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~ r l r i n o g u m n d i n e  n i t ra te  war found t o  be unstable under a1 ksl inc sondi t ia 
result ing i n  the formation o f  carbohydrazide (diaminourea) . No urea, gmidine 
cyanamide, cyanoguani d i  ne or hydrazine were detected during the degradation 
o f  trianinoguanidine nitrate. 

Resorcinol was also shown t o  be biadegraded, as has been peviously 
reported i n  the l i terature.  lsodecylpelargonate and Paraplex 6-54 were only 
sparingly stil ub'ie i n  rater. 

f o x l c i ~ y  data collected frm previously published l i te ra ture  are a1 so 
presented 
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Radford Army Anmunition Plsnt (RAAP) is establishing manufacturing 
capabilities for the production of low vulnerability (LOVA) propellant. In 
support of this effort, the pollution abateme~t requirements for nittarnines at 
RAAP must be determined. 

This effort was funded by the US Army Toxic and Hazardous Materials 
Agency (USATHAHA) under work unit P112.03.06 (W-761, 3;214166000 and 
43214166000. 
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BIOCONVERSION OF N I T W I N E  PROPELLANT WASTEUATERS - TRXAnfNOCUANIDINE NITEUTE 

Background 

Nitrate propellant wastewaters are produced during the manufacture of 
various propellants, including RDX, HMX and triaminoguanidine nitrate (TAGN). 
Radford Army Ammunition Plant (RAAP) Radford, VA is establishing a production 
facility for low vulnerability (LoVA) propellant, which is expected to produce 
approximately 5.4 million lb (1.16 million kg) of LOVA pro ellant and 6.0 
million lb (2.72 million kg) of ground nitramine per year. ! 

Wastewater from RAAP propellant manufacturing facility currently under- 
goes secondary treatment prior to discharge into the New River. The waste- 
water is combined with pre-tredted wastewater from the nitroglycerine and 
nitrate ester manufactxring process into a central biological wastewater 
treatment operation. This ,facility contains a. 1.25 million gal (4.73 
million L) equalization basin and 12 rotating biological contactors operating 
in aerobic and anerobic modes. 

In support cf this facility, the pollution abatement requiremerits for 
nitramines at RAAP mast be detxmined, including the potential for biological 
treatment of wastewater components. The biodegradability of RDX and HHX have 
been addressed in previous s tudics ,2'4 The potential for biological treatment 
of TAGN, and other wastewater components (resorcinol, isodecyi pelargonate, 
Paraglex G-54) will be addressed in this report. 

1 riaminoguanidine Nitrate (TAGN) 

TAGN is r white crystalline powder with a molecular weisht of 167.14 and 
the following structure: 

The use of TAGN in propeilants is advantageous for the following reasons: 
(1) TAGN contains a high percentage of nitrogen in hydrazine-type bonds which 
are thermodynamically favorable for propulsion ( i . e . ,  ammonium nitrate, 
guanidinium nitrate and triaminoguanidinium nitrate contain 35.0%, 45.9X and 
58.72 nitrogen, respectively); (2) salts of triaminoguanidine have good 
thermal stability, ( 3 )  TAGN i d  compatible with other propellant or explosive 
ingredients, and ( 4 )  propellants based on TACN produce low flame temperature 



and low gas molecular weights while providing increased nuule velocity and 
impetus, thus reducing lif e-cyc le costs for the weapons .5"7 

Limited info4mation is available in the literature regarding the 
biodegradability of T A G N . ~  

A t  least thrde synthetic routes for TAGN have been published, from 
cyanamide, f tom guanidine nitrate, and from amin0~uanidine.~~9, 10 

The toxicity data available for TAGN indicate that there may be reason 
for concern about this compound, although the conclusions of the individual 
reports were somewhat contradictory. 

TAGN at concentrations up to 400 mg/L was found relatively nontoxic to 
Drosophila melano~~ster. l1  Concentrations 2000 1111 were toxic to adult 
Drosophila while at 1000 mg/L pupae and larvae production ceased and 
approximately half1 the adults were killed. Concentrations 5 2.50 m g / ~  were 
required to affect the reproductive potential of Drosophila. The authors 
concluded that TAGN has a relatively low toxicity and does not present a 
significant envirsnrnental or handling problem. 

TAGN producsd positive results i3 the hies Salmnella mutagenicity test, 
the m u s e  lymphoma cell assay, and the unscheduled DNA synthesis assay, but 
negative results in the dominant lethal assay in rats and mice.12 The authors 
concluded that TAGN had a high probability of being carcinogenic. 

Davis et a1. l3 reported an acute interperitoneal LD50 in m u s e  of 3.7 -- 
g/kg and TAGN caused bradycardia in the dog at intravenous levels above 50 
mg/kg. These authors concluded that acute exposure to TAGN represents a 
relatively low hazard, 

Teretogenic effects of TAGN were studied with pregnant rats treated with 
up to 8000 mg of TAGN per kg, l4 At the higher doses, maternal weight loss and 
litter reabsorption occurred. No increase in malformations was observed, 
although at the lower doses there was increased runting and ptrinatal death, 

Resorcinol 

Resorcinol is used as a stabilizer in the TAGN-propellant mixture. 
Resorcinol has bee? shown to be biodegradable in the published 
literature.15g16 There reports have demonstrated that the aromatic ring 
undergoes ring scission with subsequent metabolism of organic fragments. T h e  
ring cleavage is accomplished through the incorporation of oxygen at the ortho 
position to the aromatic hydroxyl via mnooxygenase enzyme activity. 
Dioxygenase enzymes are responsible for the subsequent ring scission. At 
least three metabolic pathways have been identified, as illustrated in Fig. 1. 

Resorcinol has been faund nontoxic and not carcinogenic in most studies 
reported in the literature. 17-19 
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Figure 1. Metabolism of resorcinol as reported in the literature. 
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Isodecyl Pelargonate 

Isodecyl pcladganata is a fatty acid ester of pelargonic acid (nananoic 
acid) and isodecyl alcohol, which is usdd as a plasticizer in the propellant 
mixture: 

PELARQOWIC 11100ECYL CEWOOMTE 
I 

Isodecyl pelargonate has negligible solubility in water and is relatively 
stable. There are n o  toxicological data available in the literature; hcwever, 
it is presumed to be nontoxic. 

Microbial and mammalian esterases, which hydrolyze esters of fatty acids, 
are cornon. 20-23 ndreev and 7ernnovZ0 demonstrated the hydrolysi J of methyl 
esters of pelargonic A acid. The products of the esterase activity, acid and 
alcohol, are then shbject to biodegradation; fatty acids undctga rnetsbolisur 
via B-oxidation. 

Paraplex G-54 

Paraplex G-54 is a mixture of aliphatic polyesters encompassing a range 
of molecular weights, which is used as a deterrent coating in the propellant 
mixture. Due to proprietary considerations, no further information was 
provided by the manufacturer regarding composition of this coraponent. 

Objective I 
The objective of this work was to assess the biodegradability of TAGN, 

resarcinol, isodecyl pelargonate and Paraplex G-54 in order to assess the 
potential for biological treatment of wastewaters containing these compounds. 

~ 

I 
1 

I 
I 

I I 
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MATERIALS AND METBODS 

TAGN was provided by Norvillz Stanley, Allsgany Ballistics Laboratory, 
'r:h''cules, Inc., Cumberland, KD and recrystallized from hot distilled deionized 
water, Isodecyl pelargonate and Paraplex G-54 were provided by Hercules, 
I-.c., Aerospace Division, RAAP, Radford, VA. Resorcinol, reagent grade, was 
pcrchased froffi Fisher Scientific Co, 

W / V I S  Spectrophotometry 

Ultraviolet and visible spectra of TAGN and rnicrzbial'q produccd 
intermediates were obtained with a Perkin Elmer (Norwalk, C:) Lambda 3 UV/VfS 
spectroph~tometer. 

High Performance Liquid Chromatography (BPLC) * 

Resorcinol, melamine, nitrates, and nitrites were analyzed by HPLC with a 
Waters Associates (~ilford, MA) system equipped with two H6000A solvent 
delivery pumps, a A730 data module, a M721 system controller, and a M710B 
Wf SP autosampler. 

Resorcinol was deterrined at 254 nm on a C-18 reverse phase 10 urn radial 
pack cartridge (waters ~ssociates), The mobile phase was 10% methanol in 
water (-~olume/volume) flowing at 2 mL per minute, the run time was 8 minutes, 
the Injection volume was 25 uL and the retention time was approximately 5 
minutes. 

Melamine was analyzed at 229 nm on the same column as described for 
resorcinol, but with a mobile phase consisting gf 50% methanol in water 
(volume/vollune), The run time was 10 minutes, the injection volume was 25 mL 
and the retention time was 7 minutes. 

Nitrates and nitrites were separated and quantified on a SAX anion 
exchange cartridge (Water ~ssociates) with a mobile phase consisting of 2.5 mH 
phodphate buffer flowing at 1 mL per minute, The detector was set at 229 nm, 
injection volumes were either 25 uL or 200 uL, and the run time was 15 
minutes, Prior to HPLC analysis, all samples were filtered through 0.45 urn 
Nylon 66 filters (~ainin Instrument Co., Woburn, HA). 

Total Organic Carbn (T=) Analysia 

TOC was determined on a Tocamaster model 915-B (Beckman Instruments, 
Fullerton, CA) with Matheson Ultra Zero air as carrier gas, flowing at 300 m t  
per minut-. Each sample, 20 uL in voluixa, was injected with a Hamilton 
CR-200 200 uL con st pa^; rate syrinse. h i o r  t c  analysis, samples were 
centrifuged at 12,000 rgm for 20 minutes and then filtered tnrough a Nylon 66 
0.45 urn filter (Rainin Instrument Co.). 



Mass SpecZrometry (=) 

MS analysts were performed on r Finnigan 4000 Mass Spectrdmeter operating 
in either Electron Impact or Chemical Ionization modes. Samples were analyzed 
by probe. 

I 

Aawnia and pH Analyses 

Anmonia dnd pH were determined with a Corning Madel 130 meter (Medford, 
HA). Armnonia determinations were ~ a d e  with an ion specific electrode model 
4209-N30 (A. H. Thomas, Philadelphia, PA) and pH with a Corning pH electrode, 
model 476022 4nd Corning calomel reference electrode, d c l  476002, 

Coiorimetric ,&say - TACH 

Efforts were made to develop a colorimetric assay for TAdN usins 
ninhydrin as color-forming reagent. The reaction mixture consisted of TAGN ( 1  
to 1000 mg/C) and ninhydrin (25 uL to 100 mL of r 0.5 g/100 mL stock.so1ution 
in distilled,  deionized wetar) in a total volumt of 10 A. Solutions were 
heated in an (5% water bath for 10 minutes and then assayed at 285 nm. The 
method gas no? used in actual experiments, due to the lack of a linear 
response over a reasonable range of concentrations of TA6M. 

Gas ~ h r o m a t o ~ i a ~ h y  (GC) - Derivative Po-tioa 

Since TAqN cannot be directly volatilized and a n a l ~ e d  by GC, the 
formation of derivatives with salicylaldehyde was invartigrted as a method to 
permit quantitati~n. The reaction mixture contained the aqueous sample. 0.1 
mL, 0.5 mL absolute ethanol, 0.1 mL glacial acetic acid, and 0.1 mL 
salicylaldehyde ( 2  H stock in ethanol). The solution u u  mixed, heated to 
600C for 20 mi~nutes, diluted with 2.8 mL of ethanol, and injected onto 8 

Hewlett Packarld 9835 GC equipped with a 1.9 m long by 0.19 em diameter copper 
column pecked Ivith 2% Dexil WiP, 100-120 mcrh. The oven was set at 320%. the 
injector at 35100~, and the flame ionization detector a t  3SOOC. The run time 
was 20 minutes', and nitrogen carrier gas flawed a t  33 Pat per minute. The 
linear response range was insufficient to permit the use of this method for 
routine analysis. 



TAGN and its potential metabolites were chromatographed in two systems: 
(1) plastic-backed cellulose plates withcut fluorescent indicator (Eastaan, 
lochester, NY) developed in a solvent syvtem of butsnol/ethyl acttate/water 
C4/1/1), and (2) silica gel U D F  plates (whataan) developed in a solvent 
system of methanol/water/glacial acetic acid (20/10/1). The compounds were 
visualized with either alkaline nitroprursidt-potassium f erricyanide (10% 
potassium ferricysnide, 10% sodium nitroprusside, 10X sodium hydroxide, 
diluted with 3 volumes of distilled, deionized water and diluted 1 to 1 with 
acetone prior to spraying)24 or ninhydrin (0.3 g ninhydrin in n-butanol with 3 
mL acetic acid,  heated at 90% to lOOoC for 5 minutes). Samples, 5 0  uL, were 
chromatographed along with standards. In addition, 100-fold concentrates from 
continuous culture samples were chromatographcd. Samples were concentrated by 
rotary evaporation at 600C as both acidified and neutral solutions. The R f t 8  

and color development for standards are given in Table 1. Dete~tion limits 
for 5 0  uL samples were 1 ug for TAGN, cyanamide, and cyanoguanidine, and 2 ug 
for urea and carbohydrazide. 

TABLE 1. Thin-lsyer Chrmtogrrphic Analysis of TACH lad 
Possible Hicrobially Produced I n t r , d i r t e s .  

Ccllolose Plater S i l i c a  Plates 
Coqpwnd (litroprusside spray) (Ilinhydr in spray) 

TAG# Violet (0.08) Yel low/brown (0.56) 

Carbohydrazide Peach (0.10) 

Guan idi.ne Orange (0 27) 

Cyanamide Violet (0,741 -- 
Cyanoguanidine Violet (0.56) -- 

To arsess the potential for formation of nitrosamines from TACH, 1000 mL 
of TAGN, 200 mg/L in distilled deionized water, was reacted with 1000 mg/L 
sodium nitrite. The reaction mixture was stirred, and samples were rewved at 
periodic intervals up to 24 hours. Reactions wPre also run with acidified 
mdium.  Samples were chromatographed on cellulose plates as describzd a h v e .  
Spots were visualized with rulfanilic acid x-naphthylamina spray (1% 
sulphanilit acid in 3OZ acetic acid) and exposed to UV light, producing 8 red- 
violet color. , 



Alkaline Bydrolysis 

Results from the analysis of samples from batch stdies indicated a 
1 potential inatability of TAGN in alkaline solutions. This instability prompt- 

i ed an invest'gation into the alkaline hydrolysis of TMX. The reaction 
mixture eons5sted of 250 mg TAGN dissolved in 25 mL distilled, deionized water 
in a 50 mL Erlenmeyer flask with continuous stirring. Sodium hydroxide, 0.2 
H, was added dropvise to bring the solutian pH up to 9. Aliquots of the 

I 
reaction mixture were removed hourly and analyzed hy TLC on the silica gel 
plates as dedcribed previously, Chromztograms were visualized with the nitro- 
prurside-pot ssium ferricyanide spray, and standards were co-chromatographed a vith the rea tion samples. The reaction was continued until all TAGN had 
disappeared, at which time the solution was acsdif i e d  b pH 4 with SH HC1 and 
re-chromatog aphcd. The reaction mixture was evaporated 'to dryness in a 

I 
1 

rotary evapoqator at 60°C. The residue was redissolved in hot absolute 
ethanol, whilie the ethanol-insoluble material was dissolved i a  a minimum 
volune of water. Both the ethanol and water solutions wcre co- 
chromatographed. 

In Stparate studies, alkaline hydrolysis was perfomed in a system with 
continuous relfluxing and an acid trap was used to collect anamnia gas and 
hydrazines if formed. Studies were run with 200 mg/L TACH in 0.1 M sodium 
phosphate buflfer at pH 5.7, 7.0, and 8.0 over 3 days, or 5000 mg/L TAGN 
itfluxed for '10 hours. Anrrnonia collected in the acid traps was determined on 
an ion specific electrode as described above. Hydrazincs were determined by 
TLC with a solvent system consisting of absolute ethanol/uater/~Cl (I30/40/30) 
on pl,\rtic ba,cked cellulose plates without fluorescent indicator. 
Chromatograms wcre visualized by spraying first with 20% Fla2C03, followed by 
Folin-Ciocalteau solutions, and finally, exposure to m n i a  fumes to develop 
the blue color. After all the TAGN had disappeared frcm the reaction mixture, 
acidified and alkaline fractions from the 5000 mg/L TM;1 refluxin& reaction 
were dried under nitrogen gas and then extracted with methanol. TLC and HS 
analyses were performed on the sample extracts and standards. 

Continuous Cugtures 

A series of conti~ilaus culture studies were tun to evaluate the 
degradation of TAGN and resorcinol under a variety of environmental 
conditicns. , 

I 

The first set of continuous systems consisted af ~trobic anZ anaerobic 
(microaerophi ic) ftrmentorn, approximately 400 mL total ~olums, containing ?, TAGN, 200 mg.' resorcinol, 50 mg/L; isodecyl pel8rgonst~. 1 mg/L; end 

I Paraplex G-54, I mg/L, in nutrient broth at vaving coactnfrations as detailed 
in the resultb section. After autoclaving the above aoiutian, the resorcinol 
was added as a filter sterilized solution. The aerobic system was vigorously 
stirred and azrated, while the snaerobic system was slowly stirred rnd 
unaerated. Both systems wcre maintained at room temperature. Details an pH, 
retention timis, nitrate concentrations and resorcinol levels are ~ i v e n  in the 
results section. 

The see-nd set of continuous cultures were aerobic and a~aerobic systems 
run vith TAGN, 200 mg/t, in a series of different owdia; lnitiaLly in 
nutrient-richbroth, and gradually reduced to minimal salt# medim. The 



changes in media composition and results of analyses are presented in the 
results section. The system configuration and treatmsnt were as as above, and 
the basal sslts were the same as those described in the batch culture section 
without nitrogen. 

The third set of continuous cultures consistad of aerobic and anaerobic 
formulations containing the following ingredients per liter: KzHP04, 0.75 g; 
KH2P04, 1 . 2 5  g; MgS04*7H20, 0 . 2  g; CaC12, 0.01 g; NaC1, 0.01 g; yeast extract, 
0 . 5  g; and TACK, 0 . 2  g. Ths concentration of supplemental carbon in the form 
of glucose and sucrose was changed during the course of the experiment from a 
total c f  2 g/L to 8 g/L, consisting 3f equal parts of the two sugars. The 
media were autoclaved and the TAGN added afterwards as a filter sterilized 
solution which had been passed through a 0.45 um membrane filter. The systems 
were monitored for retention time, flow rate, pH, annronia, nitrate, nitrites, 
TAGN, intermediates, and total organic carbon (TOC). Samples, 53 uL, were 
spotted along with standards for TLC analysis. Samples for HPLC and TOC 
analysis were centrifuged at 8000 rpm for 100 minutes and then passed thrcugh 
a 0.45 urn membrane filter. 

Batch Studies 

-' A series of batch studies was run to evaluate the degradation of TAGN 
under a variety of environmental conditions. Media used in these studies 
included the following: basal salts (as described in the continuous cuit:ite 
sectior.) with and without nitr~gen and with and without yeast extract, basal 
salts without nitrogen and wich 0.1 g / I  sucrose and 0.1 g/L glucose, filtered 
lake water, trace talts in lake water (per liter: MgSO4*.m20, 0.05 g; 
FeC1 -6H20, 0.05 g; UnS04.X20, 0.003 g: NaZ1400~.2B~0, 0.005 g; ZnMq.7H20, 
0.0036 g; CuSO4.5820, 0.0005 g; C a C l ~ * 6 H ~ O ,  0.00048 g. KHtmr. 0.34 g; biotiti, 
0.001 g with and without sucrose, 3g/l; and glucose, 3g/t), nutrient broth, 
yeast extract, and distilled water. Sterile controls, both autoclaved and 
filter sterilized through a 0.45 ms merbrane filter. were investigated. 
Aerobic (generally 50 mL or 1 m  mL of n d i a  i n  r 250 mL Dtlong flask a t  30% 
on a rotary insubator at 200 r p )  and anaerobic incubations (2W mL of m d i r  
in 1 250 mL screwtopped Erle-yer flask at 37% without shaking) were 
studied for periods up to three wesks. Flask conditions uerc usually 
replicated at least twice. S o m  incubatioca include.' 0.025% s o d i m  sulfide 
for sneerobiasis. 

Batch and continuous cultures were inoculated with organisar from 
activated sludge (Marlborough Easterly Sewage Treatmtnt Plant, Marlborough, 
IU) anaerobic sludge digest (Nut Island Sewage T r e a b n t  Plant. Boston. MA) 
and garden roil. One aL sampler of the two sludges rere combined with 1 g of 
soil, diluted with 50 m t  of lake water, mixed, gravitrfiltered through filter 
paper, and 100 uL used as inoculum in batch cultures m d  1 at in continuous 
cultures. This inoculum contained between 2.3 x 103 and 3.5 x 103 CFU/aL when 
grown under aerobic conditions. 

Solubility of Paraplex G-54 and Xsodecyl Pelargonate 

Solutions of isr,decyl pelargonate and PatapIex G-54 were prepared in 
distilled deionized water in acid washed glsssw8.re. Solutio~s were stirred 
overnight with and without heating. The solutions were analyzed for TOC as 
described above. 

9 
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RESULTS 

Solubility of paraplex 6-54 and Isodecyl Pelargonate 
I 

Both parapiex G-54 and isodecyl pelargonate were soluble in water at less 
than 2 mg/L. ; 

, 
Alkaline Hydro1y;sis 

TAGN was rapidly hydrolyzed under alkaiine conditions and the reaction 
rate was greatly accelerated by heating. No evidence was found for a m n i a  or 
hydrazinc as prqducts of the reaction, but carbohydrazide was detected by TLC 
and MS analyses.1 Hydrazinc would be expected to be present as r produrt 

i? I I on' B 
HIN-NH-C- WH- NH,-HNO, + YO - H,N-MH- C- NH-N& + N&-N& 

of t h i s  hydrolYt~rs, but war not detected. The absence of hydrazine may 
indietate secondary reactions have take3 place which resulted in the fo-tion 
of other unidedt'ified products. MS ehremtograms for TA6U produced by EI and 
CI probe anrlysis are illuatrrted in Pigs. 2 and 3. The parent ion (104 m/z 
tor EI and 105 m/+ for CI) is present. The past prainsnt ion is the 58 m/z. 
See Tabtm 2 tor fragmentation patterns. The )IS chr-togram for 
carbahydrrzide is shown for LI probe analysis in P ~ B .  4. me prreat ion, 90 
m/z, is present ynd m/x 31 is L%e m a t  prominent ion ( ~ 8 b l e  2). , . 
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TABLE 2. llalecular Ion Fragments Detected from lt!S Analysis by EX Probe. 

Molecular ions Coppound 
d~ Triaminoguanidine Carbohydrazide 

Farent ion 104 90 
I 

Host promtnent ion I 58 3 1 

HN-C- NH-NH2 

Other fragments 43 r 5 9 

C-NH- NH, 

H2N-N-C-NH-NH2 H,N- NH - C-NH-NH, 

I 

~ 
I 

I 

1 

I 

I 

I 
I 



The intermediates which would most likely be produced during the 
microbial biotransformction of TAGN are illustrated in Table 3 .  These 
cornpcrunds were monitored in batch and continuous culture effluent samples by 
HPLC or TLC. 

TABLE 3. Possible Intermediates Formed from TACH 

Compound Structure 

1. Guanidine 

2. Hydrazinc 

3. Urea 

4. - Carbohydrazide 
(1,3-diaminourea) 

5. Cyanamide 

6. Cyanoguanidine 

7. Other 

H,N-NH-~-N=N- C- NH - NH, 

Continuous Cultures 

The changes in media composition and results of analysis of retention 
times and pH in the first set of continuous cultures under aerobic and 
anaerobic conditions receiving 200 mg/L TAGN, 50 mg/L resorcinol, and traces 
of isodecyl pelargonate ar~d Parnplex G-54 are presented in Table 4. The 



- 
I 

. "+p 
I. 

TABLE 4.  Results of Analysis and Changes i n  Xedia -s i t ion for 
The Firs t  Set of Continuous Cultures. 

Retenlion time (days) pH ef f lucat Med iuma 
Sys tern Days X 2 1S.D. X 2 lS.0, Campos i tianigl~) 

Aerobic 1-35 4.06+0.70(9)b 8.28+0.72(5) 
36- 109 4.35+1.05(35) 
110-147 4.0110.84(18) 
148-170 4.44+0.95(11) 
171 -183 4.4450.26(5) 

Anaerobic 1-27 3.94+0.09(5) 
28-62 4.4071.27(2) 
63-106 4.6550.65(11) 
107-125 6.5650.99(5) 
126-157 6.4750.99(6) 

aChanges in concentration of nutrient broth, all systems received TAGFI, 200 
resorcinol, 50 mg/L; isodecyl pelargonate, 1 mg/L, and Paraplex G-54, 1 r n g / i .  

b~umbers in parentheses represent samples evaluated during time frame (lays), 

I 

I 

I 

I 



disagpearance of nitrates and resorcinol is illustrated in Fig. 5 for the 
anrrobic system. Rcsorcinol was also completely degraded in the aerobic 
system, but the nitrates passed through the system unchanged. HPLC analysis 
of the effluents revealed no other significant W-absorbing peaks, which would 
be indicative of incomplete degradation. Nitrates, which arise from the 
dissociation of TAGN in solution, are reduced during denitrification in the 
anerobic systcm. No significant nitrite levels were detected during the same 
analysis on the exchange column. As the nutrient broth load in the system was 
reduced, the point was reached w h e t s  iasufficiznt supplemental carbon was 
present to provide the deeded electron donors to reduce all the nitrate 
present. This incomplete reduction of nitrate is reflected in Fig. 5 at 
around aay 110, after the concentration of nutrient broth had been reduced to 
0.125 g / ~ .  

The results from tho second set of continuous cultures demonstrated the 
requirement for supplemental carbon for TAGN degradhtion under both aerobic 
and anaerobic conditions. TLC analysis of continuous culture samples revealed 
that TAGN was completely degraded, without evidence for intermediates, 
provided sufficient alternative carbon was provided. Details on media 
composition, pH, retention times, nitrates a ~ d  TQOH are presented in Table 5. 
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In the third set of continuous cultures (Table 61, complete disapptatance 
of TAGN was achieved in both the aerobic and anaerobic continuous Flow systems 
with glucose and sucrose present (at. least 6g/L) as supplemental carbon. As 
before, sufficient alternate carbon was required for complete disappearance of 
TAGN. Also as before, no intermediates were detected in effluent samples, 
indicating complete degradation. No significant buildup of concentrations of 
nitrates, nitrites, or ammnia was detected. The nitrate concentrations 
decreased in tha effluent as compared to influent levels, and ammonia lev+ls 
remained low. Complete disappearance of TAGN was achieved when the 
concentration of the sugars was at least 6 g/L under aerobic conditions, and 8 
g/L under anaerobic conditions. TOC analysis indicated reductions of 68% to 
97% up to day 44. The pH of the influents to both systems remained between 
5.0 and 6.0 throughout the study. 

Batch Culture Studies 

The results from the series of batch culture studies supported the 
results found in the continuous cultures. TAG# was degraded in systems where 
sufficient supplemental carbon was provided under either aerobic or anaerobic 
cocditions. In incubations where TAGN had disappeared, no evidence was found 
for metabolic intermediates, despite concentrating soum solutions for better 
detection. AmDania concentrations remained in the low ppr (* 3). In general. 
complete disappearance of TAGN occurred in 6 days to t w ~  weeks from the start 
of the incubatilons with the inocu1u.m described in the materials and methods 
section. Evalyations of sterile controls indicated that TAGN was stable under 
m s t  conditions provided the medium was maintained at a pH below 7. 

Nitrates, produced from TAGN in solution, are reduced to nitrites and 
eventually nitrogen gas under anerobic or microaerophilic canditions, provided 
sufficient carbon is present. Nitrate concentrations decrrased in the active 
incubation with 1 g/L yeast extract, while the concenttaticn of nitrate 
remained un:hanged in the sterile controls and in the flask with Imer 
concentration of yeast extract. 

The results from these studies clearly dearonstrate the need fat- 
supplemental calrbon, not only for the complete de~tadation of TAm, but also 
for the complct'e reduction of the nitrate that arises from TAGN. 
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The results from the biodegradation studies with TAGN have demonstrated 
ihat this compound is amenable to biological treatment, provided the proper 
environmental conditions are present. Sufficient suppltmsntal carbon m:st be 
provided in the incubation medium to offset the nitrogen-rich TAGN and 3rovide 
the needed carbon for energy. This process, known as cometabolism, implies 
that the metabolism of TAGN is, in fact, a secondary, nonsperific, ectivity of 
the enzymes produced during the metabolism of the energyrich supplemental 
carbon provided. This activity occurs under either aerobic or an~ernbic 
conditions, however, since nitrates a r e  formrd upon dissociation of TAGN in 
solution. Thest anions are o ~ l y  reduced to nitrogen gas under anaerobic or 
ricroaerophil i e  conditions with suf f icicnt a1 ternate carbon present as well. 

#o evidence war found for the production of inter~lcdiates from TAGN, with 
the exception of cartmhydrazide under alkaline conditions. The absence of 
there compounds ' (urea, guanidinc, cyanamide, cyanoguanidine, hydrazinc) 
implies complete degradation of TAGN by microorganisms. satrianag noted that 
triminoguanidine, as a free base, decomposed rapidly in m i s t  nit- and in 
aqueous media, and diaminourea (carbahydtazide) was identified ar the 
deeompsl t ion product. 

A problem with the above work was the absence of a quantitative method 
for TAG#. The HPLC used for nitrate/nitrite analysis was originally developed 
to folleu the concentration of TACN. Howover, since it was found that TACN 
dissociates in solution, only the nitrate portion of the co~pound i "scen" by 
the LC detector. TLC permitted sensitive qualitative detection of TAGN. 

The imprtance of supplemental carbon in pr~viding the eleetron donors or 
energy to permit TAGlQ to be comctabolized has been aoted previously with a 
number of munitions compounds, including nitroguanidine, RDX, and RKIC. In 
general, with nitrogen-rich compounds such as these, the C/10 ratio of the 
compounds t h e ~ ~ ~ e l v e s  is so 1-t that alternate carbon rnargp is necessary 20r 
metabol is=. 
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Triaminoguanidine nitrate was shorn to be biodegradable under both 
aerobic and anaerobic conditions. A requirement for supplemental carbon was 
identified, both for the cometabolism of the organic-nitrogen pcrtion of the 
propellant, as well as for the reduction of the dissociated nitrates. The 
nitrate reduction (denitrification) will not occur under aerobic canditions; 
thus, an anaerobic biological system may be the most beneficial in treating 
nitramine laden wastewaters. RDX and H13X have previously been shown to 
degrade anaerobically and not aerobically, and would therefore benefit from 
this anaerobic system as well. 

friaminoguanidine nitrate decomposed to carbohydrazide un>er alkaline 
conditions. No significant levels of potential intermediates ..;cl; identified 
in the biolo&ical systems. Resorcinol was also shown t o  be j : ~ % i %  i ;  p 
biodegraded, as expected from reports in the literature, 1scs's.-:l ;?largcnrrte 
and Paraplex C-54 were only sparingly soluble. Reports in tha .:r.::ature 
indicate that this class of compound would be -biodegradable. 

This document reports research undertaken at 
the US Army Natick Rmarch and Develop- 
ment Command snd as been assigned No. 
N A T I C K T T R . ~  p k r i n  the a r i a  of n- 
partr approved for publication. 
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