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SUMMARY

The goal of this preliminary problem definition study was to assess
the Army's responsibility for further study on forty-eight (48) chemicals as-
sociated with munitions production. This report covers the study results on
the nine chemicals used or produced in manufacture of explosives:

= hexamine - SEX

- ¢yelohexanome - TAX

« methylamine - 1,3-dinitrobenzene

~ dimethylamine - 1,3,5-trinitrobenzene

trimechylamine

The recomnendations resulting from the study are summarized in Table S-1 and
discussed below:

Hexamine

Hexamine is one of the starting materials used in the manufacture
of RDX and HMX at Holston AAP. In 1975, Holston AAF purchase of hexamine was
32% of the civilian production. At full mobilization, the Army's purchase of
hexamine would be ~.75X of the civilian production capacity.

The major civilian usage of hexamine i{s as & methylenating agent
for crosslinking in thermosetting phenolic resins. It is also used as an in-
teriediate in the production of uitrilotriacetic acid, an accelerator in the
rubber industry and an urinary antiseptic,

Hexamine {tsalf is relatively non-=toxic to mammalian and aquatic
life. Howaver, under acidic conditions or uicrobial attack, hexamine decom-

poses to formaldehyda and ammonia. These compounds a%e toxic to aquatic or-
ganisms,

The major discharge of hexamine at Holston AAP is from the Building
A=l still. This still currently operates only one week out of every four
months. At full mobilization, the still would operate on a continuous basis.
When this still i3 in operatiom, high concentrations of hexamine are dis-
charged into the Armott Branch. The hexamine discharge could result in high
levels of formaldehyde and ammonia in the Branch.

The Army's further effort on hexamine should be concentrated on an
effactive treatment process for removal of hexamine from the Holston waste
streams. Further literature evaluation of the toxicological and environ-
mental hazards of hexamine should be a low priority.

Cyclohexanone

Cyclohexanone is used as a recrystallization solvent in the manufac-
ture of RDX at Holston Army Ammunition Plant (HAAP). At current production
levels, Holston AAP utilizes 180.000 1b of cvclohexanone per vear. This sol-
vent is purchased from civilian manufacturers. At full mobilization, 2 mil-
lion 1lb per yaar of cvclohexanone would be used. .
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The civilian cyclohexancne production capacity is 1590 milliom 1lb/
year, The major civilian uses of cyclohexanone is as a chemical intermediate
in the manufacture of nylon 66 and nylon-6. It is also used in the manufac-
ture of caprolactone and as a solvent.

The Army's use of cyclohexanone at full mobilization is only 0.387%
of the 1975 United States production. At full mobilization, the Army's dis-
charge of cyclohexanone would represent only 4% of the 1974 civilian air

enissions of this compound. Thus, cyclohexanone is not a military unique com~
pound.

Cyclohexanone %3 moderately toxic to mammals. Sublethal doses cause
profound narcosis accompanied by central nervous system depression. The aqua-
tic toxicity of cyclohexanone is low.

In the environment, cyclohexanone is degraded by photochemical and
microbial pathways. In the presence of formaldehyde, addition products are
formed. Quantitative inforumation on the formation of these products in the
effluents streams is not avallable.

Further studies by the Army on the toxicological and anvironmental
properties of cyclohexanone should be a low priority. However, the formation
of cyclohexanone addition compounds in the effluent streams at Holston AAP
should be further investigatad. This invegtigation should include identifica-
tion and quantification of these compounds and a literature evaluation of
their toxicological and environmental hazards.

Methylamine

The methylamines are by-products of the RUX/HMX manufacture at Hol-
ston AAP., The ouly documented entrance of these compounds into the environ-
ment is from the A=l still sludges. When operating, this still discharges
613 1b/day of methylamine, 385 lb/day of dimethylamine and 31.5 lb/day of tri-
methylamine into Arnmott Branch. The presence of high concentrations of ni-
trate lead to the possibility of formation of the potent carcinogen, N-nitroso-
dimethylamina, in this waste stream.

The methylamines are produced in large quantities by the civilian
community. Current production capacity is 4323 million lb/year of mono=-, di-
and trimethylamine in the equilibrium ratio. The methylamines are used as
synthetic intermediates for synthesis of choline chloride, dimethylformamide,
dimethylacetamide, insecticides and surfactants.

The methylamines are widespread through the ecosystem. They are not
toxic in small amounts to mammals, fish, microorganisma and plants., Microbial
degradation occurs in the environment. However, in the presence of nitrate or
nitrite, dimethvl~ and trimethylamine can be biologically converted to N=-
nitrosodimethylamine.




The methylamines are not military unique compounds, Their toxico-
logical properties have been studied in detail  Fu-tl~ toricologlecal work
by the Army should be a low priority. Holston w . 3 unigus situation of High
nitrate and high dimethylamine content in its wescrs, Thug, there exists the
potential formation of N-nitrosodimethylamine., ‘[herefore, efnvironmental fate
of the methylamines should be further investigated. Effluent stream analysis
at Holston AAP should complement this study.

SEX and TAX

SEX and TAX are acetylated nitramines by-products formed during the
manufacture of RDX/HMX at Holston AAP, Thase military unique compounds enter
tha environment from the acid wash and dewataring operations, The levels of

SEX in these wagte streams are 20-407% of the RDX concentratlons. TAX levels
are batwean 60=907 of the RDX concentrations.

The toxicity and environmental fate of these chemicals have not
been extensively studied. However, contacts with foreign manufacturers and
comparison to similar compounds could yield useful information on the toxico-
logical and environmental hazards of these compounds. It is, therefore,
recommended that a Phase II effort on these compounds be initiated. In addi-
tion, further effluent atream analysis at Holston AAP is needed. Acute wam=-
malian and aquatic toxicity and 7 vo mutagenic studies may be warranted
depending on the results of the Phase II study.

1,3~dinicrobenzena

1,3-dinitrobenzens 13 a by-product of the manufacture of TNT at
Radford, Voluntaar, Joliet and Newport Army Ammunition Plants. This compound
is formed by nitration of the benzene impurities present in the toluene start-
ing material. Moat of the 1,3-dinitrobenzene formed in the procass 1s not
removed from the TNT and 1g thus an impurity in the final product. However,

a small amount of this compound (0.2 to 2 1b line/day) is discharged in the
red watar evaporation condensate.

Since l,3~dinitrobenzene is found in the INT final product, it can
alsc enter thae environment from TNT blending at Holston Army Ammunition Plant
and the LAP plants. 1,3-dinitrobenzene can also he produced in the environ=-
men: by photolysis of 2,4-dinitrotocluaene. Once formed, i,3-dinirrobenzene
does not undergo further photochemical decomposition.

There is one civilian manufacturer of 1,3~dinitrobenzvne in the
United States. All the product produced in the civilian sector is used as s
synthetic intermediate, mainly in the dye industry. The pollution from 1,3~
dinitrobenzene from the civilian manufacture and use is not known. However,

it is probably far less than that from TNT production and use at full mobili-
zation.

l,3-dinitrobenzene is highly toxic to mammalian and aquatic life.
It is glowly degraued by microorganisms. However, under most environmental
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conditions, this degradation is small and 1,3-dinitrobenzene accumulates in
sediments,

In view of the toxicity and the apparent widespread Army pollution,
it is recommended that 1,3~dinitrobenzene be included in the Phase II study.
It is algo recommaended that additional experimental studies be conducted to
clarify the environmental fate of 1,3-dinitrobenzene and the effectiveness of

planned treatment processes for removing this compound from the effluent
streams,

1,3,5-trinitrobenzene

1,3,5-trinitrobenzene 13 an explosive fcrmed in small amounts during
the manufacture of TNT at Radford, Volunteer, Joliet and Newport Army Ammuni-
tion Plants. This compound is formed by compatitive oxidation of TNT to 2,4,6=-
trinitrobenzoic acid followed by decarboxylation.

Most of the trinitrobenzene formed is found in the final TNT product.
However, small amounts are discharged in the evaporator condensate from the
evaporation of red water. Estimates of the 1,3,5-trinitrobenzene discharges
from the manufacture of TNT are 0.39 1lb/line/day.

Since 1,3, 5-trinitrobenzene is forued in concentrations of 0.1 to
0.7% of the TNT product, it can also be found in effluent from blending opera-
tions at Holston AAP and loading (LAP) at Joliet AAP, Cornhusker, Kansas,
Lone Star, Louisiana and Iowa AAPs., Egtimated discharzes from blending opera-
tions at Holston could be as much as 9 lb/day. The discharges from the LAP
facilities vary depending on how the pink water i1s handled. Cornhusker, Kan-
sas, Lone Star and lLouisiana dispose of pink water in evaporation ponds.
Joliet and Iowa have carbon adsorption columns.

In addition to the 1,3,5-trinitrobenzene in the effluent from the
manufacture, blending and loading of TNT, 1,3,5~trinitrobenzene is formed
photochemically from TNT in the waste water. It is estimated that 1% of the
INT discharged 1is converted to 1,3,5«trinitrobenzene. This compound is not
further photochemically degraded.

1,3,5~trinitrobenzene is toxic to both mammalian and aquatic¢ life.
It does not appear to degrade significantly in the environment and thus ac-
cumulates in sedimencs.

1,3,5-trinitrobenzene is a unique military chemical. Some minor
pollution may occur from civilian manufacture of nitrated aromatics. However,
the military pollution arising from this compound in the process effluents
and from photodecomposition of TNT in the environment 1is the major source of
1,3,5=trinitrobenzene in the environment.

The following recommendations are made for 1,3,5-trinitrobenzene:

~ Phase II study be initiated

- additional sampling at RAAP or VAAP (when operational) and
HAAP be carried out to determine the extent of sediment and
biological accumulation.

-9-




FOREWORD

This report details the results of a preliminary problem definition
study on explosivee related chemicals. The purpose of this scudy was to
determine the Army's responsibility for conducting further research on these
chemicals in order to determine their toxicological and environmental hazards
so that effluent standards can be recommended, In order to determine the
Armmy's responsibility for further work on these explosive. related chemicals,
the military and civilian usage and pollution of these substances were eval-
uated. In addition, a praliminary overview of toxicological and enviroamental
hazards was conductad.

The explosives related chemicals represent 9 of the 48 cbemicdls eval-
uated under Phase IA of contract No, DAMD17-77-C-~7057, These chemicals ars
grouped in four categories :

explosives related chemicals
propellant related chemicals
pyrotechnics

primers and tracers

Each category is a major report. Section I of each report 1s an overview of
the military processes which use each chemical and the pollution resulting
from the use of these chemicals., The problem definition study reports on
each chemical are separable sections of these four reports.

In addition a general methodology report was also prepared. This report
describes the search strategy and evaluation methodology utilized for this
study,

In the preparatiocn of this report, several reference sources have been
directly quoted, Permission has been obtained from the appropriate sources
for reprint of the quoted information,
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I. GENERAL OVERVIEW OF EXPLOSIVES MANUFACTURE,
LOADING AND DISPOSAL OF EXPLOSIVES

A, RDX/HMX Manufacture

Several of the explosives-related chemicals to be evaluated in this
preliminary problem definition study are assoclated with the manufacture of
RDX and HMX. These chemicals include:

- hexamine - a starting material
- ¢yclohexanone - a recrystallization solvent
- the methylamines, TAX and SEX - process by-products

At the present time RDX and HMX are manufactured exclusively at
Holston Army Ammunition Plant (HAAP), The plant is located in Kingsport,
Tennessee on the Holston River as shown in Figure I-l, Because of the in-
creased usage of RDX explosive mixtures, a sacond plant to produce these
explosives will be constructed in the future. This new facility (X-facility)
is curraently in the planning stages. Final site selection .nd authorization
of construction funds have not been completed,

Both RDX and HMX are used in a large number of explosive mixtures
which have a variety of end usea. The formulations of some cf these ex-
plosive mixtures are presented in Tablea I-l, Formulations of RDX and de-
sensitizing waxes are designated as the Composition A explosives. These
mixtures are used in press loaded small arctillery shalls., 4-3 and A-5 are
also used as boostor charges in place of tetryl which is no longer manu=
factured by the Army,

Composition B and cyclotols are mixtures of RDX and TNT, Desensitiz-
ing wax is also added to the Composition B products. The octols are HMX and
TNT mixtures. These compounded explosives exhibit superior performance
propertias ovar that of TNT alone., The superior properties have lead to the
extensive use of Composition B as burster charges in bombs, artillery shells
and land mines. For this purpose, the Composition B explosive is melt-
loaded into the shells, Once solidified, the cast explosive can be drilled
for insertion of non-bursting charge components, Because of its wide use in

shells and bombs, Composition B utilizes ~ 75% of the RDX produced each
year.

A third major group of explosive mixtures containing RDX and HHX are
the plastic explogsives and demolition charges. These formulations are
known as the Composition C, PBX and PBXN explosives and contain RDX or ILfX
compounded with plastizers and solvents. In addition to its use in ex-
plosive mixtures, HMX is also used in solid rocket propellants.

The historical production figures for these explosives are presented in
Table I-2. The quantities of the explosive which weuld be produced at full
mobilization are also shown in this Table. A summary of the historical and

projacted full mobllization usage of explosives at Holston AAP is presented
in Table I-3.

. T o s~




Figure I-1, Map of the Holston Army Ammunition Plant Ares
(Small and Rosenblatt, 1974).
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Table I-1.

Composition of Products Formulated
at Holston AAP.

Product Pereentage Composition
!
RDX X ™ Other |
{
Demenaitized ROX 9620.3 Procuss 0Ll 4%0.% ;
1
Composicion A Produces '
A= 91:0.7 Desonsicizing wux  9:0.7 '
A-4 9720.5 Desansitizing wax  3tU.5 !
A=3 98.82:0,3 Scvarie sctd 1.2:0.) ,
A7 98.340.59 Desansitizing wax 1.7:0.5
Conpositiun B Praducts
B, Type [ $9.522 39,522.3 Desensitizing wax 1.0:10.)
B-6, Type L 6022 39.522.1% Calcium silicate 0.320.1%
B4 Type II ént2 40%2
Composicion C Produccs
G4, Clussas 142 9121 3nderl 31l :
Ce4, Class 3 9021.2 Zinderl 9.520.7
Ced, Class & 89.911 Binder? 10,051
Dye Calpaluionz 0.220.2
Cli-é $7.520.% Calefum silicace 1,520.)%
Cyclotols Products
Cyelotol, Type I 7522 2822
Cyclotnl, Type II
Class A 7012 J012
Cyelotol, Type II
Class 3 69.622 29.922.13 Calcius silicane 0Q.3:0.18 1
HMX Products
HMK, Crade A 7 93
HMX, Crade B 2 9
QIX-1 or 2 92.220.5 Laminse EPX=147-1 ov
147=3 7.8%0.5
HMX/KEL<P 9520, KEL~-F 20,4
LX=0b=l 83121 Vviton A incl. CAF perm. vellow
: & GR Toner 12-3500 1521 s
" 1Xw10-1 94,520.8 Viton A i{ncl. Cyan Green 1
Toner 13~1100 S=0.3
1X-14-0 95.343.5 Latatw 5702«F=l plus Hellogtn
A v Viclet Toner .5:0.5
! Octol, Type L 7522 2822 .
Octul, Type 1I 7022 3022
PEX Products
PIX, Type [ 9020.93 Polystyrane 8.520.3
Die«l-athylhexyl
phchalata 1.5:0.3
P3X, Type II 9020.5 Palystyrena 9.1:0,2 !
Di-2-ethylhexyl
N phthalate 0.5:0.1
' Gun Rosen {ncl. :
Naphithol Red 0.4620.1 !
PIX 9404 9610,5 Nitrocolluloas ]
CEF (Fyrol) ] '
Diphenylamine 0,420,010 i
Pax 9301 9320, 4 Bindar? $.020.3 C
PBXN-3 8620.% Nvlan 14:0,5 1y
PBXN-3 95.320.5 Copul:ner) 520.3% {
PBXN6 9520.5 Copulyaer™ $20.5 '
PEX 9010 9020.3 REL~F 2003 y
P8xX 9011 9020.8 Fetnue $703F-1 JneG. 8 1
PRX 9203 9210.% Polyaivrena 6204 1
Di~2-vthylliexyl i !
phthalace U
PN 9407 9420.% Exxon 4«61 LY ) *
PBX 9502 TATS 94:u, ] i
Kft-F  ° 840.1
PaX 0i80 9520 2 Eatang 3703 F-1 5:0.8
1. polylnrobutvlene and Jdi-2-cthvl svoacate or dis/=cthyl adlpate
2. 902 lead chiremate, 10% Laap blach
3. Estanm 5700 Fol plasete amd Lia(2,2=dinttroreapy!) acersl/5in(2 2-dintzropropyl)
foemal 1
i 4. Vinelidene diflucelds and hikafluoreprepylene
]
- .
i 29~
T
!
1 . -y . 4
! LN v )
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1., Manufacturing Facilities at Holston AAP ,

HAAP is physically divided into two areas, Area A and Area B. Area
A 1s the acetic acld recovery ares located on the south Fork of the Holston
River. In this area, dilute acetic acid from the explosives manufacture
(Area B) 1is concantrated by azeotropic distillation., A portion of the con-
cantrated acetic acld is then used to produce acetic anhvdride, Both the
acetic acid and acetic anhydride are tanked back to Area B.

Area B is located ~ 1 mile below the junction of the North and
South forks of the Holgton River. The explosives manufacture and compound=
ing and the nitric acid recovery operations are located in Area B. The use
of and pollution associated with the compounds of concern to this study occur
in Area B. Therefore, process description and discussion cf the polluting
streans will bae limited to the explosive area.

2. Process Description and Effluent Streams

ROX and HMX are produced in the Area B bulldings by the Bachmann
process (Bachmann and Sheehan, 1949). A datsailed map of the Area B builld-
ings is presented in Figuve I-2. 1In this process, hexamine is nitrated with
ammonium nitrate/nitric acid mixture in an acetic acid/acetic anhydride sol-
vent., The processing steps and the starting chemicals used in both RDX and
HMX manufacture are the same, However, the proportions of materials differ
as shown in Table I-4,

Table I-4. Reectants for RDX and HMX Manufacture Based on 100 lb
Reactor Charge (Small and Rosenblatt, 1974).

Lb of Reactant Lb of Reactant
Reactant for RDX Manufacture for HMX Manufacture
Amnonium nitrate 17.2
11.0
98% Nitric acid 13.6

Hexamine 9,2 17.0
Acetic acid 18.0

Acetic anhydride 54,0

The nominal stoichiometric reactions for the formation of RDX and HMX are
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RDX

CGBIZNA f 4HN03 + 2NH4N03 + 6(CH3C0)20 -+ ZC3H606N6 + 12CH3COOH

Hexamine Nitric Ammonium Acetic RDX Acetic
Acid Nitrate Anhydride Acid

HMX
2C6H12N4 + 8HNO3 + QNHANO3 + 6(CH3C0)2 - 304H808N8 + lZCHscOOH + 6H20

Hexamine Nitric Ammonium  Acetic HX Agetic
Acid Nitrate Anhydride Acid

Holston has ten RDX/HMX lines capable of producing v 2.5 X 108

1b/yr of RDX and 1.5 X 107 1b/yr HMX at full mobilization. Currently, HAAP
is ouly operating at ~ 8% capacity (less than full capacity on one line). A
process flow diagram of the RDX/HMX manufacture is presented in Figure I-3.
This process involves 6 steaps which are described in detail in the following
secctions and Figures I-4 to I-9. Material balances on these processes have
bewn attempted., For further information the reader 1s referred to
Heidelberger (1971).

a. Reagent Preparation

The C Buildings are used for reagent preparation., Each C
Bullding feeds two production lines. In these Buildings, the commercially
purchased hexamine is dissolved in glacial acetic acid received from the
Area A azeo stills, The solution is dumped into a storage tank, the con=
tents of which are continuously circulated chrough a distribution loop. The
heramine/acetic acid solution is drawn from this loop into the D Buildings
as needed. The ammonium nitrate/nitri~ acid solutions from Building 330 are
algo unloaded at the C Bulldings and placed in storage tanks. A schematic
of the C Building operations is shown in Figure I-4,

The main discharges from the C Buildings are dissolver vent
discharges and building waghwater containing hexamine and dilute acids.
Accarding to a study performed by Holston Defense Corporation, an avarage
of 30 lbs per day of hexamine is discharged from each operating C Building
(USAEHA, 1971), The amount of acids and vther organics was found to be
negligible. The loss of heramine was due mainly to spillage and, therefore,
is relatively independent of production rates, At full mobilization, three
C buildings would be mixing hexamine, Thus, »~ 90 lb/day of hexamine would
be discharged to the sewer from this source.

h, Nitration of Hexaminue
Nitration of hexarine is carried out in the D Buildings. RDX

is produced in Suilldings D-l, D-2, D=3, D-7, D=8, D-9 and D=10. These
taildings each contain two continuoug production units, The reactant
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igure I-3. Flow Diagram of the RDX/HMX Manufacture at Holston AAP.
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golutions - hexamine/acetic acid, nitric acid/ammonium nitrate, acetic acid
and acetic anhydride are charged into the reactor at 75°C as shown in Figure
I-5., The axothemic reaction 1s maintained under control by means of a heat
axchanger, The initial product is ~ 79% RDX, 6% HMX'and intermediates ~ the
major one of which is BSX (CH3COOCH;=N(NOz)= (CHp)2~N-NO2) (Small and Rosen-
blatt, 1974). The reactor slurry is then pumped to a temperature controlled
aging tank. Here the intermediates are further reacted to RDX. The aslurry
is then drained into a saeries of four simmer tanks where the acetic acid is
diluted to 65% and the temperature is gradually lowered from 108°C to 50°C
(USAEHA, 1971).

Buildings D~5 and D=6 contain batch reactors for the production
of HMX. Building D-6 has two reactors and Building D-5 has one nitration re-
actor. These Buildings differ from the continuous RDX D Building in two
respects as shown in Figure I-5:

- there is nc heat exchanger on the nitrator
= @ach nitrator has two simmer tanks in parallel instead
of four in serles,

Tha main pollution sources from the D Buildings are the
building scrubber vents, the main water effluent entering the catch basin
and the various storage tank effluents (Heidelberger, 1971). Some acids and
explosives are found in the effluent from equipment and floor washdown. SEX
and TAX are also probably in thils waste gtream,

Ca Acids Removal and Explosives Wash

Aftar the nitration is completed, the explosives slurry is
pumpad to the E Buildings. 4 schematic of the E Buildings operations is pre-
santed in Figure I-6. Here the acids are re2moved from the slurry by a vacuum
system. The acids are sent to the B Buildings where acids and disscived ex-
plosives are recovered. Explosives recovered at the B Buildings are re-
turned to the E Buildings for reprocessing. Once the acid has been removzd,
the explosive iy washaed with filtered water and a vacuum systam 13 used t¢ re=-
move tha dilute acid water, The water from this step is pumped to the D
Buildings as a dilution liquor. The washed axplosives are then slurried
with filtered water and pumped to the G Bulldings.

Buildings E-1 through E~4 and E-7 through E-~10 are usal for
RDX production. HMX is washed in Buildings E-53 and E~6, Discharges from
the E Buildings include filtered water, steam condensate and river watar,
Acids and explogives are discharged from the warm water wash, acid and
dilucion liquor recelving steam jets and equipment and floor washdowns.
With the exception of the acid raceiver steam jets, all the explosives con=-
taining streams flow through baffled catch drains before entering the in-
dustrial waste sewer, Most of the explosives settle out in the catch basins
and do not entear the industrial sewer system, Howaver, the water solubles
such as the methylamine salts, SEX and TAX are not removed from the waste
water and thus entar the sewer =ystam.
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From D 8ldgs

Warm Water
Wash To Waste

13 [TiTatien retd
Waste RL14$°F Recaiver
To D Bldgs j o - !
Acid
Storage
Tanks

To B Bldgs @ b
*], Bldg E-8 is the only £ Bldg with & decant systam.

2, Except for decantation, all gther E Bldgs are identical except for the
number of units each contains, Bldgs E-5 and E-6 have a dilution liquor
storaqe tank available to dilute the acid to 60%.

3. This diagram represents only one operating unit at Bldg E-8.

** Although only one set of steam jets is depictad, there are two sets, one
R T IR
RW « River Water

Figure I-6. Acids Removal and Explosives Wash
in Building E-8 (USAEHA, 1971).
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d. Recrystallization

Crude RDX or HMX from the E Builldings are recrvstallized in
the G Buildings. The axplosive slurry is fed into a dissolver containing
solvent, usually cyclohexanonz for RDX and acetone for HIX., After simmer-
ing, the dissolver contents are transferred to a preheated still where the
solvent 1s distilled off (see Figure I-7). The solvent is .eturned to the
digsolver or a decanter. Solvent vapors from elther the primary condenser
or dissolver are condeansed in a secondary condenser and returned to the dis-

solver. The recrystallized explosives are then cooled and sent to the H
Buildings for dewatering.

The main pollution from the G Buildings RDX recrystallization
ragults from the dissolver and still agitators seal water (Buildings G~1,
2, 7, 8, 9, 10, 10A), Approximately 200 ppm of cyclohexanone was found in

the catch basin effluent from these buildings (USAEHA, 1971). Flow rates of
27,400 gallons per day were measurad.

Buildings G=3, 4, 5 and 6 are used for HMX recrvstallization
or special products formulation. Cyclohexanone {in the 200+ ppm range is
also an effluent from these G Ruildings. However, the amount depends
neavily upon the product being formulated. Explosives are also found in
large concentrations in the effluents from all G Buildings.

e, Dewatering

After recrystallization, the explosives slurry is sent to the
H Buildirgs for dewatering, although dewatering can also be performed in
some of the G Buildings. As shown in Figure I-8, the slurry is dropped into
receiving carts called nutsches. Vacuum probes are inserted into the slurry
until tha water is removed. Grinding of explosives 1s accomplished by

eycling the slurry through pumpa filtered with an orifice on the pump dis-
charger or with a Cowles dissolver,

In a study conducted by Mr, Jim Green of HDC (USAEHA, 1971),
the principal sources of waterborne wastes from the E Buildings were deter-
mined to be from spills, and overflows of settling and vacuum tanks.
Cyclohexanone is one of the wastes from these buildings (v 140 ppm in a
34,800 gallon per day flow through the catch basins of each building),

£. Incorporation

In the I, J, K, L and M buildings, the wet RDX is incorpora-
ted into explosives, There are two process lines in each building. Each
line has two incorporation kettles, one holdup kettle, a casting pot and a
casting belt as shown in Figure I-9, The wet RDX is received in nutsches
from the G buildings. Welghed quantities of dry TNT are received in melt
kattles from the K buildings. Steam lines are attached to the melt kecttles
and the TNT maelted., The hot TNT is then poured into the incorporation
kettle., The wat RDX Ls shoveled into the kattla, The water floats to the
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Vent RW
Secondary To ditch
Condenser Primary
RN Condenser
=
. —
From
E-B1dgs FW i
[ Stm
?
i *This system is used at Bldgs G-1,
Stm 2, 7, 8, and 9. At Kldgs G-3, 4,
e 5, 10 and 10A, gondense? cycl?-
: hexanong or toluene solvent {s
From Tank Sti11 2 Ain_or. RN returned to a decant tank outside
Truck the building where 1t saparates
.1 L into two layers. The top layer,
containing near al1 of the solvent]
Solvent 1s dacanted to a solvent storage
Storage tank and then fed back to the
To H-Bldgs dissolver., Fresh solvent {s
Sparger added to the solvent tank to main-
_é Steam tain a specified solvent con-
centration. Water from the decant
FW-Filter Water tank, containing approx 0.1%
RW=River Water solvent, is reportedly hauled to
Stm=Steam the burning ground for disposal.
81dg-Building This drawing represents only one
unit at Building G-8.

Figure I-7. RDX/HMX Recrystalization in Building G-8
(USAEHA, 1971).
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!
From 1
G-Bldgs

~ -

To catch basin

Fy-
Grinding orific

B/
“
—
[}
g
——

from Nutsches

<4
& E B
= ) A
© 2‘ Pt
Nash vacuum ns S
Vact:uuc pump & E i
e |
Nutsches an <5 ]
i |
&
5t |
= 8
To weighing and | * g L
{ncorporation Settling i f i
bldgs or to Tank Sa :
grinding Overflow to ) o
: catch basin ne !
~ |
- J - X |
RDX or HMX ;3
£2
[~
ng
o=

Stm or L

W Cowlas FW D

- for Dissolver ? o

: Slurrying To ]

Catch . i
i Basin ™

NOTES: 1. Bldgs H-5 and H-6 are the only H-Bldgs with Cowles dissolvers. Cowles

Figure 1-8, Dewatering, Filtration and Grinding ‘
of RDX/EMX in Building H-6 (USAEHA, 1971).
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rop of the explosive melt and is ducanted into the sewer. After removal of

the water, the temperature of the melt is raised, desaensitizing wax is added

and the mixture agitated. Aftar agitation the mixture is poured into a

. “holdup tanV., From the holdup tank the explosive melt flows into a casting

pot, through holes in the pot and onto a casting belt. On this belt, the

e melt couls and solidifies. The atrands of explosives fragment as they drop
into nutsches, They are transported in these nutsches to the N buildings
for packaging.

Water waates from incorporating kettles and from equipment
and floor wash down are the main sources of pollution from the incorporatiocn
building. This water flows through catch basins where most of the explo-
sives are sattled out. Howaver, explosives and exploaive impurities enter
tha main sewer system from these buildings. The amount entering the sewer
is thus a function of the solubtility of the explosives and impurities. 3e~
cause of their higher water solubility, SEX, TAX, 1,3-DNB and 1,3,5-TNB are
found in significant quantities in water from the Incorporation Buildings.

RS

g Primary Distillation and Ammoria Recovery

Several of the chemicals which are being evaluatad during

this praliminavy problem definition study are by-products of the RDX~HMX
 , manufacture, These chemicals not only appear in waste effluent streams from
‘ the main process but alse in effluents from the associat.u -=agent racovaery
processes, Of prime concern are the primary disrillation of the co-=~~!
nated waak acids from Building F and the ammonia recovery operations. Since
only thesa two auxiliary processes are directly involved with the chemicals
in this study, only thase processes will be described in this report.

The contaminated weak acid from the I (acid removel) Build-
ings is first neutralized with 50% sod?um hydroxide and then fed into a
primary evaporator as shown in Figure I-10. Here v 80% of the original feed
1s recovered as 607 aqueous acetic acid. The sludge is removed, diluted
5 : with water and then heated to 100°C., The liquid is then coolad to 30°C and
A e RDX seed added. The precipitared RDX~HMX 1s separated from the solution
i and returned to the E Buildings. The liquid is fed to a sdcond evaporator

and a stripping column where additional acetic acid is cemoved,

The sludge from the stripping column is fed into a batgh re-
actor where 507 NaOH is added. This treatmen: converts the ammonium nitrarte
inzo sodium nitrate and ammonia, the acetic acid to sodium acetate and the
RDX-HMY to ammonia and sodium nitrate. <The ammonia and water vapor released
are cordensed. The sludge from this reactor is pumped into storage Lagoons,
This sludge will be used for fertilizer produccion when the tfertilizer plant
becomes oparational.

- . Tl aqueous ammonia is then distilled at Building a=1 to re~
) { cover anhydrous ammonia for sale as a rertilizer (Figure I-ll). The feed
N : stream teo this column contains ammenia, methyl-, dimeathvi- #ad trimethyl-

1 amina, formaldehyde and water Sodium hydroxide is added to preveant corro-

sion (Campbell, 1976)., Tn the presence of a base catalyst at high tempara-
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- Vent

Product Anhydrous ammonta
Condsnser to railroad tank
cars and shipment
as fertitiier

“™ River
. water
30 Trny}
200 PSTIA To ditch
Ammonia
. Colum
¥ Steam
-, - Aquacus ammenia "
/] from primary
i . dictﬂ'iat'lnn (B
. Buildines)
" | Bottoms

to Oftcn &

HOTE: Since Buildina A1 contains oniy one unit, this d{ayram represents
the entire bufldina,

Figure I-11. Ammonia Distillation in Buillding A=l
(USAEHA, 1571).
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tures and pressures, formaldehyde and ammonia react to form hexamiue
(Campbell, 1976). The bottom products from the A-l Building c¢olumn contain
hexamine (v 5,000 npm), ammonia (v 5,500 ppm), formaldehyde (v 180 popm),
methylamine (v 3,500 ppm), dimethylamine (v 2,200 ppm), trimethylanine

(v 180 ppm) and copper (12,5 ppm) (Adams and Whiting, 1976). This waste
stream ls discharged into Arnott Branch. At current cperation levels, the
A-1 Building still is operated une werek every four months, Discharges from
the still are &~ 21,000 gallons par day (USAEHA, 1971)., This waste flow is
based on a feed rate of 15 gallons per minute. '

3. Charactarization of Effluents fror the Manufacture of RDX/UMX

The surtaze runoff und cooling water from the Area 8 production
facilities are discharged into ditches which lead directly to che Holaston
River. Procass effluunts from the RDX/HMX manufactura itself are discharged
through catch basins into industrial sewer lines which empty directly into
the Holsron River or Armott Branch, Holston Dafensa Carporation routinely
monitors the industrial sewer effluents as well a8 the Area B water ilulet
and two statlons on the Holston River downstream from Area B,

The lonations of the sampling stations for Holston AAP Area B
industrial effluents are shown in Figure (-2,

- Station BOlA is located at the Araa B pumping station and
monitors tha quality of the inlaet water.

~ Station BO2B is located at Manhole No, 300 whare thea under-
ground industrial sewar line amerges into an open ditch.
This line carries process effluents from Buildings C through
N on linas 6 and 7, The flow rata at this station was emti-
mated to be butweear 0.5 and 1.5 MGD in 1976 and 1977
(Hash, 1978),

~ Statlonm BN2A is located directly vt the Holston River at
the end of industrial sewer line No., 3G2. This line
merves Bulldings G through N on lines 1 throvgh 5. Flow
rates from sewer line No. 302 wera estimated &n be betwaen
0.5 and 1.0 MGD in 1976 and 1977 (Hash, 19798).

~ Statlon BU3B Lis located on Arnoctt Branch., The industrial
effluencs from the C and D Buildings of lines 1 through 5,
the B Buildings, the A-l ammonia recovery still and the
nitric acld facilities flow divectly iato Arnott Branch,
The flow at the BO3B station is ~ 20-22 MGD (Hash, 1978).
This number raepresents a total combined flow rvate of the
process effluants and Arnott Branch, The upstream Branch
flow is 12 MGD. Process effluent flow rate averages be-
tween 8 and 10 MGD,

« Station BOlB 1ls at Igloo Bridge on the Holston River
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down stream from the entry of Arnott Branch.

-~ Station BOlC is at Churchill Bridge, downstream from
Holston AAP Area B.

The flow of the Holston River varies considerably within a twenty-
four hour peried due tr the intermittant releases frcm Ft, Patrick Henry Dam
(Sullivan et al., 1977). This intermittent variation in river flow condi-
tions influencas the ability of the river to dilute HAAP Area B wastes. The
dilution factor has bean shown to vary by 12 over a two hour period (Sulli-
van @t al., 1977)., In addition to the flow variation, dye tracer studies
have shown that the mixing of the North and South Forks is not complete
until mile 137 (v 1 mile down stream from Arnott Branch), Thus the North
and South Forks behave as two contiguous straams occupying the same river
bed from the point of convergence to mila 137 (Sullivan ¢t al., 1977). The
result is widely differing water qualities on the North and South banks of
the River and relatively little dilution of HAAP Area B wastes for at leaat
one mile downstream.

Many studies have been conducted to determine the various levels
of discharges from Holston AAP and their effects on the Holston River
(Sullivan et al., 1l977; Baender @t al., 1977; Patterson ¢t al,, 1976b; Huff
et al., 1975; USAEHA, 1972; USAEHA, 1971; Heidelberger, 1971). The reader
is referred to the original documents for earlier sampling data., Analyses
for 1976 and 1977 are presented im Tables I-5 and I~6. Inspection of these
tables shows tue following:

1. Of the compounds of interest to thia study, ounly cyclohexanone
is monitored on a regular basis.

2. The water quality of the effluent streams varies widely
throughout the year (Table I-5) and even duriag biweekly
sampling (Table I=6),

3. As would be expected, cyclohexanone appears in streams BO2A
end BOZE which contain the affluents from the G Recrystalliza-
tion Building and the H Dewatering Building. RDX, HMX and
TNT were also found in the largest qusntities in these two
streams,

4, Nitrgtes are predominant in stream BO3B.

Egtimates of the amount of explosives and related compounds dis-
charged from HAAP at production levels of 273 tons/day of Composition B have
been made by Patterson ¢t al. (1976b). These estinated discharges are:
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RDX - 124 1lb/day 0.451 1b/ton of product
BMX - 45,2 lb/day 0.164 1b/ton of product
TNT - Bl.8 lb/day 0.297 1lb/ton of product
Hexamine - 30 lb/day 0.109 1b/ton of product
Solvants - 1230 lb/day 4,47 1b/ion of product

From these numbers, discharges at full mobilication (v 750 tons of product/
day) can be estimated us follows:

RDX ~ ~ 340 1b/day . o
51704 ~ & 123 1lb/day .
TNT - ~ 225 lb/day
Hexamine - A 75 lb/day
Solvents - ~ 3352 lb/day

These numbers represent minimum discharga levels, Other estimates of dis-
charges at full mobilization are significantly higher. For example,
Epstein ¢t al. (1976) estimated the TNT discharge from Holston at full
mobilization to be 650 lb/day.

4, Future Effluent Treatment Plans

Currently all Holston AAP Area B wastes enter the Holston River
without any pratreatment. In 1973, Clark, Dietz and Assoclates-Engineers,
Inc, was awarded a contract to design a wastewater treatment facility for
Area B process effluents. During this investigation, Area B wastes were
collected for evaluation of blological treatability by Purdue University.
Thege studies showed that activated sludge systems were not sulted for
treatment of Area B wastes due to formation of filamentous growth, Studies
on the ammonia recovery bottoms indicated chat this stream could not be
treated biologically or chemically. Wet-oxidation was recommended for
treatment of this stream, For treatment of general Araa B wastewaters,
Clark-Dietz (Hash et., al., 1977) recommended a fixed-film denitrification
(submerged anaerobic filters) and aerobic fixed~filter reactors (trickling
filters), Howevar, sufficient information was not obtailned from these
studies for final design,

In 1974, Holston Defense Corporation was awarded a contract for
pillot scale verification of the system recommended by Clark-Dietz., This
pllot unit was also to evaluate the effect of Area A wastes on the treatment
process. As a result of this pilot study, a three stage blological treat-
ment system was recommended to treat combined Area A and B wastes with the
exception of the ammonla recov-ry bottoms (Hash ¢t al., 1977). This
facility would counsiat of

e b i i ——

-~ anaerobic tower
- trickling filter
~ activated sludge

The best performance in the pilot study was observed with a trickling ;




filter and activated sludge systams in series while operating at a 6 hour
aeration time (Hash ¢t ol., 1977).

In this pilot study, RDX, HMX and INT in tha wastes were not toxic {ﬂ
to the microorganisms., However, complete removal of these compounds would l
not e expected in the treatment facility, Tertiary treatment will be . d
necessary to comply with 1983 EPA standards. '

Plans are currently underway to build the biclogical treatment
facility at Holston AAP. The site of this facility if shown in Figure I-2,
A pipeline which will take the process effluents to the treatwment facility
is already under construction, This biotreatment facility will be capable
of handling the 12.5 MGD process effluents which would result during full
mobilization (Hash et al., 1977).

Tertiary treatment processes for removal of RDX, HMX and TNT were
investigated by Jackson @t al, (1976), Processes which were evaluated in-
clude anaerobic biodegradation, chemical oxidation, coagulation, reverse
osmosis, polymeric adsorption and carbon adsorption., Anaerobic biodegrada=-
tion, chemical oxidation and activated carbon adsorption removed L0Q0% of the
RDX and HMX from solution,

Due to tha toxicity of the Ammonia Recovery bottoms in the
original study (Clark-=Dietz, 1974), several studies have been conducted to
determine the best method of treating this waste gtreanm.

) ' 1. Wet oxldation was found to be an affective treatment method,
_— : howevar, the cost is prohibitive (Hash et al., 1977). ]

, 2, A distillation mathod for noncentration of hexamine to 15 to
. o 30 wt % was proposed by Campbell (1976), The results are based on theory
3 . and proposed methodology has not baeen piloted,

3. Studies on biological nitrification/denitrification of the A-~l
effluent showed that formuldabyde (<180 ppm) and hexamine (<500 ppm) would :
not inhibit nitrification/denitrification. However, the methylamines and
copper were toxic to the microorganisms (Adams and Whiting, 1976). The
authors recommendad addition of ethylenediaminetetraceatic acid (EDTA) to
aliminate the copper toxicity and pretreatment with aerobic bacteria to
aliminate the mathylamine texicity. A 1/10 dilution was also recommended
before this effluent enters the general biotreatment facility,

In genaral, it appears that a single bilotreatment facility will
not lead to water of sufficient quality to meet the 1983 EPA standards.
RDX, HMX, TNT, SEX, TAX, hexamine and the methylamines appear te be the
major problems to meeting the 1983 EPA standards.
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B. TNT Manufacture

1,3-dinitrobenzene and 1,3,5-trinitrcbenzene are minor impuritias
1n the TNT product., They are also found in and resulting from the
effluents from the INT and DNT manufacture, blending and loading operations.
INT manufacturing facilities are located at

Radford AAP (RAAP), Radford, Virginia
Newport AAP (NAAT), Newport, Virginia

Joliet AAP (JAAP), Joliet, Tllinois
Voluntear AAP (VAAP), Chattanooga, Tennessee.

TNY 1s blended with RDX or HMX and other ingredients at Holston AAP in

Kingsport, Tennessee, INT and TNT blends ars loaded at the following LAP
plants:

Cornhusker AAP (CAAP), Grand Island, Nebraska (Inactive)
Iowa AAP (IAAP), Middletown, lowa

Joliet AAP (JAAP), Joliex, Illinois= (Inactive)

Kansas AAP (KAAP), Parsons, Kansas

Lone Star AAP (LSAAP), Texarkena, Texas

Louisiana AAP (LAAV), Shreveport, Louisiana

Milan AAP (MAAP), Milan, Tennessee

1, Manufacturing Facilities

TNT is manufactured by either a batch or the CIL continuous pro-
cess. The batch process is being phased out and the batch lines replaced
with continuous lines. [Lach TNT line is capable of producing 100,000 1b
of TNT per day. Newport AAP has four continuous lires; Jollet has three
batch and six CIL continuous linas; Volunteer has six batch and six CIL
continuous lines; and Radford is installing 2 concinuous lines to replace
those damaged in a May 1974 explosion. Currently, no TNT is being pro-
duced in the United S»acves. The most recent production was at Velunteer
AAP which had one line in operatioun until March 1777 However, upon cou-
pletion of the two lines at Radford AAP, production of TNT ia expected te
resume at Radford AAP (Epstein et al., 1975).

TNT is manufactured by the successive nitration of irmluene with

oleum,
CH CH3
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The two processes usaed in this mangfacture are shown schematically in Figures
I-12 and I-13. $ince the batch process is being phased out, it will not be
described in datail in this report,

In the CIL continuous procesa, the nitration is carried out in six
nitrator-separators, The process utilizes countercurrent flow of toluene and
the nitrating acids, The crude INT oil is slurried with water and the axcess
ascid neutralized with sodium carbonate, The wash water, called '"yellow water",
contains acids and soma nitrogen contalning compounds. Purification of the
crude TNT 18 accomplished by the Sallite process, In the Sellita purifica- i
tion, the INT is washed with godium sulfite. During this wash, TNT igomers
having a nitro group in the mata position (i.s. E=TNT, y=TNT or 3~INT) react l
to form the sodium salt of the 3-sulfonic acid derivatives and sodium nitrita. l
I Cx
: 0, . vo, 0N > o, |
; *Nagsly  — + NaNo, |

i

4 With teccanitromethane, sodium culfite reacts to form sodium trinitromethane {
3 sulfonate: |
!

|

I

The salts formed are watar soluble and are washed from the INT with water.
The resulting water s called "rad water.'" Sodium sulfite does not react
with DNT, trinitrobenzoic acid or l,3~dinitrobenzene. Thus only minor

amounts of these compounds are removed by the wash and they are impuriities
R in the TNT product.

Following tr2 Selliting and water washiug, the purifiaed TNT {s

driad in hot sir. Oacae dried, it {s solidified and flaked on a water-cooled
drum.

j The CIL ceontinucus procegs differs frow the old batch process in
f saveral waya

- water g used in place of sodium carbonate for initial aclds
removal
- the sellita solution is prepared diraectly from dry sodium sul-
. fice instead of by a S02-carbonate reaction
; - less waste water is penerated containing lower amounts of
! nitrogen containlng compounds

i A comparison of the wastewatar genarated by the batch and CII. process is
{ presented in Table I-7 (Patterson et al., 1976b).
& 3 2. Process Effluent Streams

As shown in Figures I-12 and I-12 there are three major waste ‘ ﬂ
streams from TNT manufacture.
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- gpent acid
- yellow water
- Red Water

L None of ches« streams are discharged directly. The spent aclds are sent to
the a¢id recovery unit., The yellow water is returned to the secoad nitration
or combined with the Red Water. Red Water 1s disposed of by ev.poratisn-con-

. centration at Volunteer and Joliet AAP. Newport concentrates the waste and

s ) incinerates it. Radford sells the Red Water to paper mills.

Pink Water arises from che nitration fume scrubber discharges; Red
Weter dilstillates; and finishing building hosd scruvber and washdown efflu-
ents, Some Pink Water could wlsn be in the spent acid recovery wastes
(Patterson et al., 1976b). The Pink Water gtreams are discharged frem the
AAP; thus, the Pink Water represents the wmajor streams in which 1,Jl-dinicro-
RN benz=ne and 1,3, S5-trinitrobenzens or its precussor 1,3,5-trinitrobenzoic acid
: cau enter the enviromment from INT mynufacture.

C. Explesives Blending and Loading Owarationg

b - 1. Explosives Blending

g RDX, HMX and TNT are blended ints various compositions at HAAP,
_ Process water from the incorporation builidings is flowad through catzh basins
S _ and then directly into the Holston River. This irrorporacion step involves
: mixing of wet RDX or HMX with other ingredients such as molten TNY. The
excess water is decanted into the catch basins and ultimately to the Holston
D River. Thus, the incorporation step is a source of pollution not ouly from
: the major axplosives bdbut also from the more soluble minor impurities such as
SEX, TAX, 1,3-dinitrobenzene and 1,3,5-trinitrobeuzene in these explosives.

¢ 2. Explosives Loading, Assembly and Pack

, Explosives containing RDX, HMX and/or INT are loaded at sevéud LAP
+ plants

- Jornhusker AAP (CAAP)

- Tcva AAP (lAAP)

- Jolier AAP (JAAP)

- Kansas AAP (KAAP)

- Lone Star AAP (LSAAP)

o ‘ - Louisianu AAP (LAAP)
' -~ Milan AAP (MAAP)

e ' Thege plaats all generate Pink Water. The mission and the Pink Water dis-
: posal at each of these plants is discussed briefly in the following sectioms.

.‘.‘ %
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a. Cornhusker AAP

Cornhuskev AAP, located in Grand Island, ‘lebraska, is
currencly inactive. The primary mission of this plant 1s loading of heavy
nunitions including

=~ qight~inch shells loaded with pura TNT
-« 500-, 750-, 1000-1b bomb loadad with tritonal
(80% TNT, 20% flaked aluminum)

The waste watar volume from each load line is estimated be-
twaen 6,300 gallons and 28,800 gallons per day, This water is disposed of
by percolation and evaporation in =anks and basin above each load line,
These basins have no outfalls (Pa!tarson &t al.,, 1976b).

b. Kansas AAP

Kansas AAP, located in Parsons, Kansas, melt=pours RDX-TNT
mixtures into 8i mm, 105 mm and CBY shells. The wastewaters from these
operations are trucked to evaporation ponds.

c. Lone Star /ZuP

Pink water iy generated in four areas at LSAAP near Texarkana,
Texas. The effluent from the Aresa O melt~pour line is discharged directly
to the Red Water Lakes (Patterson 9t al., 1976b). The piuk water from
mel t-pour Areas C, £ and G are pasged through anthracite coal to remove sus-
pended solids. This water is then reused. When the TNT concentrations
becoma .excessive, the water is truciad tc holding pomds. Carbon adsorption
traatment facilities for pink water abatement are currently under con=
2truction at LSAAP.

d, Louigiana AAP

Louigiana AAP 1s located in Shtrevueport, Louisiar.a, Corn-
taminated water (v 136,000 gpd contalning 80 mg/l INT at full capacity) from
shall loading 1s trucked to leaching ponds.

Q, Milan AAF

Milan AAP, located in ililan, Tennessee, loads a varilety of
products including 40, 60, 81, 90, 105, 106 mm shells, mines and grenades.
The wastewater from these opevations are discharged into a drainage canal
which flows to surface water. Patterson ¢& al. (1976b) estimatad that the
current overall daily discharge of TNT and RDX is 3.5 lb/day and 2.7 lb/day,
raspectively, :

£. Iowa and Joliet AAP

lowa AAP, located in Middlatown, Iowa, loads a variety of
shells. Joliet AAP, Joliet, Illineis, loads medium caliber ammunition in

59~

PR L mam mtmepn. -




addition te productien of TNT. The LAF wasndown and surubber effluents frem
these plants are cucvently belug treated by carbon adsorption. The waters
are collected in catch basins, filtered through diatomaceous aarth then
through two granulatad charcoal columns. The cffluent from the columns

is discharged %o surfact drainage, A shematic of the carbon adsorption
watar treatment facility 1s showa in Figure I-1l4, Performanca figures for
the carbon treatment aysnem at JAAP are pramgented in Table I-8, Although

the perforrance of the systam has becn good, many technical and cost problems
: remain to be resolved, These problems includa

- clogging of the diatomaceous earth Iiltsar by wax

- effect of pH and micor chemicsls on the column ‘
efficliency

-~ gffective maintenance schedule
- air pollution from burning of the used carbon
~ afficient carbon regeneration system, '

-
.
e —— o —— e+ i T A I T a2 R
. P T

3, Future Pink Watar Treatment

Although carbon adsorption is currently being used for pink water
abatement, the ability of casbon to economically treat pink wacer at full
mobilization ls of convern. Other destruction methodclogies which are
being investigated include (Patierson @t al., 1976c; Tatyrek, 1976)

l
~ ozonolysin l
- solvent axtraction using toluene )
- reverse osmosis i
' - absorption on fly ash |
: - polymeric iou exchange resing (
= blotraatment '
- foam separation {
- wei oxidation {
- incineration :
a - ca‘alytic wet oxidation

Iy : - composting and soil disposal

o b e+ A o £ g

)
|
Most of these treatment meth:dologius ars not yet sufficiantly developed to l
determine their treatwent and cost effectiveness, ?
i
i

D. Disposal of Solid Explosives Wastas

1, Wastes from Euxplosives Manufacturiug

folid RDX. HMX and TNT Jirom tha manufacturing and blanding opera- |

tions at HAAP includa ¢{f-sp2c waterial and solids removed from the catch

o basins., TNT solid wastas are also genatatad at RAAP, JAAP, NAAP and VAAP
.« Sy when thnse plants are iu operation, Curvently all tha solid wastes from :
the manufacturing process are burned in open burniag grounds, This burning (

leady beth tec air pollution problems and soil contamination problems,
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In the future, each plant will have contaminated waste incinera-
tors, Alir curtain incinerators are scheduled for installation at HAAP. An
air curtain incinerator is already in operation at RAAP for burning con-
taminated wastes, A rotary kiln explosives waste incinerator was installed
at RAAP in 1977. However, it does not meet performance specifications and

will have to be modified. This incinerator should be operational in late
1978 or early 1979,

2, Wastes from Explosives Loading Operaticns

Solid wastes from explosives loading oparations include spilled
axplosives from the preas loading operations and filtered solids, contami-
nated diatomacaous earth and carbon from the melt-pour loading operations.
These solid wastes are currently burned in open burning grounds. Thus,
they present a source of air and soil pollution. Incinerators fur destroy-
ing contaminated solid wastes are now being or will be ingtalled at the
various explosives LAP plants, In addition, a carbon regeneration system
is currently being piloted at Iowa AAP. This system is a rotary calciner
(Buckley @t al., 1977). The carbon is regenerated in three zones

- zone 1 - 110°C to dry the carbon
- zone 2 ~ 300°C to decompose the TINT
- zone J - 1500°C COp and steam to regenerate the carbon

The process gives good carbon recovery and adsorptive capacities., If

succeasful, similar units will probably be installed at other LAP plants
uaing carbon treatment of pink water,

3, Disposal of Outdated Explosives

Large shells are drilled, then heated to remelt the explosives in
order to empty the shell. The resultant explosives are then burned in open
burning grounds. Small shells are incinerated in incinerators., At present
explosive shells or the explosives are not reused,

Future disposal of outdated explosive shells will be carried out
at Hawthorne, Nevada. Hawthorne is scheduled to be operational in 1980.
This facility will be the primary location for all demilitarization of out-
dated material, It is also anticipated that there will be more effort ex=-
pended on the reuse of outdated explosives and shells in the future.
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SUMMARY g

Hexamine is one of the starting materials used in the production of
the explosives RCX and HMX at Holaton Army Ammunition Plant. This chemical
is purchased from civilian manufacturera. Army purchase of hexamine has
averaged 31 million Lb per year over the last eight years with a high and low
yearly purchase of 65 million lb and 4 million 1b., Over the same period
civilian production of hexamine has averaged 88 million lb/year with a high
yearl production of 145.9 million 1lb and & low of 47.4 million lb, As the
Aruy's need for RDX and HMX has declined during peacetime, their purchasa of
hexamine has also declined. In 1975, Holston AAP purchases only accounted
for 32% of ths civilian production of hexamine. However, if full mobiliza-
tion were to occur, the Army's needs would be ~ 75% (154 million 1lb/ysar) of
the current civilian production capacity.

Hexamiine is a reactive heterocylic fused ring compound produced by
the condensation of formaldehyde and ammonia. Currently, there are 6 civilian
manufacturers of hexamine with a total capacity of 154 million lb/year. The
major civilian use of hexsamine is 23 a methylenating agent for crosslinking
in thermosstting phenclic resins., It is also uced as an intermediate in the
production of nitrilotriacetic acid, as an accelerator in the rubber industry,
a urinary antiseptic, etc.

Due to the use of hexamine as a urinary antiseptic, its mammalian
toxicological properties have been thoroughly studied. Hexamine exhibits low
toxicity in acuta doses (LD50 mice is 9200 mg/kg). Chronic studies with mice,
rats and dogs showed no effects at low doses and only slight growth rate re-
duction at higher doses. Early reports nf carcincgenesis due to hexamine
have been disproved. No mutagenic effacts were found in mammals. However,
incroased perinatal deaths and growth retardation were noted in beagle pups
whose mothers received high doses of hexamina (1250 ppm in faed).

In the environment haxamine itself i3 relatively non~-toxic to
aquatic organisms and plants (96 hr LCS50 for fathead minnows is > 200C »mm).
However, under acid conditions or microbial attack, hexamine breaks down into
ammonia and formaldehyde. Formaldehyde is highly toxic to aquatic osrganisus
(96 hr LCSO for fingerling bass is 18 ppm). Several microorganisms, mainly
FPaeudomonas sp. are capable of degrading formaldehyde, and it gradually
disapvears from the squatic environment,

Some pollution from hexamine occurs in the production. Most of the
manufacturers racycle their production water; however, some concentrate tha
water and dump 1t into the municipal sewage treatment plants. Microorganisms
in these sewage plants should efficiently degrade the hexamine., Pollution of
hexamine itself from civilian usage is almost non-existent. Therefore, the
actual pollution of hexamine from the civilian sector is minor.

Holston AAP i3, however, a large polluter of hexamine. Approximately
30 1b per day enter the Holston River from each C-Building (Hexamine Mixing
Buildings) in operation. When the A-1 Butl.ding still 13 in operation, v 21,000
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gallons per day of watar containing 2000 ppm hexamine is discharged into Arnott
Branch and the Holston River. Concentrations of hexamine in Arnott Branch could
reach 5 ppm. Ammonia and formaldehyde concentrations from breakdown of hexamine
could be as nigh as 6.9 ppm and 2.6 ppm., These concentrutions are above the
safs levels for protection of the aquatic environment,

Any further literature evaluation studies on hexamine general mam-
malian toxicity should be a low priority, Li pregnant female workers are ex-
posed to haxamine, additional avaluation of terarogenic effects should bae
undertaken. Aquatic toxicity studies gf hexamine should also be a low priority.
Instaad, effort should concencrate on an effective treatment process,

Studies hare showm that the biotreatwent facilities scheduled for
installation at Holston AAP will not handle the haexamine load from the A=l
still, One possible method for treatment of these wastes is to comhine them
with the discharges from the Area A scills and treat the combined effluent in
an aerobic biotreatment pond. Pgeudomonas sp. of bacteria grovm from activated
gludge are capabla of assimilation of both these formaldehyde containing wastas.
Further treatment could then be provided, if needed, by tha central biotreat-
ment facility.
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FOREWORD

This raeport details the results of a preliminary problem definition
study on hexamine. The purpose of this study was to determine the Army's’
responsibility for conducting further research on hexamine in order to deter-
mina its toxicological and environmental hazards so that affluent standards
can be recommended. In order to determine the Army's responsibility for
further work on hexamine,tha military and civilian usage and pollution of
this chemical were evaluated, In addition, a preliminary overview of toxi-
cological and environmental hazards was conducted.

Hexamine was only one of 48 chemicals evaluated under Phase IA of
contract No. DAMD17-77-0C=7057, These chemicals are grouped in four categorias

explosives related chemicals
propellant relatad chemicals
pyrotachnics

primers and tracers

[ S I

Each category is 2 major repovt. Section I of each report is an overview of
the military processes which use each chemical and the pollution rasulting
from the use of these chemicals, The problem definition study reports on
@ach chemical are saparable gsections of these four raports.

In addition a general methodology report was also prepared. This report

describes the search strategy and evaluation methodology utilized for this
study.




TABLE OF CONTENTS

Smary L] L[] E ] [ ] [ ] . [ ] L] [ L] . L[] [ ] . L] L ] . - L] . . . * L] L] * . L] L] . L] 11-3
FOTWOrd o o o o o 4 o % 4 ¢ ¢ ¢ & o o o o o o o « ¢ o o " e & s e II-S
Al Al ternata N‘mes [ ] . . . (] L] q 1 3 L] L] L] . L] . ] . L] L] L] L] L ] [ ] I 1-9

B, Physical Properties « « o o « 4 ¢ o« ¢ o v o o ¢« ¢+ o s« s 5 & 11-9

C. Chemical Prop@rties » o ¢ « ¢ ¢ o « o ¢ s ¢ o o s o ¢« = » o ILI=1l1

1, General Reactions . « « + o o « o o ¢ s o o v s o o+ ILI=ll
2. Envirommental Chemistry ¢ 5 6 2 v ¥ e F 8 4 6 8 s v I1-12
3- Ditﬂction Snd Analy'iﬂ e 4 e ¢ o 8 & a4 s ¢ o o & o II‘13

D. Usaes of Hexamine in Municions Production . , v ¢« ¢« s &« &+ o II-13

1. Purpona and Quan:iti" Used ¢ 4 o e ¢ 4 & % 1 e 9 9 0 II-13 A
2. Occurrances of Hexamine in Aqueous Effluents « « . + + II-15 1

E. Uses in the Civilian Community L T T S S T S S S S Y 11-16

1. Prodiciion Methodology « + « ¢ o o o ¢ o o .
2, Manuf.acturers, Production and Capacity , . .
3. Usaqu ® 8 6 % s 8 s v " & 8 4 o s 8 & v .
a. Future TrEﬂd’ " 8 4 8 8 € & 8 9 8 B & 3w s e . II-19
5. Documented or Speculated Occurrerces Iin the Environment II-19

F, Comparison of the Civilian and Military Uses and Pollution ‘i‘
Of HeXaming « v o v 4 v o o o o o o o ¢ o o o s o o s o o & ILI=20 :
G. Toxicological and Envirommental Hezards . , , , . ., . . , ,» LI=20 .f
1, Effects of Hexamine on Man . . . . . 4 4 ¢ ¢ » o o o & II=20
2. Toxicity of Hexamine to Mammals , ., . ., . « « « « « o LI-21
a. Acute Toxj'City $ 8 4 & & 4 ¥ 8 & ¢ & s 3 P & ¢ » II"Zl
b. Chronic Toxicity 4 & s 6 g L e e 2 & & & e s o 11‘21
c¢. Teratogenicity and Mutageniclty « . « « . « + + . II-23
d. Cﬂrcinog&nicity ¢ 8 4 ¢ B e + & & e ® ¢ 4 8 8 s » 11‘23
3. Aquacic Tox:l.ci.ty * & e B 5 s e & T B B ¥ & 2 4 8 & 8w @ II"ZG
4, Toxicity to Invertebrates « « « « s o 4 « « + o & « » 1II-28
5. Microorganism Toxicity + o « o ¢ ¢ ¢ o ¢ o « o« ¢ o +» « LI-28 !
6. PhytotoxiCity . . . . . . . . . . » ] 1) LI} . » . . ] II-28 4
7. Environmental Fate « « » « o » s o 4+ o &+ ¢ o o o o & + II=29
8. Availability of Literature for Phase II + ¢« ¢« « « . + [II-29
H. Regulations and Standards « s+ o + » s ¢ + o « ¢ o o o » « + II=29
1. Alr and Wat@r ACtS & v & 4 « v o ¢ o o « o ¢ o o s o & ILI=29 -
2, QOccupational Standards , | , ., , ., s v "¢ ¢ o o o o« . ILI-29 "
3, National Cancer Imnstitute , , . . . . . ., . .. ... 11-30 .
4. Department of Tran8portation + « « + o « o « o « o + » LI=30

I. Conclusions and Recomaendations . . . . . .

J. RAf@rences , . v 4 v 4 o o o o o s o 4 ¢ o o o o 4 o o o+ LI-33




Table of Contents

{Continued)
I.IST OF TABLES
Number Page
1 Physical Properties of Hexamine ., , . . ¢« 4 « o ¢« o o o o« » LI-10
2 Comparison of Current Spectrometric Analytlcal Methods
for Formaldehyde .« & o ¢ ¢ « 4 + ¢ o o ¢ 2 v 5 ¢ s ¢ o & o LI-14

3 Hexamine Purchase and Concurrent RDX/HWMX Production ¢ . . . II~15
4 U.S. Hexa..ne Production, 1965 to 1976 3$n Million Pounds . 1II-16
5 Current Manufacturars of Hexamine « « ¢+ o o ¢ ¢ ¢ ¢ « o « o 1LI-18
6 Chronic Toxicity of Hexamine on Mammale . . & » s « ¢« o o o L1I=22
7 Teratogenic and Mutagenic Effects of Hexamine . . . . . . . II-24
8 Carcinogenicity Studies with Hexamine . . + ¢« ¢ « v « « o« o II-25
9 Toxicity of Formaldehyde to Aquatic Animals . + . . « & & o« ILI=27

10 Toxlcity of Hexamine to Microorganisms . . . « « « . . . . LI=28

LIST OF FIGURES
Number Page

1 Infrared Spectrum of Hexamine . . « v + + ¢ o « o o « o o o [ILI=9

2 Manufacture of Hexamethylenetetramine , . . . « o« o ¢ o o o LI=L}




L HEXAMINE

e o e

A.  Alternate Names

|
Hexamine pcssesses a haterocyclic fused ring striacture: ‘}
!

o
H.C 2
CHz ,
N‘MH N
N
C""N\CH
H, 2

It has a molecular formula of CgHyzN4 corresponding to a molecular weight of
140.1 g/mole, The utilizotion of hexamine by the pharmaceutical and plastics
industries has resulted in a variety of alternate names for this compcund. ;
These alternate names are listad below: i

UL

CAS Registry No.: 100-97-0 |
Replaces CAS Reglastry No.(S): 7465-79<4: 11103-67-6; 15442-85<6; ‘
15978-33-3; 56549-34-9 f

CA Name (9 CI): 1.3,5,7-tecraazctricyc10(3.3.1.1.3'7)decane

CA Name (8 CI): hexamethylenetetramine !

Wiswesser Line Notation: T66 B6 A B- C 1B I BN DN FN HNIJ

Synonyms: Aceto HMT; Aminoform; Aminoformaldhyde; Ammoform: Ammonio-
formaldehyde; Antihydral; Cystogen; Duirexol; Ekagon H;
Formamine; Formin; HEXA; Herax I'TS: Heterin; Hexa«floopulver; |
Hexaform; Hexamethylenamine; Hexamina: Hexasan: HMTA; Methen-
amin; Methienamine; Preparation AF; 1,3,5,7-tetradazzadamantane;

A T

- Y Uramin; Uratrine; Uritone; !''rodeine; Urstropln; Urotropiue;

1 Xametrin
. :
. B, Phvgical Proverties :
- 1
' _ The physical properties of hexamine ar~ presented in Table Il-«l. The
o infrared spectrum ot hexamine 1s shown in Figure l1i-1l.
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Table II-l., Physical Properiies of Hexamireh

; . Physical Form @ 20°C: solid powder
. Color: white
' Odor: mild ammoniacal
Taste: : sweet
b Crystaliine Form: rhombic dodecahedrons when pure
M.P.: sublimes at 260-263°C with partial dgcompn=
sition

sublimes at 230-270°C in vacuum in presence
of hydrogen

. B.P.: dublimes
S Crystal Density: 1,35 g/cc @ 20°C
1,331 g/cec @ «57°¢C
Flash Poiut: 250°C clogad cup
C . Flameability: Burus with smokelese flame when exposed
- _ to fire
sutoignition Temperature: > 370°C
Haat of Combuation: =7400 cal/g
_ Solubility: water - 150 g/100 g @ 20°C
C 46.5 g/10C g @ 25°C
. 9 methanol - 7.25 g/100 g @ 20°c
.. 8 ethanol - 2.89 g/100 g @ 20°C
; carbon tetrachloride- 0.RS $/100 g @ 20°C
. - chloroforn - 13,4 g/100 3 @ 20°C
K. ethyl ethar - 0.6 g/100 g @ 20°

precipitates from aqueous ammoniacal solutions

*
Data taken from the following references:

Hawlay, 1977; Windholz, 1976; Sax, 1976; Seidall, 1928;
Walker, 1975,
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C. Chemical Troperties

1. General Reactions

Hexamine possessaes a high degree of gymmet:ry similar to a tetra-
hedron,

“z Tetrahedron

Hexamine

A direct result of this symmetry is the equivalence of the skeletal bonds.
In spite of the a] rarent complexity of nexamine, it is a simple molecule.

Probably one of the most important reactions of hexamine Ls ins
decompositiou in acidic aqueous solution to form ammonia and formzldehyde.

This reaction also occurs upoun heating of aqueous hexamine solutious to tem-
perature greater than 50°C,

u, H,0
Celly N, oF H,0, T> 50°c > 4NH3 + 6CH L

With prolonged heating of hexamine in aqueous HCl, methylamine salts ave
formaed.

_77- (Li-11)
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-+ - I
A > QCH3NH3 Cl + 2002

CéHliga + HCl(aqg.)

. 4 During this reaction an unfavorable aquilibrium involving bis (chloromethyl)
' ether iz established,

N 2HC1 + ICH,0 <= C1CH ,~0-CH,CL + HC1
i ' Hexamine forms crystalline sclt with both inorganic and organic acids, Addi-
@ tion products are formed with many halogenated organic compounds. These addi- i
tion compounds form crystals having the following formula:
CelyaN, * RyX a

¥ Hexaming can be nitrated, nitrosataed or acetylated under anhydxous j

- ; conditions to form s«triazine derivatives., This type of reaction is the ]
- basis for RDX/HMX synthesis by the Bachmann process. In this procedure,

4 ammonium nitrate and acetic anhydride are added to the reaction mixture. The 1

. . Tesult {s & doubling of the stoichiometric yield of RDX over streight nitrat- |

ion (Fieser and Fieser, 1967).

06H12N4+‘4HN03+ ZNH“N03+ 6(CHBCO)2w 2C3H606N6+ lZCH3COOH
. - Most other synthetic, industrial, and m:dicinal chemistry of hex-
. ! amine takes advantage of hexamine's ease of hydrolysis., It is uged as a
conveniant gsource of i gitu furmaldehyde, smmounia, or one nitrogen fragments.

:.i ' 2. Envirormental Chemistry

The moat important reaction of hexamine from an envirommentsl stand-
poinc 1is its decomposition to formaldehyde and ammonia. Russian invegtigators
. ! , (Krasovskii and Fridlyand, 1957) monitored the formation of formaldehyde in a
'*‘ : stagnant reservoir containing 1 mg/l of hexamine at pH 6,5, Thay found im=
8 peruissibly hignh levals of formaldehyde formed under thege conditions. However,
the effect on a flowing river such aa the Holston River would ba expectad to be
much less than that on a stagnant reservoir, Cther studies also indicate that
rertain Pseudomonas species are able to assimilate formaldehyde (Kitchens ¢t aZ.,

1976),
e, * , A potentially important environmental reaccion is the formation of
0y . dinitrosopentamethylenetetramine and trinitrosotrimethylenetriamine with nitrous
Sy ‘ acid, Only laboratory evidence of the formation of these compounds is available.

They have not been shown to form in the environment.

Since hexamine is not volatile, it would uot be expected to be a
ny jor air pollutant. However some hexamine could enter the atmosphere as an D
aerogol or dust or as the formeldehyde decomposition product., No material ]
on h¢xamine atmospheric photochemistxy was uncovered. However, the atmosph- '
pheric photochemistry of formaldehyde has been extensively studied (Purcell b
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and Cohen, 1967); Bufalinil et al., 1972). The half-life of formaldehyde in
3 . the absence of NO2 is 50 minutes, In the presence of NO2, the half-life L
i drops to 35 minutes (Bufalini et aql., 1972)., Thus, thera is an efficient i

X - mechanism for destruction of atmospheric formaldehyde.

3. Detection and Analysis

There are no methods available for quantitative determination of |
hexamine which are both specific and accurate. Addition compounds with metal !
salts such as mercuric chloride and derivatives with iodine-iodide and picrate ‘
are specific for hexamine. However, these methods do not yield reliable s

i quantitative results. ‘

Hydrolysis of hexamine with excess sulfuric acild
Cgly N, = 2H,80,+ 6H,0 1,2(_1#1%4)2804 + 6CH,0

and back titration of the acid with st#ddard sodium hydroxide has been pro-
posed for quantification of hexzmine (Walker, 1975). This method suffers

trom aucerferences due to acids or bases in the sample and time consuming i
analysis procedures. ).

3 One of the most reliable methods for hexamine analysis is to deter-

: mine the amount of formaldehyde released upon acid hydrolysis. This method

; . works well if no formaldehyde or sources of formaldehyde are presenc in the

-; solution, The formaldehyde raleased can be determined with a variety of

i methods. The most commonly used methods depend on the formation of a colored .
formaldehyde reaction product., Tha various colorimetric methods available (.
and their senasitivity are presented in Table II-2, Chromotropic acid is

' . the most widely used and accepted colorimetric method. Other methods for |

; determining formaldehyde include

- chemiluminescence (Slawinska and Slawinski, 1973)

] ' - atomic adsorption (0Oles and Siggia, 1974)
; - polarography (Whitnack, 1975).

D. U of Hexgmine in Munitions Production i
1. Purpose and Quantities Used

{ Hexamine 1is one of the starting materials for the manufacture of

' RDX and HMX at Holston AAP., In this process hexamine 1s nitrated by nitric

4 acid/ammonium nitrate mixture ia the presence of acetic anhydride and acetic
{ 1cid. The production process ot RDX/HMX is described in detail in Section I

of this report. Historical purchase of hexamine by Holston AAP 1s comparea
with HOX/HMX production in Table II-3.

~79-
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Table II-3. Hexamine Purchase and Concurrent RDX/HMX
Production (in Thousands of Pounds) (UD€, 1973)

1910 1971 1972 1973 1974 1975 1976 1977
Hexamine Purchase 58,000 40,800 65,088 37,340 12,214 20,001 12,870  3,974.6
~ RDX Production 12,407 114,486 101,636 102,777 97,704 45,85 23,488 11,138
~1%X Production 2,639 1,868 3,533 4,787 2,502 2,460 1,391 2,249

Based on 1007 yiald, 0.32 1lb of hexamine are needed to produce 1
pound of RDX. To produce 1l pound of HMX, 0.2023 1b of hexamine are necessary.
Bagsed on the total amounts of hexamine purchased and RDX and HMX produced
during the eight year periocd from 1370 to 1977, the yleld for RDX-HMX 1is
~59%. This number i3 in good agreement with the reported yields of 65%.
Differences can be accounted for by miscellaneous products and losses of
RDX, HMX in the dewatering and recyclization processes. However,~35-40% of

the hexamine ands up as unwanted by-products such as SEX, TAX;, the methyle-
anines, atc.

Current usage of hexanine at Holston AAP is 2 million 1b per month.
At full mobilization, 114.8 million 1b of hexamine per year (9.6 million 1lb
par month) would be usad t¢ produce 211.7 million lb/vear of RDX/HMX (17.64
million .b/month).

2. Occurraences of Haxamine in Aqueous Effluents

The only discharges of purchased he:iamine occur from the C~Buildings.
The hexamine discharge is from spills and building wash down. According to
Green (USAEHA, 1971), 30 1b of hexamine ave discharged daily in 17,000 gallons
of water from each operating C~Building. At full mobilization, three C=
Buildings would be mixing hexamina., Thus ~80 1b of hexamine would be dis-
charged daily in 52,800 gallons of water from these buildings.

The hexamine effluents from the C-Building are minor compared to the
hexamine discharge fron the A-l ammonia =zecovery atill. At a feed rate of
15 gpm, this still discharges ~21,000 gallons per day to Armott Branch (USAEHA,
1971)., This effluent contains ~5,000 ppm hexamina (896 lbs of hexamine dis-
charg» per day) (Adams and Whiting, 1976). The hexamine is formed in the
column by reaction of foiualdehyde and ammonia in the column. This reaction
is known to occur under the conditions found in the column -~ high pressures,
temperatures and the presence of an alkall catalyst.

Currently the A-1l still operates only one week, every four months.
However at full mobiiization, the A-1 still would operate continuougly., Feed
rates would probably have to be increased to 21 gpm. At this feed rate,
1250 1lbs per day of hexamine would be discharged in ~30,000 gallons of water.

The resulting Holston River coucentrations would be 0.072 mg/l assuming full
mixing, :

-81- (11-15)




E. Uses in the Ci{eilian Community
1. Production Methodology

Current industrial production of hexamine uses a well established
process which has ramained unchanged since the late fifties. The process
involves condensation of ammonia and ftormaldehyde. The reaztion proceeds
almost quantitatively accorxding tu the following equation: .

acuzo + 4 NH3 - C6 12 4+6H20

The flow sheet for tha wanufacture of hexamethylenetetramine is presented in
Figure II-2 and described below.

(1) The reactor feed consists of ammonia gas and & 37% uninhibited
formalin solution,

(2) 1In the reactor, this mixture is controlled to a pH of 7 to 8 and a
temperature betwaen 30 and 50°C to prevant decomposition of the
product, Temperature control is maintained by a water cooled heat
exchanger, Conversion takes & to 5 hours.

(3) The reactor effluant is passed into a vacuum evaporator where the
product is concentvatad and excess reactants removed. Addition
of ammonia in this step helps to prevent decomposition of the

hexamine. Temperatures zre maintained at ~50°C to aid in precipi~
tation,

(4) The slurry from the evaporator is centrifuged, washed and sent
to the drier., Drier temperatures ara also maintained at 50°C or
below., "

The resultant material is 997 hexamine (technical grade). Recrystallization

Srom alcohol ylelds USP grade (99,57%) hexamine. Total yileld i3 90 to 95%
based on formaldehyde used.

2. Manufacturers, Production and Capacity
Historical production figures from 1965 to the present are listed in :

Table [I-4. They show a steadily growing market until thae sarly seventies
when decreased military activicy slowed the market down,

. Table II-4, U,S, Hexamine Production, 1965
? to 1976 in Million Pounds (U.S. Tariff Commission).

1965 1966 1967 1968 1969 1970 1971 1972 1973 1974 1975
49,3 78,8 84,3 96,8 97,0 76,6 47.4 95,2 100.7 145.9 61.6

-32- (11-16)
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Current manufacturers, hoxamine capacities, and production locations i
are presented in Table II-5. '

Table II-5. Current Manufacturers of Hexamine (S.R.I., 1977)

Manufectuzer and Location Gapscity (10° 1b/ves .

Borden, Fayetteville, NC, Demopolis, Alfcisceisasseeeveses 36
Gr..C.. Nl..hu.., NeHieeseeooocnooncsosasasvosnsonsnsssssses 30
HOOk.r, North Touwmd.. NeYieooouonsnsoosnseaneossosveces 28
Plastics Eagineering, Sheboygan, Wisecieerssosossassnasees 8
T.nnﬂﬁo’ FOfd'. NeJe cosvectnvencansvosassossanscnsannanr 22
Wrizht Chmic‘l’ Ri‘z‘lw°0d| NeCs sococavsansscnrssnvsasses __u

Tot.\l 00000000080 ¢ERCEARIIAINBIEIBIINIBINIBICERISESEINIAODYS 155

NP SER S

In 1974,E.1, duPont closed & plant at Balle, West Virginia with a 12 million

pound per year capaclty. Union Carbide Chamicals withdrew from the hexamire

market in 1976, closing a 10 million pound facility at Bound Brook, N.J.

We R. Grace manufactures hexamine solaly for captive use in the synthesis of
nitrilotriacatic acid, an industrial chelating agent, Borden Chemical, i
Hooker and Plastics Engineering use hexamine in the manufacture of phenolic
resins. These manufacturers also sell hexamine. Wrignt Chemical and Tenneco
sell 100% of their hexamine into the merchant market.

K lIsages

The major use of hexamine in tha civilian sector {s in the manu= |
facture of phenolic resins, It is used as a methylenating agent for cross-
linking in thermogetting resins. These phetolic resins are widely used in :
the automobile and housing industries, This use accounts for 64% of the l
hexamine currently manufactured in the United States. RDX/HMX production
accounts for 18% and the miscellaneous uses describad below account for 18%.

(S.R.1., 1977)

Hexamine is used as a chemical intermediate in the manufacture of “>f
nitrilotriacetic acid (NTA). Hexamine is treated with HCN in the presence ‘
of formaldehyde, followad by hydrolysis to yileld NTA salts oo

i
L . | i
/ <T\‘ * b
" cu o * ¥ ] 7
“’ c . !
f . QLo o ow 1,0 00¢ 642 _cu,coo®
3 -
N — ch/ wew E‘ caustic o : !
- - s d
c N cu2 CHC 3 cda CH, 00

"
NTA is used as a chelating agent and a builder in synthetic detergents.

Hexamine i3 also used as an accelerator in the rubber industry, a
urindary antiseptic, a metal corrosfon inhibitor, in solid fuel tablets, as a

-84 . (11-18) %




fungicide additive to prevent chemical 'peel burn' in citrus fruits, and in

the textile industry for improved shrinkproofing, dye fastnegs, and fiber
alasticity.

4, Future Trends
As the housing and automobils markets improve, civilian demand for
- phenolic resins should increase. Thesa resins currently account for the
majority of hexamine used in the civilian community and an increase in their
use will significantly increase hexamine consumption,

Recently developed applications of haexamine include:

- ugse as a deactivator for carriers used in insacticide dust
formulations

- a3 a complex former in the recovery of phenolic compounds
from coal tars and oils

= in the manufacture of catalyst spheres for gasoline reformation

-~ as an additive to lignin-reinforced rubber

Regardless of any forseaable increase in civilian demand for hexa-
mine, the severesly reduced military use during peace time guarantees sub-
stantial spare capacity in the future,

5. Documented or Spaculated OCccurrsnces in the Environment

Envirommental discharge of hexamine from manufacture or use might
occur as aqueous hexamine or formaldehyde and ammonia, Discharges under
acidic conditions or at temperatures above 50°C will occur tutally as for=
maldehyde and ammonia. Discharge levels from the manufacture and use of
hexamine wera detarmined through contracts with the manufacturers.

- W. R. Grace claims esgsentially quantitative transformation of
hexamine to NTA with zero hexamine loss.

- Wright Chemical uses a closed circuit water system which
recaptures all gpiils and evaporator entrainment of hexamine.

=« Borden Chemical has no on site water Creatment. Thelr waste~
water is passed through a pre-treatment stage ilnvolving concen-
tration and then {s sent directly to the municipal sewer system,

- Plastico Engineering claims a 95% yield of hexamine based upon
formaldehyde used. This is identical with the reported effec-
tivenass of the process (Lowenheim and Moran, 1975)., The dis-
charge water from the evaporator iy passed through a condenser.
The condensor 1s vented to the air. The condenser e¢ffluent is
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passed onto the municipal sewage treatment. Ammonia can be
smelled in the effluent.

F. Comparjson of the Civilian and Military Uses and |
Pollution of Hexamine |

In past years, the utilization of hexamine in RDX/HMX manufacture has |
accounted for 40-707% of the civilian production. This percentage has dropped
significantly. For example in 1975, HAAP purchases of hexamine only accounted
for about 32% of the civilian production. However, at full mobilization
HAAP needs would ba ~75% of the civilian production capacity of hexamine.  If
the new X-Facility goes into production, the amount of hexamine needed for ‘
military purposas will probably increase. = . i

HAAP is also.one of the major polluters of hexamine. Many of the civil~
ian processars raport no process losses, The civilian manufacturers who do
release hexamine into the enviromment, usually release Lt through a munici-
pal sewage treatment system., The usage of hexamine in resins should not
result in any significant loss of this chemical to the enviromment.

G. Toxicological and Envigonmental Hazards

1., Effects of Hexamine on Man

Hexamine hags been used by the medical profaessions as a urinary
antiseptic since 1894, The official drug title for hexamine is Methaenamine,
N.F. When used as a therapeutic agent, methenamine is administered orally
at a dosage of & to5 g per day. The drug is absorbed by the intestine unalt-
ered, circulated in the blocd and excreted in the urine. If the urine is
acldic, the drug decomposes to formaldehyde and ammonia. The released form-
aldehyde 1s the active agent being particularly effective against gram=-neg-
ative organisme. In ordear to assure tha breakdown of methenamine fn the
urine, acid forming compounds are administered simultangously. Premature
dissociation in the stomach 13 preventad by enteric-coated tablets.

Many clinical studies involving methenaminae in combination with acid
formiug compounds havae bean rveportad in the literature, Senaca ¢t al., (1967) re-
ported only occasional gastro-intestinal intolerances in patiants given me.u=
enamine hippurate orally. There has bean no reported evidence of liver damage, Cod
bone marrow depression or peripheral neuritis with the recommended dosage.

With an excagsive dosage, gastro-intestinal irritation and bladder irritation
¢ occur from the higher concentration of formaldehyde. Andelman (1965) studied
over 300 pregnant women with bacteriuria treated with methenamine hippurate
and found that no toxicity was experienced., Children subsequently born exper-
ienced no abnormalities (Andelinan, 1965). Riker Laboratories (1964-65) con-
firmed the low toxicity of methenamine hippurate in -tudies with rats, rabbits
and dogs, No teratogenic effects were found, Gibson (1970) evaluated meth-
enamine hippurate in 29 cagses of urinayy tract Infections, Ounly two of the
twenty-uine patients experienced side effects such as nausea when given 2 g

(11-20)
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doges daily for four weeks., No other side effects were reported. Gerstein
et al.(1968) studied the effacts of methenamine hippurate in the treatment

of chronic urinary tract infections. Eighteen patients were invalved in

this study, and received 4 g daily doses for up to 16 months. Five of the

18 patients experilenced possible adverse reactions. Two patients experi-
ancad naugea and vomiting on 4 grams per day, but were able to tolerate 2 gms
per day. One patient experienced nausea but returned to normal without any
change in the drug dosage. One patient developed an erythematous rash which
disappeared. Another patient developed & rash 6 weeks after treatment initia-
tion. This rash continued until the Jdrug was discontinued.

An accidental overdose of methenamine mandelate was reported by
Ross and Conway (1970). A 2=1/2 year old boy ingested at least 8 g of the
drug and developed hemorrhagic cystitis. The patieat recovered completely
without specific treatment,

In addition to its use as an urinary antiseptic, hexamine has also
been reported to be effective in treatment of acute phoggene poisoning. The
actlion of hexamine appears to be the combination with the active CO group of
phosgene to prevent progressive pulmonary edema (Stavrakis, 1971),

2. Toxicity of Hexamine to Mammals
a. Acute Toxicity

Acute toxicity studies on hexamine show that it is relatively
non=toxic to rats and mice, The rveported LDLo for oral administration to
mice is 512 mg/kg (Chemical Biological Coordination Center, 1957). For intra=-
venous administration to rats, an LD50 of 9200 mg/kg was reported (NIOSH,
1976) .

b, Chronic Toxicity

Watanabe and Sugimoto (1955) reported that hexamine caused
tumors in rats when subcutaneously injected with aqueous hexamine=-formic
acid solutions. This report caused concern amoung world health organizations
over the danger from the use of hexamine as s food preservative and a urinary
antiseptic. Since Watanabe's study, several other investigators have svalu-
ated the effects of hexamine over long exposure periods. These studies are
summarized in Table II-6, Della Porta ¢t al. (1968) conducted a well con-
trolled long term (lifetime) oral feeding study in mice and rats, They found
no adverse effects on tha greowth or survival for 0.5 and 1% aqueous hexamine
solutions. With 5% solutions some minor growth rate retardation was observed
as wall as a small decrcase in lifespan. Brendel (1964) observed no adverse
growth, behavior, mortality or histopathological effacts in allianc rats fed
200«400 mg hexamine daily for one year. They did, however, observe a yellow
coloration of the fur, This coloration is probably due to the reaction be- '
tween formaldehyde and kynurenine (Kerwitz and Welsch, 1966),
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In a more recent study by Natvig et agl. (1971), no effects on
rats were observed from dally ingestion of 100 mg/kg body weight. Life-span,
mean body weights, relative organ weights, muscular activity and palatability ;
of food containing hexamine were observed during this study.

c. Teratogenicity and Mutagenicity ;

Teratogenicity and mutagenicity of oral doses of hexamine in
mammals have been studied, These studies are summarized in Table II-7. In
these casas, effects upon the mother, the pregnancy or the placenta were not
observed. Hurni and Ohder (1973) observed beagle pups whose mothers were
fed hexamine beginning on the fourth day after mating and continuing to the
56ch day after mating, just prior to delivery of the pups. Of the pups
observed, none showed any effects such as structural or skeletal malformat-
ijons, Pups from mothers receiving high doses of hexamine (1250 ppm in feed)
showed increased perinatal mortality and growth retardation. Other groups,
recaiving low doses of hexamine (600 ppm), were essentially normal. Some of
the pups were returted to the breeding colony and as of the time of the report,
their offspring had shown no abnormalities in number or structure. These
studies failed to indicate any gross teratogenic or mutagenic response to
hexamine. However, the increased perinatal deaths with high doses may be the
result of some histological changes to the embryo in utero.

d. Carcinogenicity

Watanabe and Sugimoto (1955) described the induction of tumors
at the site of injection of hexamine in eight out of fourteen animals sur-
viving the three moath dosage period (injectious of 1.0 or 2,0 ml of 23%
hexamine twice weekly)., Simultaneous subc' auewous injections of U.5 ml of
0.17 formic acid were also made, These studies were orn a small group of rats.
No controls ware mentioned,

Della Porta e¢? al. (1968) have reported a large and well con-
trollud study on the carcinogenicity of hexamine. Their results are summar-
ized in Table 1I-8, These life-time studies were conducted on one rat strain
and 3 strains of mice (one outbred and two inbred)., Hexamine was administeresd in
drinking water. The dosing period was from 30-60 weeks in mice and 104 weeks
in rats, using doses of hexamine which caused no toxicity and minimal depres-
sion in weight gain. No evidence of carcinogeuicity was found, a conclueion
which agrees with Brendel's 1964 study on rats given 400 mg/day hexamine
orally for 1 year,

The only data purporting to demonstrate that hexamine is car-
cinogenic are Watanabe's uncontrolled studies in rats dosed repeatedly with
high concentratious of this substance by suhcutaneous i{injections. The doses
and injection volumes used caused irritation and scarring at the injection
site. It is well known that repeated, non-spacific irritation of the skin
and many other organs can lead to the appearance of tumors, The lack of
reported results from control aninals and the fact that the route of admin-
fgtration is not related to common environmental modes of exposure, reduces
the significance of Watanabe's studies,
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3. Aquatic Toxicity

Hexamine i3 very soluble in water and will be available to aquatic
organisms, The distribution of hexamine in aquatic systems has not been
studied. Preliminary a~ute toxicity studies with fathead minunows (Pimeprhzles
Prcmelas) found a 96 hour LC50 greater than 2000 ppm for hexamine (Warmer et al.,
1978 These data indicate that hexamine has a relatively low toxicity to
aquatic organisms.

Under acidic conditions, hexamine decomposes to ammonia and for-
maldehyde. The reaction has also been shown to occur under neutral conditions,
although to & much lesser extant, The average pH of the Holston River is
7.4, Therefore any decomposition in the River itself would be expucted to i
be small, However, local acidic conditions in the HAAP effluent could result
in decomposition. If this were to happen, the aquatic toxicity would be
that of formaldehyde, As shown in Table II-9, formaldehyde is toxic to
aquatic organisms.

At current HAAP operatious, only 30 lb/day of hexamine are dis-
charged except when the Bullding A~l still is running (about 1 week out of
every 4 months). The concentrations of hexamine, furmaldehyde and ammonia
from these scurces in the Holston River are astimatad to be:

- No A-l still 1.7 ppb hexamine or |
' 2.4 ppb formaldehyde, 0.9 ppb armonia

= A=l still running 54 ppb hexamine or :

‘ 84 ppb formaldehyde, 28 ppb ammonia !

At full mobilization the C Buildings would be discharging 90 lb/day of hex-
amine and the A-l still would be running on a continuous basis. The result-
ing Holston River concentration under mobilization conditions are estimated to
ba:

- 57 ppb hexamine or

- 78 ppb formaldehyde, 29 ppb ammounia

Most of the hexamine is discharged into Armnott Branch. This Branch
has a flow of v22 mgd. The resulting concentrations in Arnott Branch are esti-
mated to be 5.05 ppm hexamine when the A~l still is in operation. Total decom- .
position of the hexamine in the affluents could lead to formaldehyde and ammounia !
concentrations of 6,89 ppm and 2.60 ppm, regpectively, in Arnott Branch., Theoge
numbers do not include any formaldehyde and ammonia frcm other sourcaes.

EPA (1976) has recommended that the concentration of unionized am-

! monia not exceed 0,02 mg/l to protect aquatic grganisms. At pH 7.5 and a tem-
i perature of 20°C, total ammonia concentration (NH3+ NH4+) would be 2.3 mg/1

§ (EPA, 1976). This total ammonia concentration corresponds to total decomposi-
' tion of 4,5 mg/l of hexamine,

(I1=24)




Table II-9. Toxicity of Formaldehyde to Aquatic Animals

Spectes

Rainbow Trout
Salmo gatrdnert

Brown Trout
Salmo trutta

Pompano (Juvenila)
Trachinotus carolinus

Striped Bass (fingerling)
Roocue saxatillis

Floundex
Platiothye flesus

Browvm Shrimp
Crangon crangonr

Duration

~hEs,

48

48

96

96

48

48

50
g/l

50
50
69.1-74,9
18
100-330

330-1000

-93-
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In order to protect aquatic organisms, the recommended aquatic con-
centration is dftan determined by applying a 0.05 factor to the 96 hr LC50
for the most vulnerable species (striped bass). Employing this factor, the
naximum safe level for formaldehyde would be 0.9 mg/l, corresponding to total
decomposition of 1,75 mg/l of hexamine. Thus, when the A-l still is in opera-
tion, HAAP output of nascent formaldehyde and ammonia from the hexamine dis-
charge is probabley above safe levels for protection of the aquatic environment.

4, Toxicity to Invertebrates

The 48 hour ECS50 of Daphnia magna is grester then 8000 mg/l :
(Warner ¢t al., 1978). Thus hexamine under stable conditions is significantly
less toxic to Daphnia magnc than formaldahyde (EC50 ~ 2 mg/l, Kitchens et al.,
1976).,

5. Microorganism Toxicity

Hexamine has been shown to have a bacteriostatic effect on certain
microorganisms in concentrations ranging from less than 100 mg/l to more
than 4000 mg/l as shown in Table II-10. The bacterlostatic action is due
to the breskdown of hexamine to formaldehyde and ammonia aeither by acidie
conditions or bacteria degradation. As the formaldehyde concentration in-
creases, the microorganisms are killed by the highly toxic formaldehyde.

Table 1I-10., Toxicity of Hexamine to Microorganisms

Species Concentration Effect Refereace
Myocobactertum tuberouloais 250 Antibacterial Schraufstitter,
Trichophytin gypsewn 62,5 o 1920
Torulopgis minor 125 ! . )
Staphyloococus aureus >4000 " ' "
Salmonella paratypht >4000 " "

In spite of the toxicity of hexamine and the resulting formalde-
hyde to most microorganisms, there are some micronrganisms that are capable
of utilizing these compounds. For example, certain .>zeudomonas species effici-
ently utilize formaldehyde as 2 carbon source and Perciliiwn and Polytrechwn
prefer hexamline to ammonium nitrate.

6. Phytotoxicity

Nicholas and Nicholas (1922) grew beans in a culture media containing
hexamine. At concentraticns below 0,25 g/l the hexamine had favorable effects
on the plant growth. These plants were able to use hexamine as thair sole
nitrogen source, However, at concentrations > 0,25 g/l a toxic effect as
exhibited by retardation in the digestion of the cotyledons was observed.

(IT-2R)
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7. Eavironmental Fate

In the environment, much of the hexamine released will be decomposed
into ammonia and formaldehyde by either acidic conditions or microorganisms.
This degradation will release significant quantities of formaldehyde and
amnonia which could cause significant local struss on the aquatic environment.
However, these compounds will also eventually be degraded. Continuous high
hexamine discharges will thug rasult in the deplecion of sensitive aquatic
species, and an increase in population of plants, microorganisms and aquatic
species capable of metabolizing the hexamine and resulting formaldehyde.

8. Availability of Literature for Phase II

Due to the use of hexamine as a urinary antilseptic, toxicologi-
cal studies on the compound are numerous. The effact of hexamine on the en~-
vironmant has been studied to some extent, Therefore, there appears to be
ample literature on hexamine for a detailed Phase II analysis.,

H. Regulations and Standards

1. Alr and Water Acts

There are no air and water ragulations specific for hexamins. How=-
ever, .there i3 a water quality criterion for ammonia of 0.02 mg/l (as union-
ized ammonia) for protection of freshwater aquatic life (EPA, 1976). Since
hexamine is degraded by microorganisms and acidic environment to ammonia and
formaldehyde, this criterion applies indirectly.

Hexamine is listed in the EPA "Toxic Substances Comtrol Act - Can=-
didate List of Chemical Substances." However, there are no immndiate plans
for any definitive studies or regulations on hexamine.

2. Occupational Standards

There are no recommended threshold limit values for hexamine itself.
Recoumended U.S. TLVs for formaldahyde and ammonia are (American Conference
of Governmental Industrial Hygienists, 1977):

formildehyde 2 ppm or 2.5 mg/m3
ammonia 25 ppm or 18 mg/nm3

The 2 pom TLV for formaldehvyde 1is also congidered to be the maximum allowable
concentration (MAC). Excursion above this MAC for a period up to 15 minutes
may result in intolerable frritation, chronic or irreversible tissue damage,

or narcosis of sufficient magnitude to increase accident proneness, impair
self rescue or reduce work efficiency.

The USSR Standards for formaldezhyde and ammonia in air are 0.8 ppm
and 15 ppm, respectively. Czechoslovakia standards are slightly highar - 1,6
ppm for formaldehvde and 30 ppm for ammonia.
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3. National Cancer Institute

Haxamine is not on the NCI Bivassay Program List (1978) to be tested

for carcinogenis. However, formaldehyde 1s on their list of chemicals tenta-
tively selected for testing.

4. Department of Transportation

Haxamine is listed on the U.S. Coast Guards CHRIS List (1974), However,
there are no shipping or labeling regulations for hexamine.

I. Conclusiona and Recommendatiions

The goal of this preliminary problem definition study was to evaluate
the Army's responsibility for conducting further studies on hexamine. In thls
report sufficient data is presented to establish the following zonclusions.

1. The Army has been in the past and will be, 1f full mobilization
should occur, the major user of hexamine. However, Army current
use is only 187 of the civilian producticn,

2. Holston AAP is the major polluter of hexamine. The major source
of hexamine discharge at HAAP being the A=1 still,

3. The curreatly planned bilotreatment facility will not be capable of
handling the hexamine and other chemicals from the A-1 still.

4, Sufficient mammalian toxicological studies have been conducted ta
characterize the toxicology of hexaminae., The only problem area

appears to be some teratogenic potential when administered in high
doses throughout pregnancy. ’

3. The fate of hexamine in Arnoctt Branch and the Holston River has not
beer completely ascertained. Howaver, studias .to getermine the fate
of hexamine in the Holston area environment would be costly. and
the results more of generzl interest than of valua.

AS & result of this study, 1t is concluded that hexamine should be
8 low priority for the detailed Phase II toxicological and environmental
evaluation. The following research is recommended tc¢ clarify some hazards
and to remove hexamine from HAAP's discharge.

1. If pregnant women are to be in daily contact with haxamine. it is rucom-
mended that the teratogenic potential of this compound be turther
studied, These studies should ba conducted with rats using feed
doses of 25, 50 anc 100 mg/kg daily through pregnancv and lactation.
Histoputhologlcal examination of the embryos at different statas of
development should be carried out, This task is nacessary since
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data to date indicate no gross structural changes only growth rate
ratardation Zn uterc. If significant development alterations are
observed, further studies on primare may be warranted.

Due to the potential danger of hexamine breakdown products to the
equatic environment, attention should be focused on elimination of
this compound from HAAP effluents. Studies have shown that the -
currently planned biclogical treatment facility will not be capable
of handling the effluants facluding hexamine from the A-l still.
One possible alternative is the combination of Area B A=l still
effluaents with the Area A azeo still effluents inco an aerobic bio~
treatment pond., An activated sludge type of system (specifically
bPeaudomonas sp.) should be capable of biodegrading these combined
effluents. Further treatment, if necessary, could be provided by
the cantral biotreatment facility.
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SUMMARY

Cyelohexanone is used by the Army as a recrystalliization solvent for
RDX at Holston Army Ammunitiom Plant (HAAP). The average purchase of this
chemical over the last eight years has been ~ 762,000 lb/year. These purchases
were for make-up solveut and are, therefore, reprezentative of the amount of
cyclohaxanone lost. This loss is ~ 0.0l 1b of cyclohexanone for every pouud
of RDX produced. Thus at full mobilization, Holston would purchase and pre-

sunably discharge * 2 million lb/year. | : g

Holston discharges large quantities of cyclohexanone from the Re-
crystallization Buildings (G Buildings) and the Dawatering Building (H Build-
ing). At full mobilization discharges to the Holston River could be up to
1286 lb/day from the G-Buildings and 950 lb/day from the H-Buildings or a
total of 787,000 lb/year. In addition to aqueous discharges from the recry-
stallizetion and dewatering process, air discharges also occur. About 51% of
the cyclohexanone losses at HAAP are unaccounted for.

Cyclohexanone is produced by six civilian manufactucers. The current
capacity is 1590 million lb/year. Two processes are used in the manufacture

of cyclohexanone - air oxidation of cyclohexane and catalytic hydrogenation
of phenol,

The major civilian use of cyclohexanone is as a chemical intermediate
in the munufacture of nylon~66 and nylon=-6. Other uses finclude manufacture
of caprolactone for use in high impact plastics and as a solvent,

The total 1974 environmental discharge of cyelohexanone from manu-
facture and uses was estimated at 51.3 million pounds or abuut 8% of the quan~
tity produced. Lven at full mobilization, HAAP would discharge only ™ 4%

(2 million 1h/yr) of the total environment discharge of cyclohexanone. Thus
it is not a military unique chemical.

Due to iis wideswread use as a solvent, the acute and chronic toxi-
city of c¢yclohiexanone has been extensively studied. It 1s modevately toxic
in acute doses by all routes of administration. Sublethal doses cause pro-
found narcosis accompanied by central nervous system depression. Some tera-
togenic effects were observed on chlck embryocs. However, sufficicnt informa-
tion is not available to fully zssegs the teratogenic potential of cyalohex-
anone. No carcinogenic or mutagenic studies on cyclohexanone were reported,
however, it is on NCI's list of chemicals tentatively selected for testing by
the bioassay procedure.

Only a few aquatic toxicity studies on cyclohexanone have been re-
ported. These studies indicate a low toxicity of cyclohexanone to aquatic
life. Degradation of cyclohexanone in the environment occurs through photo-
chemical reactions and microbial degradation. However, the HAAP effluent
undergoes a variety of transformations before it enters the eavircnment. The
presence of formaldehyde in rhe efflueat leads to the formation of 2-hydroxy-
methyleyclohexanone. This compound can undergo a variety of reactions in-
cluding dehydration and Diels-Alder addition. Addition reactions of two
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molecules of cyclohexancne lead to formation of cyclohexanyl-cvclohexanone.

The toxicology and the environmental hazards of these compounds have not been
established.

As indicated by the data gathered and evaluated irn this preliminary
problem definition study, cyclohexanone 1s not a military unique compound. It
is widely used throughout the civilian community and enters the environment
from many civilian souvces. Its mammalian and aquatic toxicological effects
are low to moderate and are relatively well established. Some further work
in the areas of carcinogenicity and teratogenicity is warranted. However,
this work is a civilian problenm,

A problem does exist with cyclohexanone in the effluent at Holston
AAP, This problem is the formation of addition compounds. The toxicity and
environmental hazards from these compounds require further evaluation,

=106~ (III-4)

i

il st

s ek _ehaln a

e e b

i o AN e ot o

S




TN M T

T T

FOREWORD

This repcrt details the results of a preliminary problem definition
study on cyclohexanone, The purpose of this study was to determine the Amy's
regponsibility for conducting further research on cyclohexanone .n order to
determine its toxicological and environmental hazards so that effluent
standards can be recommended, In order to determine the Army's responsibility
for further work on cvclohexanone,the military and civilian usage and pollu-
tion of this chemical were evaluated., In addition, a preliminary overview of
toxicological and enviroumental hazards was conducted,

Cyclohexanone was only one of 48 chemicals evaluated under Phase IA of

contract No, DAMD17-77-C-7057. These chemicals are grouped in four cate-
gories

explosives related chemicals
propellant related chemicals
pyrotechnics

primers and tracers

Each category is a major report., Section I of each report is an overview of
the military processes which use each chemical and the pollution resulting
from the use of these chemicals, The problem definition study reports on
each chemical are separable sections of thesa four reperts.

In addition a general methodology report was also prapared, This report

describes the search strategy and evaluation methodology utilized for this
study.
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III. CYCLOHEXANONE

A. Alternate Names ,

Cyclohexanone is a cyclic aliphatic moncketone with a molecular formula
of CﬁH1 0 and corresponding molecular weight of 98.14 g/mole. This ketone has
the 'fo?lowing structural formula:

¢

c
_ nzlc/ S,
a0 o 2 .. .
Hy i

Other pertinent alternate names for cyclohexanone are listed below: i

1 CAS Registry No.: 108-94~1

3 Replaces CAS Registry No,: 48090~-95-5

; CA Name (8CI): Cyclohexanone

. - Wigwesser Line Notation: LeVTJ

E: Synonyms: Anon; Anone; Hexanon; Hytrol 0; Keto-

hexamethylene; Pimelic ketone; Pimelin
ketone; Sextone

; B. Physical Properties fl.

The physical properties of cyclohexanone are listed in Table III-1l. The
infrared spectrum of cyclohexanone is shown in Figure III-1,
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Figure III-1l. Infrared Spectrum of Cyclohexanone (Pouchert, 1970).
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Table III-1l, Physical Properties of Cyclohexanone,

Physical Form @ 20°C: oily liquid : ?

Color: colorless to pale yellow
Qdor: i s peppernint and acetone
N M.P,: =47°¢Cy =45°C
' B.P.: 155.6°C @ 769 mmHg 132.5°C @ 400 mmHg

110,3°C @ 200 mmHg
77.5°C @ 60 mmHg
52,5°C @ 20 mmHg
26,4°C @ 5 mmHg

4,5 mmHg @ 25°C
3,95 mmHg @ 20°C

9C.4°C @ 100 mmHg
67.8°C @ 40 mmig
38.7°C @ 10 mmHg
1.4°C @ 1.0 mmHg

Vapor Pressure!

Liquid Density, d29:
Vapor Density:
Refractive Index, n%oz
Viscosity of Liquid:
Flash Point:

0.9478 g/ml
3.38 g/cc
1,4490
2,2 cP @ 25°C
54°C open cup

33°C closed cup

Autoignition Temperature! $20-580°C E'
Explosive Range: 1.1 -~ 8.1% @ 100°C

Heat of Combustion (Const P): -8570 cal/g 1
Specific Heat, 15-18°C: 0.433 cal/g :
Solubilicy: water - 5g/100g @ 30°C LI

d 15g/100g @ 10°C
Misicible with methanol, ethanol, acetone,
benzene, n~-hexanone, nitrobenzene, ether, 4
naptha, xylene, ethylene, glycol,
isoamylacetate, diethylamine and most
organic solvents

Dissolvaes: witer - 9,5g/100g @ 20°C
Cellulose nitrate, acetate and ethers,
vinyl resins, raw rubber, waxes, fats,
shellac, basic dyaes, oils, latex, bitumen
and many other organic compounds

*References: Kirk and Othmer, 1967; Celanese Chemical Company; Hawley,
1977; Waast, 1975; Sax, 1975; Windholz, 1976,

LR
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The ultraviolet spectrum of cyclohexanone is presented in Figure III-2. A
weak absorption band 1s present with maxima at 280 and 276 mu and correspond-
ing molar absorptivity coefficients of 27 and 26, respectively.

-
o

ABSORRANCE

o 0o 0o 0 0 0 o

T I N )
L8 T

T

o
N

"
L

-

e o
2

[+] 1 i S A L Lt i A4 A i -
200 219 220 230 240 797 230 270 287 290 300 110 J20 330 340 )50
MILLIMICRONS

Figure III-2. Ultraviolet Spectrum of Cyclohexanone, C)Sadtler Research
Laboratories, Inc, (1966),

c. Chemical Properties

1. General Reactions

Treatment of cyclohexanone with either strong oxidizing agents in

acid (March, 1968) or molacular oxygen in basic hexamethylphosphoramide
(Wailace @t al.,, 1965) yilelds adipic acid,

0
HOOC

Va0s
HE"O':‘_-_9 SN Ncoow

0,/08~
HMPA COOH

Autoxidation does not occur in water. Cyclohexanone reacts with hydroxyl-

amine to form an oxime which undergoes Beckman rearrangement (March, 1968)
to e-caprolactam used in the manufacture ¢f nylon-b,

-113=~ (Irr-11)
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Ketones possess two chemically reactive sites. The polarity of the
C=0 double bond causes the carbonyl carbon to be deficient in electron den-
sity and, thus, susceptible to nucleophilic attack. This general reaction
scheme involves initial nucleophilic addition at the carbonyl carbon,

u OH

Nu + _—

This addition product may either be a stable specles, revert to the original
ketone in a reversible equilibrium, or react further to give a new product.

The carbon directly adjacent to the carbonyl function is the second
reactive site, This carbon, called the a carbon, exhibits nucleophilic acti-
vity. In order for the a carbon to behave as a nucleophile, the ketone must
undergo a transformation to either a carbanion or an encl.

The electron deficiency of the carbonyl carbon increases the Bron-
sted acidity (the ability to release protomns) of the a carbon 10 0 times over

the othar carbons. Thig electron deficiency allows selective removal of o
protons to produce highly reactive carbanions.

0 0
. Stronga (=)
Base [:f:]

Even though ketones possess enhanced acidity over normal hydrocarbous, they
are still several orders of magnitude less acidic than water. Under environ-
mental conditions, carbanion chemigtry is of little concern.

In solution, ketones exist in equilibrium with enols.

0 OH
A
(:f:] 4&...;:j? L\./J
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This equilibrium is referred to as tautomerism. For most ketomes, cyclohex~
anone included, the equilibrium lies far to the left. But under acidic con-
ditions, interconversiosn between tautomers occurs readily. If the small
amount of enol at equilibrium reacts with another species in solutions, the
tautomeric equilibrium will be driven to the right. The general reaction of
enols is pictured below.

< j
i
E + —— ﬁ + u

E+ may be any electrophile, If it is a protun, then ketone is formed. Cyclo-
hexenol will react with formaldehyde to yield 2-hydroxymethyl-cyclohexanone.

OH
, CH, OH
CH,0 + @ -_— & 2

Enol chemiatry is very significant in aqueous acid solutions of cyclohexanone.

2, Eavironmental Reactions

Cyclohexanone is stable under normal conditions. In water it acts
as neither an acid nor a base but exists in an unfavorable equilibrium with

the gem-diol.
HO  OH
ﬁ
L 4

Numerous photochemical studies have been conducted with cyclohex-
anone. Irradiation in the vapor phase yields primarily CO, l~pentene, and
cyclopentana with lesser amounts of ethane, propane, and S-hexenal (Sriniva-
son, 1963). Photolysls of pure liquid cyclohexanone has been reported to
vield both S5-hexenal and 2-methylcyclopentanone (Calvert and Pitts, 1966).
Irradiation of cyclohexanone in water ytelds hexanoic acid (Calvert ana Pitts,
1966) .

(-} Vapor Phase Irradiation .

hv
(gas) ——2 CO+ N+ Q * Coflg +Cyftg + /\/\)J
[:f:] 100-300%¢ 26 " 3% =

~115- : (I11-13
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(2) Liguid Phase Irradiation

0
{liquid) .EL% /\,/\”)

0
CH
(liquid) M &/ 3

(3) Aquaous Solution Irradiation

L\J, (aqueous) J“L-ﬁé NN\ 00

The primary processes are believed to be excitation to an upper singlet state,
followed by either homolytic cleavage to a diradical or a concerted process
without radical formation (Calvert and Pitts, 1966).

0
) @ L9 &‘ ——> product

Addition of molecular oxygen to the gas phase reaction shows no effects of
radical scavenging indicating that cyclcohexanone is not an effective initiator
for photochemical smog and subjecting the existence of a diradical to questionm.

3. Sampling and Analysis

Gas chromatography using a flame ionization detector is cousidered
the most sensitive and specific method of analysis of cyclohexanone. Parkes
et al. (1976) verformed analyses via direct absorption of the ketone from
air sampley onto Chromosort 101 followed by heat desorption tec the chromato-
graph. They estimated their limits of derection af 60 pP -~cyciohéxanomesc.

A portable infrared gas analyzer has been developed which obviates
sample collection, an advantage for field analysis. Minimum detectable con-
centration of cyclohexanone by this method is reported at 0.3 ppm (Lande et
al., 1976).

(I11-14)
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Cyelohexanone Purchased, b 960,000 200,000 2,215,000 1,440,000 - 20,000 360,000
RDX Producad, x 1000 1b Lo 129,407 114,486 101,636 102,777 97,704 63,854 23,488 11,138

A colorimetric fileld test exists which involves treatment of a
sample with the dlazonium salt of H-acid. The colored product is then com-
pared with prepared standards of kanown concentrations. Detection limits are
on the order of parts per thousand (Andrew et al., 1971).

D. Uses of Cyclohexanone in Army Munitions Productiun

Cyclohexanone is used by the Army as a recrystallization solvent in the
manufacture of RDX., When the RDX is crystallized from the acid reactant mix-
ture, the crystals are the wrong size for further processing. Recrystalliza-
tion from cyclohexanone ylelds crystals of the proper size.

1. Quantities of Cyclohexanone Used in Munitions Production
Table III-2 presents the historical purchase of cyclohexanone at

Holston AAP and the corresponding production of RDX. Approximately 0.0l 1b
of cyclohexanone 18 added to the process for every pound of RDX prouduced.

Table III-2. Historical Purchase of Cyclohexanone and.
Corresponding RDX Production at Holston AAP.

A0 lem 1z L1973 Mene e iaTe 1977 ame
- 180, 000

Currently, Holston AAP is only operating at ~ 8% of capacity. Cyclohexanone

is being added to the process at a rate of 316 lb per day. At full mobiliza-
tion ~ 6000 1b per day of cyclohexanone would be used.

2. Occurrences of Cyclohexanone in Air and Wacer
a. Aqueous Effluents from RDX Recrystallization (G-Buildings)

Recrystallization of RDX and HMX {3 accomplished in the G-Build-
ings. Buildings G-1, 2, 7, 8, 9, 10 and 10A are used for recrystallization
of RDX with cyclohexanone. Buildings G-3, 4, 5 and 6 are used for HMX re-
crystallization and special products formulation. The effluent from Buildings
G-3, 4, 5, 6 varies with the particular product being formulated. However,
cyclohexanone is usually found in the effluant.

In a study performed by Mr. Jim Green of Holston Defanse Cor-
poration, the concentraticns of various solvents in the G Bullding catch
basin influents and effluents were measured (USAEHA, 1971). The flow rates
through these catch basins were also measured., The results of this study
for Buildings G-2 and G-6 are presented in Table III-3, Buildings G-2 and
G-6 were operating at capacity during the study. The G-2 building effluents
are considered typical of Buildings G-1, 7, 8, 9, 10 and 10A. Buildings 10

and 10A operate as one building. Although there are 8 units in these buildings

-117- (III-15)
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Table III~3. Aqueous Effluents from Typical RDX
Recrystallization Buildings (USAEHA, 1971).

i

i

Catch Basin Iafluent, Catch Basin Effluent, i
Parameter mg/1 mg/l .51
Building G-2 i 1
BOD 896 339 [

{ con : 463 403 |
}. ocC 234 217 N
; Ic 22 23 Lo
i Cyclohexanone 215 206 ; i
i Flow rate - 27,400 gollons par day (gpd) !
; ‘ |
E Building G=-6 : l
: BOD .32 323 ]
cop 1240 950 ‘
oc 264 - |
;r_ IC 9.7 8.0 L
S HMX . 10.6 4.4 L
L RDX 5.0 ' 5.0 ‘ i

E Acetone 81 63 .
| Cyclohexanone 587 220 o

k Toluena 2.7 0.2
Butanol 81 63 :
pH 6.1 6.1 -

Flow rate - 136,000 gallons per day (gpd)

-~118~ (1I1-16)
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only 4 operated concurrently. Theraefore, the effluent from RDX recrystalli-
zation at full mobilization can be obtained by multiplying that of Building
G-2 by six. Approximately 164,400 gpd of process water would be discharged
from these G-Building containing ~ 210 mg/l or 288 lb per day of cyclohexanone.

The characterization of the effluents from Buildings 6-3, 4,
5, 6 are less accurate due to the vuriation in the products formulated in
these buildings. However, as approximation of the total effluent at full
mobilization, the effluents presented in Table III-3 can be multiplied by
four. This approximation yields a total flow of 544,000 gpd of process water
from these buildings. This water contains ~ 220 mg/l or 998 1b per day of
cyclohexanone.

At full mobilization the total amount of cyclohexancne released
in the aqueous effluents from the G-Buildings could be as much as 1286 lbs
per day in a flow rate of 708,400 gallons per day. If no cyclohexanone is
being used in Buildings G-3-6, the release of cyclohexanone could be as low
as 288 1b per day.

b. Air Effluents from the RDX Recrystallization and Formulation
(G-Buildings)

In addition to the aqueous cyclohexanone wastas, air emissions
from the G-Buildings have been reported. These air emissions were estimated
to be 95 lb/day per building (USAEHA, 1971). At full mobilizatiomn, 570 to
950 1lb/day would be lost to the air depending on whether cyclohexanone is
being used in the formulations buildings.

¢. Aqueous Effluents from RDX Dewatering (H-Buildings)

RDX {s dewatered in Buyildings H-1, 2, 3, 4, 7, 8, 9 and 10.
As indicated by analyses of the K-2 building effluents performed by Holston
Defense Corporation, ecyclohexanone is found in the waste water from the RDX
dewatering process. Buildings H~5 and 6 dewater HMX and do not have cyaclo-
hexanone in their effluents. Specific parameters determined in this study
are presentad in Table III-4.

Table III-4. Aqueous Effluents from a Typical
RDX Dewatering Building (USAEHA, 1971).

Parameter Catch Basin Influent, mg/l Catch Basin Effluent, mg/l
BOD 2771 -

con 4292 -

RDX 49 33

HMX 1.5 . 0.7
Cyclohexanone 142 -

Acetic Acid 658 -

Flow rate - 34,800 gallons per day (gpd)
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The citch hasin effluent was not monitored but can be assumed !
to be approximately the sime as the influent. At full mobilization, Buildings
H-1 2, 3, 4, 7, 8, 9 and 10 vould be in full production. The total amount
of cyclohexanone discharged from these buildings would be 1330 1lb per day in
a flow of 278,400 gallons per day.

No data on air emissions of cyclohexanone from the H-Builldings
was found. However, these emissions would be minor compared to thoase from
the G-Buildings. )

PP S P

d. Holston River Concentration of Cyclchexanone !

At full mobilization, cyclohexanone effluents to the Holston
River would be as much as 1285 lb/day from the G-Buildings and 330 lb/day
from the H-Buildings or a total of 1616 lb/day. The resulting Holston River
concentration (assuming full mixing and a river flow rate of 2G70 mgd) would
be 0.10 mg/l., However, the North and South Forks of the Holston River are
not thurcughly mixed until ~ 1 mile downstream from Area B. Thus, local
river concentrations would bte &s much as & to 5 times this concentration.

¢, Material Balance on Cyclohexanone

It i{s difficult to perform a material balance on cyclohexancne
over a ona-year period because this solvent 13 bought in bulk and stored
until needed., A more meaningful balance can lhe obtained over an eight-year
period., During the eight-year period from 1970 to 1977. a total of 6,095,000
1b of cyclohexa wnewere purchased. The average mobilization over thls period
was 41%. Thus, an average of 370,325 1lb/year would be expected %o be lost to :
air and weter. However, an average of 761,875 1lb/year were used, Thus about
51% of the cyclohexanone losses are unaccounted for.

Other sources for additional cyclohexanone losses include

- water from the recrystallization decanter contains about
0.1% cyclohexanone. This water is hauled to the burning
ground (USAEHA, 1971)

= soclvent in the final product ‘
- losses to ailr from the dawatering operations
- loases during the d1uncorporation step

- chemical roacticn in the effluent streams.

] E. Uses in the Civiliin Community

1. Production Methodology
Two synthetic processes are currently used by industry to produce

cyclohexanone. The catalytic air oxidation of cyclohexane is the most widely

used process. A schematic of the air oxidation reaction system 1is shown in
Figure III-3.
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This procedure yields a mixture of cyclohexanol and cyclohexanone.

on 0
02 +
Catalyst

Cyclohexane i3 oxidized in the presence of air at temperatures between 120 to ¥
250°C. High pressure must be maintained to prevent vaporization of cyclo=- {
hexane. Various catalysts such as metaboric acid may be used depending on -
the desirad alcohol/ketone ratio. The oxidation product is hydrolyzed and j

separuted from the catalyst and unreacted cyclohexane. If pure cyclohexanone
is desired, the mixture can be dehydrogenated over a zinc oxide catalyst.

The yield is between 30 and 95%.

The sacond process, catalytic hydrogenation of phenol, is showm
schematically in Figure III-4, This process can either be accomplished in a
one~step reduction directly to cyclohexanone or a two-step process with ini-
tial hydrogenation to cyclohexanol followed by dehydrogenation,

A4

OH

OH
= 5 —

Phenol is reacted with hydrogen at temperatures {com 100 to 200°C and pres-
sures batween 15 and 50 psi in the presence of a catalyst. Raeduction can
occur in either the liquid or vapor phase. A hydrogen/nitrogen gas mixture
may be used also., If cyclohaexanone 1g the desired product a paladium on
carbon catalyst is used, A nickel catalyst yields cyclohexanoi. The yield
is raported as 95% (Lani¢ et al., 1976; Lowenheim and Moran, 1975) .,

<. Manufacture, Production and Cipacity

Production figures Cor cyclohexanone from 1965 to the present are glv- O
en in Table III-S. Current manufacturers, cyclohexanone capacities, and produc-
tion iocations are presented in Table III-6, Im 1977, El Paso Products discon-
tinued their usa and production of cyclohexanone, closing down a 6.5 million 1b
per yvear plant. Rohm and Haag, former producers of cyclohexanone, no longer
manufacture it. Dow Badische, Monsauto, and Nipro manufacture cyclohexanone  »

12— (111-20)
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Table III-5. U.S. Cyclohexanone Production, 1965 to present
(in million pounds) (U.S, Tarriff Commission).

1965 1966 1967 1968 1969 1970 1971 1972 1973 1974 1975 1976 1977

322 314 430 482 704 715 756 783 683 651 554

Table IIX-6. Current Producers of Cyclohexanone (Personal Communication}.

Manufactursr and Location Process Used Capacity £;06 1b/vyr)
Allled Chamical, Hopewell, VA phenol, Hp 420
Celsnese Corp., Bay City, TX cyclohexane, 02 100
Dow Badische, Freeport, TX cyeclohexane, 07 250
., Monsanto, Pensacola, FL; Luling, LA cyelohexane, 0p 525
Nipro/ne., Augusta, GA cyclohexane, 02 150
Union Carbide, Taft, LA phenol, Hp 45
Total 1590

primarily for captive use as an incermediate for nylon. Allied Chemical and
Union Carbide manufacture cyclohexanone for both sales and captive use,
Allied Chemical manufactures chemical intermediates for nylon, Union Carbide
uses cyclohexanone as a chemical intermediate in polycaprolactone plastics.

3. Usages

Cyclohexanone is primarily used as a chemical intermediate in the
nylon industry. Oxidation of cyclohexanone cleaves the ring to yield adipic
acid, a precursor of nvlon-66.

0
é —2>  HO0G-(CHp) 4-COOH

Mixtures of cyclohexanol and c¢yclohexanone cau be oxidized to adipin acid

circumventing the need for separation of the products from cyclohexane oxida-
tion.

Also of major significance to the nylon industry is the transforma-
tion of cyclohexanone to caprolactam, used for the manugacture of nylon-6

0
0
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Hydroxylamine sulfate reacts with cyclohexanone to produce cyclohexanone
oxime. The oxime readily transforms to caprolactam via a Reckman rearrange~

ment,
OH i
N -
0= O~
—5 —>

Manufacture of adipic acid and caprolactam respectively, account for 552 and
40% of the cyclohexanone used in the U.S. .

Union Carbide oxidizes cyclohexanone under mild conditions to pro-
duce caprolactone, a cyclic ester,

5-O

The ester is polymerized to produce high impact plastics which are used in
automobile bodies and skateboards. Caprolactone production is a minor use
of cyclohexanone, limited to the 2.5% of the U.S. cyclohexanoune production
capacity possessed by Union Carbide.

Cyclohaxanone 1s also aemployed as an industrial solvent for degreas-
ing leather, cleaning metals, for ink, pesticides, paint and spot removers,
RDX recrystallization and engine oll sludge.

4., Future Trends

In the early seventies, an increase in solvent usage of cyclohexanone
was predicted due to the expected proliferation of regulations similar to
L.A, Rule 66, Rule 66 classifiad many widely used ketonic solvents as photo-
chemically reactive while classifying cyclohexanone as unreactive. To date
substitution of cyclohexanone for more reactive solvents has not occurred to
the extent that had been anticipated.

The nylon market which accounts for the great majority of cyclo-
hexanone produced is healthy. 1In recent years there has been concern that
as the nylon market grows there will be a shortage of cyclohexane (Greek, 1]
1975), This shortage has not materialized and is now not expected to in the ]
near future,

S. Donumented or Speculated Occurrences in the Environment

Patterson et gl. (1976) estimated 1974 total cyclohexanone
emission to the air at 51.3 million pounds, The major source of these
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emissions was the use of cyclohexanone as a solvent. They assumed that all
cyclohexanone used as solvent would be vented to the environment upon evapora-
tion. Emissions resulting from the manufacturing process were estimated at

1% of production by analogy to similar processes. Emissions cccurring during
bulk storage were estimated at 0.3 million pounds.

SOURCES AND EMISSION ESTIMATES OF CYCLOREXANONE IN 1974 .
(Patterson et al., 1976) ;

Source Million pounds
Solvent Usage 42,5
Production lLosses 8.5 i
Storage g.3
Total 51.53

Although solvent use accounts for the largest amounts of cyclohex-
anone amissions, these sources tend to be small and geographically scattered.
fites of cyelohexanone production should have significantly larger emission
dancities. Average 24-hour ground level concentrations oX cyclohexanone near

production plants have been estimated at about 1.0 ppm (Pattersom et al.,
1976).

Dow Badische estimates a yearly loss of six hundred thousand pounds
of cyclohexanone based on a 0.002 pound loss per pound producad. These losses
occur from reactor and tank vents, waste water streams, and as fugitive emis-
sions (Dow Badische, 1978).

F. Comparison of Civilian and Military Usages and Pollution of Cyclohexanone

At current capacity, HAAP is a very minor user of cyclohexanone. Even
at full mobilization, only 2,100,000 1lb/yr of cyclohexanone would be used at
HAAP, This usage represents only ~ 0,38% of 1975 U. S. production.

Only air emissions statistics of cynlohexanone from civilian production :
and usage were aveilable. The civilian air emissions are estimated to be '
51.3 million 1b. Thus, HAAP's total air and water effluents of cyclohexanone

(a maximum of 2,100,000 lb/yr at full mobilization) represent only 4% of the
civilian air emissions.

G. Environmental and Toxicological Hazards of Cvclohexanone

1. Human Exposure Studies

In a study of 353 workers exposed to cyclohexanone and other chemi-
cals associated with caprolactam production, Pestrii (1970) found ll4 workers
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with non-specific autonomic nervous system disorders. Bernard et al. (1962)
identified vascular, cellular and degenerative changes in the lungs and liver
tissues of persons exposed to cyclohexanone. Skin contact causes defarting
due to the solvent action of cyclohexane.

Saveral controlled exposure experiments have also been performed
with human subjects. Nelson ¢t al. (1943) exposed human subjects to cyclo-
hexanone vapors. They reported eye irritation at 50 ppm. Exposure to 75.ppm

wag objectionable. The highest bearable coucentration ior an 8-hour day was
25 ppm.

Dobrinskii (1966) studiad the effect of cyclohexanone vapors on humarn
brain activity. He determined the threshold limit for effects of cyclohex-
anone for rhythm reinforcement with the electroencephalogram. Thisg threshold
concentration was 22.4 ppb. The threshold concentration for conditioned re-
flex was 14.9 ppb. Dobrinskii also determined the olfactory threshold to be
53.2 ppb. On the basis of the information gathered during the study, Dobrin~

skii (1966) suggested a maximum permissible concentration for a siugle expo-
sure of 9.9 ppb.

2. Mammalian Toxicity
a. Acute and Chronic Toxicity

Cyclohexanone is a common solvent. The toxicological proper-
ties of this compound have thus been relatively extensively investigated. A
summary of the acute effects of cyclohexanone administration to mammals is
presented in Table III-7. The data indicate that cyclohexanone is moderately
toxic via all routes of administration.

Sublethal doses of cyclohexanone cause profound narcosis accom-
panied by central nervous system depression. Koeferl ¢t al. (l976) observed
sublethal effects of cyclohexanone in rats, dogs and monkeys. They found

erythroid hyperplases and extramedullary hematopoiesis in the spleen of the
dog.

Chronic exposure by both oral and inhalation routes also lead

to central nervous depression. A summary of the chronic studies 1s presented
in Table III-8.

b. Teratogencity, Mutagencity and Carcinogenicity

The teratogenicity of cyclohexanone was tested on chick embryos.

Griggs ¢t al. (1971) exposed eggs both prior to and after incubation for 96
hours, Chicks hatched from eggs exposed before incubation were normal, how-
ever, there was a higher rate of mortality compared to the controls, Chicks

hatched from post~incubation exposed eggs developed locomotor difficulties
and were unable to walk.

This preliminary evidence indicates that cyclohexanone may
seriously affect the embrvo. However, further studies are necessary to deter-
mine the dangers to the embryo.
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Dilution and
Vehiclo
undilucad

Ned
undiluced
wndiluced

undiluced

undiluted

undilutad

sir

aixy

alr

undiluted

undiluted

Table IXI-7.

Route of
Administration

oral

oral
oral

oral

oral

1.p.

i.p.

i.v.

inhalation

inhalation

inhalation

dermal
1 day std.
cuff

darmal

S ml at 20 nl
incervals than
wash < & hrs
total exposure

Acute Toxicity 'of Cyclohexanone to Mammals.
Number
Troated
per Doss Dose * Mortality
Organiam Leval (3/kR) __Duta_ Referance
Rats, M,W [ 1.541 14 day LD50 Nycum ¢t al., 1967
(3=4) (1.14-2.08)(21.96 5.0.)
Rats, F n. 8. 1.34 14 day LDSO " "
Mice n.s. 1.4 LD30 Novogordova ¢t al., 1967
Rabbits, 3 1.6-1.9 LD100 Treon ot ql., 1943
"youn'"
Mice 2.78 24 hr LD30 Caujclle & Caujolle,
1963
Mice 1.38 24 hr LDSO  Caujolls 0% al.,
1962
Guinea pig 0.76 8-40 hras. Cetresa & Cruziolo, 1954
win, letlal
dose
Dag 0.63 lethal dose Caujolle & Roux, 1954
Race, Carworth= 6 2000ppm 1/6, anes= Nycum @& al., 1967
Wistar 4-5 wks (}4) for 4 thesia after
$0-120 g hrs. 4=6 hra,

[ 4000ppm 6/5 anas-
() for thesia after

4 hrs. 1=5 hrs,
Rats, Carworth- 6 2131-3268 LCSO 2639
Wistar 4=5 wka ppwm ppm (21,96
9-120 g S.D.)
1 Sat., vap 0/6

for 0.5 nhrs,

6 Sat. vap Soue deaths

» 0.5 hrs,
Guinea pigs,F 10 400 ppm 3/10 diad &
mixad 3tock (V/V) for hrs after ex-
400-600 g 7.6 hrs. posura
Rabbie 4 0.948 16 day LDSO
. €0.596-~1.54) (21.96 s.C.)
Rabbit n.s. 10.2-23.0 lathal range

Nycum ¢t 21., 1967

Nycum @t ai., 1967

Spacht 9¢ al., 1940

Nyeum ¢% 2¢., 1967

Treon at 2l,, 1943
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) No information was uncovered on the mutagenicity or carcino-
) genicity of eyclohexanone., Hcwever, cyclohexanone has tentatively been select-
ad for further testing (NCI, 1078).

C. Biochemistry uf Cyclohexanone

o3 KeiLones can undergo a variety of rveactions in vivo. These !
recctions include .

~- reduction
- oxidation

K - conjugation

Reduction reactions require the presence of nicotinamide adenine dinucleotide l
(NADH/NAD*). This reaction proceeds as follows:

0 OH

i | : "
R-C-R + NADH + H' —=——> R-CH-R <+ Napt
In vivo studies on mammals indicate that 51-80% of the cyclohexanoue is :
reduced to cvclohaxanel (Elliott et ul., 1959).

Adipic acid has been found present in small amounts in the urine
after iIntraperitoneal ianjection of cyclohexanone in mice (Filippi, 1914) and
guinea pigs (Frey, 1939). Boyland and Chasseaud (1970) speculate the follow-
ing oxidation reactions, which are hased upon conversion of cyclohexanone in
vivo to eyciohex-2-en-l~one;

CO0H \
ey 4 5.
. ?HZ -
‘ - /{ = CH A,
" —_— ) 2 .
T2 ;
cyclohex=2-en-J-nne EHQ 5

: ! COOH .
\L Adipic Acid o

2 Glutathione ;

- Cyzlohexanone is conjugated primarily as the glucoronide of

. _ c¢yclohexanol (Elliot et al., 1959). Thus the ketome is first reduced to the N
iz alcohol. Some of the cyclohexanone can also be eliminated as the sulfuric ;

acid ester. ‘1ireon et al.(1943) followed the glucuronic-acid and invrgani. .
sulfate concentration in the urine of rabbics after oral administration »f '
cyclohexanone. The results of thefr study are presented in Table III-9. The
inorganic sulfates are decreased and the glucuronides increased. Simllar
gtudies by Deichmann and Dicrker (1946) indicate that cyclohexanone is rapidly
removed from the blood while urinary excretion cccuws over & longer period of !
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time. Thus reductiovn to the alcohol and conjugation appears to be the main
biochemical pathway for elimination of ecyclohexanone. It does not appear in
the urine as the free ketone,

-

Table III-9. Excretion of Glucuronic Acids and Sulfates in 24 Hour
Urine Samples of Rabbits Following Oral Administration
of Cyclohexanone (Treon et al., 1943).

Days After Dose 2 Inorganic Sulfates ‘Clucuronic Acid (mg)
[Dose]
890 mg/kg (1)
1 38.4 858
2 30.8 2,632
3 71.1 76
4 92,7 81
890 mg/kg (i)
1 58.3 2,133
< 62.5 1,090
3 9.1 78
4 89.2 49
947 my/kg (2)
1 60 1,246
2 75 100
3 80 30

(1) Normal Daily Excretion of Glucuronic Acid in Rabbits, 35.2 ug*24.8 [S.D.]
(2) Normal % Urimary Sulfates As Inorganic Sulfates, Approximately 85%

3. Aquatic Toxicity

Very few studies have been conducted concerning the levels and
toxicity of cycloheranone in aquatic systems. The acute toxicity levels of
eyclohexanone to aquatic organisms are shown in Table III-10. From the frag-
mentary data, it appears that cyclohexanone has a very low toxicity to aquatic
organisms, The high solubility of cyclohexanone in water (150 g/l at 10°C)
indicates that the low toxicity is not related to the availability of the sub-
stance to the organisms.

Cyclohexanone is released in the HAAP G and H-Bullding waste water
discharges. In con HAAP survey of the G and H-Buildings, approximately 109 1lb/
line of cyclohexanone were fcund to be released from the dewatering and cou-
position B incorporation steps (USAEHA, 1971). Weekly grab samples for Janu-
ary through June, 1973, confirm the building survey results. During this 6~
month pericd four lines were in operation. Two ouufalls (BO2A and BO2B) were
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monitored. Cyclohexanone levels averaged 19 and 10 mg/l at these outfalls.
Flow rates were estimated at 1.17 mgd and 3.62 mgd, respiactively. The result-
ing discharge would be 487 1lb of cyclohexanone. This number is in good agree-
ment with the line figure of 109 1b/day. Assuming full mixing in the Holston
River, the average river concentration wculd be only 0.03ppm.

At maximum production 618 to 1616 lb/day of cyclohexanone could be
discharged depending on the explosives being compounded. The Holston River
concentration could be between 0,04 and 0.10ppm, Even at 10 times these. con-
centrations, cyclohexanone would not preseat a toxicity problem to aquatic or-
ganisms present in the Holston River. Table III-ll shows cyclohexanone levels
in the Holston River at various degrees of mixing.

Table III-ll. Cyclohexanone Levels in the Holston River (ppm).

Release at Full Mobilization
(Average flow 2070 million gallons per day)

Cyclohexanona Used in No Cyclohexanone Usad in
Degree of Mixing the Incorporation Step the Incorporation Step

12 10.0 4,0
10% 1.0 0.4
1002 1 04

However, Helton (1978) found several compounds in the effluent of
HAAP that are produced from cyclohexanona. Some of tha compounds datected
are 2-(l-cyclohexenyl)-cyeclohexanone, 2-cyclohexylidenecyclohexanone, 2-cyclo-
hexyleycloheax-2~anone, and several spiro compounds. The effects of these
gubstances on aquatic organisms have not been evaluated.

4., Phytotuxicity

No phytotoxic reactions were observed in specimens of bean, corm,
cotton, cucumber, tobacco and tomato exposed to a 5% solution of cyclohex-

anone applied as a spray to foilage or liquid to roots (Gast & Early, 1956).
No other iunformation has been encountered.

5. Toxiclty to Micrcorganisms

When cyclohexanone is used as the sole carbon source, growth in-
hibitious of certain microorganisms is observed., Terrestrial Paeudomoncs sp.
(Konovaltschihoff«Mazoyer and Senez. 1956) and several specles of yeasts
show no growth., However, Tanaka @t .-l. (1977) have isolated a Peeuderionas
Lacteria which is capable of using cyclohexanone as the sole carbon source.
Zussman et al. (1969) found no inhibition of growth of Trichophyton rubrum
srown on cyclohexanone media.
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N A detailed study of the oxidation of cyclohexanone by Nocardia
globerula was performed by Norris and Trudgill (1971). They proposed the
following pathway for cyclohexanone oxidation by this bacterium.

e

€-Caprolactone
]
od . ) ot
— ———y  call matabolism
. A ‘mz“ 0 f-oxidation ..
G=-bydroxy caproic acid adipic acid

Thus cyclohexanone can be efficiently degraded by certain microorganisms even
though it 1is inhibitory to others.

6. Environmental Fate

Due to its solubility in water, cyclohexanone discharged to tha
atmowphere will be washed down with rain., There is the possibility of
atmospheric photolytic decomposition to carbon monoxide and pentene. This
prediction is based on laboratory photochemistry (see Saection C.2). Cyclo-
hexanone solubilized in environmental waters can also underge photolytic

cleavage to hexanoic acid, analogous to its behaviour under laboratory con-
ditions (see Section C.2).

Studies have shown that cyclohexanone is metabolized to adipic
acid by several pure strains of microorganisms (Laade @t al., 1976).

é ey HO0~C=~CHy~CHy~Cly~CHy~COOH

This degradation pathway is probably predominant in waters with high blologi-
cal activity.

There 1s evidence (Helton, 1978) that the cyclohexannne waste from
Holston AAP undergoes a varilaty of chemical transfermations prior to anviron-
mental discharge. The major constituent in a chloroform extract of Buillding

13 (11I-32)




H-2 wastewater wes 2-hydroxymethyl-cyclohexanone. This compound is formed by
an aldol type condensation of cyclohexanone and formaldehyde (see Section C.1).
Three other components of the extract, 2-(cyclohegenyl)cyclohexanone (I),
2-cyclohexylidene~cyclohexanone (II), and 2-cyclohexyl-2-cylohexenone (III),
are products of an aldol type condensation between two molecules of cyclohex-
anone, Hydroxycyclohexanyl-cyclohexancne is initially formed. Dehydration

iy followed by rearrangements of the double bond.

o e
(1)
(11) — [:?:T/I:::]

(1II)

Numerous minor compounds were observed in the chloroform extract.
Ore has been identified as spiro [l-oxocyclohexane-2,2'-3',4',5',6',7',8'~
hexahydrobanzo[(b)] pyran] (V). This compound is formed by the Diela-Aldar
addition of two molecules of 2-methylene cyclohexancne (IV), the dehydration
product of 2-hydroxymethyl-cyclohexanone.

- : 0 .
[:?:],CHZOH____ﬁ> [:?:I,caz . [:f:];cnz N [:::Iiié}:::]
4]

(v

The structural identity of (V) has been confirmed by synthesis (personal con-
munication with D.0, Helton). Identification of the other minox components
is currently baing undaertaken,

The environmental fate and tuxicity of these cyclohexanone reaction
compounds is unknown.

7. Licerature Availability for Phase II

Cyclohexanone is a common solvent. Many environmental and toxico-
logicul studies are raported in the literature. Thus sufficient information
should be available for a Phase Il detailed avaluation qf toxicological and
environmental hazards.
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H. Standards and Regulations
1. Ailr and Water Acts

Rule 66 of the Los Angelus Pollution Control District places limits
on emissions from industrial solvents. This rule applies to organic solvents :
exposed to baking, heat curing, heat polymerization or flame control and '
photochemical solvents. Cyclohexenone is considered as non-photoreactive by
this law and its emissions are not limited.

2, Occupaticnal Standards

OSHA (1974) has eatablished the following limits on cyclohexanone i
in the work place ‘ i

- Vapor or gas - 50 ppa

- particulate 200 mg/m3

These ‘numbers correspond to the published threghold limit values (TLV). The
USSR has a considerably lowaer limit of 10 mg/m” (Lande 2t al., 1976).

3. Department of Transportation :

No hazard labals are required for shipment of cyclohexanone under i

the Code of Fedaral Regulations., However, cyclohexanone is listed on the U.S. \
Coaot Guards' CHRIS list (1774), '

I. Conclusion and Recommendations

T

The civilian and military uses and pollution of cyclohexanone and its i
toxicological and environmental hazards have been reviewed during this problem |

definition study. After avaluating the data, the following conclusions wera
drawn:

1, Cyclohexanone 1is not a military unique chemical as only 0.38% of
the U.S. 1975 production would be used by HAAP at full mobilization; full

| . mobilization pollution projection of the chemical would represant only 4% of
‘ - the 1974 civilian air emissions.

2, Additional data on the carcinogenic and teratogenic potential of
¢yclohexanone are needed, However, carcinogenic and teratogenic bloassays
on cyclochexanone itself should be a low Army priority.

3. The formation of cyclohexanone addition compounds in the Holston
AAP effluent appears to be a military unique problem, It appears that the

proposed biotreatment facility for HAAP will adequately remove cyclohexanone
from the HAAP affluent.

In view of these findings, cyclohexancne itself should be a low priority
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for a detailed Phasa II toxicological evaluation, unless new experimental
evidenca uncovers further. problems with this compound. However, the cyelo-

hexanona addition products require further investigation. This investigation
should incorporate the following:

~ further sampling to quantitate the presence of these addition -
compounds

~ a literature review of the reported chemical toxicological and
environmantal properties of these compounds

~ mammalian and aquatic toxicological studies should be carried
out on those compounds which are present in significant con-

centrations and for which sufficiant literature data is not
available.
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SUMMARY

The methylamines are by-products of the RDX/HMX manufacture at
Holston Army Ammunition Piant. The mwain documented source of entry of these
compounds into the environment 1ls from the Building A-1 still sludge. At
present mobilization levels, this still operates only one week out of every
four months. However, at full mcbilization, the still would operate con-
tinuously. When in operation, the effluent from this scill Ls discharged
into Arnott Branch which flows divectly into the Holston River. This dis-
charge is 121,000 gallons per day containing ~3500 mg/l methylamine, ~2200
mg/l dimethylamine and V180 mug/l trimethylamine. DNischarges from the acid.
recovery operations enter Arnott Branch in the szame vicinity. Thus the
unique 3ituation of hizh nitrate and high dimethylamine concentrations exist
in this Branch. This situation may lead to the formatioiiof N-nitrosodimethyl-
~amine under favorable conditions of low pH or nigh microblal activity.

The A-1l still is the only source of entry of the methylamines into
the environment from Holston Area B operations that has been documented.
However, the pogsibility exists of discharge of the methylamine salts from
the acids removal and wash operations in Building E.

The civilian uses of the methylamines are numerous and widespread.
Current production capacity is about 323 million 1lb/year of mono-, di=- and
trimethylamine in the equilibrium ratio. Trimethylamine is used almost ex-
clusively as a chemical precursor for choline chloride. The majsr uses of
dimethylamine are for tha production of dimethylformamide and dimethylacet-
amide. Monomethylamine is used as an intermediate in the synthesis of insecti-
cides and surfactants. It is the most wldely used of rhe methylamines.

The methylamines are widespread through the ecosystem baing present
in fiah, plants, food, etec. Thay are not toxic to mawnals. figh, micro-
organisms, plants, etc. in small amounts. In most organisms, bilochemical
pathways exist for converting small amounts of the wethylamines to C0g and
amuonia or into cellular material. Even in acute doses, they are relatively
nen-toxic with an LD50> 100 mg/kg for mammals and a 48 hr LC50 > 300 mg/l for
fath:ad minnows. The invertebrates appear to be more sensitive to these com-

pounds than the other organisms tasted with a 48 hour LCSO of 32 mg/l tor
trimethylamine.

Once presert in the eavirorment, there are several species of micro-
crganisms which capn efficiently degrade the methylamines. However, the pos-
sibilicy of N-nitrosasdimethylamine formation in the environment exists. The
format.ion of this highly potent carcinogen is favored when high conceutrations
of dimethyl- ov trimethylamine and ritrite or nitrate arepresent in a low pH
ot high wicrobial environment. Once formed, thls compound may persist loug
enough to riieh drinking or recrauticnal water. .

The methrlamines are not a unique military problem. They are wide
spread throughout the ecosystem. However, the discharges from the A-1 still
Boiston AAP are a significant load on the jocal aquatic system. In addition,
the presence of a ligh nitrate contant {u the same effluent can lead to the

(IV=-3)
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formation of the highly toxic N-nitrosodimethylamine. This potentizl nitros-
amine formatlon requires further evaluation. It is, therefore, recommended
that a detailed svaluvation of the eanvironmental fate of the methylamines be
carried out in Phase II. This evaluation should be backed-up with sampling

and analysis data from Helston. Additional sampling should also be conducted
to determine if any methylamines or their derivatives are discharged from the
F-Buildings. A detailed evaluation of the toxicological hazards of the methyl-
amines in Phase II should be a low priority.
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o FOREWORD

This report details the results of a preliminary problem definition
. study on the methylamines, The purpose of this study was to determine the
Y _ Army's rasponsibility for conducting further research on the methylamines in
- order to determine their toxicological and environamental hazards so that
effluent standards can be recommended. In crder to determine tha Army's re-
. sponsibility for further work on the methylamines, tle wilitary and civilian
B urage and pollution of thase chemicals were evaluated, I, addition, a pre- 1
liminary overview of toxicological and environmental hazards was conducted. ]

"" ' The mechylamines were only three of 48 chemicals evaluated under Phase
[ IA of contract No., DAMDL7-77-C-7057. Thaese chemicals are grouped in four 1
categories

explosives related chemicals
propellant related chemicals
pyrotechuics

primers and tracers {

Each categery 1s a major report. Section I of each report 1is ar asverviaw of ﬁ
the military processes which use each chemical and tha pollution resulting
from the use of these chemicals. The problem definition sihudy reports on
g each chemical are separeble sections uf these four reports.

. f In additisn a general methodology report was also prepared., This raport
v describes the search scrategy and evaluation methodology utilized for this
oo study.
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IV. THE METHYLAMINES

A. Introduction

The methylamines are unintentional by-products of the manufacture of RDX
and HMX at Holston AAP. Due to their similar chemical behavicr and their
common points of entry into the environament from both the Civilian and Mili-
tary Sectors, the three methylamines will be digcussed together.

B. Altasrnate Names

Methyl=, dimethyle and trimethylamine are aliphatic amines which result
from the successive replacement of hydrogen on ammonia by methyl groups. The
structure of the methylamines and pertinent alternates names are listed below:

Methylamine

]
"y
Molacular Waight: 31,06 g/mole
CAS Registry No.: 74-89~5
CA Name (9CI): Methanamitie
CA Name (8CI): Methylamine
Wiswesser Line Notation: YA\
Synonyms : Aminomethane; Carbinamine;
Monomethylamine
Dimethylamine “
H,c7Y v,
H
Molaecular Weight: £5.08 g/mole
CAS Regilstry No.: 124~40~3
Replaces CAS Registry No.: 14534~15-7
CA Name (9CI): Methanamine, N-methyl- ;
CA Name (8CI): Dimaethylamine i
Wiswesser Line Notation: ml :
Trimethvlamine .
IN\
B30,
3
Molacular Weight: 59.11 g/mole }
CAS Registry No.: 75-50-3 1
CA Name (9CI): Methanamine, N,N~dimethyl~ ]
CA Name (8CI): Trimethylamine i
Wiswesger Line Notation: 1Nl [

-151- (1v-9)
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c. Physical Properties

The physical properties of the methylamines are presented in Table IV-1.
The infrared spectra and the ultraviolet spactra of the methylamines are
shown in Figures IV-1 and IV-2,

D. Chemicsl Properties

1. General Reactions

The chemistry of tha methylamines is centered on nitrogen's unshared
elactron pair. These unbonded electrons account for the predominant chemical
properties of the methylamines: their basicity and their nucleophilic behav-
{lor. '

Basicity constant:s for the methylamines are (Morrison and Boyd,

1973):

Ky
monomethylamine: 4.5 x 10=4
dimethylamine: 5.4 x L0-¢4
trimethylamlne: 0.6 x 10-4

Under strongly alkaline conditiouns, the methylamines exist in solution as the
free basa. At pH 10, the

(CH3)p~NH E==2 (CHy)p-NH} + OH

ratio of free amine to protonated ammonium i¢n is approximately one. At a
pH 4, essentially all the amine exists in the ilonie form.

Mono and dimethylamine are excellent nucleophiles, participating in
a8 wide number of additions and substitution reactions. Trimethylamine 1is a
lass effactive nucleophile. Thae bulkiness of the third methyl substituent
sterically hinders nucleophilic attack. Additionally, lack of an amine
proton prevents ralief of the positive charge from the additionm product.

(CH3)2=NH + CyHgCl mmmmed (CH3)2=Y=CoHs —— (CHy)p-N-Cas  + ®¥

+
(CH3)3=N: + CoH5Cl == (CH3)3=N-CoHs

Several well known reactions involving the methylamines as nucleovhiles are
compiled in Figure IV-3.

Both di- and trimethylamine in nitrous acid form N-nitrosodimethyl-
amine, a reaction which will be discussed in the next section. The reaction
of monomethylamine with HNO; does not produce a nitrosamine but results in
diazotization.

(Iv-10)
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1. Manuich Reaction:

HC(OCH2CH3)3 + (CHS)ZNH + CH3C0CH2CH3 —— (CH3)2N“CH‘CHCOCH2CH3

2. Amide Formation:

CH;COOCH; + CH3NHy ~———> CH;CONHCH,

3. a, P Aminoalcohol Formation:

CHz-CHZ

4, Dithiocarquate Formation:

w

5 i
- (CH3))NH + G=C=§ ———> (CHj)g~N-C-SH

Figure 1V-3., Nucleophilic Addition Reactions of the Methylamines.
(March, 19683; Commersial Solvents, 1965)




CHaNH, + HNO; —> [CH3NpT] —> cHjoH + Ng |

Unlike their aromatic analogs, aliphatic diazo compounds are unstable and de-

compose spontaneously. In water, diazomethane decomposes to methanol and
molecular nitrogen.

Mathylamines can be oxidized with aqueous hydrogen peroxide to
amine oxides.

H,0
i (CH3)3N: -n—) (CH3)3N"O
2

Oxidation of alkylamines with ozone can occur along two pathways. Amine oxide

formation can occur and 1is the predominant reaction in ozonacion of tert-
butylamine. ’

3y
(CH3) 3~C-NH; —-3—9 ca3-c N0
iy B

The methylamines possess primary alkyl substituents and undergo side chaia
oxidation in competition with oxide formation.

Cﬂj O3 CH,0H |
u3c-\h _— u3c-\«: .
¢H, ¢

Side chain oxidation to N,N-dimethylcarbinolamine is predowinant in trimethyl-
amine ozonation (Evans, 1973).

2. Environmental Reactions
a. N-nitrogodimethylamine Formation

Currently the environmental transformation of methylamines to
N-nitrosodimethylamine {s of major concarn. It can be formed from dimethylamine,
trimethylamine, or trimethylamine oxide. Tables IV-2 through IV-5 summarize
some of the experimantal results. Nitrosation of dimethylamine occurs readi-
ly in selutionm,

—-—2—> H C-N-N-O
2; 3 &,
The reaction hus been carried out at a varity of temperature and pH's. Mild-
ly acidic conditions are most favorable with N-nitrosodimethylamine formation

from nitrous acid and dimethylamine optimized at pH 5. At the extremes of
pH, values less than 2 and larger than 10, nitrosation dous not e¢ccur.

N-nitrosodimethyiamine is not formed to an appreciable axtent in basic environ=-

ments (pE 7 to 9} in the absence of a catzlyst. In the presence of

-157- (1v-13)
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Table IV-3.

Formation of N-nitrosodimethylamine from Trimathylamine
or Trimethylamine Oxide and Nitrite in Acetic Acid
(pH 3.7-4.0) at 90°C (Lijinsky und Singer, 1973).

NDMA formed (% yield)®

Concentration |
of Nitrite 0.5 M Trimethylamine 0.5 M Trimethylamine Oxide ‘
S M 57 56
4 M 54 58 g
M 44 48 ‘-
2 M 41 40 :
1.5 M 40 35 !
1M 31 20
0.75 M 23 9
0.5 M 11 4
0.25 M 5 0.2
0.05 M Trimethylamine 0.05 M Trimethylamine Oxide
0.2 M P »
|
0.06 i 0.01 M Trimethylamine 0.01 M Trimethylamine Oxide i'

1.3

20

aAfter 4 hours.
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Table IV~4,

Amourt.. of N-nitrosodimethylamine Formed from
Equinclar Amounts of Dimethylamine and
Trimethylamine (Scanlan et al., 1974),

Cond-itions: pH 6.4, 100° for 2.5 hr.,

NDMA
from
T DMA
divided
Molar ratio by
mmol of amine/ amine: NDMA NDMA
100 ml nicrite formed, ppm* £.om TMA
0.58 DMA l:1 0.540
8.1
0.58 TFA 1:1 0.066
4,44 DMA 7.6:1 12.9
2.3
4,44 T™MA 7.6:1 3.6
17.8 DMA 30.4:1 64.9
1.3
17.8 T™A 30.4:1 51.1
44,4 DMA 76:1 133.5
0.64
44,4 TMA 76:1 208.9
88.8 DMA 152:1 233.5
0.60
88.8 THA 152:1 388.7

dsom in the reaction solution

i, o SR PR

NaNO,, 0.58 mmol/100 mi (400 ppm)

(Iv-18)




Table TV-5. Amuunt of N-nitrcsodimethylamine Formed
Fror Equimolar Amounts of Trimethylamine
and Dimethylanine at Different Acidities
and Temperatures (Scanlan et al.. 1974).

{ H
' Temperaturc NDMA from  NDMA from
. pH °c DMA, ppm® ™A, ppm®
6.4 100 37.1 3,61
. 6.4 2 0.5 0.010
g 22 37 8.6 0.209

Concentrations: amines, 4.44 mmol/100 ml
\ NaNO;, 2,22 mmol/100 ml

Reaction time: 2.5 hr.

appm in the reaction solution

161 (1V-19) i




' formaldehvde, wnich acts as an aleatrophilic catalyst, dimethylamine will
Do ;gg§§go exteasive nitrosation even under basic conditions (Roller and Keefor,

H H9, H,C
3w 'Pize‘l'-? FYenmo

soe H3 NOZ" H3C )
Trimethylamine will react with HNOUg to form N-nitrosodimethyl-

auine. At ratios of amine tonitrite ranging £rom one to ten, this reactionis sev-
eral times slower than nitrosamine formetion from dimetivwylamine. As the amine
to nitrite ratio increases, the rates of N=nitrosodimethylamine fnrmation from

P the two amines is comparable. At amine to nitrite ratios of 132 to 1, tri-
1 ’ methylamina conversion 1is faster., Optimum pH for the raaction at 100°C is

- ‘ 3.2 (Scanlan et al., 1974), i

. Trimethylamine oxide in HNQO2 aiso leads to formation of Nenitroso-
- ‘ dimethylamine (Lijinsky and Singer, 1973).
. H.c HNO H.C
P ").\1 + 0 3 w0
d3C CH, H3
.:‘ : N=nitresodinethyvlanine formai lon has been nbserved from dimethyl-
e ‘ amine vapor and atmospheric N0, (Hanst et xl., 1977).

Hp0 + NO; &2 2HNO3

.. : Nitrosation of dimethylamine vapor cccurs following the rate aquation (Hanet
* : et al., 1977).

d(cH,) H11N0 -1 -1
—-—-&-——-— = ¥k Puuoz P(CH3)2NH k=0.08 ppm ~ min
Photolytic decomposition of HNO7 occurs much more vapidly than its formation,
For this reason atmospheric Nenitrosodimethylamine will form ouly at nigihe.

Nenitrododimethylamiue also undergoes photolytic decompositionto
nltrlc oxide, carbon monoxide, formaldehyde and an unidentified compcund.
2 Atmospheric half-lives of thirty and sixty minutas (a clear sunny day snd a
"0 : ¢loudy day) at 11:00 a.m. have been observed (Hana¢ at al., 1977). .

: b. Fhotochemical Deacomposition

Photolysis nf monomethvlamine genarates hvdrogen, methane,
ethane, ethylenimine, dimethylamine and azomethane (Terenin and Vilassav, 1%63).

2 e

) " G H,G
CHyNH) Loy 1) + CH, + C,H, + H)',-mx “ (CH,) Bt + ‘N-t*\CH

3

off
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Primary processes involve hydrogen radical generacion and homolytic cleavage
A of C-N bondu.

The photolysis of di~ and trimethylamire should be similar,
3 Photoulytic decomposition of trimethylamine has been reported to yileld ethane,
; hydrogen and methane suggesting the generation of methyl and hydrogen radi-

] cals. Nitrogen radicals will also ba generated which might undergo various
1 recombinations and/or oxidations.

Ty e L

_ Trimethylamine undergoes a non-photolytic gas phase reactioen
b with 80, at ordinary tempaurature to form a solid (Burg, 1943).

or it -

LR H,C CHj

| M (g) +  50,(g) —> Jﬁn-soz ,
] _ Hac 3 C, b .
;5 An amine:503 adduct can also be formed

o a0, 3\

3 : (8) + SO0, wme=d ~ N = S0

1 Hac'qtﬂs 3 H,2" CH, °

J 3 3

¢, Oxidation Reactions

Oridation of methylamines in water to either N-oxides or car-
‘ ' binclamines may result in aventual degradation to formsldehyde and anmonia.
;

The reactlon saquences are 1llustrated in Figure IV-4, N-oxidation of mono-
: . and dimethylamine will lead to hydroxylamines.

8 H,C

A 3C. H3C H H,C,
o : N*H 9 N +~ 0 ;, _ N=-OH
4 ' H3C
i : 3
1 '
" H.cC H,C H . H,C
3 37\ 37,7 RN

“ 3. Sampling and Analysis
i

Gas chiomatography is the most useful analytical method for the
methylawines, It has been applied to detection of methylamines in gas
sgmples, 1in soluticn, and absorbed in tissues. A variety of columns, detec-
tors, and vonditions have been used by many investigators, GC procedures
have been daveloped for the separation and Jetermination of methylamines in
the atmosphere (Okita, 1970), in bilological fluids (Dunn et al., 1976), in
fish tissues (Gruger, 1972, Miller ¢t al., 1972), in various foodstuffs
(Singer and Lijinaky, 1976), in plants (Khramova and Bokarev, 1976), and in
wastawater (Onuska, 1972). Quantitative anelysiy at the ug/ml, ug/y and ppnm

levels hava been widely reported. Lower limits of detection arve on the
ovder of ng/ml (ng/g, and ppb).

X R ~163- (1v-21)




CI-I3 ,CH‘.3 CHB.. ,CHZOH CH3
N N “N-H + CH,O
& i CH > @ 2
3 3 3
, CH, _CH CH CH CH CH,0H CH, H
3s’N 3__; 33_'_0 3____) 3\}“’. 2.____> 3\1;:1 2 —_ S\N + CHZO
CH CH CH
3 3 3 3 3
| cH, B HOGH, H HH
N — CEI — cnzo + N
CHy 3 3
E B ey B ® s, + a0 ,
CH. CH.,OH .
3 2 .
A
[

. ; i3

Figure IV=4., Oxidative Degradation Raactions of the Methylamines.
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Other analytical techniques for methylamines include:
- Ion exchange chromatography has been used for the separation
and determination of mono~, di=-, and trimethylamine and ammonia in aqueous
solutions. Reliable results were obtained with samples containing 150-450

ppm monomethylamine, 10~50 ppm dimethylamine, and 10-50 ppwm trimethylamine
(Bouyoucos, 1977}

- . Low temperature infrared spectroscopy was demonstrated to be
applicable to the identification of amines in the air. This technique has
limited use for quantitative estimations (Ball and Purnell, 1976).

- An automated method for routine determination of trimethyl-
amine in fish was developed in the early sixties. Improvements on the method
now allow determination of dimethylamine and ammonia as well. Analyses can

be done on the pg/ml level at a rate of 30 samples per hour (Ruiter and
Weseman, 1978).

E. Uses in Army Munitions Pruduction

1. Purposes

The methylamines are not used or intentionally produced in the pro-
duction of munitions. They are, however, produced in substantial quantities
as by-products in the manufacture of RDX and HMX at Holston AAP. RDX is

made by the Bachmann process which invelves the nitration of hexamine ac-
cording to the following veaction:

20gH Ny + 4HNO3 + 2NH4NO3 + 6(CH3CHO),0 =——> ZRDX + 12HOOCCH

The Bachmann process uses a large amount of nitrate salts along with the
nitric acid. In the reactor environment, hexamine can be partially degraded

to ammonia and formaldehyde. The formaldehyde formed can undergo a variety
of reactions including

Caunnizino

CHa0 + CH90 ey CH30H + HCOOH
Oxido-reduction

CH,,0 CH,0
NH4NO3 + CHgO === HaCNHp IINO3 =2 (H3C)sNH-HNO3 =t (H4C) 3N+ HNO3

As discussed in Section II of this report (the hexamine reporr), the
ylelds of RDX and HMX are only ~65% bused on the hexamine used. The remainder
of the hexamine ends up as impurities such as formaldehyde, formic acid,
the methylamines, SEX and TAX. The exact amount of the individual methyl-
amines formed is highly dependent on oparating conditions. However, methyl-

amire is always present in significantly greater quantities than dimethyl-
or trimethylamine.
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2. Estimated or Speculated Occurrences in the Environment

The A-1 Building still sludge is the main documented source of the
entry of methylamines into the environment, Significant quantities of methyl-
amine salts or derivatives could also entar the environment from the E Build-

ings. However, the quantities of methylamines discharged from the E Build-
ings have not been monitored.

At current production levels, the A-l still .operates one week every
four montha. At full mobilization this still would operate continuously. At
. a still feed rate of 15 gallons per minute, 21,000 gallons per day are dis-
a charged into Arnott Branch (USAEHA, 1971). This discharge coutains ~3,500
> ‘ mg/l methylamine, ~2,200 mg/l dimethylamine and 180 mg/l trimethylamine plus
other products such as hexamine, formaldehyde, ammonia and copper (Adams and
Whiting, 1976). Thercfore, 613 lb/day of methylamine, 385 lb/day of dimethyl-
amine and 31.5 lb/day of trimethylamine would be discharged from this still.
Thus, estimated concentrations of the methylamines in Arnott BEranch (assuming
full mixing and a Branch flow rate of 21 million gallons per day) are 3.5,
2.2 and 0.2 mg/l of methylamine, dimethylamine and trimethylamine, respec=-
tively. However, full mixing would not be expected to occur immediately.
Thergfore, local concentration could be very high as indicated below,

Table 1V-6. Estimated Levels of the Mathylamines in Arnott Branch
as a Function of Different Degrees of Mixing.

Concentration in mg/l

Dagree of
Mixing Methylamine Dimethylamine Trimethylamine
12 350 220 18
10% 35 22 1.8
100% 3.5 2.2 0.2
. ‘ In addition to the porentially high dimethylamine content in Arnott

Branch, this water also contains large amounts of nitrates from Area B arnid

reacovery vperations. Thus, the potential exists for formation of N-nitrosodi-
nathylamine,

]

F. Uses in Civilian Community

gy T

1. Production Methodology

Mono-, di-, and trimethylamine are produced together im a continuous
1 procaess by the reaction of ammonia and methanol. Figure IV-5 shows the pro-

| £ cess schematically. Anhydrous ammonia and methanol are fed continuously to a
vaporizer. The resulting gas stream flows through the heat exchanger and a
s super-heater to the reaction vessel packed with an amination catalyst. The
T ammonia and methanol react exothermically to form a mixture of methylamines,

ik . -l66- (1V~24)
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The hot gaseous products are passed through the heat exchanger whare heat is
~xchangad with the forward gas flow. The gaseous methylamines then go to a
:ondenser whare the crude product liquifies prior to separation.

The crude product containing ammonia, water and the three methyl-
anines is fed to a saries of four distillation columns, The first column
removes the excess ammonia as a trimethylamine: ammonile azeotrope. This
mixture is recycled., The bottoms are fed to the sevond column where pure
trimethylamine is removed via extractive distillation. The bottoms from the
second column are fed to the third column where monomethylamine is obtailned
as top product steam. Dimathylamine is distilled off the top of the fourth
column. Tha remsining water is drained to waste. The ylelds are 95% from

ammonia and methsnol. Product purity is bettar than 99% (Leonard Process
Co., Inc.,, 1978).

The crude product mixture is an equilibrium system with the ratio
of mono~ to di- to trimethylamine fixed by the reactor parameters, If a
particular mathylamine is desired in larger proportions, the other two may
be recycled to tha reactor to suppress new formation of their specles. This
allows flexibility to accommodate variations in the market.

2. Production, Manufacturers, and Capacities

Production capacities and sites are in Table IV-7.

Table 1V~7. U.S. Producers of Methylamines (S.R.I., 19774).

- Cagacinies
I Producers 10° 1b/yr
Alr Products and Chemilcals, Pensacola, Florida 100

- |[E.I, duPont, Balle, West Virginia 185

La Portes, Texas

GAF Corporatiom, Calvert City, Kantucky 10
IMC Chemical Group, Terre Haute, Indic~na 28
- Total 323

Tha capacities are for mono~, di~, and trimethylamine in the equilibrium
ratio. If the products are racycled to increase the amount of a desired
amine, tha capacities are significantly lower (S.R.I., '1977a).

The Pennwalt Corporation and Rohm and Haas currently have methyl-

amine plants on standby with respective capacities of 10 million and 14 mil-
lion pounds per year.

168~ _ (IV-26)
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3. Usages

Trimethylemine is used almost exclusively as a chemical precursor
for chaline salts.

2

cholfne chloride
Numerous choline salts arc used a3 therapautic and nutritional agents

CH3
\

-NL -
Cﬂsé: Ch CH20H Cl

Dimethylamine has a wide variety of applications. Production of
dimethylformamide and dimethylacetamide accounts for fifty perceant of di-
nethylamine consumption.

CH 0 CH3 , ‘.
/3 / |
B-N,. =+ Hcoow —— mben
cH
3 o
’CH3 9 /&{3
: H-N_ +  CHnCOOH ——> CH3C-N
N

Dimethylformamide and dimathylacetamide are used as solvents in the acrylic
fiber and butadiene industry. The manufacture of lauryl dimethylamine oxide,
a surfacant, is the second major use of dimethylamine.
S
CH3CHpCHz CHy CHyCHyCHyCHoCHo CHoCHy CHo=N + O

3

“ lauryl dimethyvlamine oxide

The third major use of dimethylamine 1s the synthesis of rubber accelerators.
These include thiurams and metal salts of dimethyldithiocarbamic acid.

i cH s CH
3%-@-5—3-@-»«\ 3 H~§- - 3 :
30 M, Cy :
tetramethylthiuram dimethyldithiocarbamic ]
disulfide acid )

Miscellaneous uses of dimethylamine Include the amine salt of the
: herbicide 2,4-D, as an intermedigte for ursymmetrical dimethylhydrazine for
; rocket fuels and in the dye, drug and leather industry,

: Monomethylamine is used as an intermediate for lenaphthvl-N-methyl l
] carbanate, a contact insecticide. 3
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Other uses of monomethylamine include starting materials for the synthesis of
surfactants, methylhydrazine, methyl nitrate, and methyl pyrrolidone.

The uses of methylamine are tabulated below.

Table IV-8. Usc of Methylamines (Lowenheim, 1975; S.R.I., 1977b).

Use % Consumed

Monomethylamine

Insecticides 50

Surfactants 25

Other 25°
Dimethylamine

Dimethylformamide/Dimethylacetamide 50

Lauryl dimethylamine oxide 15

Rubber Accelarators 15

Other . 20
Trimethylamine

Choline Compounds 85

Other 5

1 4, Furure Trends

The varsatility of the methylamines for use as intnrmediates has
allowed good growth for these chemicals., Futura growth rates of 7-87 per
year are expected. However, this growth is highly dependent on the agricul-
tural chemical market. This market could be adversely affected by the Toxie
Substances Control Act. If the 7-8% predicted growth rate is realized, new
production capacities will be needed by the early 1980's (Chem. Week, 1977).

3. Documented or Speculated Occurrences in the Enviroument

Methylamines have been idencified in flowers, plants, and trees
(Smith, 1971). Amine produzing flowers are generally characterized by a
fishy smell. Trimethylamine occurs in Chamopodium vulvaria, a plant which
gsmells strongly of fish, Methylamine and trimethylamine have been detected
in apple spurs. Methylamine and dimethylumine along with other aliphatic
amines have bmen identified in the ailr around cattle feedyards (Mosier ¢t 7l.,
1973),

Dimethylamine and trimethylaminc are known to ‘be present in commer-
cial fish. Large quantities can be generated during storage and significant
research has gone into the detection of amines in marine fish (Gruger, 1972).

Singer and Lijinsky (1976) have investigated a variety of consumer
goods for secondary amines and found dimethylamine present in canned tuna,
frozen and fresh fish, ham, hot dogs, milk, coffee, tea, beer, wine, and
tobacco. Thelr findings are tabulated in Table IV-9. 3
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Table IV=9, Dimethylamines in Foodstuffs and Tubacco

Canned tuna
Frozen ocean perch
Frozen cod
Frashwater trout
Freshwater bass
Salmon

Baked haum

Hot dogs
Evaporated milk
Whole milk
Coffea

Tea

Canned beer
Bottled beer
Wine

Tobacco

Cigarette smoke (condensate)

8,8 per cigarette

umol/100g
51

400
1640
15
250

180

0.8

1.6
1.3
1.6
0.2

1.88

~RPm
23

i30

110
82

0.2

0.7
0.6
0.7
0.07
9~75

110




G. Comparison of Military and Civilian Usage and Pollution

The methylauines are produced in large volumes by the civilian community.
Current production capacity is 323 willion 1b/yr of mono-, di- and trimethyl-
amnine i{n the aquilibrium ratic. 1In addition, the mathylamines are wide spread
throughout the ecosystem, The Army does not intentionally manufacture methyl-
amines. They are, however, by-products of RDX/HMX manufacture at HAAP, The
methylamines enter the environment in significant quantities when the Build-
ing A-l still is in operation. Thus, although the Army's discharge of methyl- i
amines is minor comparaed with that of the c¢ivilian production and use, it can
ba significant to the local ecosystem at HAAP, Due to the high nitrate con-
centration in HAAP discharges, the potential for N-nitrosodimethylamine forma- K
tion exists. For this reason, the HAAP discharges of mathylamines are rela-
tively unique since high nitrate and dimethylamine concentrations are not
normally located in the same area.

S

. H.  Toxicolcgical and Environmental Hazards

1. Toxicity to Mammals

A sumpmary of various acute toxiclty studies with the methylamines is
presented in Table IV~10. In general, the acute toxicity of the methylamines
to mammals is fairly low with LD50's averaging sevaral hundred mg/kg.

T —

The main toxicological danger from the methylamines 1y due to the
potential in vivo formation of N-nitrosodimethylamine. This toxic chemical
has been shown to be a carcinogen in animals (NIOSH, 1977). This carcinogen
is known to be readily formed under acidic conditilons and high nitrite concen-
tration. Methylamine and trimethylamine can also be metabolized to dimethyl- B
amine by the biochemical pathway shown in Figure IV-6. -

¢ Several regearchers have investigated the potential in vivo forma-
tion of N-nitrvsodimethylamine. For example, Ishiwata ¢t al. (1975) showed N-
nitrosodimethylamine could be produced from dimethylamine hydrochlcride, sodi-
um nitrate and glucose in the presence of human saliva. Lane and Bailey (1973)
studied the formation of N-nitrosodimethylamine in human gastric juices. When
100 ppm each of nitrite and dimethylamine were present in the gastric julces,
the optimum pH for N-nitrosodimethylamine formation was determined to be 2.5.
Mirvish (1970) found a slightly higher optimum of pH of 3.4 for N-nitroso-
dimethylamine formation in gastris juices. The formationof N-nitrosodimethyl-
amina under neutral anaeroblc conditions in rat caecal intestine contents has ]
also been shown to occur (Klubes and Jondorf, 1971). They hypothesized that the ;
nitrosamine formation was dependent on metabolism by intestinal microorganisms.

Studias on the conversion of dimethylamine tg¥-nitrosodimethyvlamine
have only feund nitrosamine formation at very high levels of dimethylamine
and nitrite. If it can be showm that N~niltrosodimethylamine i{s also formed at

,; lowar levels of dimethylamine, then the chronic toxicity of the methylamine
to mammals and man will be a major problem which must be attacked in the
future,
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Figure IV-6., In vive Metabeclic Scheme for the Methylamines. :
(Simenhoff, 1975) :
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2. Aquatic Toxiclity

The methylamines are known to 2ccur naturally in aquatic sy:items,
For example, trimethylamine has been shown to he produced in fish (Sasajma,
1968) and algae (Sakevich, 1970). In spite of their wide spread cceurrence
in the ecosystem, the methylamines are relatively toxic to many aquatic orga-
nisms when presented in acute doses. Results of acute toxicity studles with
Daphnia magnt and the Fathead Minnow are summarized in Table IV-l1l. '

Table IV~ll. Aczute Toxicity of the Methylamines to Aquatic Organisms.

Species Substances Hioutr's LCS50 Refarence
Daphnia magna Methylawmine 24 >125 Warner et al., 1973
" " Methylamine 48 96.3 - " !
L " : Dimathylamine 24 155 " "
" " Dimethylamine 48 135 " "
" " Trimethylamine 43 32-56 " "
Fathead Minnow
(Pimephales prometlas) Methylamine 24 >320 " "
" o Methylamine 48 >320 " "
" "o Methylamine 96 298 " "
" " Dimethylamine 24 >560 " "
" " Dimethylamine 48 »580 " "
" "o Dimethylamine 96 210 " "
" " Trimethyiamine 2¢ <560 " "
" " Trimethylamine 43 <320 " "
" " Trimethylamine 96 226 " "

Using creek chub (Semcriilus atromaculatus) Gillette et al. (1952) found
methylamine and dimethylamine were totally lethal over 2 hours exposure of
30 ppm and 50 ppm, respectively,

The HAAP A-1 Building still sludge is the main documentad source of
entry of the methylamines into the environment. As discussad in Section E
of this report, the concentration in Armott Branch could ba as high as 350
mg/l for methylamine, 220 mg/l for dimethylamine and 18 mg/l for trimethvl-
amine assuming 1% mixing. These levels and even levels at 10% mixing (see
Tablz IV-() weuld present a significant danger to aquatic organisms in the
Branzh.

Ia additiou to the toxicity from the methylamines alone, the toxicity
of the degradation products of these compounds must also be considered. As
discusped in the following section, the methylamines can be degraded to for-
maldenyde and ammonia or under some circumstances form N-nitrosodimethyvlamine.
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3. Degradation of the Methylamines by Micrunrganisms

&, Blochemical Fathways for lilecrohial Degradation of the
Methylamines to Formaldehyde and Ammonia

Anthouy (1975) has listed a number cf microorganisms known to
be wethvlotrophic or have the ability to grow on organic compounds contain-
ing no carbon-carbon bonds. N-methvl compounds suzh as trimethylamine, di-
methylamine and methylamine have been shown to be degraded by bacteria
including species of Pseudomonas, Achromobactas, Acetobactes and Mycobao-
terium (Grabinska-Lonlawska, 1974).

The oxidution of tertiary, secondary, and primary amines by
microcvganisms 1s catalyzed by specific eanzymes which are inducible. Each
methyl group of an M-methyl cowpound 1s oxidized to one molecule of formalde-
hyde, which is then further oxidized through formic acid to CO; or assimi-
lated into ceil material by the ribulose monophosphate cycle or the serine

pathway. This pathway is illustrated by Colby and Zatman (1973) in Figure
IV"? .

There are two routas known for the oxidation of trimethylamine,
the products in both cases being dimethylamine and formaldehyda. Ia certain
obligate methylotrophs, organisms whose growth substrateu are raegtricted to
specific carbon compounds cuntaining no carbon-carbon bonds, dimethylamine
and formaldehyde are produced by an anaerobic oxidative demethylation catal-
ysed by trimethylamine dehydrogenase., The reaction is as follows:

(CH3)qN + X + Hp0 ~—3 (CH3)2NH + X Hy + ICHO
(where X = & natural hydrogen acceptor as yet undetermined)
In the facultative methylotrophs, organisms whose growth sub-
strates include a variety of other c»ganic compounds lacking carbon-zarbun
bonds, two enzymes and a reduced coenzyme are required. The first enzyme
i4 a monoovygenase and the product 1s trimethylamine-N-oxlde.

(CH3)3N + 0y + NAD(P)Hz =+ (CH4)4NO + Ho0 + NAD(P)

Trimethvlamine-n~oxide demethylase catalyses the formation of formaldehyde
and dimethylamine:

(CH3)3N0 ey (CH3)2NR + HCHQ

Dimethylamine is oxidized to methylamine and formaldehyde by an inducible
gsecondary amine oxidase gsystem:

(CHq)9NH + 0,+NAD(P)Hp —== CHqNHy + HCHO + Ha0 + NAD(P)

The further metabolism of methylamine involves oxidation to formaldehvie by
one of two routes:
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The enzymes of the psthways are: (1), trimethylamine mono-oxygenase; (2}, trimethylamina N.oride
demmethylase; (3), trimathylamine dehydrogonase; (4}, dimathylamine mono-oxygenase; (5), primary
aming dehydrogenass; (6), Yormaldshyde dehydrogenase; (7), formate dehydrogenase. .

Figure IV-7, Oxidatiou of Trimethylamine by Obligaie and
Facultative Methylotrophs. (Colby and Zatwan, 1973).
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L 1) Primary amine dehydrogenase, a soluble enzyme, catalyses the
- oxidation of methylamine to formaldehyde and ammonia:

: CH3NH2-—7> Hgy0.+ NH3 + 2H
cell material

2) The N-methylglutamate system for methylamine oxidation con-

',f sists of two inductible enzymes which affect the oxidation of methylamine to
] formaldehyde, ammonia and water:

EOOH
_ syntase (.Hz)z dehydrogenase
; ' CH3NHQ e »(CH3 )NH~CHCOOH HO + 2 H
mathylamine cel eléctron
R : N~methylglutamate material transport
Y chain
2 i3
v ammonia
?OOH
(CHg) 2 ¢
NH2CHCOOH
i glutamate

The oxidation of N-methyl compounds to formaldehyde, including
alternate routes for methylamine oxidation, is illustrated in Figure IV-§
, from Anthony (1975). The oxidation of cne molecule of trimethvlamine to di~-
N _ methylamine and formaldehyde by obligate methylotrophs ylelds one molecule
. of reduced cofactor while the corresponding oxidation by faculatative methyl-
otrophs requires one molecule of reduced cofactor indicating that obligate

methylotrophs use a more efficlent pathway to harness metabolic energy
(Colby and Zatman, 1973).

All of the microbial degradation pathways produce formaldehyde.
The formaldehyde can then be oxidized to CO7 or assimilated into cell mate-
. rial by means of the ribulose monophosphate cycle or the sarine pathway.
These pathways ure described in Kitchens ¢t al. (1976).

) j b. Formation of YN~nitrosodimethvlamine by Microorganisms

As discussed in Section D, nitrosaction of dimethylamine can
ocecur in acid solutions with a pH <5. Under neutral conditions, N-nitroso-
dimethylamine formation in the environment 1is due to metabolism by micro-
organisms. Coloe and Hayward (1976) studied the formation of N-nitrosodi-
methylew.ne from dimethylamine and nitrite by various bacteria. The rvesults
of their study are presented in Table IV-12. The bacteria were incubated for
70 hours in a medlum of 0.09 M dimethylamine and 0.1 M potassium nitrate.

They found 81% of the strains were able to reduce nitrate and produce N~
nicrosodimethylamine.
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COOH

{CHa3)ga +N l
34 (CHa)p
. CHLNHCHCOOH
3 CHO
02/NAD(P)H3 b—b HCHC methglut :H
(CHg)3N T
¢ COOH
mn
02/NAD(P)H NH3 | |
2 2y “ (CHg)2 !
(CH3)3ND
tmo L’ NH,CHCOOH
glut
HCHO
I NH3
) 02/NAD(P)H2 ,
{CH3)3N T—Tp (CH3)aNH ) » CH3NH2 HCHO
tmn 24’ HCHO dmn HCHO mn "ZH"
Abbreviations:
tem, tetramethylaramonium compounds mn, mathylamine
tmn, trimethylamine glut, glutamate
tmo, trimethylamine N-oxide methgiut, N-methylglutamate

dm, dimethylamine
*Alternutive routes for methylamine oxidation,

Figure IV-8, The Oxidation of N-methyl Compounds' to Formaldehyde
(Anthony, 1975).
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Ayanaba et al. (1973) showed that N-nitrosodimethylamine was
generated in samples of soill, lake water and sewage. In sewage, N-nitroso-
dimethylamine 1s produced when high dimethylamine and nitrite~N are present
(Ayanaba and Alexander, 1974). The rates of N-nitrosodimethylamine formation
as a function of dimethylamine and nitrite~N are shown in Figurzs IV-9, They
also found N-nitrosodimethylamine formation in lake water as shown in Figure
IV=10. The rate of formation increases as the pH decreases.

Mills and Alexander (1976) found N-nitrosodimethylamine present
at levels greater than 1 ppm in 4§ hours when sediment was initially exposed
to levels of 250 ppm dimethylamine and 100 ppm nitrite. As shown in Figure
IV-11, they observed similar levels of N-nitrosodimethylamine in sterile and
non-sterile sediments. Therefore, bacteria ware not necessary for the reac-
tion to occur at a low pH., These studies indicate that the occurrence of
nitrosaminea is increasad at a low pH in the presenca of secondary amines

and nitrate. High amounts or organic matter also saem to increase the levels
of N-nitrosodimethylamine.

Data show that microorganisms in sewage or soill may contrib-
ute to the formation of a nitcosamine (e.g., N-nitrosedimethylamine) in lof 3
ways:
1) by converting 3° tertiary amines or other uitrogenous
. compounds to 2° secondary amines;

2) by foruihg nitrite through the reduction of nitrate
or the oxidation of ammonium, the latter leading to
appreciable nitrite accumulation in alkaline environments; .

3) by causing an enzvmatic reaction between nitrite and
the 2° secondary amine.

Tate and Alexander (1976) reported that nitrosamines, once formed, are

quite stable and may persist long enough to reach drini:ing or recreational
waters. They can also be retained on the surfaces of rvot rrops or be assim-
ilated by higher plants.

4, Phototoxicity

Only limited studies were uncovered on the toxicity of the methyl-
amines to plants. Scheffer et al. (1968) demonstrated that methylamines can
act as a C1 precursor in sunflowers (Helt. ithue annuwg L.). Tea plants (Ihex
gimensia L.) also possess the ability to metabolize micromolar amounts of
methylamine. Formaldehyde can be produced from methylamine by the action of
amine oxidase, which occurs widely in microorganisms, animals and higher
plants (Hill and Mann, 1968; Kapeller-Adler, 1971), Abgliovich and Azor
(1976) reported that methiylamine uncoupled chloroplasts and reduced photosyn~
thesis in algae. Significant penetration started at pH 8.0 and increased
with elevation of the pH.

It is apparent from available literature-that low concencrations of
methylamine released to the enviroument would not be harmful to higher plants.
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5. dvailability of Literature for Phase II

The toxicological and environmental properities of the methylamines
have been thoroughly investigated. Therefore, there is sufficisnt literature
available for Phase II detailed toxicvlogical and environmental study.

I. Regulations and Standards

1. Alr and Water Standards

EPA has set effluent guidelines for the quantity and quality of pol=-
lutants which wmay be discharged from the manufacture of the methylamines.
These effluent limitations are listed in Tahle IV-13.

Tabla IV~13, Quantity and Quality of Effluents Which May Be
Discharged from the Manufacture of the Methylamines
(Fadaral Register, 1974a).

Effluent Limitations

Maximum Avg. of Daily Values for
for Any 30 Consecutive Davy Shall
Effluent Characteristic One Day Not Exceed ~
Pounds per 1000 1lb of Product
BOD5 0.13 0.058
TSS 0.20 0.088
pH Within the range 6.0 to 9.0

The methylamines are listed in EPA "Toxic Substances Control Act
Candidate List of Chemical Substances'" {1976). However, no new studies on
these compounds are planned by EPA at this time.

2, Qccupational Exposure Limits

The Occupational Safety and Health Administration has adopted the
following threshold limits for exposure to the methylamines.
- methylamine - 10 ppm in air (Federal Register, 1974b)
-~ dimethylamine - 10 ppm in air (Federal Register, 1974b)
- trimethylamine - 25 ppm in air (American Conference of
Governmental Industrial Hygilenists, 1977)

he Soviet workplace limit for trimechylamine is 2.5 ppm (American Conference
of Governmental Industrial Hyglenists, 1977).

The methylamines are not listed in NIOSH ''Suspected Carcinogens'
subfile (1975).
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The Deparztment of Transportatlon requires the following labels for
shipment of the methylamines (Federal Register, 1976).

!
|
3. Department of Transportation lA
!
I
|
-~ methylamine: flammable gas '
l

) - dimethylamine: flammable liquid
N _ - trimethylamine: flammable gas

J. Conclusions and Recommendations

From the data gathered and evaluated in this preliminary problem defini-
tion study, several conclusions zan be drawn.

1. The methylanines are not military unique chemicals. b

2, These compounds are not highly toxic in acute doses to mammals and
most aquatic organisms.

3. The methylamines are naturally occurring chemicals and are widely g
spread throughout the ecosystem.

4, Many organisma possess metabolic pathways for coaverting the methyl-
amines into CO; and NH5 or cellular material.

5. The highly potent carcinogen, N~uitrosodimethylamine, can be formed
in the enviromment from trimethylamine or dimethylamine in the pre-
sence of nitrate or nitrite. These reactions require either a low
pH or microbial activity.

- 6. The quantity of methylamines discharged at Holston is minor when 4
o coupared to the overall (ivilian and natural pollution from methyle

amines. However, when the A-l still is operating, methvlamine pol=-

lution in the local aquatic system 1is dangerously high.

7. Due to the high concurrent nitrate release at Holston AAP, N-nitroso-
. dimethylamine could form in portions of the Arnott Branch and the
- Holston River. The extant of the nitrosamine formation in the Hol-
’ ston area ecosystem 1is unknown.

Although the quantity of methylamine digcharged by Holston AAP is minor
when compared to the overall Civilian pollution, the methylamines present a
major problem to the local ecosystem. This problem 1s due to the highly con=-
centrated sporadic discharge of these compounds and the potential for nitros-
amine formation. Thus it is recommended that a detailed literature evaluation
of the environmental fate of the methylamines be undertaken in Phase II. This
literatuxe evaluation should be supplementad with sampling and analysis data
from Holston. Specific meagurements of thz methylamine, N-nitrosodimethyl-
amine, nitrate and nitrite concentrations should be made at the outfall on
Arnott Branch, at one point along the Branch and in the Holston River.
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Measurements should also be made in order to determine if methylamine or
methylamine derivatives are in the effluents from the E-Builldings.

From the data obtained in this study, Phase II detailled evaluation of
the toxicological properties of the methylamines should be a low priority.
The toxicity of these chemicals hac been widely studied. Since the Army is
not a user or intentional producer of these compounds, it 1s reccmmended that

further toxicity studies on the methylamines should be carried out by the
Civilian community.
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SUMMARY

TAX (hexahydro-l,3~dinitro-5-acetyl~s-triazine) is a by-product of the
RDX manufacture at Holston Army Ammunition Plant. It is formed during the
nitrolysis of hexamine. During this process, a portion of the hexamine is
also acetylated by the acetic acid/acetic anhydride solvent. TAX 1s present
in the effluent stream from the RDX dewatering and incorporation process.
The concentration of TAX in these effluents is 60 to 90% of the RDX concen-
-tration and 1.6 to 1.8 times the HMX concentration. Thus, at full mobiliza-
tion, the quantity of TAX in Holston's effluent would be significant. Since

TAX 1s not produced or used by the civilian community, it is a military unique
conpound.

The information on the physical, chemical and toxicological properties
of TAX 1y very limited. Many of its properties can only be inferred by com-
paxison to those of RDX and HMX. TAX appears to be more water soluble than
RDX or HMX althcugh no specific numbers are available. Thus, TAX would be
more avallable to aquatic life than RDX or HMX and may exhibit a highly toxic
effect on the organisms in the Holston River.

Due to the military uniqueness of this compound, it is recommended that
the following studies be initiated by the Army.

- Phase II detalled evaluation of the toxicological and
environmental hazards of TAX

- solubllity studlas in water

- further sampling and analysis of TAX at Holston AAP

- the effect on the proposed bilotreatment facility be evaluated

- the blotransformation products of TAX in this facility be
determined

- in vitro mutagenic studies
- acute aquatic toxicity studies

= acute and chronic mammalian toxicity studies

=197~ (v-3)




FOREWORD

This report detalls the results of s preliminary problem definition
study on TAX., The purpose of this study was to determine the Army's re~
sponsibility for conducting further research on TAX in order to determine
its toxicoleogical and environmental hazards so that effluent standards can
be recommended. In order to determine the Army's responslbility for further
work on TAX the military and civilian usage and pollution of this chemical
were evaluated., In addition, a preliminary overview of toxicologilcal and
environmental hazards was conducted,

TAX was only one of 48 chemicals evaluated under Phase IA of contract
No. DAMD17-77-C-7057. These chemicals are grouped in four categories

axplosives related chemilcals
propellant related chemicals
pyrotechnics

primers and tracers

Each category is a major report., Section I of each report is an overview of
the militaty processes which use each chemical and the pollution resulting
from the use of these chemicals. The problem definition study reports on
each chemical are separable sections of these four reports.

In addition a general mathodolegy teport was also prepared. This report

describes the search strategy 2nd evaluation methodology utilized for this
study.
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V. TAX - HEXAHYDRO-1,3~DINITRO=3~ACETYL-s~TRIAZINE

A, Alternate Names

TAX is a by=-product in the manufacture of RDX., This compound is & sub-
stituted symmetrical triazine having a molecular formula of @ ;HgN30g and the
following structural formula:

y |
. o i
O,N-N/’ ~C-CH |

l 3 ‘
HC ‘
N N/’CHZ

N02 !

The molecular welght of TAX is 219.15 g/mole, Pertinent alternate nuames i
for TAX are listed below: :

CAS Reglstry No.: 14168-42-4

CA Name (9CI): 1,3,5=triazlne,l-acetylhexahydro-3-5-dinitro
Wiswasser Line Notation:
Synonyms: TAX

B, Physical Properties

Available physical properties of TAX are listed in Table V-1, The
ultraviolet absorption spectrum of TAX 1s shown in Figure V=l,

Table V-1, Physical Propertles of TAX, *

Physical form @ 20°C: solid, prismatic plates

Golor: colorless

M.P,: 156 - 138°C

IR (KBr): 306G, 1660, 1580, l420, 1370, 1280, 1240, lJ.SO.L 1030

990, 920, 880, 850, 810, 750, 630, 585, 490 cm

NMR : 8§ 6,25 (singlet, 2H, (OZNN)2-0H7)
§ 5.8C (singlet, 4H, (OZNN)—CHZ-NCO~)
§ 2.27 (singlec, 34, -CHJ)

. {
* References: Dunnuing and Dunning, 1950; Chapman 2¢ al., 1949; ]
Aristoff et al:.+ 1949, !
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Figure V-l. Ultraviolet Spectrum of TAX (Schroeder e? «l., 1951)
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C. Chemical Provertieg

1. Synthesis

TAX has been synthesized by a number of investigators. Chapman
et al. (1949) used methylene dinitroamine as their starting material.
Following treatment with dry formaldehyde at 0°C, an ether solution of .
anhydrous ammonia was added to the methylene dinitroamine, The solid Y
product was refluxed for 30 minutes with acetylchloride. The resulting
material was filtered, dried, and recrystallized from methanol to vield

pure TAX,
Dunning and Dunning (1950) treated l-methoxymethyl-3,5-dinitro-
. hexahydro-1,3,5-triazine with acetic anhydride to form TAX. 3
12 C 0
5 AN a0 oN-NT Sy -tecn
. 058~ W‘CHZDCHB *CH,-C-0-BuCH, 2 W ]
' 3 3 H -
H cH P Oy N
N g2 N
: o, 0,

The crude product was washed with ether, dried 4n vacuo and recrystallized
from ethyl acetate.




i Gilbert et al, (1975) prepared TAX in 93% yield from
f ’ 1,3,5~triacylhexahydro-1,3,5=triazine.

H o
: ’ ¢2 0 d
) Q .
A H.c-E-N" -C-~CH HNO 0, N ‘C‘C“
\‘ 3 L w 3 _——l) t
g H |
; HE g (F3€C0),0 '~y M ;
0 NO2 '
ne®

Nitric acid was addéﬁ dropwise to a mixture of 1,3,5-triacylhexahydro~l,3,5-
triazine and triflourocacetic anhydride, The temperature wag maintained
below 40°C with a cooling bath. The reaction was allowed to run one hour.
TAX was filtered, dried, and recrystallized from isopropanol,

TR ) T T —ry

2. General Reactlons

Treatment of TAX with nitric acid ylelds RDX (Aristoff et al,

f‘:
i 1949) ..
,.5 H
‘ A2 de
~ 1 ~
| 9 H 4
) #2 \:(/CHZ Z\QJ/CHZ
X NO2 NO2

X The reaction of secondary nitramines with alkexide anion has been .
: investigated (Stale, 1969). The base abstracts a methylene proton to_ 8
1 . form the carbanion which undergoes intramolecular displacement of MO

5
E} Analogous reaction of TAX with base would give the following products. X
H
g 32 ¢ 0
) N 0 ~
0,N- -C-cH R g w? -¢-cH
2 17" ey % *\ Hy 07,
2 N T2 P Y Xy 2
NO ‘“ e

2

TAX 1s decomposed by boiling fn concentrated sulfurdc acid
(Ariatoff er al., 1949),




KN Environmental Reactions

The photolysis of dimethylnitramine has been reported
(Suryanarayanan and Bulusu, 1970), Irradiation in either ethanol, n-hexane,
or acetonitrile vyields dimethylnitrosamine. An analogous photodecomposition
of TAX would lead to two products,

132 22 0 /22\ q
~ )
0,N=- ~ -g-C‘H hyv OZN-N/ } --'c':-CH3 ON=N r1-c-cx-|3
o e Y N T
H ~ q,’CHZ Hy \\:,,/CHZ AN o2
N0 - ko NO

2
4, Sampling &nd Analysis

Quantitative analysls of TAX is best performed by instrumental
methods. Monitoring for TAX Iin the wastewater at Holston AAP Is accomplished

using high pressure liquid chromatography (Holston Defense Corporation, 1978).

Samples are obtained by extraction with a methylene chloride: acetonitrile
(88:12) mixture. Detection of ug per liter amounts 1s possible.

D. Usag of TAX in Munitions Production

1. Uses

TAX 1s not used or purposely produced by the military., It is
an unwanted by-product in the manufacture of RDX at Holston Army Ammunition
Plant (HAAP). TAX 18 formed during the nitration of hexamine 1in tne
presence ¢f nitric acid/ammonium anltrate and acetic acid/acetic anhydride
to produce RDX. During this process, some of the hexamine is acetylated
by the acetic acid/acetic anhydride solvent,

v N\ CH H
H.C ™ 2 A2 0
1 2 l HNO ,/NH, NO 0 w-¢’lu\\r -C-cH
Lt e oy,
\ = cC \ HAc/AcOAc By CH,

Some TAX probably ends up in the final RDX product, This TAX could also b=
a pollutant at RDX lecading (LAP) plants. However, the amount of TaAX In the
product is unknown,

-206- (v-12)
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" 2. Occurrencas of TAX in the Aqueous Effluents from HAAP

In 1977, Holston Defense Corporation began sampling several
effluent streams for TAX. The data they obtained depended to a large
extent on the manner in which the samples were stored. For comparison
purposes, only the analytical results from the samples stored in acetonitrile
" are presented in Table V-2, Samples were obtained from four locatilons:

= N=3 - manhole below Building N-3 which carries effluents
from the G, H, I, J, K, M and N Buildiugs on lines
1 through 5.

- N~6 =~ manhole below Building N-6 which carries process
effluents from Buildings D6, E6, and G6.

- T-2 =~ manhole beluow T-2 (acid area) which carries process
effluents from buildings C3, Cb, BS, Bll, D3, D5, E3 and E4,

- Holston River at the area B Boundary.

From the data in the table, it appears that TAX is entering the
envirnnment from the nitration buildings (D-Buildings), the Acids Removal
and Explosives Wash (E-Buildings), Recrystallization (G-Buildings), 1
Dewatering (H-Buildings) and the Incorporation Buildings (I, J, K, L, M).

However, the major amount of TAX entering the environment 1s from the
dewatering and incorporation steps.

Average concentrations of RDX, TAX and HMX at the four sample
points are given below,

Sample Point RDX(mg/1) TAX(mg/1) HMX(mg/1)
N=-3 5.5 4.8 2.6
N-6 4,5 2.6 1,6
T--2 0.3 0.02 0.12
River 0.01 0,004 0.01

In the effluent from the'dewatering and incorporation steps, TAX is present
at levels of between 60 and 90% of the RDX content. At full mobilization
"~ 208 million pounds of RDX would be produced each vear. If 1% of this
amount is lost in the effluents, then HAAP could discharge as much as

2,1 million pounds ¢f RDX per year. Discharges of TAX could be 1.3 to

1.9 million pounds per year if the 60 ~ 90% ratio of TAX/RDX is valid.

E. Uses in the Civilian Communitv

There are no uses ot production of TAX in the civilian community.,

F. Comparison of Civilian and Militarv Uses and Pollution of TAX

TAX 1s a by~product of RDX production at HAAP. There are no civilian
uses or production of this chemical. Thus, TAX 1s a.unique military by- !
product which enters the environment in the effluents from HAAP.

—207- (Vv-13)
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Analysls of Waste Streams for RDX, HMX, and TAX

(Holston Defense Corporation, 1978).
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G, Toxicological and Environmental Hazards

1. Mammalian Toxicicy

No mammalian toxicity studies on TAX are reported in the
literature, However, studies on RDX have been reported (Von Oettingan
et al, 1949)., T7These studies show a low acute texicity of RDX, Chronic
exposure by respiratory, gastrointestinal, or skin abscrption .esults
in nausea, vomiting, convulsions and unconsciousness in human workers,
A 1,5 ng/m” TLV has been recommended for RDX (American Conferance of
Governmental Industrial Hygienists, 1977). A similar TLV for TAX would
probably provide adequate worker protection,

2, Aquatic Toxicity

While no acute toxicity data existe for TAX, Liu and Bailley (1977)
studied the toxicity of RDX. They found a 96 hour LC50 to minnous of
5.3 ppm and a 48 hour EC50 to Daphnia >4l ppm. It is likely that the
acute toxlcity of TAX to aquatic organisms is in a similar range., Liu and
Bailey also found that RDX 1s not bloconcentrated to any great extent
(2-3 times) by aquatic¢ organisms. So it is prubable that TAX also has a
low biloconcentration factor. However, at full mobilization production the
RDX/Ti#X concentrations in the Holston River are expected to be high enough
to cause stress to the aquatic organisms.

Green and Eiklor (1977) found that 59% of the RDX added to a
trickling filter is degraded, However, the products of the degradation
were not ldentified. It 1s possible that highly toxle Nenitroso compounds
are formed in this degradation, It is probable that TAX can be degraded
by microorganisms and .thus not acecumulate in the aquatic system.

3. Avallability of Literature for Phase II
There appears to be relatively little readily available literature
on toxicity anc environmental fate of TAN. However, contacts with foreign
RDX manufacturers, evaluation of foreign literature and comparison with
other nitramines might prove useful,

H. Regulations and Standards

There are no existing United States regulations or standards on TAX.

I. Conclusions and Recommendations

An evaluation of the readily available literature on TAX has shown
it to be a military unlque compound, Because of its presence in largze
quantities in Che HAAP effluents, further study of this compound by the
Army should be undertaken. The following studies are recommended,

1, Phagse II detalled evaluation of the toxicological and
envi{vonmantal hazards of this compound should be undertaken. This study

(v-15)
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should evaluate the older and the foreign literature on TAX and similar
nitramines, Contacts with foreign manufacturers and researchers should
also be made.

2, Solubility studies in aqueous media should be conducted if
these values are not found in the older literature,

3. Further sampling and analysis of Holston effluents should be
undertaken to verify existing data,

4, The effect of TAX on the proposed biotreatment facilicy as
well as 1its bilotransfuormation products should be datermined.

5. Acute aquatic toxicity studies with this compound should
be initjated on at least two specles present in the Holston River,

6. In vitrc mutagenic tests should be conducted on TAX,

7. Acute and chronic mammalian toxicity studies should also
be conducted by both skin and oral routes of administration.

(V-16)
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SUMMARY

SEX (octahydro-l-acetyl=-3,5,7-trinitro-s-tetrazine) is a by-product of
the RDX/HMX manufacture at Holston Army Ammunition Plant. It is formed
during thea nitrolysis of hexamine. During this process, a portion of tke
hexauine is also acetylated by tha acetic acid/acetic anhydride solvent.

In the effluent streams from the RDX/HMX dewatsring and incorporation
steps, SEX is present in approximataly the same coucentrations as HMX,. Thus
at full mobilization tha quantity of SEX in Holston's effluent would be
significant. Since SEX is not manufactured or usad by the civilian
community, it is a military unique compound.

The information on the physical, chemical and toxicologlcal properties
of SEX is very limited. Many of its properties can only be inferred by
comparison to those of RDX and HMX., SEX appears to be more water soluble
than RDX or HMX although no specific numbers are available. Thus SEX
would be more available to aquatic life than KDX or HMX and may exhibdit
a highly toxic effect on the organisms in the Holston River.

Dua to the military uniquoniss of this compound, it 1s recommanded
that the following studies be initiated by the Army.

= Phagse II detailed evaluation of the toxicological and
environmental hazards of SEX

solubility studies in water

further sampling and analysis of SEX at Holston AAP

the effect on the proposad biotreatment facility be evaluatad
the blotransformation products of SEX in this facility be
detarmined

in vitro mutaganic studlas .

acute aquatic toxicity studies

- acute and chronic mammalian toxicity studies




FOREWORD

This report details the results of a preliminary problem definition
study on SEX. The purposa of this study was to detarmine the Army's ra-
spongibility for conducting further research on SEX in order to determine
its toxicological and envirommental hazards so that affluent standarda can
be recoumanded. In order to determine the Army's rasponsibility for further
work on SEX, the military and c¢ivilian usage and pollution of this chemical
wera ovaluatad, In addition, a preliminary overview of toxicological and
environmental hazards was conducted.

SEX was only one of 48 chemicals evaluated under Phasa IA of contract
No. DAMD17=77=C=7057. Thess chemicals are grouped in four categories

-~ explosives ralated chemicals
- propeilant related chemicals
= pyrotachnics

- primars and tracers

Each category is a major report. Section I of each raport is an overviaw of
the military processes which use each chemical and tha pollution resulting
from the use of these chemicals. The problem definition study reports on
each chemizal are separable sections of these four reports.

In addition & general methodology report was also prepared, This report

describes the search strategy and evaluation methodology utilized for this
atudy.

_217‘_ (VI“S)

-

e
K

+

L g e oy
P ==




Summary.

A,
B.
c.

I.
J.

Numbery

Number

TABLE OF CONTENTS

4 & ¢ & & s s & & ¥ B s e e @ & b & s s 8 4 * s 4+ e

‘ FO rawvo !d " w s ® 6 & & ¥ B 4 & B F 5 ¢ 8 e B S e T B o & s s & @

Alternmate Names. . . o « ¢ ¢ o ¢ o s o s 6 6 0 o s a4 e
Physical Propertie@s. . . « « v « 4+ ¢ 4 ¢ o s » & s 2 o
Chemical Properties. . . « ¢ s o o s o ¢ o o o o o o

1. Synthesis . « « « + « o &
2, General Reacticas . . . .
3. Environmental Reactions .
4, Sampling and Analysis . .

s s = e
e o o+ o
-t s
s ¢ o @
" 8 e e
e o = a
.
LY
« 8 & o
* o a4 =
¢« s o @
e s e =

Uses in Army Munitions Production. + « o ¢« « ¢ & & + &

lw U..'l « s 8 B & 3 & v B b+ = e 0 . o a

2, Occurrences of SEX in the Aquaeous Effluents from HAAP

Usas in the Civilian Community . . « &+ ¢ o + « o « & &

Compavison of Civilian aud Military Uses and Pollution
of SEx . L] . L] . . L] e e L] » L] . . . » . - . L] - L] . L]
Toxicclogical and Environmental Hazards. ., . . . .

1. Maomalian Toxicltye o ¢ v o o s 4 ¢ ¢ « o o s o 4
2 L) Aqul:ic TOXiCi ty‘ . . . . . . L] L] . . L] - ] [] . -
3.  Avallability of Literacture for Phase II . . . . .

Ragulations and Standards. + « « « + + o « o o ¢ s o4 o
Conclusions and Recommendations. . « « « o + o + o+ o o

References ,

& & e & & = ¢ 8 & s ¢ ? & e = e v ¢ 8 @

LIST OF TABLES

Physical Proparties of SEX « « » ¢+ ¢ + ¢ o ¢ ¢ o o+ o &
Analyvsis of Waste Streams for RDX, HMX, TAX and SEX. .

LIST OF FIGURES

Ultraviolet Spectrum of SEXe v o ¢ o ¢ o ¢ o o o o

-219~

¢ ®

Page
vI-3
vI-5
VI-9
VI-9
VI-10

VIi-10
VIi-1l0
VI-11
VI-12

VI-12

VIi-12
VI-l2

VI-1l4

VIi-14
VI-1l4

VI-1l4
VI-15
VI-15

YI~l5
VI~1l5
VIi-17

(VI-7)

;
!
!
Y
i
!
i
)
!
|
i
i

e e A b s e e enme

e e e e e e e A




VI. SEX - OCTAHYDRO=-1-ACETYL-3,5,7-TRINITRO-s-TETRAMINE

A. Alternata Names

SEX is a by=-product of the RDX/HMX manufacturing process at Holston
Army Ammunitilon Plant (HAAP). This compound has a molecular formula of
CgH11N707 corresponding to the molecular structura shown below:

The molecular weight of SEX 1s 293.2 g/mole. Pertinent alternate names
for SEX are listed below.

CAS Ragistry No.: unknown

CA Name .(9CI): 1,3,5,7-tetrazocine,l-acetyloctahydro-3,3,7-trinitre
Wiswesser Line Notaticn:

Synonyms: SEX

B. Physical Properties

Available physical properties of SEX are listed in Table VI~l. The
UV absorption spectrum of SEX is shown in Figure VI-l.

Table VI-1l. Physical Properties of SEX. *

Physical form @ 20°C: golid
M.P.: 224,2 - 224,7°C
Solubility: slightly soluble in pyridine, acetone,

and nitromechane.
almost insoluble in ethanol, acetic
acid, and ethyl ether.

* Reference (Aristoff et al., 1949)
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€ X 10-13
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Wavelength, nm
Figure VI-l. Ultraviolet Spectrum of SEX (Schroeder ot al., 1951)

c. Chemical Properties

1. Synthesis

A solution of hexamine in acetic acid was added simultaneously
with a solution of ammenium nitrate in nitric acid to acetic anhydride.
Following formavion of RDX, the solution was diluted with water and filcered.
The filtrate was neutralized and stored at 29C, After five days at 2°C,
crude SEX had sattlad out of solution. The solid was transferred to acetone
and boiled. An insoluble residue was obtained. The products were
recrystallized repautedly from acetone and nitromethane to obtain pure
SEX (Aristoff et al.,61949)

2. Genueral Reactions

Treatment of SEX with 98% nitric acid at 5°C ylelds HMX (Aristoff

et al., 1949).
0
¢-CH3 ?Oz
N..caz N-Cﬂz
+ - H - N-No
Hy N-NO, HNO 4 2] (l 2
08N\ ) 0,N"IN A
27 HyC =Y 2 HyC =N
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The reaction of secundary nitramines with alkoxide anion has been
investigated (Stals, 1969). The base abstracts a methylene proton to

form the carbanion which undergoes intramolecular displscement of NOp~.

g . 0 0
Y &-CHy §-cHj
~C N—Cl, N=C
c ~NO - ¢ ) - H ,
0,N" 7 2 v -
2 Hyc—y 0 hyc =y 7 0% 1 e =n7
Noz NOZ

ZCr0

~CHjy
N
He=C N
P
.gEC-nyf/

3. Environmental Reactions

The photolysis of dimethylnitramine has been reported
(Suryanarayanan and Bulusu, 1970). Irradiation in either ethanol, n-hexane,

or acctoriitrile yields dimethylnitrosamine. An analogous photodecomposition
of SEX would lead to two initial products.

9 9
- CHjy E»cg;
N—Cl, -
P /
- B0 N«NG
Hf 1 NO, 2| )
. H Y 2
0 N }u\: 2 0N uNe
¥ = LI
Produat 1 Product 2
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Prolonged pliotolysis could lead to two dinitrosamine products.

g-cH
g- CHj 3
N—cg, A&
G N-NO Hyf y-No
' d A )
oN N S ON" e
NO NO,

4. Sampling and Anzlysis

Quantitative analysis of SEX is best performed by instrumental
methods. Monitoring for SEX in tha wastewatsr at Holston AAP is accomplishad
using high pressure liquid chromotography (Holston Dafense Corporationm,
1978). Samples are cbtained by extraction with a methylene chloride:acetoni-
trile (88:12) mixture. Detection ou the leval of ug per liter is possibla.

D. Uses in Army Munitions Production

1. Uses

SEX is not used or purposely produced by the military. It is an
unwanted by-product of RDX/HMX manufacture at Holston Army Ammunition Plant
(HAAP)., SEX is formed during the nitration of hexamine in the presence of
nitric acid/ammonium nitrate and acetic acid/acecic aunhydride to produce
RDX or HMX. During these processes, somea of tha hexamine is acetylated by
the acetic acid/acetic anhydride solvent.

N 0
NS £-ciiy
H . CH, N—cly
ﬂc 2 l uzlc -No,
H N "——_"') j
N\\ ¢ \ 0N Wc v/ "2
2 2
Ry

2. Occurrances of 9EX in the Aqueous Effluents from HAAP

In 1977, Holston Defense Corporation began sampling several
effluent streams for SEX. The data they obtained depended to a large
extent on the manner in which the samples were stored. For comparison
purposes, only the analytical results from the samples stored in acetonitrile
are prasented in Table VI-2. Samples were obtained from four locations:

-294m (VI-12)




TaX

RDX

Sample
N=3
N-6
T-2

River
N=-3
N=-6
T=2

River
N=3
N-6
T-2

River
N=3
N=-6
T=2

River
N-3
N-6
T=2

River
N-3
N-6
T-2

River

Analysis of Waste Streams for RDX, HMX, TAX and SEX
Point

(Holston Defense Corporation, 1978).

Table VI-2.

Date
5/17-18/77
5/264=25/17
5/31/77-6/1/77
6/6=7/77
6/8=9/77
6/13-14/77

™~ ™
-

0.03

~ wy
(= o
(== Rl
e o o e
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™
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- - - -
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N-3

N~6

T=2
River




= N=3 - manhole below Building N-3 which carries e«ffluents from !
the G, B, I, J, K, M and N Buildings on lines 1 through 5.

- N=§ ~ manhole below Building N-6é which carries process effluents :
from Buildings D6, E6 and Gé.

- T-2 - manhole below T-2 (acid area) which carries process
effluents from Buildings C3, ¢S5, B9, Bll, D3, D5, E3 and E4.

- Holston River at the ares B boundasry. i

From the data in the table, it appears that SEX is entering the
environment from tha nitration buildings (D-Buildings), the Acids Removal
and Explosives Wash (E-Buildings), Recrystallization (G-Buildings), Dewatering
(B=-Buildings) and the Incorporation Buildings (I, J, K, L, M). However the

major smount of SEX entering the environment is from the dcwutcring and
incorporation steps.

Average concentrations of RDX, HMX, TAX sud SEX at the four |

sampling points sre given belcw: ; ’
Sample |
Point RDX (mg/1) HMX (mg/1) TAX(mg/1) SEX(mg/1)
N-3 5.5 2.6 4.8 2.3
N-6 4.5 1.6 2.6 0.8
-2 0.3 0.12 0,02 0
River 0.01 0.01 0.004 0

In the effluent f£rom the dewataring and incorporation steps, SEX is present

at lavels between 50 to 90% of the HMX or 20 to 402 of the RDX presant. At .
full mobilization, ~ 208 million pounds of RDX is produced yearly. If 12 ;
is lost iz the effluents, then HAAP could discharge as much as 2.1 milliom '
pounds of RDX per year. Discharges of SEX could be 0.4 to 0.8 million lb/year

1f the 20 to 40% ratio of SEX/RDX is valid.

¥ E. Uses in the Civilian Community !

SEX is not used or produced by the civilian community.

F. Comparison of Civilian and Military Uses and Pollution of SEX

SEX is a by~product of the RDX/HMX manufacture at HAAP. There are no i
civilian uses or products of this chemical. Therefore, SEX is a unique :
military by-product which enters the environment in the affluents from HAAP.

G. Toxicological and Environmental Hazards

§‘ 1. Mammalian Toricity

B No mammalian toxicity studies on SEX are reported in the literature.

o However, its toxicological Lehaviour is expactad to be similar to other .8
& nitraminas such as RDX. Studies have shown RDX to have a low acute toxicity L
& (Von Oattingen et acl., 1949), Chronic exposure by respiratory, gasirointestinal

S b or skin absorption results in nausea, vomiting, convulsicns and uncousciousness

=226~ (VI-14)
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in human workars. The American Conference of Govcrngental Industrial
Hyglenists (1977) have recommended a TLV of 1.5 mg/m” for RDX. A similar
TLY for SEX would probably provide adequate worker protection.

2. Aquatic Toxiclity

Although uno agwetic toxicity data on SIX was found in the literature,
Liu and Bailey (1977) studled che aquatic toxicity of RDX. RDX is a nitramine
having the following structure:

They found a 96 hour LCS50 of 5.3 ppm to minnows and a 48 hour EC50 of >4l pprm
to Daphmia magna. The aquatic toxicity of SEX is probably in this range.

Liu and Bailey (1977) also found a low bioaccumulation factor (2 to 3) of
RDX. The biocaccumulation of SEX is probably also low. However, at full
mobilization the concentration of nitramines (RDX, TAX, HMX and SEX)

entoring the Holston River would be high anough to cause significant
biclogical stress in araas of the river downstresm from HAAP Area B.

Green and Eiklor (1977) found 33% of HMX (an eight member
symmetrical nitramine) and 59% of RDX added to a trickling filter wers
degraded. However the products of this degradation were noc identifled.
It is poasibla that highly toxic N-nivrcso compounds are formed in this
degradation.

3. Availability of Literature for Phase II
There appeazs to ba relativaly little readily avallable literature
on the toxicity and environmental fate of SEX. However, contacts with
foreign RDX manufacturers, evaluation of foreign literature and comparison
with oth&r nitramines might prove useful.

H. Regulations and Standarde

Thera are no existing United States regulations or standards for SEX.

L. Conclusions and Recommendations

An evaluation of the readily available literature on SEX has ahown it
to be a military unique compound. Because of its presence in large
quantities in the HAAP effluernts, further study of this compound by the
Army should be undertaken. The following studies are recommanded.




1. Phase 1I detailed evaluation of the toxicological and
environmental hazards of this compound should be undertaken. This study
should evaluate the older and the foreign literature on SEX and similar

nitramines. Contacts with foreign manufacturars and researchers should
also be made.

2. Solubility studies in aqueous media should be conducted if
these values are not found in the older literature.

3. Further sampling and analysis of Holston effluents should be
undertaken to verify existing data.

) 4. The effect of SEX on the proposed biotreatment facility as
wvell as its bilotransformation products should be determined.

5. Acuts aquatic toxicity studias with this compound should
be initiated on at least two species prasent in tha Holston River.

6. In vitro mutagenic tests should be conducted on SEX.

7. Acute and chronic mammalian toxicity studies should also
be conductad by both skin and oral routes of administration.

~228- (VI-16)
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SUMMARY

1,3-dinitrobenzene is not intentionally producad by the Army in 1its
munitions production. This compound is a by-product of INT manufacturs, TNI
is manufactured at Radford, Voluntear, Joliet and Newport Army Ammunition
Plants. However, there is no currsut TNT production in the Unitad States.

The tolusne starting material used for the manufacturs of TNT con-
tains ~250 ppm benzene, In the process, this benzane is nitratad to the
dinitro-stage. 1,3-dinitrobenzene accounts for 93X of the dinitrobenzene
formed. Most of the 1,3-dinitrobenzene remains in the final INT product.
However, soma portion is discharged in the red water evaporator condensate
stream. This stream contains an average of 2 ppm 1,3-dinitrobenzene. Esti-
mated discharges of 1,3-dinitrobenzene from TNT manufacture are batween 0,2

and 2.0 1lb/line/day. These numbers are dapendent on the type of process and
the purity of the toluens.

Since 1,3-dinitrobenzens ia found in the TNT final product, it can
also aenter the enviromment from TNT blending at Holston Army Ammunition
Plant and the LAP plants. 1,3-dinitrobaenzene can also be produced in the
environment by photolysis of 2,4-dinitrotoluene. Once formed, l,3-dinitro-
benzene does not undergc further photochemical decomposition,

There is one civilian manufacturer of 1,3-dinitrobenzene in the
United States. All the product produced in the civilian sector is used as
a synthetic intermediate, mainly in the dye industry. The pollution from
1,3=dinitrobenzune from the civilian manufacturs and use is not known. How=-

aver, it is probably far less than that from INT production and use at full
mobilization,

1,3=dinitrobenzene is a highly toxic chemical. It can be absorbed
through the skin., Ut produces a variaty of symptoms mogt of which are the
result of methsmoglobin formation. Bacause of the toxic nature of 1,3-dini-
trobenzene, it has been recommended that women and children undar 18 years
of age not be allowed around 1,3-dinitvobenzena, This compound is vapidly
metabolized by mammals. The methemoglobin formation is besliaved to be due

to the metabolitas of 1,3-dinitrobenzens., However, this theory has not been
substantiated.

In the aquatic environment, 1,3-dinitrobenzene -is toxic to fish
and microorganisms. Some soil microorganisus have bean shown to degrade
1,3-dinitrobenzene slowly. However, degradation products are nitroscaminas,
amines, hydroxylamines, etc. All these compounds are a greater hazard than
1,3~dinitrobenzene itself. Under moac circumstances, l,3-dinitrobenzens
will accumulate in the sedimeant, Some degradation may occur but this degra-
dation will Le minor, Bioaccumulation may alse occur.  However, there are
no data on the bioaccumulation facvor of 1,3-dinitrobenzene.

In viaw of the toxicity and the widespread Army pollution of this
compound, it is recommsnded that 1,3-dinitrobenzene be included in the Phase
II study. It is also recommended that additional experimental studies be
conducted to clarify the environmental fate of 1l,l-dinitrobenzene and the
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affectiveness of planned treatment processes for ramoving this compound from
effluent streams.
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FOREWORD

This report details the rasults of a preliminary problem definition
study on l1l,3-dinitrobenzene. The purpose of this study was to determine the
Aruy's responsibility for counducting further research on 1,3-dinitrobenzane
in order to determine its toxicological and anvironmental hazards so that
effluent standards can be recormaended. In order to detarmine the Army's re-
sponsibility for further work om 1,3-dinitrobenzene,the military and civilian
usage and pollution of this chemical wers evaluated. In addition, a pre-
liminary overview of toxicological and environmental hazards was conductad.

1,3=dinitrobenzene was only ons of 48 chemicals evaluated under Phase Ia
of contract No. DAMD17-77-C-7057. Thess chemicals are grouped in four
categories

- explosives related chemicals
- propellant related chamicals
~ pyrotachnics

- primers and tracers

Each category is & major report. Saction I of aach report is an overview of
the military processes which use each chemical and the pollution rasulting
from the use of these chemicals. The problem definition study reports on
sach chemical are separabla sections of these four reports.

In addition, a ganeral methodology report was also prepared, This report
d.;gribla the search strategy and evalustion methodology utilized for this
study. -
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VII. 1,3-DINITROBENZENE

A. Alternate Namas

1,3-diritroberzene 1s one of the three poasible dinitrobenzene isomers.
This lscmer has the following structura:

NO2

NO2

The molecular formula of 1,3-dinitrobenzene is CgHaN204 corresponding to a

molecular weight of 168.11 g/mole.
banzens ars lieted below:

CAS Reglatry No,:

CA Name (9CI):

CA Name (8CI):

Wiswesser Line Notations:
Synonyms:

B. Physical Properties

Pertinent alternate names for 1,3-dinitro-

99~65-0

Beénxzene, l,3~dinitro-
Benzene, m~-dinitro-
WNR CNW

m~dinitrobenzene; 1,3~dinitrobenzena

The physical properties of I,3-dinitrohenzene are pressnted in Table
VII-1. The infrared spectrum of this compound is shown in Figure VII-l.

Figure VII-1l. Infrared Spectrum of 1,3-dinitrobenzane

(Pouchert, 1970).
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Table VII~l. Physical Properties of 1,3~dinitrobenzene*

Physical Form @ 20°C:
Color:
M.P.:
B.P.:

Crystal Density:
Flash Peint:

Heat of Combustion (AH.p):
Solubility:

monoclinic needles
colorless to yellow
89.57°C

302.8°C @ 770 mmig
300-303°C @ 760 mmHg

4 1,571
a§° 1.5¢56
150°C (closed cup)
4145 cal/g
- water - 0.046 g/100 g @ 15°C
- 0.32 §/100 g @ 100°C
ethanol - 2.60 g/100 g @ 20°C

6.7 /100 g @ 15°C
34.7 g/100 g @ 18°C

athyl ether

L]

benzens

*Reference: Kirk and Cthmer 1566, 1967; Hawley, 1977;
Windholz, 1976.
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The ultraviolst spectrum of 1,3-dinitrobenzene shows an absorption maximum
at 233 nm and a corresponding molar absoxptivity of 185,000 (CRC, 1974).

C. Chemical Propertiss
1. General Raactions

The nitrobenzenes underge two main types of reactions - raduction
and substitution, both aelectrophilic and nucleophylic,

a. Reductive Reactions

1,3-dinitrobanzene (1,3~DNB) can be raduced to m-phanylene-
diamine with zinc in HC1l, among other resgents.

O we O°
Ndz NHZ

Treatment with Zn in water results in less complets reduction.

N0
2 Nl 08
J™ &> g™
H,0
NH,, OH

NO2

Rnduction of monoitrobenzene with Zn in bano, or with LiAlHa produc.n N,N'=
diphenyl hyd:azinn (Mnrch 1968).

0&02 ﬁ:-g“-_} @, NH —HN @

Raductiva coupling of 1, 3-DNB may alto give a polymaric product of the
following structura.

Y0y za PN i
O me OO
N, x

Partial reduction can also be achiaved with sulfides. Dihitrobnnznne is
trans forted to m-nitroaniline with NaHS (Abrahart, 1968).

NO NO
2  Nals
J" % O
NO
Ny

(ViI-1l1)
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k. Subhsticution

Electrophilic substitutions, rormally the most familiar form of
aromatic substitutions procead only with great difficulty, 1,3-dinitrobenzenea
can ba nitrated with anhydrous nitric in fuming sulfuric acids at 110°C (March,
1968), Substitution occurring at the S-position.

NO» NOjp

HNOg, HpS0,

]
0 110°C

N0, Oal NO»

Nitrobenzenes are vary gugceptible to nuclaophilic attack,
however, with subatitution genarally occurring in ortho or para te the nitro
groups, 1,3-dinitrobenzane reacts with hydroxyl ion in the presence of
oxidizing agentad to give 2,4~dindtrophenal (Fieser and Fieser, 1963):

]
N0y NO2 : NO,
Fa(CN)g™
ou® (CNg
—

4
"N N(ePY
"2 o oK

In tha abgance of an oxidizing agent, azoxybenzenes are obtained in addition
to the phencls by disproportionation, 1,3,5-trinitrobenzene rezacts with
hydroxylamine to form picramide (Fleser and Fleser, 1963)., 1,3-dinitro-
benzene may undergo a similar reaction:

N02
oz NO»

NH,0H L0% | ~HyO
—> x¥ ——>
N0y H L'Hg boL)

HO

N0y
NH2

1,3,5=trinitrobenzeane will also undergo nucleophilic addition
reactions. For example amines will add to the nitrogen oxygen bonds leading
to oxyhydroxylamines (Bernasconi, 1970) and Grignard reagents will atzcack tha
aromatic ring leading to subscituted cyclohexanes (March, 1968). 1, 3=dintcre~-
benzene might be expected to undergo similar reactions.

Thermal Decomposition

Thermal decomposicion of 1,3-DNB can be axpeccted to produce
rasults similar to the decompositicn of 1,3,5-TNB. Pvrolvsis of 1,3,3-
TNB gave a gas mixture cont tining Nz, CO, €Oz, Hp0 and small amounts of YO,
A mulci-component liquid residue and a brown film of nonunifera composition
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were also formad. Possible constituents of tha liquid are benzene, phenol,
aniline, biphenyl, and their nitro and nitroso derivatives. Spactroscopic
invastigation of the film indicated unsaturated aromatic bouds and the pres-
ence of C-N02 functional group (Maksimov, 1972).

2. Sampling and Analysis

Analytical tachniques for 1,3-DNB have been developed in conjunc-
tion with the analysis of explosive mixtures. Most of the procedurss have

been designad to ensble anulysis in the presence of chemically similar com~
pounds.

Thin layer chromatography (TLC) of dinitrobenzens-amine charge
trans fer complexses has been used for the separation and identification of

axplosive componsnts. DNB reacts with an aromatic smine to form a colored
charge t:nnltor complnx.

Noz Cli, F Ny N H)N
- . |

1. C

3
N02

NO

Qualitative identification of as little as 2 ug of material in the presence
of trinitrotolulens (INT), trinitrobenzens (TNB), and other arxomatic nitro
compounds is possible (Parihar ¢t al., 1968).

Gas chromatography (GC) has besn used to monitor the ccmpolition
of the organic phass of a continucus ‘INT production process (Daltoa €t al.
1970), GC in tandem with high resolution mass spectrometry has also been
usad for malysis of TNT impurities (Chang, 1971). Quantitativa estimation
of DNB may be hindarcd by the presence of dinitrobenzoic acid (DNBA). DNBA
is the oxidation product of dinitrotolulene, a containment of TNT resulting
from incomplete nitvation. High injection port temparatures can yileld decar-
boxylation of the ac:l.d, thus raising the apparent 1,3-DNB concentration.

CH 4 cauit .
NO NO2
2 A .
w gt O
N°z NO,

Tnfrared speciroscopy has been investigated for explosive analysis.
It is a datod_techkpique, useful for identification of simple mixtures
(Priscera ¢t al., 1960).
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D. Usas of l,3-dinitrobenzane in Army Munitions Production

1. Purposes

The Army does not produce l,3~dinitrobenzene (1,3~DNB) for use
as an axplosive, Howavaer, under the conditions employed in the production
of TNT, the benzena impurities in the toluene starting naterial are nitrated
to dinicrobenzenes. Of the possible dinitrobenzena isomers, 1,3-DNB is
V93X of the product, Thae benzena impurity in the tolusne is nominally present
at a 250 mg/l concantration (Kohlbeck and Chandler, 1973). Thus, ~0.0l7% of
the INT product could be 1,3-DNB.

2, Speculated or Estimated Losses of 1,3-dinitrobenzena from TNT
Manufacturing

a, Process Losses

The major 1,3-DNB losses from the INT manufacturing procesa
occur in the yallow and red water waste atreams. The yellow water is either
returned to the nitrators or added to the red watay. The red water 1s ccn-
cantratad in an evaporator. The evaporator condensate is discharged into thae
environment and is thus the major source of pollutants from the process. The
sveporator condensate at VAAP has bean shown to contain an average 1,3-DNB
concentration of 2.05 mg/l (Barkley, 1978). During this sampling, one con-
tinuous line was in operation, !

1,3-DNB has not been measursd in the effluents from the con~
tinuous process at RAAP or JAAP. Since the formation of 1,3-DNB is the re-
sult of benzene impurities, the amount .dischargad would be approximately
the same as tha VAAP discharges. The Sellite washer flow at RAAP is 8000
gallons/line/dauy (Kohlbeck and Chandler, 1973). This water plus the waste
vellow water rasults in a total flow of ~16,000 gallons/line/day. In the
evaporater, water is removed until the solids content is 33-40%. Thus, tha
condensate water released to the environment from continuous lines will be
~11,000 gallons/line/day. The resulting average discharge of 1,3-DNB would

be 0,188 1b/line/day at full mobilization for tha continuous lines at RAAP,
JAAP and VAAP.

The maximum amount of 1,3~DNB which could be produced from
one line sach day is 17 lb, This number reprasents a large discrepancy from
the sampling data. Therea are several potential explanations for this dis-
Crepancy.

- @ large amount of ),3«DNB ias in the final product

- all the benzene present is not nitrated to the
dinicrobenzane atage

- raaction losseas of 1,3-DNB occur in the process.

Thers is not sufficlent information available to adequately evaluate these
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losses. However, & good estimate for all environmental discharges of 1,3-DNB l
would be between 0.2 1lb/line/day and 2.0 1lb/line/day. These numbers are highly
dependent on the type of process (batch or continuous) and the purity of toluene.

b. Production of 1, 3-dinitrobanzene in thea Environment

1,3~DNB can be produced photochemically from 2,4~DNT. The
amount of 1,3-DNB nroduced by photoconversion of 2,4-DNT is not known, How~
ever, 12 conversioin is not an unreasonable number. Digcharges of 2,4-DNT at
‘ RAAP ware reported to be 1,4 lb/day with three lines in operation (Small and
: Rosenblatt, 1974). At a 1% photoconversion, the resulting 1,3-DNB would be
only .005 1lb/line/day.

c. Estimated l,3=dinitrobenzene Discharges from INT Manufacture

e i ey e T

Combining the 1,3-DNB from the process and photochemical
gources, discharge rates and river concentrations can be calculated for RAAP, .
JAAP and VAAP. These data are presented in Table VII-2, !

Table VII-2, Estimated Discharges and River Concentrations ?
of 1,3~-DNB at Full TNT Production,

. Total River
Number Discharge Ratas Rivar Flow Concentration

Plant of Lines 1b/day River mgd . ppb
RAAP 2 continuous .40 New 2,380 0.02
VAAP 6 batch,

6 continuous 2.4 to 13.2 Tennessae 23,750 0.01 to 0.07
JAAP 3 batch,

6 continuous . 1.8 to 7.2 Illincis 5,390 0.04 to 0.16

3. Estimated or Speculated Losgses from TNT Blending Operations

INT is blanded with RDX or HMX at Holston AAP, The blending or in-
corporations operation was described in Sectiom 1.A.1.£., page 40 of this rve-
port., 1,3<DNB i3 not quantitatively measured in the HAAP effluents. There~
fore, any discharge values are based on conjecture and should be treated as
such,

As diacussed aarlier, as much as 0.017% of the final INT product
could be 1,3-DNB. At full production, 111 million/lb/year of TINT would be used
at HAAP, At full mobilization, an estimated 650 lb/day of TINT would be dis=-
charged to the Holston River. 1,3~DNB is approximately twice as soluble as
TNT. Using this information, a discharge of from 1.1l to 2,22 lb/day of
1,3-DNB could be expected. The resulting concentration in the Holston River
(assuming complete mixing) would be 0,006 to 0.012 ppbd.

e et i e
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4. Estimataed or Spaculated Losses from LAP Operatious

Any 1,3-DNB discharged at the LAP plants would be in the pink
watar from the melt-pour operations and building wash downs. Cornhusker,
Kansas, lone Star, and Louisiana AAPs disposa of pink water gensrated from
LAP operations by evaporation in ponds or basina., The amount of 1,3-DNB in
thesa avaporation pouds is unknown. The extent of leaching of this compound
into the ground water at these facilities is also unknown.

lowa and Joliet AAPs uas carbon adsorption to treat pink water.
No detectabla 1,3-DNB was found in tha effluent from the carbon column at
Iowa AAP (Burlinson and Glover, 1976).
E. Uses in the Civilian Community
1. Production Methodology

1,3-DNB is preopared by the mixed-acid nitration of mononitro=

N l H2804

NO2

benzena.

2. Manufacturers, Production, and Capacities

E. L. duPont is currently the only U,S. manufacturer of 1l,3-DNB
They operate a plant of unknown capacity in Deepwater, N. J. 1,)-DNB was
praviously imported from Germany by the American Hoachst Corporation. They
left the market in late 1977.

3. Usages

1,3=DNB is used as a synthetic intermedlate. Reduction with
aqueous NapS at 95°C yields m-nitroanilina, also known as Fast Orange R Base.
Mors rowplaete reduction to m-phenylenediamine is achieved with irou filings
in aqueous acid. wn-Phenylenediamine is used primarily as a dye intermediats
and in the synthatic resin industry., Use of 1,3~DNB as an intarmediate
reportadly accounts for 100% of the U.S. production.

4, Future Trands

Production of m-phenylenediamine accounts for most of the 1,3-DNB
currently made, The phenylenediamine market has been siable for the past
ten y.ars showing no appreciable growth or decline (Miller~Stephensoun Co.,
1978). But OSHA is currently studying m~phenylensdiamine along with other
industrially used chemicals, If OSHA evaluates m—phenylanediamine un-
favorably, a major decline in civilian production can be expectad.
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Dua to the dangers agsociatad with its explosive propercies, new
uses for me-dinitrobenzena arae not actively being investigated.

5. Documented or Spaculated Occurrsnces in the Environment

Qccurrences of 1,3-DNB in the civilian environment have not been
reaported in the litaraturs.

F. Comparison of Military and Civilian Usages of 1,3~dinitrobenzane

Civilian production of 1,3-DNB is small. The exact capacity and current
production at the one plant making 1,3-DNB ars proprietary. This chemical
is used as soon as it is produced for production of dyes. Therafore, tha
amount of pollution resulting from the civilian production and use of 1, 3-DNB
would ba axpactad tv be minimal. The Army doas not intentionally make 1,3~
DNB, However, it is presant in the pink water effluents, although the amount
of this discharge is relatively small.

G. Toxicological and Environmental Hazards

1. Human Toxlcity

The toxicity of 1,3-DNB to industrial workers is well documented
(Bonzanigo, 193l; Von Oettingen, 1941; Lehky, 1953; Hunter, 1955). Although
1,3-DNB is a solid, it is rapidly absorbed through the skin. Acute symptoms
include headache, vomiting, rapid weak pulse, cyanosis and jaundice. Chronic
axposure can produce weakness, headache, vomiting, cyanosis and anemia (Fair-
hall, 1969). Cyanosis or methemoglobinemia occurs when tha heme group is
oxidized from the Fe™ (farrous stata) to the abnormal Fet¥ (ferric stata).
The oxygen ig tightly bound to the methamoglobin end 1s not available to the
cells. Timar (1947) found that over 60% of the people working in the actual
production of TNT had bheen poisoned. Hae recommandad that women and children
under 18 not be allowed to work when 1,3~DNB was present,

Ishikola ¢t al. (1976) found a case of 1,3-INB poisoning due to
skin absorption., With the aid of a volunteer theay excludad ailr as the route
of expoaure and found that 1,3-DNB penetrated supposedly, protactive latex
gloves. Apparsntly the effects of 1,3-DNB can vary depending on the indi-
vidual, Baeritic (1956) found 2 women, similarly exposed to 1,3~DNB, with
toxic nethenoglobinemia. One had liver damage and no Heinz bodias in the,
erythrocytas, the other woman had Heinz bodies but no liver damage.

Contact by workers with DNB uhéuld be limited and their health
monitored for pessible symptoms. Although DNB is a hazardous subastance,
removal from exposure will usually relieve the symptoms.

2, Toxicity to Mammals and Birds

a, Acute and Chronic Toxicity

Several studies have bLeen conducted to evaluate the toxicity
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of 1,3-DNB. The results of scute toxicity studies on saveral manmals and
birds are presented in Table VII-3, The results of thags studies indicate
1,3-DNB to be highly toxic by oral and intervenous administration.

Chronic effects of 1,3-DNB on rats were studied by Christian
et al. (197%5). They aduinistered 1,3-DNB at concentrations of 50, 100 and
200 ppm in the drinking watar, over a six week period. The 200 ppm lavels
werse toxic to 2/3 of the male rats. Sublechal effects ware noted in both
saxas and were related to the lesvel of axposure to 1,3-DNB, These effects
were weight loss, atrophy of the testes and deposition of a brown-yellow
piguent in the liver cells. In a continuation of this study, more of the

sublathal affects wars obssrvad on rata with 8 ppm of 1,3-DNB in the drinking
vater.

Kiase (1949) obsarved chronic effects of 1,3-DNB in dogs given
subcutaneous injectiouns of 0.2-6,0 mg/kg 1,3~DNB. He found a 30X incidence
of liver damaga and snemia in the dogs. Abood and Romanchek (1957) observed
the inhibition of oxidative phosphorylation by rat brain mitochondria follow-
ing administration of 1,3-DNB, 1,3-DNB partially inhiblted succinic dehvdro-
genase in swine heart muscle (Kadlubow and Kostmatka, 1960)., A reduction in
the sciatic nerve conduction rate in rats was obsarved by Pankow et al. (1975).

b. Biochemistry

1,3=DNB can enter the body orally, through the lungs or through
tha skin., Once inside the body, it appears to be rapidly metabolized. Parke
(1961) studied the metabolic products of l4g 1abelad 1,3-DNB fed to rabbits.
The metabolic products he observed and theilr respective parcantage of the
dose are given in Table VII-4, The sequance shown in Figure VII-2, is pro-

posed tv explain the various metabolites of L,3-DNB found in these rabbit
studiaes,

The methemoglobinemis caused by 1,3~DNB intoxication is
thought to be through its metabolitas such as the m-nitrophenylhydroxylamine
(Herken, 1944), However, the need for reduction before mathemoglobin for-
mation has not been fully substantiated.

¢. Mutagenicity, Carcinogenicity and Teratogenicity

Mutagenicity, carcinogenicity and teratogenicity evaluations
of 1,3-DNB have not besn conducted. However, NCI (1978) has tested m-phaenylene~
diamine (a major metebolite of 1,3~DNB) for carcinogenic potency. This
chemical was found to be negativa,

3, Toxicity to Aquatic Organisms
Very little iaformation exists on the distribution or levals of
1,3=DNB in tha aquatic envirorment,, Labcratory acute toxicity studies have

shown that 1,3=DNB is toxic to aquatic organisms. The results of these
situdies are prasanted in JTable VII-S5,
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4. Toxicity to Microorganisms

Saveral szudies are published which describe the action of 1,3-DNB
on varicus bacteria and fungi. 1,3-DNB has been shown to inhibit the growth
of nmany bacteria and fungi at relatively low concentrations. Thage inhibitory
effecty are summarizad In Table VII-6., Chambers ¢t al., (1963) fouud a
relativaly low oxygen uptake and slow oxidation of 1,3-DNB by several micro-
organisma (pradominantly Fgeudomonas). Growth inhibition of young colonies
of Aspergillug niger was obsarvad by Higgins (1960). His observations
indicated a depredsicu in amino acid synthesis through the formatica of
citric acid cycle intermediate in the early growth phage. In mature
cultures, the 1,3~DNB metabolism was a sulfhydryl dependent, pyridine
nucleotide~linked ferro-fiavoprotein,

In spite of its growth inhibitorv effects on most microorganisms,
there are a few specias capable of metabolizing 1,3-DNB. Soil microorganisms
degrade 1,3-DNB slowly with degradation times of 64 days (Alexander and
Lustiguwan, 1966). Bringman and Kuhm 71971) developud a two stage aevated
process for degradation of 1,3-DNB. The fivst stage contained dachactenr
tlia and the second stage, activated sludge. After 36 hours, 95-97% of
ths 1,3-DNB was reduced.

The machanism of biodegradation of 1,3-DNB is thought to be a
reductive procesa. This process proceads along the fellowing steps:

NO == NO —> NHOH ~—> NHy

m-nitronitrcgobenzene was identified as a 1,3-DNB metabolite from Protaus
vulgaris (Hevtwig and Lipschitz, 1920). m-nitronitrosobenzene and m-nityo-
phenylhy.droxylamine hava been identified as mctabolites from American
baker's yeast (Creach, 1936). Thus, the metabolites of 1,3-DNB such as

m-aitronitrosobenzene
m-nitrophenylhydroxylamine
m-nitroaniline
m-phenylenediamine

¢ould present a greater hazard to the environment than the 1,3-DNB itself.

5. Phytotoxicity

The 2ffect of 1,3~DNB on the photosyntheails of Chlorella and
spinach chloraplast was examined. The photochemical and thermal phases
of flucrescenc2? induction were inhibited by 1,3-DNB. -The data suggests an
irr.rersible binding of 1,3-DNB to the recaction centers. Thus, ),3«DNB may
aiversely affect plants by interference with the photosynthetic process
(Howard @t al, 1976). The inhibiting growth action of aitrated benzene
was revorted by Stom and Khutoriamskii (1972). The inhibitory action waa
found to be directly related to tha alectron acceptor ability of the molecule.
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Jn contrast, McRas (1970) raported almost total herbicidal effacts of
2 1lb/acre of 1,3-DNB with no crop phytctoxic response, The exception
was tomatoes.

6. Eanvironmaental Fate of 1,3-dinitrobenzene

1,3-DNBE has been shown to be photochemically stalle under environ~
mental conditions (Barkley, 1978)., Loases of 1,3=DNB from water dus to
volatility are expected to occur. Due to its low solubiiity, 1,3-DNB would
ba oxpected to cuncentrate in the sediment.

Biodegradation i3 expected to occur enly slowly in the environ-
ment. The resulting metabolites may be more hazardous than the 1,3~-DNB itsaelf.
Bioconcentration factor for 1,3~DNB has basn caiculataed based on its octanol/
water partition coefficient. This factor 1is 8.53 (Howard et al., 1976).
This factor is very low when comparad to such chemicals as endrin which has
& factor of 2957110 (Howard, ¢t al., 1976). A significant amount bio-
concentration of 1,3-DNB would not be expected to occur. Thus, 1,3~DNB
could presant a loung term chrounic toxicity problem in the environment.

7. Availability of Literature for Phasa II
1,3=DNB has baen widely studied. Researcih on toxicological
"properties of this compound are repurted in hoth the United States and
foresign litarature. Therefore sufficient literature is available for a
datailed Phase II evaluation.
H. Regulations and Standards

1. Air and Water Regulation

. ~ 1,3«DNR is a small volume chamical and is uot spacifically regulated
_by air or water effluent guidelines, Howasvar, this compound is llsted in the
Toxdc Substances Contvoel Act Candidate List of Chemicala (EPA, 1977).

2. Human Exproiure Standarde

The American Conference of Govarnmental Industrial Hyglenists
(1977) rvecommends s skin exposure TLV of 1 mg/m3. This value has been
adopted by OSHA (1974). 1,3-DNB is nec un the i1ist of chemicals to be
evaluated for csrcinogenic potential by NCI in their bicsssay program.

I. Conclusions and Recowmendations

1,3-DNB is not 2 military unique compound. Hewever, pollution from
this compound by the militsry ir at least ag high as that {rom civilian
veoduction end usage. The military pollution is also widespread, occurring
in the effluents from TNT manufacturing, blending and loading facilities
and from the photodecomposition of 2,4~DNT in chese effluents.

(VI1=-23)
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f 1,3-DNB is highly toxic to mammals, aquatic organisms and microorganisms.
No photodagradation in the aqueous envirommant occurs and microbial degrada-
tion occurs slowly. In addition, microbial degradation can lead to toxic

N-nitroso and amine compounds.

After svaluation of this data and taking into considevation the poseible
. decline in civilian production and use, it is recommended that the Army
oo . initiate additional work on this compound. This work should include

l. A phase II detailed toxicological and environmental
evaluation

2. Biosccumulation atudies

3. The affects of this compound on effluent treaatment
facilitioes

1) ability of the biotrsatment facilities at
Holston AAP to degradae thia compound and
identification of the degridation products

o , b) the affect of this compound on the carbon
. adsorption columns and the ability of the
: carbon to sffectively ramove it from the

effluent

4. Further quantitation of the actual amount of 1,3<«DNB in
the INT final product '

{ 5. Quantitation of the photochemical formulation of the
1,3-DNB from TNT and DNT waste watars,
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SUMMARY

1,3,5~trinitrobenzeane is an explosive not manufactured by either
the civilian or military communiciies. It is, however, a by-product in the
maniufacture of TNT. TNT manufacturing facilitics are located at Radford AAP,
Volunteer AAP, Jollet AAP and Naewport AAP. However, no TNT is currently be-—
ing produced in the United States. During the nitration of toluene competi-
tive oxidation of TNT to 2,4,6~trinitrobenzoic acid occurs. This acid is
then decarboxylsted in the nitrator or Sellite washaers to 1,3,5-trinitroben-
zane. Most of the trinitrobenzene formed is found in the final TNT product.
However, small amounts are discharged in the evaporator condensats from the
evaporatinn of red water. Estimatas of the 1,3,5-trinitrobenzene discharges
from the manufacture of TNT are 0.39 lb/line/day.

Since 1,3,5~trinitrobenzene is formed in concentrations of 0.1 to
0.7% of the TNT product, it can also be found in affluent from blending opera-
tions at Holston AAP and loading (LAP) at Joliet AAP, Cornhusker, Kansas,

-Loue Star, Louisiana and Towa AAPs. Estimated discharges from blending opera-

tions at Holaton could be as much as 9 lb/day. The discharges from the LAP
facilitles vary depending on how the pink water is handled. Cornhucker, Kan-
sas, Lone Star and Louisiava dispose of p.nk water in evaporation ponds.
Joliet and Iowa have carbon adsorption columns,

In addition to the 1,3,5~trinitrobenzene in the effluent from the
manufacture, blending and loading of TNT, 1,3,5-trinitrobenzene i3 formed
photochemically from TNT in ths waste water. It is estimated that 1% of the
INT discharged is converted to 1,3,5-trinitrcbenzane. This compound is not
further photochemically degraded.

1,3,5-trinitrobeauatia is moderately toxic in acute doses. It ls,
liovever, very toxic in subacute or chronic doses. The main biochemical
activity of thiy compound iz the formation of methemoglobin,

In the environwent, 1,3,5-trinitrobenzene is toxic to aquatic or-
ganisms. It can be degraded by microorganisms but only with difficulty.
Eavironmental reactions such as comploxation aud derivatization cait wecur.
Howavor, it aprears that 1,3,5-rrinitrobenzene tends to concentrata in the
sediments and bicaccumulate in agquatic ovganisms.

1,3,5=-trinitrobenzane 18 & unique military chemical. ©“ome minor
pollution may occur from civilisn manufacture of nitrated aromatics. Howaver,
the military pollution ariasing from this compound In the process affluents
and from pliotodecomposition of TNT in the environment is the major gsource of
1,3,5-crinicrobenzenc in the environmant.

The following recommendations are made for 1,3, 5-trinitvobenzene:

Phase II study be initiated

~ additional sampling at RAAP or VAAP (when operaticsal) and
HAAP be carried out to determin: the extent of sediment
and biological accumulation
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studias ba conducted on the removal of 1,3,5-trinitroben-
zene by carbon adsorption and its affact on the bed to
voluma breakthrough for TNT and RDX

studies be conductad to detarmine the biodegradation
products of 1,3,5~trinitrobenzene.
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FOREWORD

This report desalls the results of a preliminary problem definition
study on 1,3,5-trinitrobenzens. The purposa of thisg study was to daetermine
the Army's responasibility for conducting further ressarch on 1,3,5-trinitro-
benzene in order to detarmine its toxicological and environmental hazards
so that effluent standards can be reccmmended. In ordar to detarmine rhe
Ammy's responsibility for further work on 1,3,5-trinitrobenzene,the military
and cilvilian usage and pollution of this chemical wers evaluated., In addition,

a praliminary overview of toxicological and -environmental hazards was con-
ductaed.

1,3,5«trinitrobenzens was only one of 48 chemicals evaluated undar

Phasa IA of contract No, DAMDL7-77-C~7057. Thesae chemicals are grouped in
four categories

explosives related chemicals
propellant ralatad chemicals
pyrotschnics

primers and tyacers

Each category is a major report. Section I of each raport is an overview of
the military processas which use aach chamical and tha pollution resulting
from the use of chesa chemicals. The problem definitlon study reports on
sach chemical are geparable sections of thaesa four raporcs,

In addition a general mathodology report was also prepared. Thia report

describes the search stratagy and evaluation methodology utilired for
this study. '
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VIII. 1,3,5~TRINITROBENZENE

A, Alternate Names

1,3,5=tvinicvohenzenc is an axplosive having the following chemical

atructure:.

It has a molecular formula of Cgh3N40¢g and a corresponding molecular weight

of 21.3.11 g/mola, Pertinant salternate names fovr 1,3,5~trinitrobenzene are
listed balow:

€AS Registry No.: 99-35-4

CA Nsma (8 CI): benzene, 1,3,5=trinitro-

Wiswasser Line dotation: WNR CNW ENW

Synonyms: Benzite; s-trinitrobenzene; sym-trinitro-

benzene; symmetric-trinitrobenzene; TNB:
Trinitrobenzens; 1,3,5-trinitrobenzene

B, Physical Proparcties

The physical propartiss of 1,3,5-trinltrobenzana are prasuntad in Table
ViIl-1l. The ultraviolaet specirum of 1,), S-trinitrobenzene has an adsorption
maximum at 226 my with & molar absorptivity of 26,915 (CRC, 1974),

C. Chemical Propertias

1. Gensral Reactions

1,3,5-tri{nitrobenzene (1,3,5-TNB) can b2 reduced to triamino=-
benzene with zice in HCl, among other reagents.

0 NO H NH
27 2 Zn 2 2
2

NO,

2

Treatment with Zn in water rasults in lass cémplate reduction,

) ) ‘ o
0 2 “02 - N HOHN ]
uzo

“02 NHOH
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Table VIII-1l. Physical Properties of 1,3,5-trinitrobenzenas.*
i
Physical Form @ 20°C: dimorphous solid: Form I (most common) '
orthorhcubic bipyramidal plates; Form .
Ii=-plates ! a
Color: pale yellow -
X.P. 122.3°C (Form I) '
61°C (Form II) :
B.P. 315°C @ 760 wm H3 o

175°C @ 2 um Hg
sublimes with careful heating; axplodes

on rapid heating é 4

Crystal Dansity: dg0 1.76 :
) ‘ 4,152 1.4778 .
Selubility: water - 0.0278 g/100 g @ 15°C )

|
| 0.102 /100 g @ 50°C {
. . 0.498 g/100 g @ 100°C |

acetons - 59.105 g/100 g @ 17°C
160.67 g/100 g @ 50°C

methanol = 3,759 g/100 g @ 17°C ;
7.62 g/100 g @ S0°*C

95% ethanol - 1,392 g/100 g @ 17%
3.52 §/100 g @ 17°C

achyl ether - 1,703 g/100g @ 17°C

banzene - 6,176 g/100 g @ 17°C ]
25,70 g/170 g @ 50°C

PP

oy ethyl acatate - 29.826 g/100 g @ 17°C
: 52.40 g/200 g @ 50°C

pyridine - 112,605 g/100 g @ 17°C
194,43 g/100 g @ 59°C

“Raferances: Desvergnes, 1931; Windholz, 1976; Sax, 1976; Hawley, 1977.

" T e
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Raduction of mononitrobenzene with Zn in base, or with LiAlH,, produces

N,N'=diphenyl hydrazine (March, 1968),
Zn ‘I::::]
NCUE a @m- HN

Reductive coupling of 1,3,5-INB may give a polymeric product.

NOZ

Electrophilic substitutions on a benzena ring are wall known and
cousidered the typical reaction of benzens derivatives., A nitro substituent
on the ring decreases tha reactivity towards electrophilic attack. The com=
bined effects of three nitro groups makes trinitrobenzene particularly non-
resctivae toward slectrophilic attack. The chemistry of trinitrobenzene is

not typical banzene chemistry. The electron withdrawing effect of the nitrc

groups renders 1,3,5-TNB ausceptible to nucleophilic rather than electro-
philic attack.

The predominant reaction of 1,3,5-TNB with a variaty of nuclao-
philas is formation of a Melsenheimar complex (Bernasconi, 1970).,

0.N ' Nu H
Nu™ <+ 2 NOz "

NO,

Tha reaction is well knowa with hydroxy, alkoxy and amina nucleophiles.
Anines can undergo a second raaction with 1,3,5-INB involving nucleophilic
atcack at a nitro group to form an oxyhydroxylanmine, '

H NO. )

) 2
0, NO, N
9 .
NOz

o e Z—Oom
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Oxyhydroxylamine formation is favored in water (Bernasconl, 1970). The
adduct from a primary amine will eliminate water and form an azoxy compound.

o g _

| o X ,

. A = ?

L S srgig gL
- o, 2 . %0, '

Azoxybenzenes in acid underge a transfovmation known as thae Wallach re-
arranganent, L .. . -

- . -0 . 0B
: : . t S0,
. : OZN.©,N =N =20, N=N

0
!02 2

. Treatment of 1,3,5-TNB with metal hydroxidas in alcohol produces
o , a ved color dua to salt formation. Continued alkaline treatment gives a
' bimolecular condensation product and 3,S-dinitrophenol. !

) NO :
« . 2 .
. l 0’ H
. 2
= : . 0N NO

2 5
w,

B A r— i e 2 8 bn

Hydroxylamine in cold alcholic solution reacts with 1,3,5-TNB to
produce 2,4,6-trinicroaniline, known as picramida.

: 2-~-
. 0 NO ' 0 NO
' NE,0H + 2&©’ 2 > 2’6 2
; .

N02 Noz

Presumably the Meilsenheimer complex is formed first, followed by elimination
of water and protonation,

: D) NO o,N uaogo L | 0

" 27 2 2 2 0,N NO, 2 NG
& n

e N nz ‘ °2 uoz
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The thermal decomposition of 1,3,5~TNB vapors has been investiga-
:cd (Maksigov and Egorycheva, 1971). The gaseous products were N,, CO,

» H O and small amounts of NO. No nitrogen dioxide was found.” A multi-
co&ponent liquid residue product was formed. Possible constituents were
benzene, phenol, aniline, biphenyl, and their nitro and nitroso derivatives.
A brown film of nonuniform make-up formed on the vessel wall during decoa-
position. Spectzoscopic investigation indicated the presence of unsaturated
aromatic bonds and the presence of C-NO2 functionality.

2. Sampling and Analysis

Analytical techniques for I,3,5-TNB havae been developed in con~
Junction with the snalysis of explosive mixtures. Most of the procedures
have been designed to enable analysis in the presence of chcmically similar
compounds.,

Thin layer chromatography (TLC) of trinitrobenzeneamine chargs
tranafer complexes haas been used for the sesparation and identification of
explosive components. 1,3,5~TNB reacts with an aromatic amine to form a
colored charge transfesr complex.

" ' ‘ 3
¢ H N
H.N
2
NOz

NO,

Qualitative identification of as little as 2 ug of material in the presence
of trinitrotolulene (TNT); dinitrobenzene (DNB), and other aromatic nitro
compounds is possible with this method (Parihar ¢t agl., 1968).

Gas chromatographic (GC) methods have been developed for monitor-
ing the composition of the organic phase of a continuous TNT production
process (Dalton ¢t al., 1972). GC in tandem with high resoclution mass

spectrometry hus also been used in analysis of TNT impurities (Chang, (1971),

Quantitative estimation of TNB is hindered by the presence of trinitroben=
golc acid, an oxidation product of TNT. High injection port temperatures
cause .decarboxylation, raising the apparent TNB concentration.

CR3 COOH

Infrared spectroscopy has been investigated for explosives

analysis. It is a dated technique, useful prinarily for identification of
simple mixtures (Pristera ¢t al., 1960) .

-273- , (VIII-13)




2 AT T T ———

T T T YRR T TR, iy o

D. Uses of [,3,5-trinitrobenzene in Army Munitions Productiou

1. Purposes

Although 1,3,5-TNB is an explosive, it is not currently used by
the Army for this purpose. It is, however, a by-product in the manufacture
of TNT. Under the conditions smployed during the nitration of toluene,
competitiva oxidation of tha methyl group to a carboxyl group can occur
forming 2,4,6-trinitrobenzoic acid (2,4,6~TNBA). Thi- acid is then decar-
boxylated to form 1,3,5-TNB,

COOH

0MNZ N2 5 % % |
- 2 1

N0
NO, 2

Dacarboxylation of 2,4,6-TNBA occurs mainly in the nitrators. Hcwever some .
decarboxylation is oblorvcd in the Sellite washers due to the high tempera- :
tures and alkaline conditions (Kohlbeck 6t al.,1973). The direct nitration
of benzens to 1,3,5-TNB is not kinetically favored. Therefore, the major
route of any 1.3.5-TNB formation is through the carboxylic acid. Kohlbeck
et al. (1973) have analyzed the nitrobody phase in each of the six nitrators
in the continuous process. They found the following concentrations of
2.‘.6-%:

Nitrator No.

A 2 3. 4 3. .6
45

Perceant TNBA 0.43 0.92 0.78 0.76 0.18

The amount of 2,4,6~TNBA in the nitrobody phase incraases to a maximum in {
the second nitrator then decreaseas to 0.18Y% in the sixth nitrator. This
decrease is probably due to decarboxylation to 1,3,5-TNB. Any residual
2,4,6-TNBA is removed in the Sellite washer. Howaver, the 1,3,5-TNB is not
removed beyond its solubility in the purification process and ends up in the
final product. Analysis of the TNT product exudates from the continuous and
batch procass show a higher 1,3,5-TNB content rasulting from the continuous
process (Kohlbeck ¢t al., 1973):

= RAAP (continuous) 0.59 - 0.70% 1,3. -TNB
= VAAP (batch) 0,14 - 0.20% 1,3,5-TNB
« JAAP (batch) 0.16% 1,3,5~TNB
2. Estimated or Speculated Losses of 1,3,5~TNB .from INT Manufacture

a. Process lLosses

Chronatographic studies (Kohlback ¢t al., 1973) indicate that |
1,3,5-TNB is more volatila than TNT. Thus 1,3,5~TNB would ba expected to -
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end up in the batch scrubber efflusnts in a slightly highar relative pro=~
portion than it i{s in the TNT. Loeses of 1,3,5~-TNB to the acids wash
(yellow) wataer and the Sellite washer (red) water would also be expected due
to the greater water solubility of 1,3,5-TNB (0.04g/100g) compared to that
of INT (0.02g/100g).

The red and yallow watar are not: discharged into the environ-
ment., The yellow water is returned to the sacond nitrator. Excess yellow
water 1s combined with the red water (Pattarson &t al., 1976). The rad
water is concentrated in rotary kilns to about 35~40% solids (TRW, 1973).
The concentrated liquid is either sold to the paper industry or incinerated
to a dry residue. The dry residus is then dispoased cf in landfills or
stockpiled. Thus,the possibility of ground and surface water contaminant
from thie wasta exists. .

The svaporator condensate from the red watar condensatinn
procesa contains v 15 mg/l nitrobodies (Patterson e@¢ al., 1976). Sirnce
1,3,5=TNB is mors volatile than TNT, a relatively high proportion of
1,3,5-INB could end up in this condensats. Currently this condensate is
diacharged untreatad at all plants (Pattersoun &t gl., 1976),

Since 1,3,5-TNB concentrations are not routinely monitored,
it 1s difficult to estimate the amount of 1,3,5-TNB which might be entering
tha anvironmant from TNT manufacturing facilities. A sample of RAAP conden~
sats wastewvater was analyzed for 1,3,5-TNT by Epstain ¢t al. (1975). They
found about 0.6% ¢f the nitrogen containing organics ware 1,3,5-TNB and 82
TNT or a INT/1,3,5-TNB ratio of 145/1., Applying this ratio to the data in
Table I-7 (Section I of this report), a 1,3,5~INB concentration in the effluent
can be calculated. With these sssumptions, RAAP discharges of i,3,3-TINB would
be expected to be 0.39 lb/line/day or 0,77 1b/day with two continuous lines
operating.

Apalysis of 79 condensate water samples from VAAP (1 continuous
line in oparation) indicates only occasional detsctabls concentrations of
1,3,5~TNB (Barkley, 1978). Of the 79 samples, 76 contaiued no detectable
1,3,5-TNB. A maximum of 0.2 mg/l wae found in the romsiniag samples. VAAP
has the capability of operating 6 CIL continuous and & bateh lines. Approx-
{mately 0.39 lb/day from each continuous line and 0.07 lb/day from each batch
1ine or 2.76 lb/day could be discharged from VAAF at full capacity. Likewise,
discharges from JAAP at full capacity would be 2.55 lb/day (6 CIL contiauous
and 3 batch lines). :

b. 1,3,5-TNB Production in the Environment

In addition to the 1,3,5~TNB in thae procass effluent, photo-
lyeis of INT has also been shown to be a source of 1,3,5-TNB in the environ-
ment. DBurlinson @f al. (1973) have shown the occurrence of ~1% photoconver=
sion of TIT to 1,3,5~INB by sunlight. Thus photoconversicn could add an ad-
ditional 1.10 1b/day (2 lines operating) of 1,3,5-INB to RAAP wastes, At
full capacity, photochemical convarsion could add another 3.94 1b/day and
3.64 lb/day of 1,3,5~TNB to VAAP and JAAP wastes.
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¢. Estimated 1,3,5-TNB Discharges from TNT Manufacture

Combining the 1,3,5-TNB from the procass and photochemical
sources, discharge rates and river concentrations at full production can ba
calculated for RAAP, JAAP, and VAAP. These duta are presented in Tsble VIII-
2. For thase calculations, JAAP discharges were assumed to ba simiiar to

those from RAAP. Nawport :incinerates all their nitrobody containing wastes,

Table VIII-2. Eotimated Discharges and River Concencrations
of 1,3,5~INB at Full INT Production.

Total River Rivar Coa-
. Diecharge Rates Flow centration
Plant No. of Lines 1b/day River mgd ppb
RAAP 2 continuous 1.9 New 2,380 0.1
VAAP 6 hatch 6.7 Tennessee 23,750 0.03
6 continuous '
JAAP 6 continuous 6.2 Illinois 5,390 0.14

6 baitch

3. Estimated or Speculntcd Losses of 1,3,5-TNB from 'INT Blundins
Oparations

TNT is blended with RDX or IMX at HAAP. The blending operation
(incerporsiion) was described in Section I.A.Ll.f, page 40 of this
report. As discussed earlisr O.1 to 0.7% of the final TNT product is
1,3,5-TB. At full production, 110 mil/lb of TNT would be used at HAAP aach
year. Of this TINT, 110,000 to 770,000 1b is 1,3,5~TNB. Estimated dis=-
charges of INT at full production rum as high as 650 1b/day. I1f a comparable
percentage of 1,3,5~TNB wara lost, tha discharge would be 0.65 to 4.6
1b/day. However, 1,3,5-TNB is approximately twice as soluble as TNT. There-
fore us wuch as 1.3 to 9.1 1b of 1,3,5-TNB could be discharga par day from
HAAP, Photolysis of TNT could lead to an additional 6.5 lb/day of 1,3,5-TNB
in the Holston River. The resulting Holston River concentration (assuming
full mixing) could be as high as 0.9 ppb. However, local river concen-
trations could reach ten times this concentration. '

4, . Estimated or Speculated Losses of 1,3,5~TNB from LAP Operations

Cornhusker, Kansas, Lone Star and Louisiana AAP's disposs of
gnnurntcd pink water from LAP operations by evaporation in ponds or basins.
Samples of the wastewatars iu sumps st lLoulsiana AAP had TNT and 1,3,5-TNB
concentrations of 213 and 2 mg/l, rvespectively (Burlinson and Glovcr. 1976).
Samples from the leaching pond were also analyzed in this study. 'This pond
contained 20 mg/1 TNT and 18 mg/l 1,3,5-TNB. These data indicate the forma-
tion of 1,3,5~TNB from photolysis of TNT, There ia no inforxmation on the
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.. leaching of 1,3,5~INB into the ground water..

Iowa and Joliet AAP use carbon adsorption to treat thair pink
vater sffluents. Thaere is very littla information concerning the influent
to and effluent from thesa columns. Burlinson and Glover (1976) analyzad
the effluent from the carbon columns at Iowa AAP, They did not detect any
1,3,5-TNB in this sffluent,

E. Uses of 1,3,5-trinitrobenzene in Civilian Community

l. Production Mathodology

The most sconomical preparation method for 1,3,5~-TNB is from tri=-
nitrotoluene. Oxidation of trinitrobenzoic acid with Hy80, and sodium di-
chromate is followed by decarboxylation in boiling water, CO; is liberated
and 1,3, S-TNB pracipitatas,

COOH
Nazﬂr25§ i

Trinitrobsrizene may also he producad by direct nitration of
m-dinitrobenzens or reduction of plecryl chlorida,

NO 1NO 0,N. NO
2 3 2 2
ﬂ
H,S0,

NO, NO,
L ‘ V]
0,) NO NO
2 2 pi
— T
NO2 NO

2, Manufacturars, Production, and Capacitias
There are currsnt.y no major U.S. manufacturers of 1,3, 5~TNB.
Both Eastman Organic and J. T. Baker Chemicals formerly suppliad it.

Aldrich Chemical lists 1,3,5-TNB in their cataleg of availablae chemicals
but does not maintain any in stock,

3.  Usages

There are no major non-explosive uses of 1,3,5~TN8.
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4, Future Trends
There ars no anticipated future uses of 1,3,5-TNB, It is chemi=-
cally unsuitable as a synthetic intermediata, Due to the dangers of handling
1,3,5-TNB, it is an industrially ucdesirable chemical,
5. Documented or Spsculated Occurrences in the Environment

Occu. ances of 1,3,5-TNB in the civilian enviroument hava not
beea reportad.

F. Comparison of Army and Civilian Uses of 1,3, 5«INB

1,3,5-TNB is only used in ressarch quantities in the Civilian community.
It is also not used in the military sector. However, 1,3,5-TINB is present
to the axtent of 0.1 to 0.7% of the INT final product. It is also present
in the aqueous effluents from ~he military manufacturing blending and LAP of
TNT. No eivilian facilities are currsntly producing INT. DuPont and Mobay
nanufacture DNT. Some 1,3,5-TNB might be found in their waste water or
product. However, this discharge,if any,would be small compared to ths
milicary pollution from 1,3,5~TN3, Thus, 1,3,5~TNB enviroumental discharge
is a unique military problem.

G. Toxicological and Envirommental Hazards of 1l,3,5-trinitrobenzans

1. Mammalisn Toxicity

The acuta and chronic effects of 1,3,5-+TNB on mammals are pre-
sentad in Table VIII-3., The LDSO for 1,3,5~TNB is over 500 mg/Kg for rodents,
Gorski (1969) did not find 1,3,5-TNB carcinogenic¢ to BALC/C mice, Howevar,
he did observe that 1,3,5~TINB increases the carcinogenic activity of
J~maethylcholanthrene in mice. Buckell and Richardson (1950) listed 1,3,5-
INB as a substance which produced Heinz bodies in erythrocytes. These bodies
indicate the devalopment of anemia. Bredow and Junz (1943) show that both
1,3-DNB and 1,3,5=TNB can csausa the formation of methemoglobin. Methemo~
globin is formed from oxyhemoglobin and results in the lack of oxygen
availability to the cells. Although 1,3,5~TNB methemoglobin levels are not
a8 high as 1,3-DNB, 1,3,5-TNB formation is faster (1 hour to 10 hours).

The available data indicate that 1,3,5-TNB is very toxic when
adminiscerad in subacute and chronic doses. Bioaccumulation of this com=
pound in mammalian tissues has not been studied, nor have any human toxi-
cological responses been raported. No studias were found in the literature
dealing with che mutagenic or teratogenic s«ffects of 1,3,5-TNB.

Human exposure to 1,3,5-TNB is mainly limited to handling of TNT.
Some of the toxic effects of 1,3,5=TNB could be overlcoked in this handling
due to the grester exposura to TNT.
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2. Aquatic Toxicicty

Saveral studies have bsen conducted to determine the distribution
of 1,3,5~TNB in recelving waters from TINT manufacture, blending and LAP
operations (Huff et gql., 1975a,b,c,d; Jerger @t al., 1976). In genaral
1,3,5~TNB was below the detection limit in both the water and sediment
samples (0.2 mg/l for water and 20 mg/l for sediment), However, studies:
cunductad at VAAP, showed increasing 1,3,5-TNB down river from the dis-

charge points, Concentrations up to 66.3 mg/l were detected in watar sauplas

takan from pointa along Waconda Bay (Sullivan et gl., 1977). Sediments con=

tained up to 304 mg/l of 1,3,5~TNB. Thus, it appears that the major source
of 1,3,5~TNB pollution is from photoconversion of INT,

As indicated in Table VIII-4, 1,3,5-TNB is toxlc to aquatic
organiams.

Table VIII-4, Effect of 1,3,5=trinitrobunzere on Aquatic Organisms,

Conec. Tanp.
Spaciaes ng/l  Water °c Effect Reference
Fathead minnow 1,03 soft 20 96=hr Liu & Bailay, 1977
(Pimephalas promelas) LC50
Watar flea 27.0 soft 20 4Q=hr "
(Daphnia magna) LCS0

At 10 mg/l fish (Ruhlia sandvicensis) showed violent irritant activity
(Hiatt ¢t al., 1953). Irritant activity was observed with concentration of
1,3,5«TNB a8 low as 0.1 mg/l. Huff ¢t al. (1975¢) found 1,3,5-INB presaent
in fish tissues (river carpsucker and iongear sunfish), but they could not
quantify the levels, due to broadening of the gas chromatographic peaks.

Liu and Bailey (1977) found aquatic organisms bilosccumulrte TNT to tha ex-
tent of 200~400 times the amount found in the water. A similar biocaccumula=
tion factor would be axpected for 1,3,5-TNB, Thus, 1,3,5-TNB could be
biomagnified in the food chain, The degres of 1,3,5-TNB bicaccumulation and
its entry into the food chain require further investigation,

3. Microorganism Toxicity

As shown in Table VIII-5 the growth of microorganisms can be in-
hibitad by 1,3,5~INB. The most sensitive organisms was Streptocoocus sp.
which was inhibited by 1 mg/l of 1,3,5-TNB. With a mixture of micro-
organisms, predominantly Pgeudomonag sp., Chambers ¢t al. (1963) found a
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relacively lov oxygen uptake by the organisms and little oxidation of the
1,3,5~TNB. PBrisguan and Kuhn (1971) used & two stage process, the first
stage contalned Azobactar agilis snd the second stege activated siudge.
After 36 hourz 95-97% =% che 1,3,5-TNB was raduced. Villanueva (1961) found
thut @ siTuin docardia V. could metabolize 1,3,5-TND to an arylamiue.

From this data it seems that 1,3,5-TNB is fairly persiitiént in the
environment. However, if released at a constant rzte, ovrganisms could be
present co metaboiize the compound.

4. Phytotoxicity

The phytotoxicity »{ various nitrosubstituted benzenes was sctudied
by Simon and Blackman (1953). “"he toxic properties of these chemicals were
deterained by the concentrations required to reduce the growin rate of
Trichoderma virids to one-kizlf. Thesa data are presented in Table VIII-6.

Table VIII-6. Concencration of Nitrobenzenes Required for
50% Inhibition of Growth Rate of Trichodarma viride.

Component ' Concentration, mg/l
Nitrobenzene . 689
o~dinitrobenzene . 50
p-dinitrobenzene . 20
i,3,5~trinitrobenzene 21

Their data indicate greater phytotoxiciiy for ortho and psra subaiituted nitro
groups. However, these data indicate 1,3,5-TNB to be phytotoxic in the low
pPpm range.

5. Environmentul Fate

Newell ¢ al. (1976) have shown tlat 1,3,5-TNB is not lost from
the environment by photolysis. Some losses from the aquatic eavironment
would be expected due to volatility (Barkley, 1978), Microorganism degrada-
tion also occurs to some extent. Another possible loss of 1,3, 5-TNB from
the aquatic environm~nt 15 due to chemical reactions. Complex .crmation or
derivatization would reduce the 1,3,5~TNB concentration. If these re-
actions cccur, volatization and microorganism degradation will be slower
than for free 1,3,5-TNB.

Although the data is sketchy, it appears thac 1,3,5-TNB concen-
trates in the sediment and bloaccumulates in aquatic organismid. The effect
of these concentration factors are unknown at this time. Further studies
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on bioaccumulation effacts on the food chaia, scdiment accumulation and
microbial degradation and resultant products under naturslly occurring con-
titions require further investlgation,

6. Avsilability of Literature for Phase Il

There is sufficient data on the toxicologicel hazards of 1,3,5-TNB.
The environmental data is sketchy; hcwever, an evaluation of foreign litera-
ture and a detailed comparison with nitrobenzenes and TNT would be useful.
H. Regulations and Standards

Since 1,3,5~TNB is not an industrially produced or used chemical, there
are no regulations which are specific to its discharge, handling or trans-
port. It is, however, listed in EPA Toxic Substances Control Act Candidate
List of Chemical Substances (1977).

I. Conclusions and Recommendations

The data obtained and evaluated during this problem definition study on
1,3,5-trinitrobenzene indicate the following conclusions.

1. 1,3,5-TNB is & militcary unique compound; it is not manufactured or
used by the Civilian community.

2, 1,3,5~TNB is a by product of TNT manufactura which ends up in the
final product ar & concentration of 0.1 to 0.7%.

3. 1,3,5~INB enters the environment from the manufacture, blending and
loading of INT.

4. it is produced in the environment by photodecomposition of TNT.
S. 1,3,5~TNB is highly toxic to aquatic life and mammsls,

6. Degiacation occurs very slowly ‘n the environment with accumulation
in sediments and bioaccumulation in fisii observed.

Due to its toxicity and military uniqueness, 1,3,5-trinitrobenzene is
recoumended for a detailed Phase I[ toxicological and environmental evalua-
tiou. The following studies are also yecommended in ~rder to clarify the
environmental and treatment procblems due to the chemical.

1. Additioual sediment and fish analysis for 1,3,5~TNB be conducted
at INT manufacturing facilities when they again become operational
" and at Holston AAP, '

2. A study be conducted on the ability of proposed treatment processes
to remove 1,3,5-TNB from the effluent streams.

-283- (VI1X-23)




The questioua which nead to be anuwered are:

Will the propossd blotreatment facilities at HAAP degrade
1,3,5~TNB to a mora toxic nitrowo or amino compound as has
been found with blodegradation of TNT?

Will the prasence of 1,3,5-THB change tha bed to volume

breckthrough on the carbon adsorption columns and will
it be efficiently removed from the effluent?
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ABBREVIATIONS AND SYMBOLS

g - Angstroms, 1078 neter
AAP ~ Army Ammunition flant
atm - atmosphere

Bldg = building |
BOD - bilological oxygen demand '
B.P. - boiling point

BSX -~ intermediate in RDX manufacture = CHacOOHzN(NOZ)-(CHZ)Z-N-NO2

a4 i
o R

c - degree Centigrade .

: CA = Chemical Abstracts N

Y CAAP = Cornhusker Army Anmunition Plant
cal - calorie i
CAS = Chemical Abstracts Service !
cc = cubic centimetcer g
cnzo - formaldehyde [
8CI = 8th cumulative index
9CI = 9th cumulativa index .
CIL - Canadian Industries Limited
™! - vavenumber
¢o - carbon monoxide ‘
CO2 = carbon dioxide M
’ coD - chemical oxygen demand

d -~ density
A - heat

DMA - dimethylamine
1,3-DNB ~ 1,3-dinitrobenzene
DNBA = dinitrobenzoic acid

!‘. DNT - dinitrotoluene i
' . B+ - electrophila R
; e - molar abgorptivity coefficient l i
ECS0 - concentration which exhibits an effect on 50X of the exposed g |
population '
: EDTA - gethylene diamine tetracetic acid 3
‘ 4 - femule 4
|
!




ABBREVIATIONS AND SYMBOLS (continued)

k fe - foot _ i
f 4] = filtered water
E'a s - gram

GC =~ gas chromatography

spd = gallons per day
. spa = gallons per minute
gj' - u, - hydrogen
‘ AHp = hest of combustion
4 HAAP = Holston Army Ammunition Plant
: HDC = Holaton Dafense Corporation
B : EMPA - hexamethylphosphoramida

4 HMX - octahydro~1,3,5,7~tetranitro~s-tetrazine

R : END3 - nitric acid

. nzo - vater

3 hrs =~ hours

t 8,80, - sulfuric acid

' hv - high energy }
q ' IAAP - Iowa Army Ammunition Plant %
| IC - inoxganic carbon '
P in - inch

I.P. - intraperitoneal

I.R. - infrared

I.v. = intravenous

JAAP ~Joilet Army Ammunition Plant
k - rate constant

KAAP  -Kansas Army Apmunition Plant
Kb ~ basicity constant
Kcal - kilocalorie

kg - kilogram
L
A
LA

- liter
- wavelangth of light
~ Los Angeles

P, 290~
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ABBREVIATIONS AND SYMBOLS {continued)

LAAP = Louisiana Army hmunicion Plant

LAP - load, assembly and pack

1b - pound

LD50 = dose necassary to kill 50% of the cxpoud' population
LDLo = lowaest lethal dosea

LSAAP - Lote Star Army Ammunition Plant

M - molar .
MAAP - Milen Ammy Ammunition Plant !
MAC ~ maximum allowable concentration "
ue - micro curries

‘ ug ~ microgram

ng - milligrans _ Q
MGD = million gallons per day '
mil - million
min ~ minute
tay - millimicron
mm - millimeter
M - millimoles
w0l - willimoles
MNA - monomethylamine
MP - malting point
n, -~ index of rafraction
NAAP - Nawport Army Ammunition Plant
NAD = nlcotinamide adenine dinucleotide
, NADH - reduced nicotamide adenine dinuclaeotide
., NaOH =~ godium hydroxide
NDMA = N-nitroscdimethylamine
ng = nanogram
ml3 - ammonia
NH3/N ~ ammonical nitrogen
| um - nanometer 9|
[ . NMR = nuclear magnetic resinance

n.e. - not specified




ABBREVIATIONS AND SYMBOLS (continued)

Nu = nucleophilae

0 ~ oxygen

oz - oxygen )
oc - organic carbon :
OH -« hydroxide

OSHA = Occupational Safety and Health Administration

PBX =~ plastic boudud explosives

PBNK = plastic bonded explosive containing nylon or a vinylidena difluoride-
haxafluoropropylena copohymer :

4 = percent
pH = log hydrogen ion roncentration
ppb - parts per billion

i ppm - parts per million

| psi = pounds per squars inch

redn -~ reduction

* RDX « hexahydro=1,3,5~trinitro-s~triazine
RO - alkoxide ion
RW . = river water
¥ s.C. = subcutaneous
s.d. - standard deviation o w
SEX - octahydro-l-acetyl-3,5,7~trinitro-s-tetrazine
' atn - steam f
" 50, - sulfur dioxide
T = temperature
TAX = hexahydro=l-3,=-dinitro-5-acetyl-~s-triazine
TLC « thin layer chromatograph

TLV = threshold limit value

™A ~ trimathylamine
™A-0 = trinethylamine oxids
‘ 1,3,5-TNB - 1,3,5~-trinitrobenzene
’ TNT - trinitrotoluene
" .;‘ USSR = United Soviat Socialist Republic




: ABBREVIATIONS AND SYMBOLS (comtinued)

; v = volums
VAAP = Voluntesr Army Ammunition Plant:
) - waight
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