wastewater collection system for the SR's is
0.8 kg DNT/WD tank, 2.0 kg DNT/WD tank for the WS house, and 0.034 kg DNT/day for
the CO.

Wastewater Collection System,I
Figure 2 represents a map (darkened buildings) of both active SR buildings

(large rectangles) and WD (small rectangles). According to the map, only WD and
WS building drainage could be intercepted at manhole (MH) 32 (see arrows on fig.
2). Additionally, all SRwastewater could be intercepted from MH 36. These H's

I3
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were located and field-surveyed to confirm rim and invert elevations for the
purpose of conducting a flow measurement study based on water depth measurements
and the Manning formula. Automatic flow-proportional 24-h cpmposlte wastewater
samplers and continuous recording flowmeters were utilized.

Table 4 contains the flow, COD, and concentration of various components of
the wastewater at MH's 32, 34, and 36 in addition to the BWTP. Both 24-h
composite and grab samples were collected. MH 36 was further divided by a grab
sample to differentiate wastewater from six isolated SR's (MH 36A) and a
wastewater from the propellant manufacturing areas (MH 368). The flow rate from
the SR's was 0.3 MGD; however, no SR's were discharged during the measurement
period as is further confirmed by 0.54 mg DNT/L detected. (This may be due to
SR condenser water discharging into the drainage system). MH 32 contains the
water from nine WD's and two WS buildings with an average flow rate of 0.18 MGD
and 6.4 mg DNT/L concentration from the composite sample (grab -75.8 mg DNT/L).
Since the water discharge and DNT concentration from the WD's was known, MH 32
was measured during a period when no WD's or WD buildings were operated to
determine the quantity of wastewater and DNT concentration from leaking and
overflowing tanks.

In summary, utilizing the preceding data, a rough estimate of the sources
of ONT for the BWTP can be generated with respect to one WD tank (table 5).
These are: 0.8 kg from the SR's, 5.3 kg from the WD tank, 3.0 kg/day from
leaks/overflows of the WD tanks, and 2.0 kg from the WS buildings. This would
indicate that the SR's contribute 7%, the WO's 48%, the WD leaks/overflows 27%,
and the WS buildings 18%. During a 307-day count, 308 WD tanks containing ONT
propellants were discharged indicating that one WD tank containing DNT is
discharged per day. This would indicate that 0.28 kg of DNT is released to the
wastewater collection system per 1,000 lb of DNT-containing propellant
manufactured.

If a treatment system were installed to intercept the wastewater at MH 32

and production restricted to processing all of the DNT propellants in the WD's
that drain into MH 32, it is estimated that greater than 90% of the DNT influent
load to the BWTP could be intercepted. Additionally, the average quantity of

wastewater for treatment at MH 32 would be 0.18 MGD instead of 1.28 MGD at the
BWTP and would be considerably easier to treat. If necessary, similar
restrictions could be placed on the SR area so that SR wastewater could be
collected at MH 36 and piped to the treatment Installation for MH 32. If
production increases the DNT coating operations, a basin should be constructed
at the coating operations for collection of the coating and wash-down water )
(cooling water should be separated and treated normally). This wastewater can
then be transported to the DNT treatment facility.

Biological Wastewater Treatment Plant

Composite samples (24-h) of the wastewater being processed through the BWTP
were analyzed for DNT and COD. The high performance liquid chromatograph (HPLC)
chromatograms were examined for the formation of biotransformation by-products.
Figure 3 represents the wastewater flow through the BWTP. The wastewater is
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pumped by a lift station to the aeration/equalization basin (aeration is provided
along with nutrients to enhance biodegradation), new RBC's, old RBC's, and two
clarifiers. (Note: The BWTP was previously expanded with the addition of a new
set of RBC's.) Sludge is removed from the clarifiers to aerobic digesters, a
thickener, and finally a filter press. Table 6 presents the DNT analysis results
for BWTP raw composite influent, grab sample raw influent, grab sample new RB
influent, grab sample old RBC influent, and BWTP effluent. Table 7 presents the
results for COD analysis at the same locations. Based on an average wastewater
flow rate of 1.13 MGD during this sampling period with an average Influent DNT
concentration of 7.67 mg ONT/L, an average of 72.2 lb/day (32.75 kg/day) of Oh(T
reached the BWTP and an average of 1.54 lb/day (0.70 kg/day) of ONT was
discharged in the effluent. It was observed that an average of 62% of the DNI
was removed in the aeration/equalization basin and 36% was removed in the RBC's.Additionally, these results indicate an average overall removal of 98%, with amaximum of 1.2 mg DNT/L discharged from the BWTP.

Analysis of the chromatograms (figs. 4 through 8) confirmed the gradual
reduction of DNT. DNT had an average retention time of 4.4 min on these
chromatograms and the representative peak in the chromatograms (figs. 4 through
8) decrease in size as the wastewater proceeds through the facility.
Additionally, the HPLC chromatograms for DNT analysis wpre utilized to observe
for DNT biotransformation products by obsprvir4g peak patterns. The formation of
a new peak, which could be a biotransformation by-product, was observed at -3.37
mirn (figs. 5 through 8). Literature reports indicated a number of transformation
by-products with one of the ultimate end products being 2,4-diaminotoluene (DAT).

In order to document the previous history of DNT discharged from the BWTP,
the weekly effluent composite samples are plotted in figure 9. The sporadic high
discharge levels were compared to production levels of DNT-conta.ning propellants
for this period. No correlations between the level of production of individual
propellants and DNT discharge levels were noted.

Complete statistics, utilized obtaining a discharge permit for the BWTP,
are contained in table 8. Effluent data concerning flow, pH, five-day biological
oxygen demand (BODO), total suspended solids (TSS), COD, sulfates (SOJ), nitrogen

(N), and ONT is represented by an average daily quantity on a monthly basis and
summarized for the year. The effluent flow ftom the BWTP averaged 1.28 MGD with
a maximum flow of 3.09 MGD. DNT effluent loading for the period averaged 1.65
kg/day with a maximum of 26.7 kg/day. The effluent contained an average of 0.264
mg/L with a maximum of 3.60 mg/L. This information indicates that if discharge
limitations are imposed on the BWTP for DNT, some modification or improved
treatment will be required.

Biomass samples taken from the RBC's and the filter press of the BMfIPindicated no DNT accumulation. The samples were taken to ascertain the potential

for DNT accumulation or other biological breakdown products in the biomass. The
analysis was performed with either acetonitrile or methanol as the extraction

Jsolvent to further assure that ONT was not accumulating. Further studies
"conducted using sulfuric acid to digest the biomass prior to analysis also did
not indicate significant accumulation.

!S

I



LITERATURE REVIEW

A survey was conducted to identify technologies available for destruction
of ONT in wastewaters and to identify ONT removal methods. The decomposition of
DNT and its associated by-products from various treatment methodologies were also
reviewed wherever available in the literature.

Technological Review

Approximately 60 articles were reviewed concerning biological, activated
carbon, incineration, oxidation, reduction, and general wastewater treatment.
Some articles contained little or no specific information relating to DNT;
however, they either provided insight into treatment technologies for ONT or
similar compounds as described below.

Biotransformation or Biodegradation

Sixteen articles contained information on biological destruction of
DNT. All articles indicated biotransformation occurred with no evidence of
aromatic ring destruction. (Limited information is available that indicates
breakage of the aromatic ring and will be discussed at the end of this
section.)2 However, previous reports required the formation of a liphenol as
a necessary prerequisite for degradation of the aromatic nucleus. For the
structurally similar compound TNT, it was reported there is no evidence for
biological cleavage and degradation of the aromatic ring of TNT.4 Stepwise
reduction of the nitro groups by various organisms (mammalian, bacterial, and
fungal) occurs through the nitroso and hydroxylamino to the amino. Various
compounds identified were: 4-amino-2,6-dlnitrotoluene (4A);
2,4-diamino-6-nitrotoluene (2,4DA); 2,2',6,6'-tetranitro- 4,4'-azoxytoluene
(4,4'Az); 4-hydroxylamino-2,6- dinitrotoluene (4HA); 2-amino-4,6-dinitrotoluene
(2A); 4,4',6,6'-tetranitro-2,2'-azoxytoluene (2,2'Az);and 2,4,6-triaminotoluene
(TAT).'

For DNT, the following microbial transformation compounds were
identified: 2,4-diaminotoluene (2,4DAT); 2,6-diaminotoluene (2,6DAT), 2-amino-4-
nitrotoluene (2A4NT); and 4-amino-2- nitrotoluene (4AZNT). The microorganisms
Veilloneila alkilescens, Eschericha colt, Chostridium pasteurianum, and
pseudomonad FR2 was evaluated for the ability to degrade nitroaromatic compounds.
These biological systems (both aerobic and anaerobic) demonstrated the ability
to catalyze the reduction of at least one nitro group. The 4-nitro group was
always reduced first.4 Another article described a method for evaluating
biotransformation using both anaerobic and aerobic microorganisms. ONT wasbiotransformed by both organisms; however, ring breakage could not bedemonstrated. The anaerobic biotransformation products could not be identified."

Effort involving activated sludge indicated that microbial

transformation of 2,4-DNT occurred only under anaerobic conditions utilizing
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activated sludge (no activity was observed under aerobic conditions). Products

detected were: 2A4NT, 4A2NT, 2-nitroso-4-nitrotoluene (2NO4NT), and
I 4-nitroso-2-nitrotoluene (4NO2NT)6

An evaluation of the products from the microbial transformation of
2,4-DNT by Mucrosporium species (strain QM9651, NLABS Culture Collection of
Fungi) identified: ZA4NT; 4A2NT; 2,2'-dinitro-4,4'-azoxytoluene; 4,4'-dinitro-
2,2'-azoxytohuene and 4-acetamido-2-nitrotoluene. A third azoxy compounI could
not be identified. Again none of the compounds indicated ring breakage. One-
hundred and ninety fungi representing 98 genera were screened for the ability to
transform 2,4,6-TNT and 2,4-DNT. One-hundred and eighty-three of the organisms
were able to transform TNT while only five were able to transform DNT. The study
concluded that the utilization of fungi to treat TNT wastewater appearsunpromising in view of their failure to degrade TIT and DNT and the possibilitythat the amino transformation products are toxic.

Microbial degradation was further evaluated using industrial seed
comprised of four bacterial genera (Acinetobacter, Alcaligenes, Flavobacterium,
and Pseudomonas) and one yeast (Rhodotorula) for comparison to municipal seed.
A Warburg respirometer was utilized according to the Umbreit (1972) procedure.
2,4-DNT was rapidly degraded by industrial seed and even demonstrated stimulation
above 200 mg/L. Municipal seed demonstrated inhibition at all concentrations.
4-methyl-3- nitroaniline was detected as a metabolite in the reactor containing

Sthe industrial seed. Similar results were obtained with 2,6-DNT, except
2-methyl-5-nitroaniline was formed as a by-prod~ct.- Another article presented
thorough respirometer work on TNT wastewaters.

Conmnunications with researchers indicate that current biological
efforts are successfully breaking the aromatic ring of 2,4-DNT.2' Research is
being performed on microorganisms which have been exposed to toxic compounds such
as TNT and 2,4-DNT and determining if metabolism of the compounds occurs. Early
results Indicate that both compounds can be completely biodegraded.

I Concerning the formation of toxic or mutagenic compounds during
biotransformation of DNT, both oxidative and reductive metabolism from
microorganisms contribute to the formation of mutagenic products from 2,4-DNT and
its metabolites in vitro. The products studied were 2,4-DNT, 2,4-DAT, 2A4NT,
2,4-dinitrobenzoic acid, 2-amino-4- nitrobenzoic acid, 2NO4NT, and 2,4-
dinitrobenzyl alcohol. In summary, 2,4-DNT and 2,4-DAT (the end product of the
metabolism) were less mutagenic by -8-80 times than the intermediate
metabolites. ' A review on TNT with references to DNT in the text, indicates
that ONT has no effect on activated sludge.t

Activated Carbon Treatment

SThe adsorption of 2,4-DNT it, aqueous solution by two commercial
activated carbons was evaluated. Additionally, the desorption of DNT from these
adsorbents by solvent extraction were studied. The efficiency of removal of DNT
from aqueous solution by Calgon Filtrasorbe (FS)-300 and FS-400 are different,
as FS-400 had the greatest capacity. FS-400 has a mean particle diameter of
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1.0 mm while FS-300 has a mean particle diameter of 1.6 mm. Additionally, FS-400
has an iodine number of 975 min while FS-400 has 1,100 min. Grinding FS-300
increased its equilibrium adsorptive capacity, but not to the capacity of FS-
400. 3

Ho and Daw conducted carbon loadirg studies utilizing laboratory
water containing 100 mg/LI DNT and FS-400 carbon."' They determined that loadings
of 800 mg of DNT per gram of FS-400 dry carbon were achieved. Additionally, some
of the adsorbed DNT is converted to its derivatives. The presence of derivatives
of 2,4-dinitrobenzyl alcohol, 2,4-dinitrobenzaldehyde, and 2,4-dinitrobenzoic
acid indic1 tes that one of the reactions is a side-chain (the methyl group)
oxidation.,

In a second article GAC performance tests were conducted to evaluate
treatment of pink water (munitions wastewater) from U.S. Army Ammunition Plants
(AAPs). Comparative isotherm tests were conducted with five GACs to determine
an optimum grade for pink water treatment and to evaluate temperature and
compositional effects. The target effluent criteria of 0.04 mg/L for TNT, 0.03
mg/L for RDX or HMX, and 0.0007 mg/L 2,4-DNr were achieved with the isotherm
tests.

A third article involved treatment of wastewatcr containing five
priority pollutants (7.9 mg DNT/L) in addition to fourteen other contaminants.
Comparative assessments were performed for treatability by carbon adsorption,
resin adsorption (XAD-4), and stear. stripoing (evaporation). Steam stripping was
ineffective, while carbon adsorption was considered more cost effective than
resin adsorption-. Both adsorptive systems appeared to be capable of removing DNT
to levels of 0.1 ppm or lower. Carbon was slightly more cost effective with a
total annual cost of I to $3 per 1,000 L for flows of -1,130 L/man and for
removal down to I ppm.

Analytical methodology involving GAC for extraction of 25 priority
pollutants for analysis was also reviewed. Utilizing various displacers
(methylene chloride, methanol and benz[alpha]anthracene-7,12-dione), the majority
of the 25 pollutants were totally displaced. However, ONT was one of the
pollutants which could not be totally displaced. The report recommended further
work on DNT.' 6

An article dealing with TNT recommends the evaluation of water
management and thermal regeneration of granular activated carbon. It recommended
thermal regeneration since the treatment cost of 1,000 gal. of pink water could
be approimately cut in half to a cost of $3.48/1,000 gal. of pink water
treated.'

Inci neration

Patent description of a process to first remove the water from the
wastewater containing nitro compounds, and then incinerate, inlicates that this
method is five times more efficient than direct incineration.
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I Oxidation

IP. C. Ho of Oak Ridge National Laboratory (ORL) evaluated the
synergistic effect of hydrogen peroxide (H202 ) and ultraviolet (UV) radiation

Ifrom a medium-pressure lamp on the decomposition of 2,4-DNT in water was
evaluated. The results indicated that the degradation pathways of DNT in aqueous
solution are: (1) side-chain oxidation, which converts ONT to 1,3-dinitrobenzene,
(2) hydroxylation of the benzEine ring, (3) benzene ring cleavage, and (4) further
photooxidation, which eventually converts the lower mol5:cular weight a•ids and
aldehydes to carbon dioxide (CO), water (H20), and nitric icid (HNO3 ).

The aqueous solutions were irradiated with either a 450-W (sometimes
200-W) Hanovia medium-pressure mercury vapor lamp (far-UV to infrared region) or
a low-pressure mercury lamp (GE, G15T8), which has a maximum output at 253.7-nm.
ONT in aqueous solution has an adsorption maximum at 252-nm. Additionally,
H202 is photosensitive to UV light which was used to induce oxidation of

compounds."

The (ORL) experimental results indicated that the H202/DNT molar
ratios for optimum degradation were determined to be 26 to 52. Both bulbs
produced degradation; however, the presence of light in the far-UV region, as

Swell as an excess of H20A, was required for the degradation of DNT in aqueous

solution. 19

Intermediates identified in this study, after each photooxidation of
aqueous DNT solution and of its degradation intermediates, suggest the following
reaction pathway for photooxidation of aqueous DNT solutions with UV/H 202:

S2,4-ONT + H20 , UV 2,4-dinitrobenzyl alcohol - 2,4-dinitro-
benzaldehyde - 2,4-dinitrobenzoic acid -. 1,3-dinitrobenzene . 3-nitrophenol +
dinitrophenols (+NO 3,) ., dihydroxynitrobenzenes ý trihydeoxynitrobenzenes .
nitromuconic acid derivatives (+NO,') - maleic acid + nitro- and hydroxymaleic
acid derivatives + •lyoxal + glyoxylic acid (+NO 3,) . oxalic acid + formic acid
(+NO3") . C02 + H20.I

Additional oxidation literature was reviewed which contained no
references to DNT, but provided insight to Fotential treatment methodology. Wet
air oxidation (WAO) for treatment of high COD (70,000 mg/L) wastewater was
reviewed. WAO was recommended for wastes which are not biotreatable ($0.13/1,000
L), since WAO ($1B/1,O00 L) is an economically attractive method of treatment in
reducing oxygen demand and altering th? blotreatability versus hauling as a
hazardous waste ($150-200/1,000 L plus shipping costs)." Several treatment
methods were evaluated to treat wastewater from the production of utility poles,
lumber, railroad ties, and other products treated with preservatives and fir3
retardant materials. Chemical coagulation/flocculation alone was eliminated due
to an inconsistent ability to meet discharge standards. Biological methods were
eliminated due to questionable performance with regard to pentachlorcphenol
.rem'ival, long lead time for procurement and construction, and the requirement for
a coi, tant rate of wastewater flow. Both activated carbon and UV/ozone were

-e _iective; however, the Ultrox International UV/ozone system was selected on the

1 ,
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basis of cost-effective iess and the fact that the UV/ozone process destroyed the
contaminants rather than transferring them to another medii'm. 21

Ozone photochemistry and its degradative ability was evaluated. This
effort demonstrated tqt the TNT aromatic ring was broken down to CO.. No effort
was performed on DNT.

Advanced oxidation processes whi:h utilized UV in conjunction with
either ozone or HO2, to generate hydroxyl radicals were reviewed. These
radical,ý,iznturn , attack and degrade organic molecules; no effort was performed
on DNT. '

Reduction

Methods of electrochemical DNT reduction are containea in the
literature; hoe.ever, none proved to be economical. A nickel-based catalyst and
various solverts were required for the reduction and several by-products were
produced. The use of solvents to conduct the reactions makes this approach less
economically attractive. 26

Alkaline solutions of carbon monoxide in the form Fe(CO) and water
can be utilized to reduce DNT to 2,4-dlaminotoluene. 27 The potential of
an~allytical rnothneilogy UtilIivinng silvern el ectrodes to --r-fr __A.u+4ion was als
investigated. a The reduction of DNT isomers produced ýuring the manufacture of
TNT with compounds such as ascorbic acid is possible. Additionally, 2,4-DNT
was reduced electrolytically to 2,4-DAT using titanic sulfate as t e addition
agent and no side products were obtained producing over 90% yields.

General Wastewater Treatment

A form of powdered activated cz'rbon treatment (PACT) process has been
developed which lowers the organic concentration of the wastewater in conjunction
with removing toxic compounds such as DNT, Chemical oxidants (permanganate,
ozone and hydrogen peroxide) used for the destruction of organics such as ONT,
may be extremely expensive as a treatment process due to the requirement of a
large amount of oxidant. WAO is effective -t degrading organics but requires an
enclojed vessel, high temperatures, and pressures (typically 550°F and 2,000psi).• ,

Direct filtration is often able to reduce toxics at the source by
removal of suspended matter. (Generally all of the DNT is in solution in the
wastewater; however, some form of filtration may be roquired to remove suspended
matter to improve the treatment process.) Mono-media sand beds, microscreens,
ultrafiltration units and membranes are several filtration devices. For
gross-solids removal to a particle size of 1-5 micrometers, processes such as
mono- ormulti-meoia granular beds ormicroscreens are appropriate. A filtration
method which borders on being a membrane process, ultrafiltration, Is applicable
for removing constituents of known molecuiir size, with the concentrated
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sidestream being disposed of in another manner (e.g., incineration). Membrane
systems are for concentrated, low-volume and relatively nonspecific waste streams
and will retain all molecules falling within certain size ranges, depending on
the membrane selected. The constituents on the permeate can be reduced by 50-99%

"and can be contained in 19-30% of the original volume. Again, the concentrate
must be disposed of by other means such as thermal or chemical oxidation.
"However, membrane concentration followed by thermal oxidation, although quite
expensive as a wastewater treatment process, will be substantially less expensive
than direct thermal oxidation of the entire waste stream.TM

The removal of nitroarimatics from concentrated sulfuric acid can be
accomplished using electrolysis; degradation proceeded to CO2 and oxides of
nitrogen.

Membrane filtration has improved significantly due to its ability to
survive harsh operating environments and reduce fouling by applying laminar flow
through a tubular configuration. With a larger pore size, t e resulting
increased membrane flux greatly improves the operating economics.3 While TNT
successfully demonstrated the feasibility of membrane ultrafiltration in pink
water; ONT demonstrat'd poor membrane rejection.

"TWashwater containing blasting oil from washing out residual nitric
acid from the reaction mixture in a nitration plant is extracted with DNT,
another common component of high explosives, in a mixer-settler apparatus.' The
ONT was extracted with toluene from the wastewater. Authors were concerned with
DNT in the wastewater only because of the addition of nitrates.35

Another article concerning methodology for analysis of DNT indicated
specified levels of sensitivity at 0.05 ppb for 2,4-DNT and 2,6-DNT, but
cautioned that this tay nt be applicable to various forms of wastewater due to
additional contamination.

"Research is being conducted to investigate closure methods for
lagoons containing TNT and RDX wastes (pink water). Research has included (1)
an evaluation of existing asphalt encapsulation techniques for hazardous wastes,
(2) an evaluation of alternative heating/mixing systems, (3) review of the
properties of various asphalt products that may be used, (4) laboratory
experiments of the temperature and holding times required for thermal breakdown
of the various compounds present in the sludge, and (5) preliminary design of a
pilot mixer/heating sptem." Heating experiments in'ilcate a 90% reduction at a
temperature of 250'C.

"TNT was found to react in aqueous solution with surfactants

containing amino and quaternary ammonium groups at pH 10-11 at ambient
temperature. The surfactants investigated included N-tallow 1,3-diaminopropane,
trimethyl N-tallow ammonium chlori e an, N,N, N',N',N'-Pentamethyl N-tallow
1,3-propane diammonium dichloride."

"The major expense In this process for the treatment of Composition
" 8 wastewater is that of the surfactant, i.e., N,N,N',N',N'-pentamethyl

'N-tallow-1,3-prcpane diammonium dichloride, which is commercially available and
is the surfactant of choice. Based on the assumption that the concentration of

(91
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the TNT in the water was I lb/1,000 gal. (120 mg/L) and required only 0.37
surfactant moles per mole of TNT, the cost, of the 3urfactant would be $1.25
(April 1979) per 1,000 gal. of wastewater.*

TNT demonstrated the feasibility of surfactant technology utilizing
Duoquad T-50; however, DNT required harsher treatment (55oC and pH-1 5) as pocr
or erratic removal was achieved at lower temperatures and lower pH.

Health and Safety/Toxicity

From acute and chronic toxicity testing utilizing Daphnia magna and
fathead minnows, 8.1 mg/L of DNT is recomrnended as the maximum allowable
concentration and 0.12 mg/L recommended the maximum allowable 24-h average
concentration by Environmental Protection Agency (EPA) methods.4 0

LABORATORY EVALUATIONS I
Based on the literature reviewed, the following methods were recommended

for laboratory evaluation for the following reasons: (1) various combinations of
U', ozone, and hydrogen peroxide treatment were recommended because of economics.
easre of installation, and low operator involvement during operation; (2)
Ce' elopfrtit of biological degradation and/or accumulation should be monitored and
various evaluations performed since recent information suggested successfulbreakage of the aromatic ring; and (3) adsorption isotherms should be developedwith GAC and potential means for regeneration evaluated.

Biological Studies

The DNT biological studies were divided into three areas of investigation:
toxicity, bioaccumulation, and biodegradation.

Toxicity Studies

The toxicity of a compound is generally assessed by measuring their
repression of microbial respiration process. To assess the effect of these
potentially toxic compounds; the microorganisms must be acclimated prior to the
experiments, otherwise, repression of respiration will occur until the
microorganisms acclimate themselves to the toxic compound.

The respirometer studies to evaluate the toxicity of DNT were
performed with a Hach model 2173B BOD apparatus. The unit consisted of six
individual reaction vessels tiat operated simultaneously during testing; each
reaction vessel was connected to a separate manometer. The operation of the unit
was based on oxygen utilizatiun by the l.iving microorga,,Isms. As oxygen was used
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in metabolism, COZ was produced as a by-product. In these units, the CO2 gas

chemically reactea with the lithium hydroxide which removed the CO2 from the
-unit's atmosphere. The end result was a drop in pressure (measured by the
manometer's) which was proportional to the rate of metabolism (BOO or oxygen

-utilization) of the microorganisms. All respirometer tests were conducted in a
-temperature range of 20 to 22°C.

The units operated in a range of 0 to 600 mg BOO/L. This was
accomplished by using a total volume of seed and sample to be metabolized of 160
mL for each vessel. The seed was prepared using microorganisms removed from the
BWTP RBC's. The 20 L container of seed (wastewater, contaminants, and
microorganisms) was fed BWTP influent daily to maintain a representative
acclimated biological culture for these studies. The quantity of seed necessary
to provide sufficient quantities of microorganisms to inoculate the samples was
determined to be 10 mL. The BOO of 100% seed was also measured for comparison;
this was to assure that the seed strength was similar for all testing.

To assess toxicity, each evaluation compared seed strength (1001%) and
a blank (150 mL of sample without DNT plus 10 mL of seed) to the remaining units
containing increasing concentrations of DNT in plant process water. A test
matrix was developed utilizing solutions prepared in the range of 0 to 250 mg
DNT/L with 100 mg/L of ethyl alcohol to provide an energy source for the
microorganisms. If DNT proved to be toxic to the microorganisms, a reduction
in respiration wol,*d occur with increasing concentrations of the DNT.

BOD results from the first series of tests did not indicate
repression of microbial respiration. As can be observed in figure 10, no
significant repression occurred at any of the DNT concentrations. A study of
the chromatograms indicated that no ONT was detected in the solutions after 140
h of respiration (figs. 11 through 17). However, several by-products with
various HPLC retention times (-2.93, 3.09, 3.53, and 5.08 min) were apparent In
the solutions after the respirometer studies.

In the second test series (fig. 18), the microorganisms experienced
repression in the initial period due to temperature shock from the use of
reagents stored at 4°C to inhibit microbial growth prior to experimentation
(procedure modified to prevent future problems). However, after a recovery
period, vessels containing ONT responded similar to the blank. The 100% seed was
not exposed to the effects of the temperature shock as can be observed in
figure 18.

The third test series (fig. 19) indicated some form of repression
occurred which temporarily repressed microbial respiration the first few days;
the seed responded in a normal manner. Since the blank (0 mg DNT/L) also
experienced initial repression similar to the ONT vessels, it would indicate that
some unknown factor produced the .epression and not ONT.

The fourth test series (fig. 20) indicated that the seed contained
-insufficient mnicroorganisms. Following a lag period to allow multiplication of
the microorganisms, normal respiration occurred. All ONT concentrations had a

;similar response, indicating no repression occurred.

13

!I



In the fifth test series (fig. 21), no repression of microbial growth
(BOD) was experienced. The seed responded in a normal manner. Figures 22
through 28 represent chromatograms from the individual respirometers from the
fifth series of tests after -170 h. The blank (fig. 22) which contains no DNT,
shows no detectible compounds. The sample originally containing 50 mg DNT/L
(fig. 23), had no ONT, but contained a peak at a HPLC retention time of 3.69 min.
Figure 24, representing an initial concentration of 100 mg DNT/L, contained 21.1
mg DNT/L (retention time of -6 min) and peaks at retention times of 1.72, 3.1,
3.64, and 7.17 min. Figure 25, representing an initial concentration of 150 mg
DNT/L, contained 47.2 mg DNT/L and peaks at retention times of 1.79, 2.99, 3.53,
and 7.02 min. Figure 26, representing an initial concentration of 200 mg UNT/L,
contained 44.5 mg DNT/L and peaks at retention times of 1.77, 3.06, 3.59, and
7.13 min. Figure 27, representing an initial concentration of 250 mg DNT/L,
contained 88.6 mg DNT/L and peaks at 1.76, 3.10, 3.64, and 7.14 min. Finally,
figure 28 which represen.s 100% seed contained no ONT nor any other detectible
-ompounds.

In conclusion, the DNT was not toxic to acclimated biomass. The DNT
produced four by-products after 160 h of reaction. These by-products are
represented by HPLC retention times of -1.75, 3.05, 3.5, and 7.1 inan when DNT has
a retention time of 6.0 min. As demonstrated later by the biodegradation
experiments (refer to the Biodegradation section), the compound with a retention
time of 1.75 min is apparently a component of the biomass.

Bloaccumulatlon

Two biomass/bloreactors each containing 20 L of blomass (<1%) and
BWTP influent wastewater were evaluated to assess the effects of bioaccumulation.
The first reactor was utilized as a blank and the second reactor was operated
essentially icentical to the first reactor with the exceptiorn that ONT was
supplemented to the feed (which occasionally resulted in leakage of DNT). Six
L of the contents of each reactor were removed on a daily basis (except on
weekends and on day 5) and replaced with fresh wastewater from the Influent of
the BWTP to provide a carbon source for the microorganisms. The DNT supplemented
reactor also had an additional L removed and replaced with a more concentrated
solution of DNT (58.6 mg DNT/L) in water. Samples were periodically collected
and analyzed for the concentration of DNT and measurement of COD (tible 9) to
assess bioaccumulatlon and its effects.

Figure 29 represents a HPLC chromatogram of the blank blomass/
bioreactor. The observed peaks represent background peaks which can be observed
throughout the evaluation. Figure 30 represents a chromatograma of the DNT
supplemented blomass/bioreactor prior to DNT addition. ONT can be observed
indicating the presence of a small quantity of DNT in the wastewater feed (3.06
mg/L at a retention time of 4.61 min),

At the end of day one, figure 31 indicated no ONT nor any unusual
peaks for the blank. However, figure 32 indicated the DNT supplemented
biomass/bioreactor" contained both ONT (retention time -4.8 min.) and potential
biodegradation by-products (peaks) with retention times of 3.53, 3.79, and 5.68

14



I
I

min. On day 4, the blank (fig. 33) was normal while the DNT supplemented reactor
(fig. 34) demonstrated peaks at 2.72, 2.99, and 3.82 min and no DNT. On day 6,
the blank was normal (fig. 35) while the DNT supplemented reactor (fig. 36)
demonstrated peaks at 2.86, 3.11, 3.56, and 5.14 mnn and 0.07 mg DNT/L. On day
7, the blank was normal and contained 0.08 mg DNT/L (fig. 37) while the DNI
supplemented reactor (fig. 38) demonstrated peaks at 2.54, 3.02, and 3.70 mn and

1.24 mg DNT/L. Day 8 blank was nnrmal with the exception of an unknown peak at
5.46 min (unknown compound in the influent to the BWTP) and a DNW concentration
of 0.74 mg/L (fig. 39). The DNT supplemented reactor (fig. 40) demonstrated a
peak at 2.48 min and contained 0.99 DNT mg/L. Day 11 was normal with the
exception of an unknown peak at 2.96 min and a DNT concentration of 0.02 mg/L

(fig. 41). The ONT supplemented reactor contained 10.62 mg DNT/L and no
significant peaks (fig. 42). Day 12 blank was normal with the exception of an
unknown peak at 5.42 min and a DNT concentration of 0.07 mg/L (fig. 43); the DNT
supplemented reactor contained 0.02 mg DNT/L and had an unknown peak at 3.63 man_
(fig. 44). Days 13, 14, and 15 (fig. 45 through 50) indicated no DNT nor the
presence of any unknown peaks.

This evaluation indicated that instead of bioaccumulation occurring,
DNT was biodegraded and produced up to six unknown by-products with HPLC
retention times of -2.6, 2.9, 3.1, 3.5, 3.6, and 3.75 in (table 9). As time
proceeded and permitted the microorgan~isms in the DNT supplemented reactor to
become acclimated to the DNT anW DNT by-products, the peaks for the by-products
are no longer present indicating fýirt-er biodegradation. Additionally, an
unknown contaminant from the wastewitr .:ould be observed at an average HPLC
retention time of 5.55 min. Unknown nuwt,,er 2 (2.9 min.) appeared at day 11 of
the evaluation in the blank reactor 'tue to the presence of DNT from the
wastewater feed from the BWTP during the period of days 7 through 12. Otherwise
the contaminants appeared only in the DNT supplemented reactor. An unknown
contaminant from the BWTP was detected on days 8 and 12 in the blank and day 1
for the DNT supplemented reactor.

Additionally, several experiments were performed with the BWTP RBC

biomass to ascertain if DNT accumulated in the biomass and if current analytical
methods could detect the presence of DNT. Analysis of the RBC biomass showed
only trace quantities of ONT by HPLC analysis. Digestion of the biomass with

sulfuric acid for 30 min. did not demonstrate any greater quantities of DNT
detected.

Biodegradation Studies

The Hach BOD apparatus was also used in studies ranging up to further
define the hiodegradability of DNT by performing three evaluations. Samples were
removed from the vessels at different time intervals for HPLC analysis, to

( observe DNT degradation, and the formation and degradation of by-products.
Additionally, the test matrix developed to assess the biodegradability of DNT
held the concentration of DNT constant to operate all vessels identically for
each series of tests (70.9 mg DNT/L for tests 1 and 2; 35.4 mg DNT/L for test 3).
Sufficient alcohol was added to assure the presence of an energy source for the
microorganisms in the range of 600 to 900 mng BOD/L.

15



Table 10 contains the results of the first biodegradation study. The
table is divided into two sections to allow correlation of the data. The top
half represents the progression of metabolism through measurement of BOD's by the
manometers, while the bottom half corresponds to sampling of the reactors at
various time intervals, and measurement of COD (indicative of quantity of
remaining organic material) and DNT concentration.

Figures 51 through 57 are chromatograms of the samples as time
progressed, while figures 58 through 64 are chromatograms of the final content
of each reaction vessel at the end of the experiment. It should be noted that
the removal of 10 mL of the contents of each vessel for sampling had a slight
effect on the BOD's; however, it was not considered significant. Figure 51
represents the chromatogram of #the seed which contained two small peaks
(retention times of 1.64 and 1.94 min). These small peaks should not be observed
during the experiment due to the dilution of the seed. However, the peaks
reappeared as time progressed indicating that they were due to microbial growth.
Figure 52 represents the chromatogram of the initial nutrient water which
contained all components including 70.9 mg DNT/L at a retention time of 5.88 min;
no other peaks were present. Figure 53 represents the chromatogram of vessel I
at 23 h. In this case, 24.7 mg/L of DNT was present and six peaks werp detected
at retention times of 1.77, 1.95, 2.07, 3.86, 7.45, and 8.42 min. After 77 h,
a sample taken from vessel 2 (fig. 54) contained no DNT and five peaks (retention
times of 1.34, 1.87, 2.85, 3.75, and 4.03 min). At 95 h (fig. 55), vessel 3
contained no ONT and seven peaks (1.63, 1.84, 1.98, 2.45, 2.95, 3.80, and 4.02
min). At 119 h (fig. 56), vessel 4 contained no ONT and six peaks (1.74, 1.87,
2.00, 2.42, 3.82, and 4.04 min). At 144 h (fig. 57), vessel 5 contained no DNT
and six peaks (1.34, 1.80, 1.84, 2.03, 2.41, and 3.78 min).

At 168 h the experiment was concluded and all reaction vessels
examined for DNT, COD, and peak grouping analysis. Figure 58 represents a
chromatogram of the blank and a peak present at a retention time of 1.72 min,
thereby confirming that this peak was a component of the microorganisms. Smaller
peaks were also observed at 1.96 and 2.03 min. Figure 59 represents vessel 1;
no ONT was detected and seven peaks were present (1.69, 1.83, 1.97, 3.59, 3.80,
7.55, and 8.53 min). Figure 60 represents vessel 2; no DNT was detected and four
peaks were present (1.67, 1.90, 1.97, and 3.83 min). Figure 61 represents vessel
3; no DNT was detected and three peaks were present (1.67, 1.82, and 1.96 min).
Figure 62 represents vessel 4; no DNT was detected and five peaks were present
(1.66, 1.82, 1.96, 2.45, and 3.80 min). Figure £3 represents vessel 5; no DNT
was detected and five peaks were present (1.64, 1.83, 1.94, 2.42, and 3.76 min).
Figure 64 represents vessel 6; no DNT was detected and five peaks were present
(1.67, 1.81, 1.97, 2.40, and 2.69 min).

Table 11 contains a grouping of the various Deaks identified from the
biodegradation experiment. A total of 12 peaks were identified (DNT is the peak
at 6.0 min). Peaks with retention times of 1.7 to -2.0 min represent compounds
related to the biomass contained in the reaction vessels. .-rom 1.3 to 8.4, six
to nine peaks were observed as by-products from the degradat. on of DNT. As time
progresses the microorganisms acclimate and less by-products are observed.

Table 12 contains the results of the second biodegradation study.
Figures 65 through 70 are chromatograms of the samples as time progressed, while
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figures 71 through 78 are chromatograms of the final content of each vessel at

the end of the experiment. No chromatogram of the seed was taken on this
-experiment; however, the previous biodegradation experiment indicated that peaks

;with retention times of -1.7 and 2.0 mn were attributed to the biomass. In this
-biodegradation study the peaks were again present throughout the chromatograms
as time progressed further confirming that they were due to microbial growth.
The initial nutrient water contained all components including 70.9 mg ONT/L.
Figure 65 represents the chrornatogram of vessel 1 at 22 h. In this case, 0.08
mg/L of DNT was present and three peaks were detected at retention times of 1.69,
1.81, and 2.03 min. Here, biodegradation occurred at a more rapid rate
indicating that the microorganisms were more acclimated to the DNT. After 94 h,
a sample taken from vessel 2 (fig. 66) contained no DNT and three peaks
(retention times of 1.64, 1.80, and 2.01 min). At 118 h (fig. 67), vessel 3
contained no DNT and four peaks (1.68, 1.97, 2.51, and 2.69 min). At 142 h (fig.
68), vessel 4 contained no DNT and three peaks (1.68, 1.97, and 2.61 min). At
166 h (fig. 69), vessel 5 contained no DNT and three peaks (1.65, 1.81, and 1.95
min). At 190 h (fig. 70), vessel 6 contained no DNT and three peaks (1.72, 1.82,
and 1.97 min).

At 264 h the second experiment was corcluded and all reaction vessels
were examined for ONT and peak grouping. Figure 71 represents a chromatogram of
the nutrient water and has peaks at retention times of 1.64, 1.83, and 1.98 min-
indicating that these peaks were a component of the microorganisms.
Additionally, there were two broad peaks at 2.96 and 3.18 min. Since no broad
peaks of this nature had been observed previously in any samples, it was
suspected that these peaks were contaminants from previous samples processed
through the HPLC. Figures 72 through 78 represent vessels 1 through 7. No DNT
was detected-and only the biomass peaks were present.

Table 13 contains the results of the third biodegradation study which
was performed at a lower DNT concentration (35.4 mg DNT/L). Figures 79 through
85 are chromatograms of the samples as time progressed, while figures 86 through
94 are chromatogram. of the final content of each vessel at the end of the
experiment. A chromatogram of the seed taken during this experiment indicated
no ONT and two peaks with retention times of 1.46 and 1.83 min (similar to
previous biodegradation experiments indicating that peaks with retention times
of -1.7 and 2.0 min were attributed to the biomass). In this biodegradation
study, these peaks were again present throughout the chromatograms as time
progressed, further confirming that they were due to microbial growth. The
initial nutrient water (fig. 80) contained all components including 35.4 mg
DNI/L. Figure 81 represents the chromatogram of vessel I at 24 h. in this case,
no DNT was present and 1 peak was detected at a retention time of 3.62 min.
After 48 h, a sample taken from vessel 2 (fig. 82) contained no ONT and four
peaks (retention times of 1.67, 1.99, 3.82 and 4.03 min). At 170 h (fig. 83),
vessel 4 contained ao DNT and five peaks (1.63, 1.79, 1.8, 1.94, and 3.72 min).
At 216 h (fig. 84), vessel 5 contained no DNT and four peaks (1.70, 1.84, 2.OZ
and 4.62 min). At 264 h (fig. 85), vessel 6 contained no DNT and seven peaks
:(1.04, 1.76, 1.99, 2.40, 2.69, 3.6, and 4.55 min).

At 337 h this experiment was concluded and all vessels examined for
DNT and peak grouping analysis. Figure 86 represents a chromatogram of the seed
and the presence of peaks at retention times 2.04 through 6.87. Figure 87
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represents a chromatogram of the nutrient water and peaks present at retention
times of 1.05, 1.70, 2.03, and 4.63 min. Figures 88 through 94 represent vessels
I through 7. No DNT was detected and several blomass peaks were present.
Additionally, a couple of unknown peaks appeared in some of the samples.

Experiment I identified a total of 12 peaks In addition to the DNT
peak. Peaks with retention times of 1.7 to -2.0 min were determined to represent
compounds related to the biomass contained in the vessels. From 2.0 to 8.4 min,
six tc nine peaks were observed as by-products from the degradation of ONT. In
experiments 2 and 3, biomass peaks were observed throughout the experiments but
only a few biotransformation products were observed.

In summary, DWT was biotransformed into several unknown by-products
which can be detected by HPLC. The retention times for the unknown peaks
decrease as time progresses for the experiment indicating that the reactions may
be proceeding to more polar and possibly more degraded molecules. Additionally,
there were indications from these experiments that the microorganisms may have
completely utilized the DNT.

UV, Ozone, H.02, UV/H 202 , UV/Ozone

Information from the literature review indicated UV/H 202 and UV/ozone
treatment of DNT in wastewater yielded C02 , H 0 and other basic molecules which
indicated breakage of the aromatic ring of ENT. Therefore, to assess these
various combinations, equipment to generate UV radiation and ozone gas was
assembled and preliminary laboratory-scale evaluations were performed to
determine the parameters to be evaluated during the bench-scale testing.

The 254-nm UV light source was a Mineral ight Lamp model R-520 manufactured
by UVP Inc. The light flux was quantified utilizing a Spectroline model DM-254N
UV meter by Spectronics Corporation and was determined to average 5-mW/cm" during
experimentation. The UV lamp was enclosed in a cardboard box to limit personnel
exposure. The ozone was produced by an Airox Ozonator model C2P-3C-2 by
Pollution Control Industries, Inc. The ozone was introduced using the delivery
end of a disposable polyethylene pipette connected to the source and was not
quantified. The stock H120 was 30% by weight and was diluted to -1-3% upon
mixing with solutions containing DNT. The UV experiments were conducted
utilizing I-crr pathlength quartz cells from various vendors. The ozone and H20,
experiments were conducted in small quartz test tubes.

Table 8 contains the results of the experiments and represents DNT
concentrations in relation to duration of exposure to the various treatment
methods. UV, ozone, and 10, exposure was ineffective *as can be observed from
table 8. The combination DV/H2 O resulted in a significant improvement in DNT
degradation; however, UV/ozone resulted in nearly complete degradation after 5
min of exposure. Finally, UV/ozone was applied to actual water dry wastewater
which resulted in degradation at a lower rate. This was expected since the
wastewater contained additional components that would compete for the hydroxyl
radicals.
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The results (table 14) of the testing concluded that the combination of UV
light and ozone destroyed the ONT and this approach should be further
investigated in the bench-scale studies.

Granular Activated Carbon Isotherms

Adsorption isotherms were developed for removal of 2,4-DNT from WD
wastewater, solvent-fortified WD wastewater, and BWTP effluent by FS-400
activated carbon.I

Optimization of Adsorption Time

Before isotherms could be conducted, the time of contact between DNT
and FS-400 had to be determined. Six samples of -20 mg of FS-400 were weighed.
To each sample 100 mL of a known DNT concentration was added. Each sample was
shaken on an orbital shaker at 200 rpm. Samples were removed from the shaker at
1-h intervals for 2 h, and 30-man intervals afterwards, until a total time of 240
min had elapsed. Data, shown in table 14 and figure 95 indicate that 2 h of
contact time, with shaking, sufficiently brings the solutions to equilibrium.
However, since the adsorption appeared to be linear from 0 to 2 h, I h was chosen
as the contact time for the isotherms' work which resulted in approximately 50%
of the total adsorption.

Isotherms

Adsorption isotherms were determined by adding increasing amounts of
FS-400 to a solution of WD wastewater. After the 1-h contact time, the liquid
was removed from the bottle, filtered, and analyzed for DNT content by HPLC. A
sample of the DNT solution that had not been in contact with FS-400 was analyzed
to determine initial concentration. The amount of DNT adsorbed by each gram of
FS-400 in the i-h period was determined and plotted versus final DNT
concentration on a log-log scale. The maximum carbon adsorptive capacity
extrapolation of the regression line intersection with the initial concentration
of the DNT solution) would be -200 mg DNT per gram of FS-400 for 1-h contact
time. The adsorption isotherms for this WD wastewater are presented in figure
96, and the raw data in table 16.

Additionally, an isotherm was established for the same WD wastewater
with -1.5% alcohol and 0.6% ether by weight. The addition of these solvents to
the water was to provide indication of the competition for adsorptive sites of

-the three compounds. The experiment was conducted in the same manner as the
previous work and indicated that the maximum carbon adsorptive capacity would be
--100 mg DNT per gram of FS-400 in 1 h. The data are presented in table 17 and
-the isotherm in figure 97. The reduction in ether concentration observed
indicates that preferential adsorption of ether may be occurring.
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Finally, the isotherm for a sample of BWTP effluent (collected on 9-
11-90) with DNT added was determined. The ONT concentration was less than 2.0
mg DNT/L since the wastewater characterization section indicated that the plant
effluent rarely exceeded this concentration. The data are presented in table 18
arid the isotherm in figure 98. It is obvious that the maximum carbon adsorptive
capacity is greatly decreased, and appears to reach a maximum of about 1.8 mg
DNT/g FS-400 in the 1-h of contact time.

In summary, the maximum carbon adsorptive capacity of about 200 mg
DNT/g FS-400 in 1-h contact time was seen in the WD wastewater with no additional
solvents added. Since -50% of adsorption occurred in I h, DNT loading was
estimated at 400 mg ONT/gm of FS-400 carbon. This was reduced -50% when exposed
to high solvent concentrations. Additionally, the BWTP effluent showed a DNT
adsorptive capacity, which was significantly reduced because other organics
competed for adsorption sites.

BENCH-SCALE EVALUATIONS

A test plan was developed for the UV/ozone and GAC bench-scale evaluations
(appendix A) to isolate and vary individual parameters to define optimum
operating conditions. The biological evaluation was continued without a test
plan since the principal objective was to develop microorganisms on an RBC which
could utilize DNT and optimization was beyond the scope or funding of this
effort.

Biological

A schematic of the bench-scale unit is presented in figure 99. The bench-
scale RBC consists of nineteen 9-in. diameter by 1/4-in. thick discs mounted on
a horizontal shaft which rotates through a 10-L liquid reservoir containing
wastewater. Rotation is effected by a variable speed motor with controller.
Approximately 40% of the disc surface, to which the biomass growth adheres, is
submerged. As the contactor rotates through the wastewater reservoir, it is
alternately contacted with air and the wastewater contained in the reservoir,
resulting in the biological reduction. Four stages are separated by bulkheads,
each of which has a 1-in. diameter hole located near the bottom to provide for
continuous flow through the reservoir. Following the fourth stage a weir is
provided for wastewater containment and effluent overflow from the final
compartment for discharge.

Figure 100 is a photcgraph of the bench-scale RBC during operation. A
closeup of the RBC blomass (microorganisms) is contained in figure 101. An
effluent collector (fig. 102) was utilized to collect and observe what occurred
to the microorganisms after exiting the RBC. .

The RBC was evaluated for a period of 71 days. During this period a number
of adjustments to microbial seed, RBC flow rate, and RBC ONT influent
concentratiors were made which assisted in achieving biodegradation of DNT.
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Continuous influent flow consisted of three individual streams: (1)

simulated wastewater, (2) phosphate feed, and (3) nitrate feed. The three
,streams utilized separate pumping systems to deliver an average composite
:influent during the biodegradation period (days 42 throu.1h 71) comprised of 400
+ 60 mg COD/L, 0.4 + 0.3 mg phosphates/L as "P", and 29 ± 11 mg nitrates/L as

•N. The to influent flow ranged from 35 to 70 mL/min. DNT was added at
"concentrations ranging from 15 to 65 mg ONT/L. The surface area of the RBC discI
is 16.8 ft , which translates to a hydraulic loading of 1.58 gallons per day/ft"
of surface area and an organic loading of 5.3 lb COD per day/1,O00 ft2 of surface
area at a flow rate of 70 mL/min (approximately 2.4-H residence time).
Rotational speed was maintained at 7 rpm which was previously determined to be

the optimum speed to provide sufficient~teration and prevent excessive sloughing
of the biomass from the disc surfaces.

In order to initiate microbial growth on the disc surfaces, the system was
seeded with biomass obtained from the biological wastewater treatment facility.
The reservoir was filled to volume with simulated wastewater containing 100 mg
ethanol/L (carbon source) and supporting nutrients (nitrates and phosphates).
The unit was operated under a static hydraulic load for six weeks (i.e., no
continuous influent feed) until a sufficient growth accumulated on the disc
surfaces to support a continuous influent feed. The system was then converted
to normal operation (i.e., continuous feed) on what was designated day 0.
Sampling of influent and effluent streams was initiated and COD removal
efficiency was monitored observig for stable conditions prior to the addition
of DNT. The flow diagram of figure 99 contains the RBC sample locations. Sample
locations B-i and B-2 are where 20-mL samples were taken for COD, nitrates,
phosphates, and DNT.

On days 20 through 71 the RBC microorganisms were exposed to DNT
concentrations of -18-65 mg DNT/L. Samples of the influent, effluent, and
biomass were analyzed for DNT and DAT (potential end product of bio-
transformation reported in the literature). Previous DNT biological studies and
characterization efforts (wastewater and biomass) performed for this project
involved either dilute or extremely intermittent flows, which may have not
allowed for complete acclimation of the biomass to the DNT. This investigative
method attempted to achieve improved removal efficiency through greater control
of DNT exposure with the RBC.

The COD removal efficiency of the RBC from the beginning to the end of the
evaluation is shown in figure 103. Sampling was initiated after sufficient
microbial mass had developed on the RBC. COD removal efficiency of greater than
90% is usually achievable once the biomass acclimates unless the RBC is disturbed
or toxicity is experienced. As shown in figure 103, the COD removal efficiency
increased from -50. to greater than 90% prior to the addition of DNT at an
influent flow rate of 70 mL/min. The addition of DNT, after 20 days, resulted
in a significant decrease in removal efficiency; however, efficiency increased
until the flow rate was reduced 50% (38 mI/mm) at day 41. After day 50, the

ýremoval efficiency was greater than 90% until the end of the evaluation when a
DNT-alcohol feed pump failure occurred over an estimated two-day period.

The ONT removal efficiency of the RBC is represented in figure 104.
Initial sampling indicates that the DNT may have absorbed onto the RBC biomass

21

!



until a limit was reached and then absorption decreased (day 21). On day 29, the
RBC was reseeded with fresh microbial mass from the wastewater treatment facility
in an attempt to increase microbial degradation of DNT (since natural selection
may have eliminated the ONT degrading microorganisms during the six-week
development stage). DNT removal efficiency increased only slightly over the next
12 days; therefore, doubling the residence time by (decreasing the flow rate to
38 mL/min) was evaluated starting on day 41. Doobling the residence time of the
RBC to allow a longer time period for biodegradation resulted in a significant
increase in the removal efficiency of ONT from the simulated wastewater. DNT
removal of 100% was achieved with -26.5 mg DNT/L in the influent until the
influent concentration increased (50%) to 39.2 mg DNT/L (day 48). The
microorganisms were in the process of acclimating to the increase in DNT
concentration when a four-hour power failure occurred (day 49) and allowed thp
system to become anaerobic. The effects of a system becoming anaerobic cannot
be determined since the power failure occurred prior to a weekend when no
sampling was performed. By day 53 the microorganism had recovered and 100% DNT
removal was again achieved. On day 54 the flow rate was increased to 50 mL/min
'S6% of original) which resulted in a temporary decrease in removal efficiency
for DNT. Examination of the HPLC chromatograms on day 57 revealed the presence
of unknowns in the effluent. On day 62, the flow rate was increased to 75 mL/min
and 100% DNT removal was briefly achieved prior to a major system failure which
starved the microorganisms for several days. During days 67 through 71, the
microorganisms attempted to recover while the concentration of influent DNT was
increased from -18.6 to 36.8 mg DNT/L.

Photographs of the biomass (microorganisms) during the process of
acclimation were taken. Figures 105 and 106 are photographs of the biomass in
each of the four stages of the RBC on day 26. Figures 107 and 108 are
photographs of the biomass in each of the four stages of the RBC on day 35.
Figure 109 has photographs of the biomass from a container placed at the effluent
end of the RBC where DNT degradation was first confirmed. As can be observed,
the biornass appears to become more fibrous as acclimation occurs.

From these experiments, RBC microorganisms with an influent concentration
in the range of 15 to 65 mg DNT/L supplemented with an organic energy source
(ethyl alcohol), nitrates, and phosphates; successfully blodegraded DNT but was
unstable over time. During the process of acclimation, the biomass appeared to
become more fibrous. However, with significant influent fluctuations (hydraulic
flow and DNT concentration) in the process, the decomposition rates decrease as
observed in both the bench-scale RBC and the plant scale RBC. This may indicate
that the organisms require further control of biological conditions or that I
biotransformed products may be toxic to the biomass under certain conditions.

UV/Ozone

A Normag photoreactor was utilized for these bench studies to evaluate
degradation of DNT (fig. 110). The Normag photoreactor was selected as the most
compatible equipment due to the ability to add ozone, provide constant agitation,
control temperature, and irradiate the sample with different types of UV
radiation while withdrawing samples as the reaction proceeded.
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The dimensions of the reactor were: 700-nm height, 260-mm width, and 100-nm

depth. The 350-400 mL capacity reactor uses forced liquid circulation with a
glass pump and Hostaflon-coated pump rotor. The reactor required modification
to improve circulation and sampling which resulted in a larger reactor volume as
will be detailed later. The gas exiting the unit was bubbled into water to
reduce any emission of ozone into the laboratory. The jacketed reaction ves;el
permitted cooling of the solution being treated.

Two types of UV radiation sources were utilized with the Normag
photoreactor. The mercury low-pressure lamp was used to produce intense
radiation at the 254-nm mercury-resonance line. The mercury high-pressure lamp
emitted in the short-wave UV region from aboit 240-nm to well into the visible
range; the strongest line was 366-nm.

The ozone was produced using oxygen flowing through an Airox Ozonator model
C2P-3C-2 (Pollution Control Industries Inc). The ozonator was designed to
deliver -1.5 to 0.6% ozone by weight at respective flow rates of 5 to 15 SCFH
(higher flow rates diluted the ozone); however, laboratory analysis indicated

ozone concentrations of 0.47, 0.30, and 0.23% at respective flow rates of 5, 10,
and 1S SCFH.

Figure III contains a photograph of the assembled bench-scale UV/ozone
reactor. Figure 112 contains (from left to right) the ozonator, the high
pressure mercury bulb power supply, and the low pressure mercury bulb power
supply. Figure 113 contains (from left to right) the high pressure mercury bulb,
the low pressure mercury bulb, and the coolinG jacket for the UV bulbs.

Synthetic wastewater was evaluated initially to separate and quantify the
effects of several parameters which would be difficult to quantify in actual
wastewater (table 19 and Appendix A). Tests 1 through 12 varied only the
addition of ozone. This was to evaluate the effect of different flows of ozone
which could assist in designing treatment facilities that maximize ozone addition
since some locations inay contain low quantities of organics. Tests 13 through
15 were designed to evaluate the effects of the high pressure lamp to compare its
effectiveness ir. relation to the low pressure lamp. Tests 16 through 27 were
designed to evaluate the effects of solvents on UV utilization and ozone
consumption. Tests 28 through 30 and five additional tests were performed to
determine design requirements for treatment facilities and to provide data for
economic analysis based on actual wastewater.

Synthetic wastewater was prepared by mixing 100 mg DNT/L in distilled
water. During initial testing and modification, the Normag photoreactor was
determined to have a 410-mL capacity for the reactor. The selected UV bulb (two
options) were inserted and the ozone generator (three flow rates) precalibrated
prior to operation. The glass pump with the Hostaflon-coated rotor was started
in addition to a second recycle support circulating pump (installed during
debugging). Both the photoreactor and the ozone generator were started at time

-0; collection times were varied in an attempt to minimize the loss of reactor
volume. Upon completion of testing on synthetic wastewater, testing was
performed on actual WD wastewater utilizing optimum conditions.
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Figure 114 contains a flow diagram of the UV/ozone reactor and the sample
locations. Sample location UV-1 is where -2-mL samples were taken at various
time intervals of 0 (blank), 1, 5, and 10.0 min during Test Plan tests I through
27 (synthetic wastewater). The time intervals varied during wastewater testing
to determine the quantity of UV/,ozone required for complete destruction of DNT.
Sample location UV-2 is where ozone flow rates were monitored and concentrations
determined.

The HPLC method was used for the detection of ONT and potential by-products
(Appendix 8). Wastewater samples were diluted 50/50 with methanol to dissolve
any particulate DNT and filtered to remove any additional suspended matter and
stored at room temperature for no more than 3 h. A series of ten standards from
0 to 200 mg DNT/L were prepared for calibration of the HPLC. After calibration,
samples were analyzed with a final calibration check.

Several of the problems encountered with the Normag photoreactor during
debugging were corrected by: (1) constructing a second pump recycle loop to
improve reactor circulation, (2) performing adjustments to the air driven
magnetic drive agitator to compensate for pressure drops that occurred at
building 4703, (3) reducin -.. ,ple volume (2-3 mL) and flushing prior to sampling
(2-3 mL) by collecting samples off the second pump recycle loop, (4) reducing the
number of samples taken to minimize the loss of reactor liquid, and (5) modifying
the off-gas port to eliminate the loss of -40% of reactor liquid during the
bubbling that occurred during ozonation.

Synthetic wastewater experiments (Test Plan tests 1 through 27) wkre
performed with the exception of tests 16 through 18 (table 19). These tests (16
through 18) were eliminated since prior tests indicated that ozone was required
for DNT degradation. Five additional experiments were performed on the
wastewater prior to tests 28 through 30 in order to develop optimum operating
conditions. Finally, tests 28 through 30 evaluated different wastewaters at
these optimum conditions.

Tests I through 12 (fig. 115) evaluated the quantity of ozune fed to the
reactor by varying the flow rate of ozone. (Notes: (1) all UV/ozone data is
contained in Appendix C, (2) the first min of each evaluation was excluded from
calculations to provide time for ozone to reach the reactor and the output of the
UV bulb to stabilize, and (3) the 100 mg DNT/L initial samples were near
saturation concentration which resulted In a variance for HPLC analysis.] No
significant difference in degradation can be observed during the 10-min reaction
period othe, than ozone being required for the reaction to proceed. Comparison
of tests 7 through 9 and 13 through 15 (fig. 116, indicates that 254-nm radiation
is more effective since ozone flow was maintained at 10 SCFH while the high and
low pressure bulbs were co~wpared. Tests 4 through 6 and 19 through 21 compared
the effect of the addition of -4% solvents (2% ether, 2% alcohol) on degradation
efficiency. The differences in these tests (fig. 117) do not appear to be
significant at an ozone flow of 5 SCFH. Cursory measurement of COD during
experimentation indicated that rapid stripping of the solvents occurs due to gas
flow from ozonation. Figures 104 (comparison of tests 7 through 9 to 22 through
24) and 105 (comparison of tests !0 through 12 t- 25 through 27) also compared
the effect of the addition of 4% solvents at flow rates of 10 and 15 SCFH. In
figure 118, DNT appears to be removed at a higher rate with the addition of
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solvents. However, technical difficulties invalidated the results of the
addition of solvents at 15 SCFH.

A sample containing 25 mg ONT/L was treated with UV radiation and a flow
rate of 5 SCFH for ozone addition (fig. 119) for 10 min prior to the wastewater

Sexperiments to estimate the rate of DNT removal in the reactor. The removal of
5.46 mg DNT was accomplished from I to 10 min (0.61 my DNT/min). This number was
utilized to estimate the time required for complete degradation of DNT in

.wastewater.

Wastewater experiments were performed over extended periods of time to
achieve a better understanding of the quantity of radiation and ozone required
to achieve complete degradation of the DNT. The first wastewater experiment was
for 120 min (fig. 120) which resulted in a reduction from 106.3 mg DNT/L to none
detected during the period 5 to 120 min (destruction rate of 0.92 mg ONT/min).
Figure 121, contains the results of varying the flow rate of ozone to the
reactor. As reported previously, ro significant difference was observed (-0.8
mo DNT/min was destroyed for all ozone flows rates).

I Since the molar concentration of ozone for the various flow rates was
similar due to dilution of the ozone at the higher flow rates, the most
economical condition 5 SCFH was chosen for the final tezts (tests 28 through 30).
The wastewater for the first test was a mixture of LKL (primary) and M6

rlati,. The wasteate for the secod test was a mixture of M6 (primary)
and LKL propellant formulations. The differences of DNT concentrations for these
wastewaters are shown in Appendix C. The third came from the effluent of the
BWTP and even though the experiment resulted in complete removal of UNT, the
results cannot be quantified due to the effects of high solids in the effluent
wastewater interfering with reactor circulation. Figure 122 contains the results
of the first two tests. Over the extended period of time, all of the DNT was
removed at an average rate of 0.56 mg DNT/nin. It should be noted that the
efficiency of DNT removal decreases as the corcentration of DNT decreases in the

I liquid.

Since the curve represented in figure 122 is approximately exponential, a
first order plot of the data from the wastewater experiments during the period
5 to 245 win is represented in figure 123. Therefore:

dc

and

In( C/CO) -- Kob,,,t

Vhere C and C" are the instantaneous and initial concentrations of DNT and Kb
is the observed first-order rate constant.
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Linear estimation of the line indicated a rate constant (slopp) of -
0.0161/min and a y-intercept of 0.19 with a correlation coefficient of 0.98.

Figures 124 through 129 represent the HPLC chromatograms for test 29 of the
Test Plan. In figure 124, prior to the addition of UV/ozone, ONT is observed
with a retention time of 5.73 min. After 5 min of exposure (fig. 125), by-
products are observed at retention times of 1.41, 3.35, an 3.71 rmin in addition
to the DNT peak. At 65 min of exposure (fig. 126), the same peaks are observed
in different proportions. A new peak appears at a retention time of 4.34 min at
125 min of exposure (fig. 127). At 185 min of exposure (fig. 128), new peaks
appear at 1.91 and 4.21 min retention times. After 245 min of exposure (fig.
129), the DNT and essentially all of the peaks have been eliminated.

By combining a Normag photoreactor and an Airox Ozonator in conjunction
with several modifications, degradation of ONT and several unidentified by-
products was achieved. It was determined that both UV radiation (254-nm) and
ozone (5 SCFH) provided optimum conditions required for the reaction to proceed.
Though the ozonator did not generate the prescribed concentration of ozone, data
was generated that can be utilized for economic analysis. The results indicate
that the DNT destruction rate is directly proportional to the quantity of UV
radiation received by the sample. Additionally, since molar concentrations of
ozone delivery was similar for all flow rates evaluated, further increases in the
ozone flow rate was ineffectual in increasing the decomposition rate.

GAC Column Study

A single column length of 20 in. w*as utilized for the establishment
of adsorption characteristics of actual wastewater. Figure 130 contains a
photograph of the bench-scale GAC column and its support equipment. A 1-in.
diameter Pyrexs-type glass GAC column was utilized with a measured void volume
of 228 cc. A peristaltic pump was utilized for transfer of the influent to the
column. The influent was stored in a 55-L tank while the effluent was collected
by a fraction collector. The fraction collector consisted of 28 500-mL bottles.
Connections between the components were made with Tygons tubing.

Figure 131 contains a flow diagram of the GAC column and the effluent
sample location (C-I). A daily sample was collected of the effluent along with
a sample of the influent tank to quantify DNT adsorption. Additionally, flow
rate and time were recorded. At sample location C-1, fractions of effluent were
collected by the fraction collector until DNT was detected above the 0.5 mg/L
threshold. This was accomplished by allowing the sample collector to collect
effluent for one to three days and utilize up to all of the 28 500-mL bottles
while processing the wastewater through the column. These bottles were labelled
and the last bottle sampled and analyzed. If no DNT was detected, no further
analysis was performed. When DNT was detected at breakthrough, all the bottles
were analyzed until at least two adjacent bottles contained no DNT.

FS-400 GAC trom the Calgon Carbon Corporation was utilized for the
adsorption studies. The FS-400 has a density of 2.3 g/cc and a packing density
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of 0.4 to 0.7 g/cc. Measurement indicated that the carbon had a void volume of
69.7%. The actual weight of the carbon in the column was determined to be 108.4

• carbon per 20 in. of height in the 1-in. column. Actual WD wastewater was
utilized for the GAC column studies which contained DNT, ether, alcohol, and
traces of DPA.

l The proposed operating conditions (flow rate, total volume, and
direction of flow) for the GAC tests are presented in table 20 from the Test
Plan. Originally, six GAC column tests were proposed; however, only one test was
completed due to the extensive time required to operate the column with actual
wastewater. The GAC was backwashed with twice the bed volume of distilled water
(-24 h) prior to testing to remove all fine particulate, air pockets, and
stratify the carbon bed. After backwashing the GAC, actual WD wastewater was
utilized to saturate the GAC. The reservoir was filled with the wastewater and
continually replenished during the evaluation. The initial flow rate for the GAC
studies was 3 mL/min; however, this flow rate was later increased to as great as
16 mL/min so that the minimum of four bed volumes/h could be processed. The
influent pump was adjusted to control the flow to the column and a needle valve
at the base of the column was adjusted to control the elution flow rate of the
column. Finally, the fraction collector was operated to collect 500-mL samples
until completion of the evaluation. Column loading was accomplished via
downflow.

Additional testing was performed to determine if the solvents
normally present in the wastewater streams could remove DNT from GAC or affect
its adsorption capacity for DNT during intermittent high concentrations. To
evaluate whether the solvents could desorb DNT, -4.0% solvents by wt (estimated
maximum that the carbon would be exposed to) were processed through the column
after DNT breakthrough.

1 The analytical method that was used for the eetection of DNT and
potential by-products (Appendix 8) utilized HPLC as previou.;ly detailed for the
UV/ozone section. This same criteria was followed with the exception that the
3-h holding time for samples had to be extended to roughly 8 h to permit the
laboratory time to process the quantity of samples generated.

I During the GAC bench-scale evaluation, breakthrough occurred after
70 days. Table 21 contains daily influent and effluent sample analysis prior to
breakthrough of the ONT through the column. The total volume processed was
330.5 L. The influent contained an average of 197.8mg DNT/L. This resulted in
a DNT loading of 65.4 g on 108.4 g of carbon, or 60.3 g ONT/100 g activated
carbon. The Influent concentration of ether was 68.0 + 81.7 mg/L, while the
effluent was 26.6 + 38.1 mg/L. The influent concentration of alcohol was
584.5 ± 925.2 mg/L, while the effluent was 699.0 ± 910 mg/L. Traces of DPA were
occasionally noted in both the influent and effluent. No DBP was observed in
either the infuent or effluent.

Table 22 contains the breakthrough data of DNT from the column. The
500-mL, first bottle after b,-eakthrough, cootaired 3.4 mg DNT/L, no ether, and
240 mg alcohol/L. Approximately 22.35 L of influent were processed which

'contained an average of 278.6 mng DNTL 300 mg alcohol/L, and 250 mg ether/L.
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DNT concentration increased to 17.8 mg ONT/L while the effluent concentration of
alcohol and ether were 250.4 ± 61.5 mg/L and 30.6 ± 37.5 mg/L, respectively.

After DNT breakthrough (day 71), solvents were added to assess the
effect of desorption. Approximately 10.55 L of influent was processed which
contained an average of 236.4 mg DNT/L, 13,125 ffg alcohol/L, and 2,165 mg
ether/L. ONT effluent concentration immediately increased to 25.9 mg DNT/L with
the first bottle, fluctuated, and increased to 39.8 by the end of the period.
The effluent concentration of alcohol and ether were 1:.,090.4 ± 724.0 mg/L and
I,C56.4 ± 691.0 mg/L, respectively.

On day 73, the solvent concentration was decreased. Approximately
16.33 L of influent were processed which contained an average of 235.9 mg DNT/L,
6,520 mg alcohol/L, and 42.5 mg ether/L. ONT effluent concentration momentarily
dropped to 35.4 mg DNT/L with the first bottle, and increased to a peak of 140.4
mg DNT/L and ended with a concentration of 113.4 mg DNT/L by the last bottle
confirming the desorption effects observed with the isotherms. The effluent
concentration of alcohol and ether were 6,496.1 ± 751.3 mg/L and
328.4 ± 300.2 mg/L, respectively.

Therefore, the column study utilizing actual wastewater achieved 60.3
mg DNT/100 mg carbon compared to 80% reported in the literature for pure water.
Additionally, the effects reported from the isotherins for solvents were also
observed. .1

ECONOMICS

Application of the particular treatment methodology for DNT wastewater
abatement could be performed at three locations: (1) at the sites where the
wastewater is generated (SR, WD, wet screening, and coating), (2) at collection
points prior to the BWTP (MH 32 and 36), or (3) after the BWTP. Treatment at the
sites would involve installation and maintenance of numerous facilities which
would therefore be expensive to both install and operate. Treatment at
collection points would reduce the quantity of wastewater for treatment, require
at most only two treatment plants, and provide equalization of flow and
concentration of contaminants. Treatment after the BWTP poses several difficult
problems. First, the quantity of wastewater for treatment is -5 times greater
than the quantity at MH 32 where 90% of the DNT wastewater is generated.
Secondly, the residual biomass and COD present in the BWTP effluent interferes
considerably with the treatment process. Adsorption isotherms indicated that the
competition for sites on the carbon did not permit the DNT to be fully removed
after 1 h (0.5 mg/L remained), nor did it permit high removal (-2 mg/g carbon).
With UV/ozone, settling for 30 min did not reduce the'remaining quantities of
biomass and COD to permit proper circulation in the reactor which prevented
determination of the quantity of UV energy and ozone required for degradation
(however, complete degradation was achieved).

An economic evaluation was performed utilizing collection of wastewater at
MH 32. A rough order of magnitude (ROM) operating cost was performed for the
technologies evaluated on the bench-scale level. As previously reported in the
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Wastewater Characterization section, this location currently averages 180,000
gal ./day of wastewater containing 9.8 kg DNT/day. The following data can be
scaled-up to handle mobi!"zation requirements.

I
BiologicalI

The bench-scale RBC utilized wastewater which contained alcohol (energy
source), phosphates, nitrates, and DNT. Implementation at MH 32 would involve
possibly the addition of nitrates and phosphates and the energy source would be
at least partially provided by the ether and alcohol in the wastewater (these
parameters would have to be furthev defined). Biological treatment generally
costs $0.13/1,000 L or $0.49/1,000 gal. 20  Utilizing these numbers, the daily
biological treatment cost would be $88.57 (the treatment costs were not
calculated from the limited bench-scale evaluation since the reference provided
known treatment costs for full-scale biological wastewater treatment facilities).

UV/Ozone

The Normag photoreactor utilized a 15-W bulb to generate 1.82-W (measured)
of 254-nm radiation (output efficiency - 12.13%) after passing through the
cooling jacket. The estimated quantity of radiation that the liquid in the
reactor received after compensating for the portion of output not utilized was
1.19-W (received efficiency - 7.93%). Degradation of 137 mg DNT occurred in -0.4
L of wastewater over a period of 240 min. The current estimated cost of
electricity at RAAP is $.035/kWh. These figures result in an estimated cost of
$372.40/day for electricity or $2.07/1,000 gal. of wastewater. If the 7.9% UV
output is adjusted to 20% for typical low pressure mercury bulbs, the costs are
$149/day or $0.83/i,000 gal. of wastewater. It was calculated that 3.76 g of
ozone was required during the 240 min of UV exposure to treat a DNI concentration
of 137.4 mg DNT/h. Treatment of 9.8 kg of DNT would require 267.5 Kg ozone/day
or 588.6 lb/day. If 7 kWh of electricity is required to produce a lb of ozone,
this results in a cost of $144/day or $0.80/1,000 gal of wastewater. Therefore,
the combined UV/ozone cost for treatment of DNT wastewaters ,t MH 32 is $293/day.

GAC

Since the adsorption results differed for the isotherms (0.4 gm DNT/gm
carbon and 0.2 gm DNT/gm carbon when a high concentration of solvent (COD) was
present) and the column study (0.6 g DNT/g carbon), 0.3 g DNT/g of FS 400 carbon
was arbitrarily utilized for the economic analysis to conservatively represent
any losses in efficiency during production operations. This would utilize the
higher adsorption observed by the column (-60%) and the 50% reduction of
adsorption due to solubilization of ONT by the solvents observed by the
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isotherms. The cost of FS 400 in the range of 10,000 to 30,000 lb is $1.28/lb.
Wastewater containing 9.8 kg of ONT would require 71.9 lb of carbon at this rate,
or $92.03/day. Assuming that the carbon can be recycled, this estimated cost is
$0.60/lb (based on previous regeneration of GAC for red water and consultation
with the vendor) or and additional $43.14/day. Unfortunately, no estimate can
be made on the operating cost of processing the carbon. Ignoring the operating
cost, it is estimated that the cost of carbon is $135.17/day or $0.75/1000 gal.

HAZARDS ASSESSMENT

A preliminary hazards assessment was performed on UV/ozone and GAC for this
project and a report was prepared by the RAAP Hazards Analysis department
(Appendix D). Safety precautions were identified and recommendations are
presented and discussed in the report.

CONCLUSIONS

1. New Federal and State regulations will necessitate the implementation
of dinitrotoluene (DNT) abatement.

2. Four formulations of single-base propellant contain DNT and one
formulation requires coating with DNT.

3. The water dry (WO) contributes 75% of the DNT; while wet screening
(WS) and solvent recovery (SR) contribute 18 and 7%, respectively.

4. The biological wastewater treatment plant is estimated to degrade 98%
of the ONT, but excursion periodically occurs.

5. Manhole (MH) 32 provides a cost effective treatment site to intercept
and treat -90% of the DifT-containing wastewaters (WO and WS). If the BWTP fails
to treat the remaining quantity, MH 36 may be connected to a DNT wastewater
treatment facility at MH 32.

6. Little or no DNT bioaccumulation was observed during biological
experiments.

7. DNT did not demonstrate toxicity to acclimated biomass.

8. The DNT was subsequently biodegraded with -6-9 by-products being
observed by high performance liquid chromatography (HPLC) analysis. The identityand concentration of each by-product were not determined since these materials1
were further decomposed.

9. No 2,4-diaminotoluene (the reported end product of biodegradation of
DNT) was detected during the biological experiments.
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10. Though still not fully developed biological degradation achieved 100%
degradation with a residence time of 2.4 h.

11. The biodestruction of DNT is not fully understood. Stability and
by-product toxic effects, if present, require further investigation.

I12. UV/ozone and GAC were effective in ONT abatement.

13. The cost of UV/ozone may have been negatively impacted due to the
ozonator not operating as designed.

14. The study indicates that granular activated carbon (GAC) adsorption
is a very effective method for DNT abatement. However, the carbon must
subsequently be regenerated which adds to the treatment cost and safety concerns.

RECOMMENDATIONS

1. Utilize GAC as a short-term approach to meeting regulatory
requirements since this technology is developed, reliable, and essentially
available off-the-shelf.

1 2. Perform pilot-scale studies orn UViozonation to further establish
optimum operating parameters and assess economics.

S3. Perform further research on biological degradation of DNT to further
develop technology and reduce risks of implementation.

!
I

I
I
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LIST OF ABBREVIATIONS, ACRONYMS, AND SYMBOLS

Term Definition

DNT 2,4-dinitrotoluene
WD Water dry
SR Solvent recovery
WS Wet screening
CO Coating operation
RBC Rotating biological contactor

Biological treatment plant
UV Ultraviolet radiation

Ozone
H 20 Hydrogen peroxide
GAC Granular activated carbon

Biological degradation
RAA P Radford Army Ammunition Plant
AD Air dry
Ether Ethyl ether
Alcohol Ethyl alcohol
COD Chemical oxygen demand
DPA Diphenylamine
DBP Dibutylphthalate
NnDPA N-nitroso-diphenylamine
HPLC High performance liquid chromatograph
BOD5 Five-day bioloqical oxygen demand
TSS Total suspended solids
SO 4  Sulfates
N Nitrogen
MH Manhole
4A 4-amino-2,6-dinitrotoluene
2,4DA 2,4-diamino-6-nitrotoluene
4,4'Az 2,2',6,6'-tetranitro-4,4'-azoxytoluene
4HA 4-hydroxy amino-2,6-dinitrotoluene
2A 2-amino-4,6-dinitrotoluene
2,2'Az 4,4',6,6'-tetranitro-2,2'-azoxytoluene
TAT 2,4,6-triaminotoluene
2,6DAT 2,6-diaminotoluene
2A4NT 2-amino-4-nitrotoluene
4A2NT 4.amino-2-nitrotoluene
2NO4NT 2-nitroso-4-nitrotoluene

* 4NO2NT 4-nitroso-2-nitrotoluene
2,2'-dinitro-4,4'-azoxytoluene
4,4'-dinitro-Z,2'-azoxytoluene
4-acetamldo-2-nitrotoluene
4-methyl-3-nitroaniline
2-methyl -5-nitroanil ine
2,4-dinitrobenzoic acid
2-amino-4-nitrobenzoic acid
2,4-dinitrubenzyl alcohol
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Te-m Definition

2,4-dinitrobenzaldehyde
Benz (a) anthracene-7,12-dione
1,3-dinitrobenzene
hydroxynitrobenzene derivatives

cc Carbon dioxide
Water

H40 Nitric acid
PAR~ Powdered activated carbon treatment
WAO WeL air oxidation
TNT Trinitrotoluene
nm Nanometer
FS Filtrasorb
ROM Rough order o, magnitude
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Table 15. Optimization of time

Concentration % Concentration
Time (min) WH FS-400 (mg)__ (mg/L)* remaining

0 --- 219 100

60 20.3 177 80.8

120 22.6 138 63.0

150 21.6 151 68.9

180 26.0 151 68.9

210 20.7 132 60.3

240 20.5 133 60.7]

*All concentrations have been normalized to reflect adsorption by a
20-mg sample of FS-400.

Table 16. Adsorption isotherm for water dry water

Final concentration X/M
Wt FS-400 (g) DNT (mg/L) (mg DNl/g FS-400)

--- 229 ---

0.0257 177 202.3

0.0521 138 174.7

0.0774 100 166.7

0.1038 70 153.2

0.1286 60 131.4

0.1606 33 122.0

0.2019 10 108.5

0.2512 7 88.4

I

I



Table 17. Adsorption isotherm for solvent-fortified water dry water

Wt. FS-400 X/M
(g) Ether, % Alcohol (%) DNT (mg/L) (mg DNT/g FS-400)

--- 0.610 1.485 168 ---

0.0304 0.303 1.466 154 46.1

0.0496 0.339 1.458 118 100.8

0.0776 0.389 1.457 93 96.6

0.0993 0.381 1.461 72 102.9

0.1245 0.310 1.466 44 99.6

0.1503 0.?18 1.459 38 86.5

0.2078 0.320 1.482 17 72.7

0.2506 0.237 1.490 I 10 63.0

Table 18. Adsorption isotherm for plant effluent with DNT

Wt. FS-400 (g) DNT (mg/L) X/M
(mg DNT/g FS-400)

1,327 --- -

0.0116 1.123 1.759

0.214 1.021 1.430

0.0321 0.802 1.636

0.0507 0.502 1.627
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Table 19. Test mtrix 'or OT d1radation by Mfozonatro

Desired DwT Ozone flow rate
Test No. conc (mg/L) LN bulb type (SCPF) SoLvents in water (wt %)

1 100 Low 0 0

2 100 tow 0 0

3 100 tow 0 0

4 100 tow 5 0

5 100 tow 5 0

6 100 tow 5 0

7 100 tow 10 0

8 100 tow ¶0 0

9 100 tow 10 0

10 100 tow 15 0

11 100 low 15 0

12 10C tow 15 0

132 100 high 10 0

142 100 high 10 0

152 100 _ ¶i7h i0 0

16 100 opt ituP 0 2.0 wt Z other, 2.0% ethyl alcohol

17 100 optiniur 0 2.0 wt % ether, 2.0% ethyl alcohol

18 100 opt ihnfJ 0 2,0 wt X ether, 2.0 ethyl alcohol

19 100 opti. wr. 5 2.0 wt % ether, 2.0% ethyl atcohol

20 100 opti 5 2.0 wt % ether, 2.01 ethyl alcohol

21 100 Optimup 5 2.0 Ut % ether, 2.0. ethLt alcohol

22 100 optimumr 10 2.0 Ut % ether, 2.0% ethyl alcohot

23 100 optimum 10 2.0 Ut % ether, 2.0% ethyl tlcohol

2__ -- 100 opti"5Y 10 2.0 wt % ether, 2.0% ethyI alcohol

25 100 aptim. 15 Is 2.0 wt Z ether, 2.0% ethyl atcohol

26 100 optiaum I5 2.0 wt % ether, 2.0% ethyl alcohol

27 100 aptlmM 15 2.0 wt % ether, 2.0% ethyt alcohol

28 w.stgowter optmi _ _

29 westeweter opti" _ _

s0 wastewater CPOI

'Additlonal testing will be performed as determined necessary for economic
and design requirements

2Testing with the high pressure bulb will be expanded if results are
successful .-
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Table 22. GAC column after breakthrough

i..- ,__ Concentration (m/L)

Run Aliquot Aliquot
day No. vol (L) DNT Alcohol Ether DPA DBP

69' 1 500 3.4 240 NO ND NO

2 500 3.4 230 ND ND ND

3 500 3.2 190 ND ND ND

4 500 4.0 160 ND ND ND

5 500 5.1 200 ND ND NO

6 500 5.1 190 ND ND ND

7 500 5.8 230 ND ND ND

8 500 6.8 310 ND ND ND

9 500 7.4 300 ND ND ND

10 500 8.8 250 60 ND ND

11 500 7.3 240 NO ND NO

12 500 8.9 220 ND ND ND

13 500 11.1 280 80 ND ND

14 500 10.4 290 70 ND ND

15 500 11.3 280 ND ND ND

16 500 10.0 300 ND ND ND -

17 500 8.9 160 ND ND ND

18 500 7.7 310 ND ND ND

19 500 6.6 310 80 ND ND

20 500 4.6 300 ND ND ND )
21 500 5.2 300 60 ND ND

22 500 4.5 320 70 ND ND

23 150* 4.6 290 ND ND ND

70 24 500 4.6 310 90 ND ND

25 500 4.3 280 ND ND ND

26 500 4.8 210 ND ND ND

27 500 5.1 160 ND j NO ND
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Table 22. (cont)

f-

Concentration (m /L)

Run Aliquot Aliquot
day No. vol (L) DNT Alcohol Ether DPA DBP

r 28 500 5.5 210 ND ND ND

"29 500 2.9 190 70 ND ND

_ _30 500 5.5 140 ND ND ND

31 500 6.9 280 60 NO ND

32 500 7.5 300 ND ND ND

33 500 7.7 130 ND ND ND

34 500 8.0 320 90 ND ND

_ _35 500 4.1 280 ND ND ND

36 500 9.4 310 ND ND ND

37 500 9.7 200 ND ND ND

38 500 10.5 190 70 ND ND

39 500 11.7 170 80 ND ND

40 500 12.3 110 80 ND ND

_ _41 500 13.6 320 90 ND ND

42 500 14.8 310 80 ND ND

_ _43 500 14.9 340 80 ND ND

44 500 16.9 290 60 ND ND

45 500 18.4 290 70 ND ND

46 200* 17.7 280 70 ND ND

71b 1 500 25.9 12,750 250 ND ND

2 500 38.0 13,570 1,750 ND ND

3 500 38.5 13,470 990 ND ND

4 500 37.0 13,630 1,060 ND ND

__5 500 38.4 13,540 500 ND ND

6 500 37.5 13,670 1,360 ND ND

I_7 500 38.8 13,790 1,040 ND ND

8 500 38.1 13,860 2,270 ND ND

63
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Table 22. (cont)

I Concentration (mg!L)

Run Aliquot Aliquot
day No. vol (L) DNT Alcohol Ether DPA DBP

9 500 36.2 13,800 1,780 ND ND

10 500 33.4 13,560 1,780 ND ND

11 500 29.2 12,280 290 ND ND

12 500 26.0 12,120 ND ND ND

13 300* 18.11 11,210 110 ND NO

72 14 500 18.8 11,540 1,430 ND ND

15 500 20.0 13,150 1,540 NO ND

16 500 19.7 13,460 1,970 NO NO

17 500 23.2 13,350 1,880 ND ND

18 500 28.1 12,950 590 ND NDND

19 500 29.0 13,200 910 ND ND

20 500 32.1 13,280 1,160 ND ND

21 500 34.5 12,920 460 ND ND

22 250* 39.8 12,890 120 ND ND

73c 1 500 35.4 9,190 490 ND ND

2 500 36.0 6,730 ND ND ND

3 500 38.3 7,170 820 ND ND

4 500 43.0 7,140 700 ND ND

5 500 47.8 7,180 850 ND ND

6 500 55.0 7,090 660 ND ND

7 500 57.6 7,200 840 ND ND

8 500 63.5 7,120 540 ND ND

9 500 64.5 7,070 940 ND ND

10 500 67.2 6,780 540 ND ND

11 500 70.5 6,740 600 ND ND

12 500 74.0 6,780 730 ND ND

13 500 72.3 6,770 480 ND ND
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Table 22. (cont)

Concentration (/L)

Run Aliquot Aliquot
day No. vol (L) DNT Alcohol Ether DPA D BP

14 Soo 76.0 6.870 1,180 ND ND

15 500 80.6 6,690 590 ND ND

16 5U0 82.7 6,560 580 ND ND

17 350* 88.2 6,750 270 ND ND

74 18 500 92.9 6,410 ND ND ND

19 500 92.1 6,360 40 ND ND

20 500 93.5 6,390 420 ND ND

2] 500 101.7 6,460 420 ND ND

22 500 102.2 6,300 210 ND ND

_ _23 500 107.0 --- 400 ND ND

24 500 118.9 6,250 140 ND ND

_25 500 109.3 6,610 490 ND ND

26 500 115.0 6,450 230 ND ND

27 500 105.4 7,050 410 ND ND

28 500 106.0 7,120 340 ND ND

29 500 106.4 7,160 660 ND ND

_ _30 500 95.1 6,860 230 ND ND

31 440* 91.7 6,790 180 ND ND

75 32 500 --- 6,470 80 ND ND

33 500 111.8 6,650 290 ND ND

34 500 117.4 6,390 190 ND ND

35 500 124.4 6,410 ND ND ND

36 500 125.0 6,500 160 ND ND

S37 500 126.5 6,520 110 ND ND

38 500 132.2 6,450 80 ND NO

39 500 130.2 6,?60 ND ND ND

40 500 140.4 6,470 90 ND ND

I
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Table 22. (cort)

Concenetraton m/L)

Run Aliquot Aliquot

day No. vol (L) DNT Alcohol Ether DPA DBP

41 500 136.3 6,410 160 ND ND

42 500 134.6 6,260 ND ND ND

43 500 132.3 5,590 ND ND ND

44 500 133.1 5,570 140 ND ND

45 500 133.2 5,270 ND ND ND

46 500 129.3 4,460 ND ND NU

47 500 122.3 5,110 ND ND ND

48 500 121.9 4.960 ND ND ND

49 500 122.4 5,250 80 ND NDii
50 390* 113.4 5.270. .10 NO

' Period following breakthrough. I
b Solvent addition.
c Solvent reduction.

* Last sample in fracticn collector. 1
I
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TEST PLAN - DNT TREATMENT TECHNOLOGIES

1. Introduction

This Test Plan has been prepared for the U.S. Army Toxic and Hazardous
Materials Agency (USATHAMA) in accordance with Contract Data Requirements
List CORL A0OS under subcontract No. 897-88, PNB 3769-2-A. The objective
of this project is to identify and develop the technology for removal of
dinItrotoluene (ONT) from wastewaters by performing bench-scale testing
of selected technologies (ultraviolet radiation (UV),ozone and granular
activated carbon (GAC)]. This testing will provide economic data for

Scomparison of the two treatment technologies. The work will be performed
by PEI Associates, Inc., with assistance from Hercules Incorporated at
Radford Army Ammunition Plant (RAAP), which will provide the bench-scale
test facilities. The tests will be conducted during the period of April
through June 1990.

1.1 Background

DNT, an ingredient used in the manufacture of single-base propellants, is
a suspected carcinogen and has also been linked to heart disease by some
studies. At present, a central biological wastewater treatment plant is
operated at RAAP for treating wastewaters from propellant, nitroglycerin
(NG), and other nitrate ester manufacturing processes. The NG and
nitrate ester wastewaters are pretreated chemically prior to being
combined with the propellant wastewater and treated biologically. Though
the Virginia St.ate Water Control Board has not established limits on ONT
discharge, monitoring is required and ONT content in discharged
wastewaters must be reported semi-monthly. Additionally, in the March
29, 1990 Federal Register, 2,4-ONT was listed as a constituent hazardous
organic chemical. The level of regulatory concern for 2,4-ONT will be
0.13 mg/L and these requirements must be implemented by September 25,
1990. With recent changes in federal regulations and state requirements
for monitoring ONT In effluents, it is clear that abatement facilities
will become necessary.

A survey of the wastewater collection system was conducted which
identified that water dry water represented the greatest source of ONT
with solvent recovery, air dry, and coating operations providing
additional though lesser amounts.

Analysis of the effluent stream from the biological treatment plant
revealed the presence of occasional concentrations of ONT. Also no
detectable quantities of DNT were found in the biomass.

ONT/blomass studies conducted under laboratory conditions determined that
ONT did not exert a toxic or inhibiting effect on acclinated biomass from
the biological treatment facility. Biomass studies were performed with
two bioreactors; the first bioreactor was not exposed to ONT (blank) and
the second exposed to ONT. Analysis by high performance liquid
chromato~raphy (HPLC) indicated no ONT, bL't the presence of several
transformed by-products from DNT degradation. Toxicity studies were
accomplished with wastewater reSpirorneters measuring biological oxygen
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demand (600) to assess repression of microbial respiration. Little or no
toxicity was observed at concentrations of 100 mg/L. 1
A survey was conducted to identify technologies available for b'th
destruction in wastewaters and ONT removal methods. The decomposition of
ONT and its issociate by-products from various treatment methodologies 1
were reviewed whenever available in the literature. Approximately 50

articles were located and reviewed. Some articles contained little or no
specific information related to DNT; however, they either provided 1
insight into treatment technologies or information on treatment
technologies for similar compounds.

Based on the literature reviewed, the following methods were recommereded
for evaluation: (1) various combinations of UV, ozone, and hydrogen
peroxide treatment since they could provide an economical, easy to
install operation, with low operator involvement; and (?) GAC and
regeneration since laboratory work has demonstrated that GAC is able to

remove ONT from wastewater, and a potential regeneration method could
greatly improve Its economics. Additionally, discussions with various
vendors indicate that GAC was very effective in removing 2.6-DNT from
wastewater.

Laboratory evaluations (performed at RAAP) of the technologies
recommended from the literature review, indicated that bench evaluations
of UV/ozone and biologi-al (RBC) treatment held the greatest potential
for successful and economical treatment of DNT containing wastewaters.
No laboratory work was performed with GAC due to experience gained from
previous projects involving TNT (and ONT as a contaminant).

1.2 Objective

The objective of this task is to continue the development of a technology
for removal of ONT from wartewater through bench-scale UV/ozone and GAC I
tests of these wastes. Specifically, the following items will be
add-essed:

(1) Amount and characteristics of the ONT after treatment. I
(2) Attempt destruction of the by-products detected qualitatively during

HPLC analysis of DNT.
(3) Determine optimum operating conditions for bench equipment utilizing I

water dry wastewater.

RAAP will furnish the ONT wastewaters for these tests. I
2. Technology Evaluations

2.1 Descriptions of Treatment Systems t
UV/ozone

Oxidation is a chemical reaction that either increases the oxygen content I
or reduces the number of electrons of a compound. In wastewater
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treatment, this leads to the destruction of waste compounds by the
formation of new compounds. In a system where complete breakdown occurs,
the by-products are calbon dioxide and water. LIV, ozone, and hydrogen
peroxide are various oxidation agents. UV provides a quantum of
radiation that facilitates the breakdown of molecules by the excitationII
of electrons into less stable electron orbitals, while ozone and hydrogen
peroxide chemically react with the molecules.

A Normag Photoreactor will be utilized for these bench studies (fig. 1).
It has a height of 700-mm, width of 260-mn., and a depth of 100-mm. The
350-400 mL capacity reactor uses forced liquid circulation with a y'ass

.| pump and Hostaflon-coated pump rotor. Liquid above the pump is sucked
down, thrown outwards by the rotor at the bottom of the reactor, forced
up through the riser pipe and fed back to the reaction vessel through the
upper end of the pipe. The formation o- consumption of gas can be
monitored very crecisely in the complftely closcd apparatus. The
jacketed reaction vessel allows exterior heating or coo'Ing.

Two types of UV radiation sources will be utilized with the Normac
photoreactor. A mercury low-pressure lamp will produce intense radiation
at the 254-nm mercury-resonance line. A mercury high-Dressure lamp will
be used to emit tVe characteristic mercury-'Ine system which extends from
the short-wive UV range of about 240-nm to well into the visible range.
The strongast line is 366-nm.

The ozone will be made using oxygen flowing through an Alrox Ozonator
model C2P-3C-2 by Pollution Control Industries Inc.

Synthetic wastewater will be evaluated initially to separate and quantify
the effects of several parameters which would be difficult to quantify in
wastewater (table 2). Tests 1 through 12 will vary only the addition of
ozone. This will assist in designing treatment facilities that maximize
ozone addition since some locations may contain low quantities ot
organics to consume the ozone. Tests 13 through 15 will evaluate the
effects of the high pressure lamp to compare its effectiveness in
relation to the low pressure bulb. Tests lb through 27 will evaluate the
effects of solvents on UV utilization and ozone consumption. Tests 28
through 30 and additional testing will Oettrmine design requirements for
treatment facilities and provice data for economic analysis based on
actual wastewater.

Granular Activated Carbon

Filtrasorb 400 GAC from the Calgon Carbon Corporation wi1i be utilized
for the adsorption studies. A 1-inch d1ameer column (20-inch height)
utilizing water dry wastewater will be used for the GAC column studies.
The column is shown schematically in figure 2. The bed volume in the
column will be designed to achieve a contact time of 30 minutes or
greater. (Note: Isotherms will be performed on each batch of GAC for
comparison purposes.)

The proposed operating conditions (flow rate, total volume, and direction
of flow) for the GAC tests are presented in table 1. The GAC will be
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backwashed with 2y, times the bed volume of distilled water before each
test to remove all fine particulates, air pockets, and stratify the
carbon bed. The proposed exhaustion flow rate for the GAC studies will
be 3 mL/mln. Exhaustion will be performed by downflow. Ar dutumated
sample collector will be used to collect samples. Since the GAC will be
exposed to varying quantities of solvents in the wastewater due to the
processing of different propellant formulations, the exhausted column for
tests I through 3 will be fed a solution containing 4.0 wt % solvents
(2.0% ethyl alcohol and 2.U% ether) to determine if the solvents can
displace the ONT from the GAC. For tests 4 through 6 the GAC will be
exposed to the high solvent concentrations in wastewater to ascertain If
their continuous feed will affect the adsorption of ONT.

2.? Operational Data

UV/ozone

The variables with UV/ozone will consist of the use of two different Uv
bulbs, solvents (ethyl alcohol/ether), collection of samples at various
time Intervals, and periodic assessment oF ozone addition. A
low-pressure mercury lamp will produce 254-nm radiation. A high-pressure
mercury lamp will produce from 240-nm to the visible range. Testing will
be performed without solvents and with solvents (2.0 wt % ethyl alcohol
and 2.0 wt % ether). Tests will be performed utilizing both bulbs, while
samples are withdrawn at various time intervals. The flow rate and
concentration of ozone will be monitored. Additionally, adsorption at
254 nm will be recorded for each wastewater (synthetic or actual) to
quantify the differences in UV adsorption characteristics. Figure 3represents a data collection form for UV/ozone testing.

Activated Carbon

Effluent ONT concentrations, flow rate, and time will be monitored for
the GAC studies. Figure 4 represents a data collection form for the GAC
column studies.

3. Sampling Plan

The primary objectives of these tests are to: (1) determine the
effectiveness of each treatment technology in ONT pollution abotement:
(2) determlne the ontImum operating parameters; and (3) determine the
economics associated with each technology. RAAP will perform all tests
and collect and analyze required samples and operational data as
described herein; RAAP testing fac 4 'ities will be used. This section
describes the bench test program that will be implemented to meet these
objectives.

3.1 Testing Program I
UV/nzone

Synthetic wastewater (optical density at 254 nm will be recorded for
compari son tu actual water dry wastewater) will be prepared by mixing

2^4 4
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I
100 mg/L ON! in distilled water. ihe Mormag photoreactor will be filledIm
with either the synthetic or actual water dry wast!water (350 to 400 mL
capacity). The selected UV bulb (two options) w11i be inserted and the
ozone generator (three flow rates) precalibrated prior to operation. The

glass pump with the Hostaflon-coated rotor will be started. Both the
photoreactor and the ozone generator will be started at time 0. Samples
will be collected at 0 (blank), 0.25, 0.5. 1.0, 5.0, 10.0, and 15.0 min
(see table 2). Upon completion of testing on synthetic wastewater,
testing will be performed on actual water dry wastewater utilizing
optimum destructive conditions.

Activated Carbon

After backwashing the GAC in the column with distilled water, either
actual water dry wastewater or synthetic wastewater prepared by mlxing
100 mg/I. ONT in distilled water will be utilized to saturate the GAC
(tests 1 through 3). A reservoir will be filled with the wastewater and
a pump will meter the flow to the column at 3.0 mL/mln. The GAC will
first be completely immersed in the wastewater. The needle valve of the
column will then be adjusted to allow for the 3.0 mL/min elution flow
rate of the evaluation. A sample collector will be operated to collect
10 mL samples until completion of the evaluation. Additional testing
will be performed to determine if solvents in the wastewater streans
remove DNT from GAC or affect adsorption capacity. To evaluate if the
solvents can desorb DNT, the previously described steps utilizing water
contaiijing approximately 4.0% solvents by wt (estimated maximum that the
cartor. would be exposed to) will be followed. To evaluate the solvents
effeict on adsorption capacity, ()NT and sulverits will b. processed (tests
4 through 6) at the same time utilizing the previously described steps.

3.2 Sampling

UV/ozone

Figure 5 contains a flow diagram of the UV/ozone reactor and the sample
locations. Sample location UV.-l is whe-e l0-mL samples will be taken at
time intervals of 0 (blank), 0.25, 0.5, 1.0. 5.0. 10.0. and 15.0
minutes. Sample location UV-2 is where ozone flow rates will be
collected.

Activated Carbon

Figure 2 contains a flow diagram of the GAC column and the sample
location. Sample location C-I is where 10-mL samples will be collected
by a sample collector until DNT is detected above 0.5 mg/L. This will be
accomplished by allowing the sample collector to fill 20 to 40 test tubes
while processing the wastewater through the column. Thest test tubes
will be labelled and delivered to the Technical Analytical laboratory
where the two tubes sampled last will be analyzed. If no DN! Is
detected, no further analysis will be performed. If DNT is detected,
tubes will be analyzed until at least two adjacent tubes contain no ONT.

2 5I
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4. Analytical Plan

4.1 Analytical Methods

The specific analysis that will be conducted on each sample has been
defined upon review of the analytical results of previous work on this
project and consultation with published literature. The analytical
method that will be used for the detection of ONT and potential
by-products (appendix 1) will utilize high performance liquid
chromatography (HPLC). Wastewater samples will be diluted 50/50 with
methanol to dissolve any particulate ONT and filtered to remove any
additional suspended particulate matter and stored at room temperature
for less than three hours. A series of ten standards encompassing the
range from 0 to 200 mg/L ONI will be prepared for calibration of the
HPLC. After calibration of the HPLC, samples from the evaluations
(UV/ozone and activated carbon) will be processed and followed by a final
check of the calibration with a known standard.

4.2 Quality Control/Quality Assurance (QC/QA)

A variety of quality control samples will be utilizeC throughout the
laboratory testing and analysis process. These samples will utilize
replicates, blanks, and/or spikes to monitor the quality of sample
analysis. At least one blank will be performed on each test.
Additionally, a replicate will be performed for each ten analyses and one
spike will be performed for each ten analyses. Thus, the procedures used
0l1l not adhere to those specified in the "Sampling and Chemical Analysis
Program" of the U.S. Army and Toxic Hazardous Materials Agency (December
19851 guidelines.

Mr. James Heffinger is RAAP's prolect engineer fo, this effort. Mr.
Peter Hartmann is RAAP's Technical Analytical laboratory supervisor and
is responsible for tracking analytical progress and ensuring timely
completion of analysis. Both Messrs. Heffinger and Hartmann will review
all sampling, analysis, and quality control prior to the start of this
progr~m. Subsequently, Mr. Heffinger and Mr. Hartmann will review the
ongoing analysis of samples to ensure that cited methods are followed,
that adequate quality control data are generated, and, if necessary,
appropriate corrective actions are taken.

5. Data Analysis and Reporting

A detailed report summarizing the project background, objectives.
experimental methods, results, and conclusions will be prepared at the
conclusion of the test-. This report will reference other project
deliverables, such as the Program Plan and this Test Plan, and will
document all aspects of the project. The operational and analytical data
collected will be presented in appendices as unreduced data. A su M,*ary
of the QC/QA protocols and resilts will be included. The data will be
interpreted with regard to the following questions:

206
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(1) How effective is the process in DNT removal?

(2) Are the by-products formed further degraded by additional treatment
or do they accumulate?

(3) If possible from available data, which process is most cost
effective?
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Tab.le 2. Tew matrix for DNT degradation by UVozonation

Desired DNT UV bulb Ozone flow ra'e
TeS! No C0nC (m /L.) type (SCFM) Solvents in water Nwo 04)

1 100 low 0 0
2 100 low 0 0
3 1 C^ low 0 0

4 100 low 5 0
5 100 low 5 0
6 100 low 5 0

7 100 low 10 0
8 100 low 10 0
9 10O low 10 0

10 100 lw 15 0
11 100 low 15 0
12 100 low 15 0

132 100 high 10 0
14 100 high 10 0
152 100 high 10 0

16 100 optimum 0 2.0%,/ ether, 2.0% ethyl a!cohol
17 100 optimum 0 2.0% ether, 2.0% ethyl alcohol

18 100 optimum 0 2.0% ether, 2_00* ethyl alcohol

19 100 optimum 5 200, ether, 2.0% ethyl alcohol
20 100 optimum 5 2.0% ether. 2.0% wioy! alcohol

21 100 optimum 5 k-l- ether, 2.0% ethyl alcohol

Z2. 100 optimum 10 2.0% other. 2.0% ethyl alcohol

23 100 optimum 10 2.0% ether, 2.0% ethyl alcohol
24 100 optimum 10 2.0% other, 2.04 ethyl alcohol

25 100 optimum 15 2.0% ether, 2.0% eliyl alcohol
26 100 Optimum 15 2.0% e!her, 2.0% ethyl alcohol
27 100 opt!mum 15 2.0% ether. 2.0% ethyl alcohol

28 wastewater optimum
29 wastewater optimum
30 wastewater optimum

1

Additional esting will be performed as determined necesary for economic and design requirements.

2jTesting with the high pressure bulb will be expanded If results are successful.
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Figure 2. Schematic of column
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Figure 3. Data collection form for UVlozone testing

Sample time (min)
Test No. OD 2r4 Bulb 1/4 1/2 1 5 10 15 Ozone flow rate

212
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I
I Figure 4. Data collection form for GAC studies

Column feed DNT concentration Flow rate
Test No. 00 2,34 Sample No. (DNT or solvent) (mg/L) (mUmin)

2 13

I - - ~ __ _ _ _ _ _ _ _ __ _ _ _ _ _ _ _ _ _

_ _ _ _ _ _ ___ _-

__ _ _ _ _ __ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _
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Safety is psi, of ye*' joi.

H HE=RC ULES Mein randu m
RA IOD £EY•Y AMMUNITION PLANT March 23, 1992

CC: C. D. Chandler

ATTACHMENT 1 L. R. GizziI ~I.- L. Smath

P. J. Haxtrar•'n

File

*TO: j. 'G. Heffinger I

Test Plan for PEI A-sosiate", Inc.

Attached is the proposed test plan for analysis of dinitrotoluer.e
(D0T'Z) in wastewa•&r, to be szub-.tted to PEI ASsociates, Inc. Since EPA
Method 625 is a gas chromatography/maS speCtrometry method and NICSH
Method S215 is for the analysis of DN'r in air sa6-ples, a liquid
chrorrtographic method is proposed for use in this sttdy.

If a sample of DN' could .;e obtained from the USATHAMA Standard
Analytical Reference Materials (SANM), it would prove beneficial fco
traceability purpcse5.

LHK4/as

Attachment

RA.-17 REV 1.84 215
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Sample Prepation

Prio'v to analysis, wastewater samples will Le filtered thro-zh a
0.45 m filter to remove suspended particulate matter. Samples will. be
stored at ambient temperature until analyzed. Analysis will occur
within three hours.

Standard Preparation

A series cf ten senrds encopassing the range from 0 to 20ý
parts per millicn DCtC w;.il be prepared and chromatographed by t:e
below.

Cromatographic Method

The sam ples and b, ndards will be &-nalyzed by an isorat-: HPLC
method. The cnromatographic conditions are listed below:

Instrument: Hewlett Packard H. 1090 L iqId Ch r z-:zxa:h
Column: 25 cm Lichrosorb &P-18 4.6 n- i.d.
Mobile Phase: 55% Methanol/45% Watpr
Flow Rate: 2.-C) rrA1/min

OvenTe~1 atre;40 '.

Reservoir
Tcmperature: awbient

In'ection Volume: normally 2 50 AtL

Detector: Hewlett Packard 1040A Diode Array Detec:ur a:
254 nrm550 nm reference

Statistical Analysis of the Analysis method

Three injections of each standard will be made, and a plot cf area
vs. concentraticn made. Line&r reoression analysis should reveal te
correlation coefficient to be at least 0.990.

The highest, lowest, and mid-range standards will be subjected to
a test for precision of the analysis method. Each of these standards
will be injected and c~hrcmatograpried ten times. The area count, fcr !
eacr standard, as determined by the integrator, will be averaged and tne
mean, standard deviation and relative standard deviation will be
determined. Relative standard deviation will be less than 5% in the most
used (low to mid-range) por:ion of the calibration curve.

I
I
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Sta-istical Analysis of the Analysis Method (contd)

The accuracy of the method will be determ ined by chrommatograph-inr
known (weigned) amcunts of DNT and comparing the calculated amount (from
the calibration carve) to the known amount in the following rranne-:

% inaccuracy kncwn - calculated x 100
XIknow.n

Percenit inaccuracy will be less than 7 percent in the most usei portion
of the calibration curve.

The minimum, detectable qatiti y (?4LQ), or detection lir-it w!il
also be deter:%.ne3 by injectrlg lower and lower &ons of DN'r onto the
chro~rtocraphic crlc7.l . Thlie lowest axm,.ýnt of DNTq recocnized as a peak
by the intec-rator, at its most sensitive settin9, will be considered the
M!DQ. Additicnally, visual inspecticn of the chromatograxn must reveal
the peak to be at least three times the no'se level of the baseline.
The KDQ should be e: least 0.2 AL.
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APPENDIX B
STATISTICAL ANALYSIS OF THE ANALYSIS METHOD
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Si oMemorandum

RADFORD ARM Y AMMUNI'ION PLAN' July 17, 1990

c: C. D. Chandler

L. R. Gizzi
P. J. Hartmann
File

J. G. Heffinger, Engineer
TO: Process Engineering

Per test plant dated March 23, 1990 to J. G. Heffinger from L. H.
McDaniel entitled (Test Plan for PEI Associates Inc.), 10 standards of
2,4-DN'I (HPC Lot 1560) were weighed individually ranging from O.X)>0
gramis blank to 0.0200 9 and placed in 50 mL HPLC grade methanol with 50
mL deionized H 0 Each standard wras then filtered U-nu d MIillex-5 C.5

yr filter befoA being analyzed according to following chrorratographic
conditions:

Instr-ament: Hewlett Packard HP-1064B Liquid Ciroxuatograph

Coluxn: 25 cr. Lichrosorb RP-18 4.6 mT i.d.

Mobile Phase: 55% Methanol/45% Water

Flow Rate: 2.00 mL/min

Oven Temperature: 400 C

Reservoir Tefferature: Water &)0C Methanol 40o

Injection Volume: 20AL

Detector: 254 rnm/430 reference

Wc2/as

Attachments

I
RA.173 REV S.34 221
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Statistica Analysi of the Analniz Method I

Three injections of each standard were performed, plotting the area
versus the concentration. The linear regressign analysis showed the
correlation coefficient to be 0.9974. Table I gives the results for all
ten samples. Four of the standards (0.0010 g/100 mL, 0.0052 q/l00 mL,
0.0078 g/100 mL, 0.0107 g/100 mL) were subjected to a test for precasiotn
of the analysis method. Each was injected and chromatographed 10 times.
Tacle II gives ,he results obtained. As can be seen In Table II, the
hignest relative standard deviation obtained was 2.6%.

The accuracy of the method was determined by chromatographing four kno.vn
(weighed) amounts of DNT and comparing the calculated amount (from the
calibration curve) to the known amount weighed. The percent inaccuracy
ranged from 0.06% to 5.5%, well below the 7.0% listed in the memc.
Table III shows the resu-lts of the accuracy test

The minimum detectable quantity (MU) was determined by injecting
diluted samples of the lowest standard into the chromatographic coluxin.
The lowest amount detected under these test conditions was 1.2 Nm per
liter. Using 200 iL injections instead of 20 4 L injections as in test
conditions, 0.12 rrg/L was tne nunimum amount detected.

I
I
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TABLE I

Triplicate Analysis of DNT Standards
on 1084B Liquid Chromatograph

Std. Wt. Triplicate Results Mean RSD

DNT Area Count
g 1 2 3

0.0000 O 0 0

0.0005 22600 21710 22310 22206.6 2.04

0.0010 33650 37280 34210 35046.6

0.0025 93860 91820 91820 92500 1.27

0.004, 1533'0 0 150 DO 154500 152633 1.49

0.0052 1 97100 194600 195100 19560C 0.68

0.3-78 298830 30 5300 3 04ý,- 303166 '1.25

0. 0107 413 ..O' 416900 4121 00 414-3 0- C0.62

0.0146 622700 619000 618900 62020, 0.235

0.0200 769000 769200 7732-0 77046 0. 31

Correlation Coefficient Q0.997
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TABLE II

Precision of ONT/LC Analysis Method

lOppm Standard 52ppm Standard 78ppmr Standard 107ppm Standard
Area Count Area Count Area Count Area Count

33650 195500 301000 433600

34240 194000 302300 4322Z00

34210 189100 298000 42910C

33750 192200 298500 434200

32940 189300 3000003 43 3 4

34170 191600 303300 43 .3

34360 1193600 298700 425800

32540 193200 299600 438K00

3P960 191500 2-8400 4337CC

35500 193300 301000 4263-0

Mean a 34032 192410 300080 43i9 1

Std.
Deviation = 873.16 2048 1788 3596

% RSD c 2.6% 1.1 0.60 0.85
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TABLE III

I Accuracao' Method

From Cal. Curve Weighed Amount Inaccuracy
PO pp ._ -pm•

8.3727 8.00 4.7
52.7404 50.00 5.5
98.3585 100.00 1.6

102.360 103.00 0.6

* Standards were weigned in giOOml and converted to ppm.

Inaccurazy = Weighed Sarrple - kpournt from L' calik. x
Weigned sample
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APPENDIX C
UV/OZONE TEST PLAN DATA
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Tests 1-3

Time (mmln)
S0 1 5 10

DNT conc. (mg/L) 101.6 83.58 90.01 94.7?

94.32 90.91 89.86 92.77
92.52 95.12 90.41 92.67

Std. deviation 3.93 4.77 0.23 0.97
Variance 15.41 22.74 0.05 0.94
Maximum 101.60 95.12 90.41 94.17
Minimum 92.52 83.58 89.86 92.67
Average 96.15 89,87 90.09 93.40

Tests 4-6

Time (n')
Q 1 5 10

ONT conc. (mg/L) 99.39 92.41 88.65 84.99
94.72 88.25 88.95 85.09
92.01 92.72 8 .B 83.78

Std. deviation 3.05 2.04 0.12 0.60
Variance 9,29 4.15 0.01 0.35
Maximum 99.39 92.72 88.95 85.09
Minimum 92.01 88.25 88.65 83.78
Average 95.37 91.13 88.80 84.62

Tests 7-9

Time Cmln)

01 5 10

DNT conc. (mq/L) 99.34 91.36 85.79 84.94
93.42 94.37 89.1 84.99
97.18 92.87 89.71 81.48

Std. deviation 2.45 1.23 1.72 1.64
Variance 5.98 1.51 2.97 2.70
Maximum 99.34 94.37 89.71 84.99
Minimum 93.42 91.36 85.79 81.48
Average 96.65 92.87 8B.20 83.80
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Time (minr,) _
Ce . .i 2•

ONT conc. (mg/L) 82.58 90.86 88.95 81.53
96.68 91.61 90.56 83.93
91.76 98.54 88.3 80.02

Std. deviation 5.84 3.46 0.95 1.61
Variance 34.14 11.95 0.90 2.59
Maximum 96.68 98.54 90.56 83.93 I
Minimum 82.58 90.86 88.30 80.02
Average 90.34 93.67 89.2? 81.83

Tests 13-15

Time (min) ___"_

0 1 5 10o

ONT conc. (mg/L) 95.58 93.47 91.26 87.3
98.49 90.66 90.26 91.86
97.53 92.26 91.41 91.26

Std. deviation 1.21 1.15 0.31 2.02
Variance 1.47 1.32 0.26 4.09I
Maximum 98.49 93.47 91.41 91.8b
Minimum 9S..58 90.66 90.26 87.30
Average 97.20 92.13 90.98 90.14

Tests 19-21

Time (mln) 0

ONT conc. (rag/L) 85.69 93.37 87.2 89.55106.97 91.56 88.05 84.29 I119.35 85.29 80.57 76.91

Std. deviation 13.90 3.46 3.34 ,. 1 8
Varianre 193.23 11.99 11.18 26.88
Maximum 119.35 93.37 88.05 89.55
Minimum 85.69 85.29 80.57 76.91
Average 104.00 90.07 85.27 83.58

3
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lests 22-24

.' Time (mr .

0 1 5 10

ONT conc. (mg/L) 88.65 90.86 96.13 87.45
8E.85 144.9 9 .. 51 79.92
85.75 93.27 85.69 81.02

Std. deviation 1.20 24.93 4 27 3.32
Variance 1.43 621.31 18.25 11.03
Maximum 88.65 144.90 96.13 87.45
Minimum 85.75 90.86 85.69 79.92
Average 87.08 109.68 91.11 82.80

Tests 25-27

Time (m__n)

0 1 5 10

ONT conc. (mg/L) 98.44 91.61 92.26 89.05
96.78 95.18 91.16 89.4
86.64 76.6 80.82 78.26

Std. deviation 5.22 8.24 5.15 5.17
Variance 27.20 67.84 26.56 26.74
KaXiIum 98.44 95.78 92.26 89.40
Minimum 86.64 76.60 80.82 78.26
Average 93.95 88.00 88.08 85.57

Irradiation of 25 mg DNT/L solution

_ _Time (mnl)

O 1 5 10

DNT conc. (mg/L) 23.82 22.52 21.06 17.06

Preliminary wastewater irradiation

Time (mm) -

8 5 30 60 90 120

ONT conc. (mý/L) 191.01 172.15 .34.96 103.2 84.79 65.82

I



Effect of varying ozone flow rate on destruction
of ONT in wastewater

Time (m1n)
0 5 35 65

ONT conc. (rng/L)
at various ozone flows

5 SCFH Ozone 105 90.51 62.96 46.92
10 SCFH Ozone 97.48 98.29 66.77 45.43
15 SCFH Ozone 108.12 91.76 62.01 44.34

Final ozone parameters for wastewater (Tests 28-25)

Time (min) --

05 65 125 12)5 245,

CNT cc: (./g L) 143 87.6 47.64 26.21 10.18 3
229.45 187.15 95.27 39.45 3.95 0

SLt . ý_iatlon 42.89 49.78 23.71 6.62 3.11 0.0
Variance 1838.27 2477 55 562.40 43.82 9.70 0.0
Maximum 229.45 187.15 95.27 39.45 10.18 0.0
Mln~mum 143.70 87.60 47.84 26.21 3.95 0.0
Average 186.58 137.38 71.56 32.83 7.07 0.0
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APPENDIX D
A NPRELIMINARY HAZARDS ASSESSMENT
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H E R C U L E S ~ ~S a f e t y I t p or t o f y e a r j ob . Mm r n u
| ' •s.,,, , ., °, o.,,h.Memorandum

IAoFroo ARMY AMMUNTION PLANT June 28, 1990

HI-90-M-06BPreliminary Hazards Assessment of

Technologies tc Remove ONT from RAAP Wastewaters

OL~ective

The objective of this study is to hazards assess technologies to remove
dinitrotoluene (ONT) from process wastewater being developed under Process
Engineerlng (PE) project 277, Removal of ONT from RAAP Wastewaters. This
repcrt idertlfAes anc evaluates potential hazards to personnel and facilitiesj during laboratory testing.

Su'rv, ary and Conc!u!ionr

j A preliminary hazards analysis (PHA), shown in Table 1, was conducted on two
technologies being develo;ea to remove trave amounts of ONT from process
wastewater. Technologies assessed were: (1) an activated carbon absorptlcn
process, and (2) a bench scale ultraviolet (UV)/ozone photoreactor. It was
determined that these sstems are acceptably safe because they indolve only
limited sample volume, and quantities of ONT dissolved in water which are
nonreactive concentrations. These laboratory tes^t' involve ozone and
ultraviolet raalatton, which are not typical operations.

Safety precautions used include: shielding, UV goggles, and ozone bubbled
through water to decrease concentration. Personnel exposure to these agents
must be monitored and controlled.

I A.17 3 REV 8-14
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Re:c.•r.endatiors

Recc.-•endations to enhance the safety of DNT removal operations are presented
in Table 2.

Future Work

No future work is planned under this subcontract.

'I
INTRO DUCT IC N4

ONT is used in the manufacture of single-base propeliants. BNT has tee-.
listed as a hazardcus organic che.ical. and waste.ater CIscha ged af.er

Sezter7er 1990 must have a 0 NT concertraticr c-f . 3 rrmg/l or less. T.
a.ae-er, t facilltes are necessary. I
Now process wastewater is treated at the biological wastewater trelt-lc-'
plant. This plant does not effectively remove CNT. Therefore new tec•.rclcc'
Must be developed to remove DIT. Two technologies are beirg Investigated by
Process Engineering: (1) an absorption process using activated cdrtCr., ar.
(2) a UV/ozone photoreactor to chemically degrade ONT.

A P-A was Perfc -ed on .tCr ,t y scole eCNT rcmcvul eq;,1nret a,,I;; ý s E_
operations to provide safety design criteria in the event of scale-up. The
results are shown in Table 1, and the recoflmendatlons are extracted and liste..
in Table 2 for clarity.

DISCUSSIC N .1
Material qesc.cnse

The CNT removal studies will be conducted usig sample sizes cf a-Dro ..rately
c.re liter of water containing up to 350 M-, of ONT. As seen in Tatbe 3.
35•C/I is insoluble in water. The Process Engineering study test data
In.,cates a slig.tly higher solubility. The purpose of the excess DNT is to.I
maintain a saturated solution at all times and this is dore by cons:a t
agitation of the feed solution.

Uateria1 response data is presented for DONT in Table 4. The data for C!IT "s
presented to illustrate that dry 0.1T is sorewhat reactive, but when 350 -
are dissolved in a liter of water, it is ricnreactive. As seen, DNT is fa'r.V
insens:,tive to mechanical, thermal, and srock st'rmuli, while ONT in scluttcn
is insensitive to all stimull listed.

Taobe 5 presents thermal test data for activated carbon containing TNT a I
',i. These tests consiste- of 62, activated carbon and 3 .2 '. o rzc

c ntc,-.ants. This data indicates trat sýert activated car.ýcn is inserS , s .e
t. the"- l st rul , and dces not rreser- a detonation hazard under tre;e
r:7:•t':r. The •ciut~on used in t•e •T remorai st•s~ ino c~ ~ I., rem ,a sti ,e s w~~ rot ccn-:a,-

r. r w. I te O"JT c t-nceratic be aý hi.- Th.s , t.e teý* act a..
c 'zc•. is expected t. be less senst.'ve t'1n the activated cirF-q data s'c-

~ ~aoe 5.236



HI-90-M-068 3 June 27. l93C

Absorption Process

Insufficient ONT is present for an explosive reaction. The granular activated

carbon (GAC) column, depicted in Figure I, has several safety features to
minimize rIsk to personnel and facilities (see Appendix A for a process
description). The safety features include: (1) low concentration of ONT

dissolved in water, and (2) limited sample size.

Personnel hazards were identified as a result of this study. As seen in Table
1, personnel will be exposed to alcohol and ONT. However, wearing of neeced
protective equipment will eliminate this concern.

The comoatability of ONT with the activated carbon will also have to be
determined. Previous tests determined that TNT is incompatible with activateo
carbon. However, as seen in Table 5, TNT did not react with the actlvated
carbon even at high temperatures. To prevent reaction, the activated carbon
will be wet and the tests will be performed at ambient temperatures.

UV/Ozone Photoreactor

The Uv/ozone photcreactor, deplcted in Figure 2. will break down the DNT Intz
new compounds. If comolete break down occurs, the by-products are carbon
dioxide and water. UV provides a quantum of radiation that excites electrons
into less Stable orbitals, which in turn facilitates the break down of
molecules. The ozone will chemically react to Oxidize the molecules. For a
complete process description see Appendix B.

Insufficient ONT is present for an explosive reaction. However, as seen in
Table 1, three concerns were identified as a result of thls study: (I)
exposure to UV radlatlon/light. (2) ozone levels within the lab. and (3)
thermal hazards as a result of the reaction. Safety features designee to
minimize these hazards are: the reactor will be shielded to prevent personnel
exposur• from UV radlatlon/light. However, the UV radiation will have to be
monitored to comIly with tte Army requirement of 1 nwl/cm2 for perIods
greater than 16 minutes. 1

The ozone will be used under an enclosed hood to prevent the gas frn
escacing. Currently. personnel do not have the capability to measure ozone
levels. An instrument must be purchased to monitor the ozone levels w'thln
the lab, which must be lower than 0.20 mg/M*-o¶ 0.1 ppm2 .

As seen in Table 1, thermal hazards are not a concern because the reactor will
be jacketed in order to precisely control the temperature. In the event tnat
the thermometer fails or is broken, it can be easily replaced since it is
external to the reaction.

A problem cormon to both test procedures is disposal of the ONT solutiCn.
Since the waste treatment facility is not equippea to handle ONT, it is
suggested that the S~lution be kept in a waste container and disposed of
accordingly.
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1/ Table 3

Solubility of ONT in Watera at Cifferent Temperatures

Temperature (*C) iSclubIlbtY Q/I

22 0.027 0.0027

50 0.037 0.0037

100 0.254 0.0254

Daata from Eno neerInq Des Iqj _ardtoO2 losive Se, 4 es ProtpI@es of

Explosives-Of 0. 1tary interest. aw8quarters US Army Mater~al Command.

.January 1971.
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APPENDIX A

/ Granular Activated Carbon Absorption Frocess Description

The process for removing DNT from wastewater is described below. A one inch
diameter column. depicted In Figure 1. will be packed with Filtrasoro 400
granular activated carbon from Calgon Carbon Corporation. The column will be
packed so the ONT will contact the activated carbon for 30 minutes. The flow
rate will be up to 3 wL/mir. The column will be backflushed with 2 1/2 time-
the bed volume distilled water before each test to remove all fine
particulates, air pockets, and to stratify the carbon bed. The proposed
exhaustion flow rate, which will be performed by downflow, will be 3 mL/Mn.
These tests will determine how many pounds of ONT will be absorbed per pcun'd
of granular activated carbon.
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UV/Phctoreactor Process Description

A Ncrrrag photoreactor. depicted In Figure 2. wll be used in these stud~es.

it has a te-ght of 700 rmm, width of 260 vmm, and a depth of 100 nra. The

reaction vessel wll be lacketed to allow exterior heating or cooling. Ozone

will be Introduced through thý gas inlet. The ONT/ozone solutlon will be

citcul~ted down past the radiation source, up the exterior tube. and back down

past the radiation source.

The tests will consist of two types of UV radiatlor sources: (I) a mer-ury

low pressure lamp, which produces intense radiation at 2S4 nm mercury

resonance line, and (2) & mercury high pressure lamo used to emit

characteristic mercury line system foom about 240 nm to well into the visible

range. with the strongest line being 366 nm.

The ozone will be oroduced using oxygen flowing through an Airox Ozotator

Model C2P-3C-2 by Pollution Control IncustrtIes, Inc.
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