PRI AT R e - - ey e e e -

e e+ LT AT A AR Py TR L R R VIO ST e T R

R l;r/
e . PROBLEM DEFINITION STUDY ON S ’
TAX (l-ACETYLHEXAHYDRO 3,5-DINiTRO-1,3,5- TRIAZINE) )

SEX (l ACETYLOCTAHYDRO-3,5,7-TRINITRO-1,3,5, 7-TETRAZOCINE), '
—= LEAD SALICYLATE AND _LEAD A<RESORCYLATE . . ¢ 3
2- NITRODIPHENYLAMINE "AND ETHYL CENTRALITE A

Q Final ﬂe@t. A/./ Y, /?»;’( J ot t / / N :

[T et s Iy C 4 7\.

) )R S./Wentsel M.J./Wilkinson ' \ i booooo uJ/%Lg.
\~f’ W H. /[Fitzpatrick W.E./Harward, IIL \
| W.E.)Jones, III | J.F. RiEchens -

w July W79 (\/_f) o
w1 o

Sponsored by:

——

14 % e

ADA099749 3’

U.S. ARMY MEDICAL RESEARCH AND DEVELOPMENT COMMAND
Fort Detrick, Frederick, Maryland 21701

ATLANTIC RESEARCH CORPORATION
L Alexadria, Vzrgxnxa . L

1Y, Yyg-y 13w=gois [ f,’,

Clarence Wade, Ph.D., CCTR / JE/G3" /0 XA ¥ 5

Environmental Protection Divisxon

U.S. Army Medical Bioengineering Research and Development Laborato (4”4"
Fort Detrick, Frederick, Maryland 21701 /,7 )

|5 r—————

Contract No./DAMDL7-77-C-7057 | o

Approved for Public Release: Distribution Unlimited

DTIC

ELECTE

JUN4 1981




The findings of this report are not to be construed as an ,
official Department of the Army position unless so desig- 3’
nated by other authorized documents. ,

© o, s oA e i

P

AT L ot

i




T e St as ol Yo i Sy ¢ ST Y T T T e
. . -~ - e . - . o iy Y i Lo

SECURITY CLASSIPICATION OF THIS PAGE (When Date Entered)

REPORT DOCUMENTATION PAGE BEF OB P TN Y
. REMQ NUMBD 3. GOVT ACCESSION NQ. 3. RECIPIENT'S CATALOG NUMBER
DALY YT
4 TITLE (ana Subtitle) S. YYPEL OF REPORT 4 PERIOD COVERED
PROELEM DEFINITION STUDY ON TAX, SEX, LEAD Final Report -~ Phase 1IA
SALICYLATE, LEAD B RESORCYLATE, oy, 1978 - Julv, 1979
2-NITRODIPHENYLAMINE AND ETHYL CENTRALITE '-Z;lgygg~%gﬂ°~RIFORTNUHIIR
(. AUTHOWR(®) %, CONTRAGT OR GRANT NUMBER(S)
R. S. Wentsal M. J. Wiikinson
. E. Jones 111 W.E. Harward. III DAMD17-77-C-7057
W. E. Fitzypatrick J.F
9. PERFORMING ORGANIZATION NAME AND ADORESS 10. PROGRAM ELEMENT, PROJECT, TASK
AREZA & WOAK UNIT NUMBERS

Atlantic Research Corporation
Alexandria, VA 22314 62720A.3E162720A835.00.003
1. CONTROLLING OFFICE NAME AND ADORIESS 12. REPORT DATE
JUS Army Madical Rasearch and Developmant Command July 1979
Fort Detrick 3. NUMBER OF PAGES
Frederick, Maryland 2 246

MONITORING AGRN NAME & ADORKSSS! difformnt frwm Contrelling Ottice) 15. SECURITY CLASS, (of thie report)
US Army Medical Bioengineering Research and Unclassified

Development Laboratory ] e

Fort Detrick, Frederick, Maryland 21701 He OECL ASS FICATION/ DOWNGRADING

T6. IETRIGUTION STATEMENT (of thie Repset)

Approved for public relaase; distribution unlimited.

17. DISTRIBUTION STATEMEMNT (of the shotrest antered in Bleack 20, (! different frown Roport)

8. SUPPLEMENTARY NOTES

15. KZY WORDS (Continwe o revwrae aside if y and (dentily by kieck vumber)
l-acetylhexahydro-3,5-dinitro-1,3,5-triazine (TAX),
l-acetyloctahydro--3,5,7-trinitro-1,3,5,7-tetrazocine (SEX),

lead salicylate, lead B-resorcylate. 2-nitrodiphenylamine, ethyl centralite,
problem definition study, review, manufacture use, toxicology, chemiscry,

“tphysical properties, environmental fate

R SETRACT (Canifons en revarus sle ¥ nassesery aid 'dentity by dleck number)

{The objective of this study was to evaluate the available information
on the toxicological and cnvirowmental h..zards associated with Army munitions
production. The chemicals included in this study were TAX, SEX, lead salicylate,
lead 8~-resorcylate, 2-nitrodipherylamine, ethyl centralite. Recommendations for
further studies to elucidate the environmeatal fate snd toxicological properties
of these compounds are made to fili the information gaps identified in the lit-
erature review. &

\

o

FoRM
DD | ;o 7 1673  Tormos oF 1 KOV 6513 OBSOLETE UNCLASSIEIED
I CIRTY COASRFICATION OF

N = oSy, i

&

et ol 1 e 1, el 0L st




PROBLEM DEFINITION STUDY ON
TAX (1-ACETYLHEXAHYDRO-3,5-DINITRO-1,3,5-TRIAZINE)
SEX (1-ACETYLOCTAHYDRO-3,5,7~-TRINITRO-1,3,5,7-TETRAZOCINE).
LEAD SALICYLATE AND LEAD B -RESORCYLATE
2-NITRODIPHENYLAMINE AND ETHYL CENTRALITE

Final Report
R.S. Wentsel M.J. Wilkinson

W.H. Fitzpatrick W.E. Harward, III
W.E. Jones, III J.F. Kitchens

July 1979

Sponsored by:

U.S. ARMY MEDICAL RESEARCH AND DEVELOPMENT COMMAND
Fort Detrick, Frederick, Maryland 21701

ATLANTIC RESEARCH CORPORATION
Alexandria, Virginia

Clarence Wade, Ph.D., COTR
Environmental Protection Division
U.S. Army Medical Bioengineering Research and Development Laboratory
Fort Detrick, Frederick, Maryland 21701

Contract No. DAMD17-77-C-~7057

Approved for Public Release: Distributioun Unlimited

Acoolltog.yor

BTIS CRAAI X"l

DTIC TAwM 0 I I
Unannounced a

Justification | ELECTE

BY..—. JUN4 1981°

| Distribution/

Avnilnb_ll{t_y Cedos
Aveil and/er 3

Fist Speeial D

Al |

e a4 e

N TP - . . _.«Jd



e i e e 1

B e L

T T A m————————— .

EXECUTIVE SUMMARY

The goal of this problem definition study was to evaluate the literature
relating to the toxicological ad ei.7ironmental hazards associated with Army
use or pollution of six (6) chemicals associated with munitions production.
The chemicals included in this study were:

TAX (l-acetylhexahydro~3,5-dinitro~1,3,5-triazine)

SEX (l-acetyloctahydro~3,5,7-trinitro-1,3,5,7-tetrazocine)

Lead B-Resorcylate

Lead Salicylate

2-Nitrodiphenylamine

Ethyl Centralite
The results of this study will help the Army establish research priorities
and aid in recommending effluent criteria for these compounds. The
recommendations resulting from this study are discussed below:

SEX and TAX

SEX (1l-acetylhexahydro-3,5-dinitro-1,3,5-triazine) and TAX (l-acetyl~
octahydro-3,5,7-trinitro-1,3,5,7-tetrazocine) are byproducts of the manufacture
of the explosives RDX (hexahydro-l,3,5-trinitro-1,3,5-triazine) and HMX
(octahydro-1,3,5,7-tetranitro~1,3,5,7-tetrazocine). The explosives are
manufactured by the Army at Holston Army Ammunitionn Plant in Xingsport,
Tennessee. Current discharges of SEX and TAX to the Holston River are
estimated at 14,000-28,000 ana 42,000-63,000 lbs/year, respectively.

Information orn ne physical anrd chemical properties, biological
interactions and ent -nmental fate of SEX and TAX is very limited. Thus,
the properties of thes compounds must be inferred from known properties

of related compounds such as RDX and HMX.

In view of the limited amount of information available on SEX and TAX,
the following studies are recommended in order to fill in information gaps:

- definition of the solubility and reactivity of SEX and
TAX in aqueous solutions

- verification of discharged data from Holston AAP
- acute mammalian toxicological studies
- bicaccumulation and biodegradation studies

- acute and chronic aquatic toxicity studies

sttt L A et el




; Lead B~Resorcylate and Lead Salicylate

Lead B.--remorcylate and lead salicylate are used as burning rate modifiers
in solid propellant formulations. The environmental fate and toxicological
properties of these compounds are unknown or inferred from experimental data
on lead acetate. These compounds are currently used only at Radford AAP ;
{ althougzh Badger and Sunflower AAP's would also use lead salicylate when they ;

are operational.

In order to provide more complete information on the toxicity and
environmental fate of these compounds, the following studies are recommended:

Lead A-Resorcylate

- further enumeration of the composition, chemistry, and
analysis methods for salts

- sampling and analysis at Radford AA? to determine
amounts of lead B-resorcylate in the effluent and
‘accumulation in the New River sediment and biota

- acute mammalian toxicity study

- chronlic mammalian toxicity study

- acute and chronic aquatic toxicity tests with fish
and invertebrates

- determine the effectiveness of proposed treatment
facilities to remove lead 8-resorcylate from ’
Radford's AAP effluents i

Lead Salicylate

- further investigation of the physical and chemical
properties of lead salicylate

- i, i ki s e

- chronic feeding study to determine the long-term
effects of exposure to lead salicylate

e e

- an acute skin LD50 to determine skin adsorption

- aquatic toxicity studies with fish and invertebratex

e e . ia a

2-Nitrodiphenylamine

2-Nitrodiphenylamine i3 a stabilizer used bv the Army in the runuf-sctuie
of solid propellants. Currently, Radford AAP 23 the oaly Army A.auniciza
Plant producing propellants containing 2-nj::iodiphenylamine. (his compouns
enters the environment in the wastewater Zrom the nitroglyr.rin wanufacture
and propellant formulation areas. The amount entering ri:e MNew River furing
full mobiiization operations at Radford AAP 18 zstimr.ed »¢ 80-200 ib/month.

>
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2-Nitrodiphenylamine has a low acute toxicity to mammals. Metabolism to
4-hydroxy- and 4,4'-dihydroxy~-2-nitrodiphenylamine and rapid elimination from
the bDody, similar to that observed for diplienylamine is likely. N-hydroxyl- |
2-nitrodiphenylamine is alsc postulated as a metabolite based on the appearance |

of methemoglobin in the blood.

The foliowing studies are recommended in order to obtajn the needed
information to fully determine the environmental hazards of 2-nitrodiphenvl-
amine in the Radford AAP effluent:

’ - studies to determine the water solubility and octanol/
water partition coefficient of 2-nitrodiphenylamine

- sampling and aralysis of Radford AAP's effluent for
2-nitrodiphenylamine and correlation of effluent con-
centrations with production data

- biodegradation studies on 2-nitrodiphe~vlanine

- detalled aquatic toxicity studies on 2-nitrodiphenyl-
amine

" Ethyl Centralite

Ethyl centralite 1s uged as a stabilizer in solid propellant formulations.
Currently, only Radford AAP is using this compound. Most of the ethyl cen-
tralite is imported from Europe, however, Van De Marck Chemical Co. is now
making ethyl centralite under contract to the Army.

In acute exposure, ethyl centralite has z low toxicity to mammals by
the oral, inhalation or cutaneous routes. During chronic exposure to this
chemical, only subtle biochemical changes are observed. The evidence to
date suggests that this compound ic not mutagenic or carcinogenic. There

» is no information on the teratogenic potential of ethyl centralite.

The environmental fate of ethyl centralite is not known. It is toxic »
to aquatic organisms in the low ppm levels. From the data available, it 3
appears that ethyl centralite 1s persistent in the environment and probably ;

bloconcentrates in aquatic organisms.

The following studies zre recommended based on the potential environmental
hazards ci ethyl centralite:

- sampling and analysis of Radford AAFP effluent, the New
River, sediment and biota

- further studies ~u the physical and chemical properties
of this compouand

- microbilal degradation studies

i ’ - s gsessment of the ability of the proposed treatment facil-
¢ ities 2: Radford AAP to efficlently remove ethyl centralite

i 3 from the effluent.
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v FOREWORD

i , The purpose of this study was to gather, collate and evaluate the
1 . available information on the toxicological and environmental hazards of
: TAX, SEX, lead f~resorcylate, lead salicylate, 2-nitrodiphenylamine and
ethyl centralite. The results of this scudy will aid the Army in
’ establishing future research needs and in recommending effluent criteria
for these compounds. ;

In the preparation of this report, several reference sources have been
directly quoted. Permission has been obtained from the appropriate sources
for reprint of the quoted information.

Permission for the publication bherein of Sadtler Standard Spectra® has
been granted, and all rights reserved, by Sadtler Research Laboratories, Inc.
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PROBLEM DEFINITION STUDY ON
TAX
(1-ACETYLHEXAHYDRO-3,5-DINITRO-1,3,5-TRIAZINE)
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SUMHARY

TAX (l-acetylhexahydro-3,S-dinitro-1,3,5-~triazine) is a by-product of
RDX/HMX manufacture. The orly current United States manufaccurer of RDX and
® HMX is Holston Army Ammunition Plant, located im Kingsport, Tennessece. TAX
is present in the wastewaters from Holston AAP at levels ranging from 60 to
90% of the RDX content. Based on these ratios, 42,000 to 63,000 lb/year of
TAX are expected to be discharged under current cperatirg levels, Estimates
of the quantity of TAX discharzed are between 1.3 and 1.9 million lb/year at
full mobilization production of RDX and HMX.

P e e 1 e

Only limited information is available on the physical and chemical
properties of TAX. No information is available on the toxicological or
environmental properties of this compound. Thus, the toxicological or envi-
ronmental hazards of this compound must be inferred frou the available
information on RDX. RUX has an i.v. LD50 of 18.7 mg/kg in mice. Oral LD50's
range from 100 mg/kg to 500 mg/kg depending on the physical form of the RDX.
RDX is moderately toxic to fish with LC50's in the 4 to 6.5 ppm range. Sen-
sitivity of aquatic invertebrates to RDX varies. The midge is reportedly

sensitive to concentrations above 1.3 ppm while Daphnia imagna is not sensitive
¢

11)
to 20 ppm. The presence of the >N-C~CH3 group in TAX is expected to increase
its biological activity over that of RDX. However, the extent to which the
presence of the functional group will alter the toxicolojgical properties of
TAX over those of RDX is not predictable.

In view of the limited information on TAX, the following studies are
recommended in order to fill in information zaps:

- further definition of the solubility limits and
reactivity of TAX in aqueous solutions

- additional sampling and analysis at Holston AAP
to verify previous data

- an acute mammslian toxicological study i

- bioaccumulation and blodegradation studies

T L
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FOREWORD

A. Study Goals

This report presents the results of an evaluation of the available
information on the toxicological and envirommental hazards of TAX (l-acetyl-
hexahydro-3,5-dinitro-1,3,5-triazine). TAX is & by-product of RDX and HMX
manufacture at Holston AAP. This compound is found in the wastewaters from
the manufacturing process. Holston AAF is th2 only source from which entry
of TAX into the environment occurs in the Unitedi States. This evaluation of
the toxicological and 2nvironmental hazard of TAX was undertaken in order to
aild the Army in identification of research needs and in recommendations of

environmental criteria for this compound.

B. Study Methodology

The methodecgy utilized to gather information for this report included

a detailed search of the literature and numerous personal contacts. During
the literature search, the following sources were reviewed for pertinent

information on TAX:

- Chemical Abstracts 1940 -~ present
- Biological Abstracts 1950 ~ nresent
- Excerpta Medica 1950 - present
- TOXLINE 1965 - present
— National Technical Information

Service 1964 - present
- Defense Documentation Center 1958 - present
- COMPENDEX 1970 - present

The search of the literature revealed very little information on TAX.

Personal contacts were made with Army Ammunition Plant personnel and
Army and civilian researchers. The specific contacts made and results are

presented below:
1. Msnufacturers of RDX
a. Holston AAP Personal Contacts

Mr. Harold Shell and Captain Morris were contacted October

2, 1978 for information on TAX. They found no toxicological or health effects

data in their files. A trip was made to Holston AAP om Januarv 17. 1979,
We met with Mr. Bob Hash, Mr. Sam Wright and Mr. Buck Rogers. References
on the chemical properties of TAX were received and we were told of recent
research on TAX. Mr. Bob Hash indicated that some recent effluent data on

TAX was collected. On January 18, 1979, a letter was written to Mr. Mike Mills
The available information

requesting the effluent data and other information.
was received February 26, 1979.
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b. Foreign

Only one manufacturer of RDX was listed in the 1978 SRI
Chemical Producers Directory of Western Europe. PRBsa in Belgium was

contacted and supplied references for toxicological studies concerning RDX
and HMX.

2. Other Sources

Dr. Jay Abercrombie of the U.S. Army Chemical Systems Laboratory,
Aberdeen Proving Ground, MD was contacted September 12, 1978. He reported
no information on TAX. Mr. J. Gareth Pearson of AMRDC, Fort Detrick, Md.
was visited in September 1978. He had no toxicity data on TAX.

Dr. David Liu of SRI Inter: :tional was contacted about his current
study on XDX. We received monthly reports and mammalian toxicity data on RDX.

Mr. R. Bentley of EG & G Bionomics was contacted for aquatic
toxicity data on RDX.
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! : I. TAX (l-acetylhexahydro-3,5-dinitro-1,3,5-triazine)
L A, Alternate Names
] TAX (l-acetylhexahydro-3,5-dinitro~1,3,5~triazine), a cylic nitramine
t - formed as a by-prnduct in the manufacture of RDX, has a molecular formula
4 ‘ of CgHgNs505, a molecular weigut of 219.15 and the following structural
‘ formula.
0, N p
; 2 \N/\N—g—CH
b - ) 3
; ki'i‘)
NO,
Pertinent alternate names for TAX are listed below:
CAS Registry No.: 14168-42-4
] C.A. Name (9CI): 1,3,5-triazive, l~acetylhexahydro-3,5-
dinitro-
_ C.A. Name (5CI): s-triazine, l-acetylhexahydro-~3,5~dinitro-
; Wiswesser Line Notation: TENVI CNNW ENNWT.Y
Synonyms: TAX; l-acetyl-3,5~dinitro-1,3,5-triaza-
cyclohexane
i
J
I-11
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B. Physical and Chemical Properties

1. Physical Properties

Available physical properties of TAX are listed in Table I-1.
The ultraviolet absorption gspectrum of TAX is shown in Figure I-1,

2, Chemical Properties
a. General Chemistry
TAX is obtained as a by-product in the synthesis of RDX and
HMX from hexamine by the Bachmanr aud Sheehan (1949) procedure. Aristoff

et al. (1949) suggested a number of likely intermediates in this rzaction
which could explain the formation of TAX as well as RDX, HMX and SEX.

9

N -
% o T ]
““N// NH“NOB \CHZ-NH g CH3 —3 z{f N- c CH3 TAX
Acy0 _l SEX

TAX has also been synthesized by several other routes. Chapman et al. (1949)
synthesize’” TAX from methylene dinitroamine and formaldehyde:

o OngAH3
CH2<&H2 CHa0  NH3 cuzg-m (“\1
?'JH - etzl.)7 N AN
N02 NQz \NOZ

TAX has been synthesized from methylene-bis(3,5-dinitro-1,3,5-triazine)
Dunning and Dunuing, 1950a),

NO2 102 )

Q\CH U\NO?_ M_) )s/\N/\‘*! ?

NOZ - CH

from a number of substituted l-methyl-3,5-dinitro-1,3,5-triazires (Dunning
and Dunning, 1950b)

voZ NOZ

rf‘r\‘\:‘\wzx — “{j\dpu@

(X= Br,Cl1,0¢CH3)

31
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Table I-1. Physical Properties of TAX*

Physical Form @ 20°C: solid, prismatic plates

Color: colorless
Melting Point: 156 - 158¢C ;
Volatility: no data available !
Vapor Pressure: no data available ;
Octanol-Water Partition

» Coefficient: no data available

; Solubility: water soluble in the ppm level;

in general, slightly more soluble
] than RDX in various solvents

IR (KBr): 3060, 1660, 1580, 1420, 1370, 1280, 1240, 1180, 1G30,
990, 920, 880, 850, 810, 750, 630, 585, 490 cm~l

NMR: § 6.25 (singlet, 2H, (OzNN)Z-CHZ)
§ 5.80 (singlet, 4H, (OZNN)-CHZ-NCO—)
§ 2.27 (singlet, 3H, -CH3) !

*Dunning and Dunning, 1950 a,b,c; Chapman et al., 1949; Aristoff et al.,
1949; Gilbert et al., 1976. ]
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Figure I-1. Ultraviolet Spectrum of TAX (Schroeder e? gl., 1951)

Repcinted with permission

Copyright by the American Chemical Srciety
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and from tri-N-acyl triazines (Dunning and Dunning, 1950c¢).

O‘C/CH3

\ HNO3
«“(N\'s (CF3c™) 50 )(/* 2 ~CH3

CH3- c \8 CH3 {05

The reactiocns of TAX, as those of nitramines in general, are
agreatly influenced by the partial ionic character of the nitrogen-nitrogen
bonds (Stals, 1969).

0\9/¢“3 OxgCH3
fP ~— (XW 9
gj o tfoz\’)@@%

The partially negative nitrogen is subject to electrophilic substitution which
can be generalized by the following scheme:

EN 4 CHz, " _noot CH
AN — C — C 2\n-E

The acid decomposition of RDX is a specific example of electrophilic substitu-
tion (Stals, 1969).

0 NO 02N 02N

zu\m’ - HZSO" : T,,j Y2 U —s s —> Wy 10y
1 U
NO o NO2 NOZ

The acid decomposition of TAX has been reported to yield 3

moles of formaldehyde and 1 mole of ammonia (Aristoff et al., 1949), acetic
acid and either rnitrogen gas or nitrous oxide are most likely formed as well.

TAX can be converted to RDX by reaction with nitric acid:

0 NO -
u 2 NO2
CH3-C-< S _._.3__> OZ'J_Q
-NO2 -NO

i
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Secondary nitramines are attacked by strong base resulting ir
elimination reactions. RDX, for example, reacts with alkoxides yieldang
triazines (Stals, 1969):

Y02 NO,
‘ i f
wﬁwuoa T e () — —
: g opwN A =
3 2 2

An analogous rcaction for TAZ would most likely involve two similar base
catalyzed elimination steps and a nucleophilic displacement of the amide

function leading to dehydrotriazine.

A~ @-cu - ,E- H N,~\V,g- H N ~N-H
OZN\N‘\J/ 3 RO m 3 5 "\”) c3——> lNA

{
NOZ f"loz

b. Environmental Reactions

The envirommental fate of TAX has not been determined. However,
recent studies on the environmental fate of RDX have been conducted. 2hotolysis
of RDX has been carried out with both artificial irradiation and sunlight.

Under artificial conditions, the mononitroso derivative of KDX was shown to be

the major photoproduct (Kubose and Hoffsommer, 1977; Sikka et al., 1978).

Nitrate, nitrite, formaldehyde and nitrogen are aiso formed. The extent of

photolysis to the mononitroso derivative is dependent on pH and nitrite ion

concentration. Low pH and high nitrite concentrations inhibit the initial

photolysis. Dissolved oxygen has no effect on the photochemistry. The quantum

yields for RDX photolysis in a pH 8.08 borate buffer is 0.69 (Sikka et al., .
1978). Photolysis of RDX in tap water in natural sunlight also occurs. The i
half 1ife for sunlight photolysis of RDX is estimated at 9-13 hours (Sikka !

et al., 1978).

A similar photolysis reaction for TAX would be expected yielding
the following products: ;
i

0
n I I
0Ny - y-L-CH3 i AN\ CCH3 0NN TS C-CHy
U kg - LU
H T
1
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Hydrolysis of TAX in the environment is also likely if con-

ditions are severe enough.
3
4

t2 32

c
0,N-N" ‘\T-g-cu3 0gN-N" ™ N-H
|
* c CH, H20, y CH
Hy \\”// 2 i zc\\N/’ 2
NO, or OH ﬁOz

0
+ Hoécn3

* Although the hydrolysis of TAX has not been studled, a "hydrolysis'" reaction
has been reported for RDX. At pH 2,7 virtually no hydrolysis occurs within
12 days (Sikka et al., 1978). At pH 9.07 and 31°C, 27% of the RDX is
hydrolyzed in 21 days. 1In studies of basic hydrolysis of RDX, Hoffsommer
et al. (1977) show that the reaction is a concerted E2 elimination process
with proton abstraction by hydroxide {fon and simultaneous loss of nitrate,

?02 "oz

Ha ‘/’N\\ﬁ”z i HZC”N§§§CH "

+ OH L |+ W0 + wo,m | '
A, 08" .~ Mo, Nae A
H2 az

A similar reaction couv'd occur for TAX. As acetyl is a poor
leaving group the most likely product would be the corresponding dihydrotriazine.
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c. Monitoring and Analysis

1, Analytical Methods

4nalysis for TAX has been reported by a semi-quantitative cojumn
chromatography technique (Malmberg et al., 1953). TAX was chromatographed on
b silicic acid/Celite 535 (2:1). Partial separations (TAX was not comple..ly
‘ ) separated from SEX) (l-acetyloctahydro-1,3,S5~trinitro-1,3,5,7~tetrazocine) were
obtained using 502 ethyl acetate in benzene as a mobile phase. Quantitative
removal of TAX from the adsorbent was about 917 efficient using a l:1 acetone-
ether solution. The colorless chromatographic zones were visualized us .g
streak reagents which consisted of zinc dust, benzene, sulfanilic acic ~nd 1~
naphthylamine in acetic acid on the extruded column. A deep red-pink color
1 * afforded detection of as little as 0.0l mg of the nitramine.

Bell and Dunstan (1966) have studied the use of thin layer chroma-
tography for the analysis of TaX and other nitramines. Chromatograms were run
on Silica gel G using benzene/nitromethane, chloroform/nitromethane and
petroleum ether/acetone solvent system. Visualization was accomplished by

® spraying with diphenylamine and irradiating with ultraviolet light.

Analysis by high performance liquid chromatography has also been i
accomplished (Holston Defense Corporation, 1977). Chromatograms were run !
using a Li Chrosorb Si 60 column in isocratic mode using a methanol, aceto- ‘
nitrile, chloroform, iso-octane (1:2:3:14) solvent system. Detection was

3 accomplished by a 245 nm ultaviolet detector. Lowest concentration detected
was 0.001 mg/1.

2. Monitoring

In 1977, Holston Defense Corporation sampled three effluent streams
? and one point in the Holston River for the presence of TAX and other related
compounds, The sampling locations were as follows:

~ N-3 - manhole below Building N-3 which carries effluents
from the G (RDX recrystallization), H, I, J, K, M
and N (RDX, HMX incorporation) Buildings on lines 1
¢ through 5.

- N-6 - manhole below Building N-6 which carries process
effluents from Buildings D6 (nitration), E6 (acids
removal and explosives wash) and G6 (recrystalliza-

; tion).
; ]
' - T~Z - manhole below T-2 (acid area) which carries process
effluents from Buildings C3, C5 (reagent preparatiomn),
‘ B9, Bll (primary distillation and ammonia recovery), ‘
E D3, D5 (nitration), E3 and E4 (acids removal and
1 . explosives wash).
s
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~ Holston River at the area B Boundary

The results of the samples analysed for TAX and other related compounds are
presented in Table I-2. Sample analyses for TAX varied considerably with the
type of storage, therefore for comsistency, only those samples which were
extracted and stored in acetonitrile were reportad.

N B s e

[ From the data in the table, it appears that TAX is entering the
environment from the nitration buildings (D-buildings), the acids removal and
explosives wash (E-Buildings), recrystallization (G-Buildings), dewatering

and incorporation steps.

Average ccncenirations of RDX, TAX and HMX at the four sample

points are given below.
" Sample Point RDX (mg/1) TAX (mg/1) HMX (mg /1) q
N-3 5.5 4.8 2.8
N’G 405 206 106
T-2 0.3 0.02 0.12
River 0.01 0.004 0.01
1

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 year. If 1% of this amcunt is

lost in the effluents, then Holston AAP could discharge as much as 2.1 milljion

pounds of 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 1is valid.
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D. Health Effects

¢ No information on the toxicological properties of TAX was found in the
literature or through personal contacts. Therefore, the toxicology of TAX
must be inferred from the information available on related compounds. The
basic s-triazine structure is found in a variety of compounds including many
pesticides. However, the. triazine pesticides are usually cubsrituted on the

carbons and not the nitrogen. For example, the pesticide, atrazine, has the .
2 following formula: cl ‘
/ =N\
\ /C-NHCH(CH3)2
t—
| CH3CHoHN
The substitution on the nitrogen will change the chemical and toxicological
properties of TAX from those observed with the pesticides. Thus, TAX is
expected to behave more like RDX than the triazine pesticides.

NO2 0, FH3
' e H2 :':l
2 HaC \ICHZ
A AN !
0,4 WO, A N
2 32 0,1l \c/ o
! RDX H2
9 - TAX
The presence of the >N-C-CH3 is expected to innrease the biological
activity of TAX from that observed with RDX. The extent of this increase in

dological activity is not predictable.

The material presented, herein, is based on toxicological studies
¢/ RDX. These data are related to TAX in that the gross toxicological
ef.ects of these two compounds are expected to be similar. However, the

iree of the effect of TAX will be altered somewhat from that of RDX.

1. Biology :
a. Absorption

Absorption of RDX and presumably TAX ocrurs through the gastro-
intestinal tract and respiratory tract. No information is available on the
efficiency of absorption of RDX by the respiratory tract. The efficiency of
absorption by the gastrointestinal tract is highly influenced by the physical
form of this compound and on the method used to suspend or dissolve it for 1
administration. This observation is based on acute oral studies with rats
(Schneider et al., 1976). Ten rats dosed with 100 mg RDX/kg in a coarse,
granular saline slurry had no convulsions. However, five rats receiving the




same dose as a suspension in one perrent methyl cellulose all convulsed and
died. Furthermore, all ten rats that received RDX at the lower dose of 50
ng/kg convulsed and two died. The acute 1D50 of RDX is therefore dependent
upon the physical form of RDX and the method used to prepare it for adminis-
tration. Since no controls were reported for these observations, and only a
small number of animals was tested, these conclusions are not necessarily
valid.

There is no evidence of skin absorption of RDX in rats (Taylor,
1975). 1In rabbits, single doses of 1.0 ml RDX in different solvents (33% w/v
RDX in DMSO; 5.4% w/v RDX in acetone and 7.5% w/v RDX in cyclohexanone)
applied topically showed no significant alterations in blood red and white
cell count, hematocrit, hemoglobin, urea nitrogen, creatinine, alkaline phos-
phates, serum glutamic-oxalacetic transaminase or electrolytes. Sporadic
deaths occurred after repeated doses (McNamara et al., 1974). Controls were
performed in these studies, but there was no indication of when blood samples
were drawn for analysis. In addition, only six animals were used for each
test group. More animals need to be tested to properly state that there were
no significant alterations in the blood parameters of experimental animals.

When dogs recelved either acute, subacute or massive subacute
percutaneous doses of RDX in one of three solvenis, there were no consistent
alterations in blood pressure, heart rate, respiration, EKG or EEG (McNamara
et al., 1974). Acute doses were 65.7 mg/kg (7.5% RDX in cyclochexanone), 97.3
mg/kg (5.4% RDX in acetone), and 289.0 mg/kg (33% RDX in DMSO). The subacute
study used the same doses as the acute study, but dosing was carried out 5 days/
week for four weeks. TFor the massive subacute study, animals received 480 mg/kg
of 332 RDX in DMSO for three consecutive days. Although the appropriate
controls were performed, only certain results were documented in tables. For
more accuracy, more animals should have been tested and all the results tabu-
lated.

b. Transport

One major study has been conducted in order to determine the
distribution of RDX in the mammalian body (Schneider et aql., 1976). Male
and female randomly bred Sprague~Dawley derived rats and female miniature
swine were utilized as test subjects in this study. Ten rats were dosed with
500 mg of RDX/kg by the intraperitoneal route and two rats with 50 mg RDX/kg.
In addition, groups of 10 rats were given 100 mg RDX/kg by oral gavage.
Groups of rats were euthanized at specific times up to 24 hours after dosing,
aud tissue samples were taken for RDX analysis at death or upon sacrifice of
the animals. The results of these analyses are presented in Table I-3 as
mean value, plus and minus standard error.

Examination of the table shows that RDX is not preferentially
distributed to any one tissue. However, in rats, the kidneys did contain a
consistently larger amount of RDX than the other tissues. Of the tissues
examined, the rat liver varied the most widely in RDX content as a function
of time after dosing.
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Since these results were presented with their standard errors,
they are statistically valid, even though a relatively small number of animals
were tested.

¢. Metabolism

The abilicy of rats to metabolize RDX was studied by Schneilder
et al. (1976). Radio-labeled RDX was administered by oral gavage at doses
of 50 mg/kg. Tissue examination of sacrificed animals at various intervals
up to 96 hours aiter dosing revealed that recovery of radioactivity from the
various tissues diminished with time. Recovery was less than 50 percent at
96 hours. The liver RDX content varied widely during this time. Furthermore,
both the liver and urine contained greater amcunts of 14¢ than could be
accounted for by RDX content of the tissue alone. Therefore, the liver and
urine contain significant quantities of a metabolite(s) of RDX and it appears
likely that metabolism of RDX occurs in the liver.

In a second study (Schneider et ai., 1976), 30 rats were dosed
with 50 mg/kg by oral gavage. Ten of the rats were used for urine collection,
10 for 14002 collection and 10 for whole-body homogenates at 96 hours after
dosing. At 4 days, radioactivity recovery was ~ 902 with 3% in the feces,

10% in the carcass, 34% in the urine and 437 as 1I‘COZ. Therefore, a relatively
efficient mechanism must e¢xist for metabolism of RDX in vivo since oaly 4% of
the administered dose was recovered unmetabolized in either the urine or feces.
One mechanism of metabolism must include ring cleavage, as evidenced by the
large portion of labeled CO, produced. These results are in direct conflict
with earlier findings of Sunderman et al. (1944). They stated that the entire
dose of RDX fed to two rats was excreted unmetabolized in the feces. The differ-
ences in the results of these two studies can most probably be attributed to
analytical techniques, but it must also be remembered that results of a study
using only two animals should carry less weight than a study utilizing 3C
animals. Gchneider et al. (1976¢) utilized radio-labeled RDX and gas chroma-
tography for quantitative analysis. Sunderman hydrolyzed the RDX to nitrite
and determined the levels colorimetrically. This method is subject to a
variety of interferences which tend to increase apparent RDX levels. TAX
would also be expected to undergo metabolism with initial cleavage of the

amide group followed by ring cleavage.

d., Elimination

RDX elimination was followed in 10 rats dosed with 50 mg RDX/kg
by oral gavage (Schneider et al., 1976). The plasma, urine and feces were
monitored daily for 14 days. The concentration of RDX in the plasma and urine
reached peak levels one day after dosing. The urine levels of RDX at this time
were approximately twice that of the plasma. Both plasma and urinary RDX levels
rapidly declined on the second through the fourth day after dosing; they then
maintained a low steady state of <1 mg/ml from the fourth through the thirteenth
day. In general, urinary RDX levels remained higher than plasma levels. Total
urinary excretion during the first six days was 2.37 + 0.15 percent of the
administered dose; the astimated fecal excretion of RDX during that time was
only 0.69 ¥ 0.05 percent.
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: Ten female miniature swine were dosed with 100 mg finely
| powdered RDX/kg by oral gavage (Schneider e.!. al., 1976). Flasma, urine and
: ? feces RDX levels at 24 hours were:
; Plasma: 4.7 + 2.1 ug/ml
Urine: 3.6 ¢ 1,1 ug/ml
- Teces: 2.5t 0.6 ug/sg
¢ In contrast to the rat, urine levels were less than or approximately equal to
the plasma levels. For comparison of the swine data to the data for rats,
levels of RDX in the swine should have been monitored for more than 24 hcurs.
In addition, amounts excreted in the swine should have also been presented as
percent of administered dose excreted. Presentation of standard errors is a
. valid statistical analysis for a small number of animals.

e. Pharmacology

The main outward symptoms of RDX lIntoxication indicate that
this compound causes injury to the central nervous systenm. Several studies
have been conducted in order to determine the pharmacological actions of RDX

: and provide a warning sign for RDX intoxication. In a study by von Oettingen
et al. (1949), seven dogs were given 50 mg/day, six days a week for six weeks.,
Excitability and irritability were observed after the first dose. Within

the first week, the animals 1ad convulsions which were characterized by
hyperexcitability, increased activity, chronic movement and salivation. As
dosing continued, tonic convulsions and collapse were observed. One animal
died, and all animals lost weight.

R S R

The absence of overt cytotoxicity indicates that the action of
RDX may be biochemical. This hypothesis was investigated in a study in which
Sprague-Dawley rats were dosed daily for 12 weeks by intraperitoneal injections
of RDX in either oil or carboxymethyl cellulese. Daily dosages ranged from
0.3 to 6.5 mg/kg, administered as 1 ml solution/kg/day (Maryland University,
Baltimore School of Pharmacy, 1975). Body weights, blood levels of RDX, and
indirect neurological symptoms were monitored. Upon sacrifice, brain oxygen
uptake ard levels of cholinesterase and monoamine oxidase were d=:.rmined,
since changes in the activities of these enzymes are established ‘.ndices of
CNS toxicity. Brain steady-state and turnover rates for the neurotransmitters
norepinephfine; dopamine, and S5-hydroxytryptamine were also measured. Results
of the study showed that chronic administratioa of RDX produced transient
changes in biochemical parameters of the CNS at doses which produced no obvious
signs of toxicity. Time aud dose related changes were evident in brain mono-
amine oxidase and cholinesterase levels and oxynen uptake, The variations of
these and other pairamecters at different times during the study for the highest
dos: rate (6.5 mg/kg/day) are presented in Table I-4. Similar changes were
observed for lower dose rates, although variation was not as great as for
higher rate. From Table I-4, it can be seen that the concentration of RDX in
the Blood correlated with the activities of the two enzymes. However, there
was no correlation of either blood levels of RDX or enzyme activity with
changes in oxygen uptake or levels of ueurotransmitters.
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Table I-4. Biochemical Parameters Observed in Rats Administered 6.5 mg
RDX/kg/day for 12 weeks (Data from Maryland University
Baltimore School of Pharmacy, 1975)

Parameters Time in Study
Measured 24 Hours 2 Weeks 6 Weeks 12 Weeks

Mean RDX 0.111 0.098 0.134 0.222
Conc. in
t Whole Blood,

mg/ml

Monoamine 85 70 180 200
Oxidase

Activity

(% of Control)

Cholinesterase 85 70 140 180
Activircy
(%Z of Contrcl

(% of Control)

0, Uptake 110 95 175 100
(% of Control)
Norepinepherine 95 135 90 100
(% of Control) b
]
Dopamine 110 65 90 75 %
(% of Control) i
S-Hydroxy- 80 110 80 100 |
tryptamine E
3
q
3
4
:

1
i
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Although this study was designed as a Latin Square for each
biochemical parameter, and results were presented as mean values with ranges,
the results were confusing. Several statements in the text made about trends
of parameters disagreed totally with data and graphs presented. Discrepanciles
of this nature do not add to the credibility of the study.

Beagle dogs fed 0.1, 1.0 and 10 wmg/RDX/kg/day for 90 days devcloped
no signs of toxicity other than minor vomiting and nausea, to which a tolerance
developed (Litton Bionetics, Inc., 1874a). Each dog was observed on a daily
basis for sigas of intoxication. Hematological, biochemical and urinalysis
procedures were performed twice before dosing and during the 4th, 8th aud 12th
weeks of the study. The hematolozical procedures included meacurements of
hematocrit and hemoglobin levels, erythrocyte, total and differential leukocyte,
reticulocyte and Heinz body counts and red blood cell fragility. Biochemical
studies included fasting blood sugar; blood urea nitroven; methemoglobin;
total sevum protein; total serum bilirubin; serum sodium, potassium glutamic-
pyruvic transaminase, alkaline phosphatase, and glutamic-oxaloacetic trans-
aminase; and sulfobromophthalein liver function test. The urine was tested
for pH, specific gravity, glucose, ketones, total protein, biiirutin, glutamic-
oxaloacetic transaminase and examined microscopically. No abnormalities were
observed in these parameters over those which occurred in the controls. After
the 90-day period, the dogs were sacrificed and the individual organs removed,
weighed and subjected to histopathological examination. No effects which could
be attributed to RDX intoxication were observed.

In a second study by Litton Bionetics, Incorporated (1974b),
rhesus monkeys were given 0.1, 1.0 and 10.0 mg RDX/kg/day for 90 days by oral
gavage. The animals were observed daily for signs of intoxication. Five out
of six monkeys on the highest dose of RDX shoved instances of CNS disturbance,
usually involving tonic convulsions. One of these monkeys had to be euthanized;
the others recovered and survived the study. Other than frequent instances of
vomiting, especially in the high dose group, no other signs of intoxication
were observed. Hematological, biochemical and urinalysis procedures were
performed three times prior to dosing, during the 5th and 9th weeks of the
study, and just after administration was stopped. Parameters measured were
similar to those mentioned above in the beagle study. Laboratory testing
revealed only scattered changes of no toxicological significance.

2. Effects of Human Exposure

No specific instances of occupational exposure to TAX have been
reported in the literature. Only a few instances of occupational exposure
to RDX have occurred, despite the fact that this compound has been manufactured
for at least a quarter of a century. The low incidence of such exposure is
probably the result of adequate safeguards being taken to prevent workers
from coming in contact with RDX.
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Barsotti ard Crotti (1949) reported 17 cases of exposure that
occurred among Italian workers engaged in the handling of RDX at various
stages of its manufacture., Of these 17 cases, 10 suffered loss of conscious-
ress without convulsions, two had vertigo and 1 had vomiting and mental
confusion. These effects elther occurred without any warning symptoms or
were preceded by several days of insomnie, restlessness, irritability or
anxiety. A transient arterial hypertension was present in all of these cases.
Recovery in all rhese cases was complete and without event.

Vogel (1951) described similar cases that occurred in German
workers who had been handling finely pulverized RDX powder. It was pointed
out that the fipmer the dust, the earlier the adverse reactions appeared.
Further, it was nnted that if a worked vomited at the onset of illness, the
symptoms were mild. However, if vomiting was absent, sudden attacks of uncon-
sclousness and convulsions occurrad. These were followed by exhaustion and
decreased pulse and blood pressure., Unconsciousness, which lasted from
minutes to an hour, wags followed by vertigo and malaise for several days.

~ A third report includes five workers who sustained exposure to RDX
at a U.S. explosives plant (Kaplan et al., 1965). Four of the five workers
were engaged In barrel-empiying, drying of RDX and dumping RDX in cans. The
fifth worker was involved in the screening and blending of RDX. When the
operation began at this plant, no mechanical ventilation was provided. Subse-
quently, overhead canopy hoods and an exhaust-ventilated hood were installed.
Exposure among these five workers ranged from one day to six months. Their
ages ranged from 18 to 26 years. Symptomology of RDX intoxication was similar
to that reported above. Either at work, or several hours after returning home,
the workers would have a sudden convulsion or become unconscious without a con-
vulsion. Warning signs were few or non-existent. Some of the patients would
experiencze only short periods of headache, wvertigo, nausea, and emesis. Follow-
ing these symptoms, there was a period of unconsciousness that lasted from
several minutes to 24 hours. TUpon regaining consciousness, the vomiting and
weakness ensued. Examination of the workers showed no abnormal physical
findings except those relating to the CNS; and no changes were found in the
complete blood chemistry test or urine analysis. Treatment was supportive and
recovery without event. Re-exposure of two of the men to RDX resulted in
recurrence of the illness.

3. Effects on Experimental Animals
a. Acute Toxicity

The acute toxicity of RDX has been determined on a variety of
experimental animals by several different methods of administration. Results
of these studies are compiled in Table I-5. 1In view of the other data presented,
the oral LD50 of 500 mg/kg in mice appears to be tooc high.

Care should be exercised in comparing LD50 found in various
studies since this dose has been shown to depend upon the physical form of the
chemical when administered (Schneider, et al. 1976).
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b. Subacute Toxicity

A study to determine the subacute toxic effects of RDX on the
breing of male rats was conducted at the University of Maryland School of
Pharmacy (1975). Preliminary results showed that intraperitoneal injection
of 0.3, 2.5 and 6.5 mg RDX/kg caused a decrease in body weight at 2 weeks,
but that the weight returned to normal levels by six weeks, and continued at
that level through the 12th week. Thus, rats receiving ccntinuous doses of
RDX appeared to develop a tolerance to it during the first three to four weeks.

Blood levels of RDX, 24 hours after dosing, were related to dose
administered and duration of exposure. Alterations in brain enzyme activities
were directly associated with increassed blood levels of RDX (See Table I~4).
However, changes in neurotransmitter levels were not correlated - ich variationms
in enzyme levels. Thus, in addition to producing changes in oxygen uptake and
increases in monoamine oxidase and cholinesterase, subacute exposure to RDX
also increased blood levels of this compound. These changes were dose related.
Rats receiving the lowest dose (0.3 mg/kg/day) showed similar trends of various
biochemical parameters as the highest dose (6.5 mg/kg/day; Table I-4), but the
value of these parameters was proportionately less for the lower dose.

It is unfortunate that the only data available on the neuro-
logical effects of RDX is contained in this study. Discrepancies between data,
tables, graphs and text detract from the credibility of the results,

Litton Bionetics, Incorporated (1974a) conducted a study of
the subacute toxicity of RDX in purebred male and female dogs. These auimals
wvere fed daily doses of 0.1, 1.0 or 10.0 mg/kg for 90 days. No signs of
toxicity occurred other than scattered episodes of vomiting; no changes in

= e e

body weight beyond control fluctuations were found. A variety of hematologicai,

biochemical, and urinalysis tests were carried out in these animals at various
times during the study. Details of these tests are given in Section D.l.e.

In addition to the laboratory procedures, all animals were
necropsied. The following organs were removed and weighed: heart, kidneys,
liver, thyroids, adrenals, spleen and testes with epididymis. 1In additionm,
selected tissues from the control and high dose (10 mg/kg) group were examined
for histopathological changes; these tissues include: brain, thyrcid, lung,
heart, liver, spleen, kidney, adrenal, stomach, small intestine, bone marrow,
and any lesions found. Results of laboratory diagnostic procedures and histo-
pathologic examination revealed no remarkable changes.

Opthalmoscopic examination of the dogs revealed no changes
attributable to RDX. In ths high dose group (10 mg/kg) there was some occur-
rence of increased granularity and mild hyper-reflectivity of the fundus, but
this was not consiuered to be an important indication of toxicity.

The subacute toxicity of RDX was evaluated in rhesus monkeys

using oral administration of 0.1, 1.0 or 10.0 mg BDX/kg/day, seven days a week
for 13 weeks (Litton Bionetics, Incorporated, 1974b). Daily observations were
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made for signe of toxic effects, and laboratory procedures included hematology,
clinical biochemistry, and urinalysis. See Section D.l.e for a detailed
description of these procedures,

Frequent episodes of vomiting were present among animals in
the high dose (10 mg/kg) group. In addition, five out of six animals in this
group displayed CNS disturbance, usually in the form of tonic convulsions.
Other than these disturbances, no other changes of toxicological significance
were noted, and opthalmoscopic examination revealed no effects on the eyes due

to administration of RDX.

In the bone marrow of monkeys given the high level of RDX,
histopathologic examination revealed some increase in the number of degenerate
or necrotic megakaryocytes. Increased amounts of iron-positive material were
also found irn the liver cord cytoplasm. The toxicological significance of
these findings is uncertain at the present time (Litton Bionetics, Incorporated,

1974b).

‘ In studies of subacute toxicity on dogs and rats, von Oettingen
et al. (1949) found that the only consistent change produced as a result of
ingesting RDX was weight loss, convulsions and hyperirritability. Repeated
daily administration to rats of 25, 50 or 100 mg RDX/kg/day for three months
produced mortality of 40 to 86,.6%; feeding of 15 mg/kg did not cause mortality.
Repeated exposure to 25 and 50 mg/kg did not cause changes in the blood counts
or histologies of rats; no hematology or histologic studies were made of the
100 mg/kg group. In dogs fed 50 mg/kg six days a week for six weeks, weight
loss, hyperirritability and convulsions were produced. No changes in blood
chemistry, blood count or histopathology were observed.

Although von Oettingen used a wide ranje of doses for his
feeding studies, and performed relatively complete hematologic and histopatho-
logic profiles on his subjects, it is unfortunate that he chose not to do so
in the highest dose group. OUbservations from this group would have made the

study more complete.

The gross toxicological effects of RDX are expected to be
similar to TAX, due to the similarity of their structures. (See introduction
to Section D.) It is therefore expected that subacute exposure to TAX may
result in vomiting, CNS disturbance and weight loss. TAX is expected to have
a more increased biological activity than RDX, so the severity of these effects

may be increased.
¢. Chronic Toxicity

A detalled study of the effects of feeding RDX to 800 Charles
River Sprague-Dawley rats at the levels of 1.0, 3.1 and 10.0 mg/kg for 2 years
provided no important evidence of toxicity (Hart, 1976). Clinical studies
were performed on 10 female and 10 male animals from each control and each
test group., Hematology (at 13, 26, 52, and 104 weeks) included hematocrit,
hemoglobin, erythrocyte count, total leukocyte count, differential leukocyte
count, and reticulocyte count. Blood chemistry (at 52 and 104 weeks) included

51 1-33

é;

et BRI Nt

e P - T Ty N




T T e AR ey ST S v e o

fasting blood sugar; blood urea nitrogen; total serum protein and bilirubin;
serum sodium, potassium, chloride, glutamic-pyruvic transaminase, alkaline
~nhosphatase, glutamic-oxalacetic transaminase and methemoglobin. Urinalyses,
using pooled samples at 13, 26, 52 and 104 weeks, included pH, specific gravity
glucose, ketones, bilirubin, microscopic examination of sediment and urine
glutamic-oxalacetic transaminase.

At 52 weeks, Lu female and 10 male animals from the control
and each of the three test groups were '"sacrificed" and necropsied. All organs were
preserved in buffered 10%7 formalin, and weights were recorded for liver, kidneys,
thyroids, and adrenals. At 104 weeks, all surviving rats were "sacrificed" and

necropsied.

Histopathological examination of tissue from all animals in
the control and high level group included pituitary, thyroid, heart, liver,
spleen, kidney, adrenal, stomach, pancreas, small and large intestine,
mesenteric lymph node, urinary bladder, testes. ovary, bone marrow, and any
unusual lesions. For the intermediate and low level groups, the liver, kidney,
thyroid and adrenal tissues were examined microscopically. Pathological
examinations were made of the organs of those animals that died during the
course of the study.

Results of this study showed no significant toxicity with
regard to mortality, body weight, food consumption, hematocytology, blood
chemistry, urinalysis, postmortem organ weights, gross necropsy findings,
or histopathology.

This massive study was extremely well planned, executed, and
documented. In addition, a large enough number of animals was tested to
ensure statistical accuracy. Other such studies would do well to follow a
similar format.

d. Teratogenicity and Mutagenicity

No studles on the teratogenic effects of TAX or RDX were found
in the literature.

The Ames bacterial mutagenicity test was performed on Holston
AAP wastewater effluents (Stilwell et al., 1977). A set of five Salmonella:
typhiumurium strains, TA~1535, TA-1537, TA-1538, TA-93 and TA-100, were used.
The histidine deficient variant strains are used to detect frame shift reverse
mutations (TA-1537, 1538, and 98) or base pair substitutions (TA-~1535, and 100).
A dose responge curve ranging from 5 ml to 100 ml of test water was used for
each strain. An index of relative mutagenicity which has test reversions/
control reversions was used. The value of 1.0 indicated no mutagenic activity
with 10 clearly indicating mutagenic activity. The highest wastewater index
was 2.07 and was attributed to chance variation. Therefore, Stilwell et al.
(1977) found no mutagenic properties in Holston AAP effluents.
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e. Carcinogenicity

No evidence of any carcinogenic potential was uncovered in
any of the toxicological studies with RDX,

£f. Behavior-Symptomology

RDX and presumably TAX intoxication in humans results in a
variety of symptoms all of which are associated with central nervous system
injury. These symptoms include confusion, hyperirritability, convulsions,
unconsciousness, prolonged mental confusion and amnegsia. Convulsions usually
occur several hours after the intoxication. Experimental animals receiving
acute or chronic doses of RDX exhibit the same general symptoms. In rats and
dogs, convulsions tend to occur soon after dosing. However, minlature swine
behave more like humans in that convulsions do not occur until many hours
after dosage (Schneider et al., 1976). Although no correlations were found
comparing RDX to TAX, it is assumed that TAX will also cause cencral nervous

system injury, due to the similarity.
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E. Environmental Effects

1. Entry into the Environment

The only source of entry of TAX into the environment in the United
States is in the wastewaters from the RDX/HMX production at Holston AAP.
These wastewaters currently flow either directly or individually into the
Holston River., TAX is discharged mainly from the dewatering and incorporation
steps. Average concentration of TAX in the effleunt streams at N-. and N-6
are 4.8 and 2.6 mg/l (see Section C.2. for details). TAX concentrations in
these gtreams range from 60 to 90% of the RDX concentration. Based on the
1977 sampling and analysis, up to 1.3 to 1.9 million 1lb/year of TAX could be
discharged from Holston AAP under full mobilization operationmns.

2. Behavior in Soil and Water
a. Transport and Accumulation

The movement of TAX in the environment has not been reported.
Until a data base is developed; predicting the fate of TAX must be done from
available information on RDX.

Sikka et al. (1978) reported the solubility of RDX in water at
20°C to be 42.3 ppm. TAX, with the substitution of an acetyl group for a nitro
group, should have a slightly higher solubility.

Sikka et al. (1978) measured the adsorption of RDX on three
sediment types. As shown in Table I-6, RDX has low partition coefficients
for adsorption onto sediments. Even with low adsorption, levels of RDX in the
sediments reached a steady-state concentration, between 30-40 ppm in the
organic and clay sediments. Sikka et al. (1978) used a 1:100 adsorbant:
solution ratio. However, the EPA (Federal Register, 1979b) recommends a 1:5
ratio. Increasing the amount of sediment could increase the adsorption values
for RDX onto the sediment.

Sullivan et al. (1977) found the average level of RDX in the
combined effluents of Holstou AAP to be 3.95 ppm. The highest RDX levels
found in the Holston river water was 70 ppb. They also analyzed the sediment
in the Holston River for RDX, but did not find the compound over the
detection limit of 0.2 ppm. Sikka et al. (1978) in laboratory studies on
sediments, found that 30-40 ppm was a steady-state concentration. RDX and TAX

concentrations in the sediments of the Holston River should be in the ppm range.

The absence of RDX, and probably TAX in the sediment of the
Holston River near Holston AAP is probably due to scouring of the sediment
(Sullivan et al., 1977). This scouring occurs because of the wide fluctuation
of water levels in the river due to Ft. Patrick Henry Dam. As shown in Figure
I-2, the water levels in the Holston River vary by 10 fold daily. Thus, any
chemicals which accumulate in the sediment near Holston AAP are rapidly
washed down river when the dam gates are open.
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Figure I1-2. Streamflow Data for the Holston River and Tributaries
at Kingsport. June, 1975 Sampling Trip. (Sullivan et al., 1977)
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Table I-6. Adsorption of RDX by Sediments
(Sikka et al., 1978)

Partition
Sediment Coefficient (Kp)
Organic Muck 4.15
Clay Loanm 3.06
Sandy Loam 0.80
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b. Degradation

Sikka et al. (1978) studied the photolysis of RDX exposed to
UV light around 230 um. The tests were apparently conducted in distilled or
tap water. The results indicated, Table I-7, that RDX was substantially
degraded within five hours. Also nitrite and nitrate concentraticns increased
during the irradiation. In sunlight, the photolysis of RDX procedes at a much
slower rate. The data, in Table I-8, indicaze that RDX is removed from
the solution at a rate between .l1l-.27 ppm/hr. However, Spanggord et al. (1979)
studied the photolysis of RDX and TNT together and found that rate of reduction
of RDX was reduced approximately five times to .03 ppm/hr.

However, the removal of RDX or TAX in the environment through
photolysis is doubtful. Wetzel (1975) stated that while distilled water
absorbs small amounts of UV light, low concentrations of dissolved organic
compounds absorb large amounts of the UV light. The data in Table I-9 indicate
an almost total adsorbtion of UV, blue and green wavelengths in lal :s with high
dissolved organic levels. Sullivan et al. (1977) reported total organic carbon
levels in the Holston River ranged from 3-330 mg of carben/l. Total dissolved
solids ranged from 62-576 mg/l in the river. The RDX or TAX present in the
water would have to compete with other dissolved organic compounds for the UV
light. 1In addition, within a water depth of 1 meter essentially all of the UV
light would probably be absorbed.

The bvdrolysis of RDX has been found to be a slow process.
Sikka et al. (1978) found no hydrolysis of RDX under acidic conditions, over a
1l2-day period. However, they found 277 of the RDX was hydrolyzed under basic
conditions (Table I-10). The hydrolysis of TAX, because of the acetyl group,
should be less complete than RDX or HMX.

The lcss of RDX due to volatilization in the environment was
estimated to not be a major factor in the fate of this compound (Spanggord
et al., 1979). Because TAX and RDX are solids at 20°C and have high boilling
points, it is likely that the volatilization of TAX is also low.

it
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c. Background Concentrations

Background c¢oncentrations of TAX in natural areas are non-
existent.

3. Biodegradation and Bioconcentration

e e s e

a. Biodegradation

No data 1s available in the literature on the degradation of
TAX. However, the replacement of a nitro group by an acetyl group should
render the molecule more susceptible to degradation by microorganisms. Osmon
and Klausmeier (1973) tried tc isolate organisms capable of using RDX as the
sole source of carbon. They found organisms capable of growing on a complex
media saturated with DX, but no breakdown of RDX was observed.
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i Table I-7. Photolysis of RDX
3 (Sikka et al., 1978)
[}
Minutes of 5 RDX _ _ 5 _
Irradiation RDX x 10°M PpD (NOZ) x 10°M (NO3) x 10°M (NO,)/ (RDX)
0 12.0 26.6 0.093 2.1
90 11.0 24.4 2.3 3.6 0.45
135 10.0 22.2 3.5 5.8 0.59
< 195 8.3 18.4 4.3 5.8 0.88
’ 225 7.2 16.0 4.6 5.5 1.1
F 275 6.6 14.7 5.3 5.4 1.0

Table I-8, Photolysis of RDX by Natural Sunlight

Hours of RDX levels RDX Removal/
Ixradiatioan {(ppm) hour Reference -
3.82 - Sikka et al. (1978) ;
3.89 - " ;
2.3 3.22 .27 " i
4.3 3.01 .20 " 3
6.8 2.70 .17 " ;
0 b4 - Spanggord et al. (1979) é
72 36 A1 " i
120 27 .14 " !
168 21 14 " ]
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3 Table I-9, Percentile Absorption of Light of Different Wavelengths by One
’ Meter of Lake Water, Settled of Particulate Matter, of Several
! Wisconsin Lakes of Progressively Greater Concentrations of

i\ Organic Color (Wetzel, 1975)

%E Wavelength Distilled Crystal Lake Alelaide Mary Helmet
;' (nm) Water Lake Mendota Lake Lake Lake i
; 800 88.9 89.9 90.5 92.4 91.7 93.2
| 780 90.2 91.3 91.9 93.5 93.0 94.5
760 91.4 93.5 92.6 94.5 94.8 96.0
740 88.5 89.3 91.5 92.7 93.0 96.2
720 64.5 67.6 71.0 78.0 78.0 86.9
700 45.0 50,4 49.7 66.3 70.7 82.5
685 38.0 45.2 42.2 65.7 71.7 86.6
| 668 33,0 40.3 36.8 65.0 72.3 88.0
| 648 28.0 37.0 31.9 64.5 75.2 91.2
E 630 25.0 34.4 28.9 65.8 77.8 94.0
| 612.5 22,4 32.1 26.3 66.8 80.3 96.0 .
597 1/.8 27.5 22.5 67.0 83.2 97.6 3
584 5.8 22.0 17.6 67.1 85.7 98.2 :
568.5 6.0 19.3 14.0 67.6 88.5 98.6 |
546 4.0 19.2 13.5 70.9 91.6 99.3 ?
525 3.0 19.8 14.1 74.5 94.8 * !
504 1.1 20.7 15.2 81.0 97.4 * §
473 1.5 21.7 21.7 88.6 99.4 * ]
448 1.7 23.8 27.8 92.2 * * %
435.9 1.7 24.4 31.0 95.2 * * i
407.8 2.1 28.1 44,3 99.0 * * 3
365 3.6 40.0 80.0 * * * i
: 1
Color Scale 0 0 6 28 101 264 3
(Pt units) E
p

*not measured
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i Table I~-10. Hydrolysis of RDX at pH 9.07 at 31°C
€ (Sikka et al., 1978)
a - 6 - 5 *
{ Days % Hydrolysis (NO, x 10°M (N03) x 10°M g
0 0 3.3 -
3 4.1 4.0 5.2
5 6.4 4.7 4,5
7 9.2 5.6 -
1l 16.7 9.2 -
14 22.5 10.5 2.7 ‘
18 25&4 11.9 -
21 27.0 13.0 3.8
2 Based on EDX.
|
|
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Kaplan (1979) observed disappearance of lAC labelled RDX from
anaerobically incubated cultures inoculated with activated =ludge. 1,3,5-
trinitroso~hexahydro~l,3,5~triazine was identified as the reduction product.
No disappearance of 14c_RDX was found in aerobically incubated cultures.
Sikka et al. (1978) studied the microbial degradation of RDX. Water collected
near an RDX waste outfall (lines 1-5) was spiked with RDX or with RDX and
sediment., Results Indicate an Vv20-day lag time before degradation initiated.
Very little degradation was observed in samples without sediment. In samples
containing sediment, nearly 80% of the RDX had disappeared within two weeks
after degradation commenced (Sikka et al., 1978).

It is expected that TAX will also be degraded by microorganisms
in the environment. However, the extent to which the degradation will occur
is not known.

b. Bioconcentration

The octanol-water partition coefficient (P) for TAX was
calculated using the procedure outlined by Leo et al. (1971). Data for RDX
were employed as the basis for calculating P for TAX. Octanol-water partition
coefficients for RDX were obtained experimentally in Atlantic Research
Corporation's laboratories and from bioconcentration factors (BCF) presented
by Bentley et al. (1977). Experimental determination or P for RDX was made
using the procedures outlined by EPA (Federal Register, 1979b). Solutions
were maintained at 25°C. RDX analysis was carried out by high pressure liquid ;
chromatography using a C38 u-Bondapak column and a 30% methanol:707% water i
carrier phase. P for RDX was found to be 6.05. P for RDX was estimated from
BCF presented by Bentley et al. (1977) using the following equation recommended
by EPA (Federal Register, 1979a):

log BCF = 0.76 log P - 0.23

Using this equation and Bentley's experimental data, P for RDX was calculated
to be between 5 and 41.

Calculations employed in determining P for TAX are presented
in Table I-11. These calculations were performed using nitrobenzene and
dinitrobenzene substitution data. Although this analogy is not strictly
valid, the results should be reasonably close to the actual values. Estimates
of the P and BCF for TAX are presented in Table I-12. Based on the data, TAX
is not likely to bioconcentrate in aquatic organisms.

I-44
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Table I-11. Calculation of log P for TAX

Method {#1
NO HO
N : NO2 NO2 \ 2
/
H2C \CHZ / HZ'( ~ CHZ
| J ) l 3 ] ) | | C-CH
OZN/N\‘c’/ “HO2 A c-cu3 NOo 02N’N\\c-/’N-|- 3
£ | 0
2 Ha
RDX UTAX!
log P of RDX +log P of bracketed chemicals***= Estimated log P of TAX
L70%% 4 [1.58 - 1.85] = .43
1.61%% <+ [1.58 -~ 1.85] - 1.34
Method #2
102 NO2
N\ /N
HaC ™ CHy . = " \\ICHZ
“NO Il ' N N-C-CH
OZN’N\?/ 2 C-CH3 NOZ 02N \C/ g 3
Ha &2
RDX NTAX!
iog P of RDX +1log P of bracketed chemicals***a Estimated log P of TaX
L78%  + [1.42 - 1.49] = .71
J70%% 4+ f1.42 - 1.49] = .63
1.61%% 4+ [1.42 - 1.49] = 1.54

*Atlantic Research Corporation, 1979 .
**Bentley et al. (1977) calculated from BCF
**%1og P values from Fujica et al., (1964); techrique, Leo et al. (1971).
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i Table I-12, Biosconcentration Factor (BCF) and Octanol-Water
Partition Coefficients (P) for RDX and TAX

RDX RDX Estimated TAX Ranges
P BCF P BCF
411 10.03 21.9 - 35,0 | 6.1 - 8.7
51 3.23 2.7 - 4.3 | 1,3-1.8
6.052 2.3t 3.2 - 5.1 | 1.4 - 2.1
i

lcalculated from log BCF = .76 log P - 0.23
(Federal Register, 1979a)

2Atlantic Research Corporatiom, 1979
3Bentley et al. (1977)




mwﬂl B o P
S o . e 1 reeree e

o

4. Effects on Animals

a., Mammals

There is no information on the effects of TAX on mammals in the
environment. The available information of the effects of RDX on experimental
animals was presented in Section D.3.

b. Birds
No information on the effects of RDX or TAX was found in the
literature.
c. Fish

Stilwell et al. {(1977) tested the toxicity of Holston AAP
effluents to the fathead minnow (Pimephales promelas). RDX levels in the area
A effluents ranged from 0.43 - 1.90 ppm. Estimated TAX levels range from
0.3 - 1.7 ppm. Although area A wastewater was acutely toxic, RDX levels did

not correlate with the toxicity data.

No aquatic toxicity data on TAX are available in the literature.
However, Bentley et al. (1977) conducted an aquatic toxicity study on RDX.
The data generated on RDX should be applicable to TAX aquatic toxicity.

Toxicity tests were conducted on 4 species of fish to determine
the 24 hr, 48 hr and 96 hr LD50's (Bentley et al., 1977). The data are presented
in Table I-13. Bentley et al. (1977) found the channel catfish to be the most
sensitive with a 96-hour LC50 of 4.1 ppm. In a second experiment to determine
the effects of water parameters on RDX toxicity, the water, pH, temperature
and hardness were varied in the following manner:

pH 6.0 7.0 8.0
Temperature 15 20 25
Hardness 35 100 250

However, the toxicity of RDX to the bluegill (Lepomis macrochirug) was not
significantly changed. A study was undertaken to determine the sensitivity
of the eggs and post~hatch fry of the fathead minnow to RDX (Bentley et al.,
1977). As shown in Table I-14, the 7-day post-hatch stage was the most
sensitive group with a 96-hour LC50 of 3.8 ppm.

The effects of continuous RDX exposure of the hatch, survival
and length of fathead minnows are presented in Table I-~15. At these
concentrations, RDX did not significantly effect hatch or survival. Significant
differences in mean lengths were reported. However, the statistical analysis
of the daca is questionable. Bentley et al. (1977) reported e significant
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Table I-15.

Meun rercentage Hatch, Mean Percentage Survival and Total
Length of Fathead Minnow (Pimephales promelas)
Continuously Exposed to RDX.

—

30 days

Measured
Concentration Mean hatch survival total length
(mg/1) (%) (%) (mm)
5.8 A 78 87.5 17 + 32
B 66 85 17 + 3
3.0 64 82.5 184 3
B 69 87.5 18 + 3
1.2 A 71 92.5 19 + 3
B 78 92.5 19 + 3
0.76 A 69 67.5 19 + 4
B 59 70 20 + 3 i
i
0.26 79 100 19 +3 §
B 56 80 19 + 3 Z
control A 63 95 18 + j
B 75 85 19 + §
- 3
solvent A 80 92.5 19 + 3 j
control B 68 100 19 + 3 e

%F=11.8, F=0.05, (6,6)=4.28; d'=1,01

bl L .
m;u.-ahn‘m-..c;.imm %
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difference (95%) in mean total length at 5.8 ppm. Sullivan et al. (1979),
analyzing Bentley's results reported a significant difference (95%) in mean
length at 3.0 ppm. Both groups statistically analyzed only means. The
correct method would be to use a completely randomized block design (Anderson
and McLean, 1974) in which three or four minnow lengths would be selected at
random from each group. An ANOVA table would then be set-up with fish

length versus RDX levels. This method would give a better estimate of fish
length variation within each group and would be the correct statistical test.
However, judging from the length standard deviations u. significant diff-
erences would be determined for minnow length.

Continuous exposure chronic RDX tests were conducted on fathead
minnows (Bentley et al., 1977). Results of these tests are presented in
Table I-16. Survival was reduced at RDX levels of 6.3 ppm. For 30 and 60
days no significant effects on the hatchability, survival or length of the
minnows were found at RDX levels of 3.0 ppm or less. As shown in Table I-17
no significant differences in survival time or weight at RDX levels of
6.3 ppm or less were apparent in the second generation.

The data on the bioconcentration of RDX in fish are presented
in Table 1I-18. RDX has a bioconcentration factor (BCF) in steady state
ranging from 3.2 - 10.0 in fish tissue. The highest concentrations of RDX
were found in the viscera. This observation correlates with RDX tissue con-
centrations observed in mammals. In mammals the liver and kidneys had the
highest concentrations of RDX. As shown in Figure I-3, RDX levels in the
water and fish muscle track each other with about 4 day delay in fish tissue
concentration. During depuration, RDX tissue levels are reduced to O in
approximately 14 days in water containing no RDX.

A maximum safe concentration of RDX in freshwater for protection
of aquatic life was calculated from aquatic toxicity data by Sullivan et al.
(1979). A 24-~hour average safe value for RDX in freshwater should not exceed
0.30 ppm. TAX should have limits similar to this.

d. Amphibians

No information is available in the literature on the toxicity
effects of RDX or TAX.

e, Invertebrates

No data are available on the toxicity of TAX to invertebrates.
However, RDX should have a similar toxicity to invertebrates. Aquatic
invertebrates are tolerant to RDX levels. The LC50's for RDX, Table I-19,
are gregter than 100 ppm. A chronic RDX toxicity study was conducted on
Daphnia magna. The results of the study are presented in Table I-20. The
survival of Daphnia was not effected at 20 ppm.
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S

Rt e AT M R




1-52

! TA9T %56 9Yd IE IUEOTITUSTSY

9762 001 %30T 001 6 g
£30€ 6 €71 6 L6 v Toajuod
N £3TE €6 £70C £6 26 g T[oijuod
: ¢¥2¢ G6 €3¢ €6 6 v 1uaafos
¥F0€ 86 . eFTIT 86 6 g
€3T1E 06 I %3 ¢4 06 L6 Vv €90
¥3TE 001 €307 001 76 q :
93TIE 06 €317 06 26 YV 8L°0
GFIE 6 €312 6 L6 q o
1A €6 €312 £6 6 vV 61 ~
$30E €6 £3702 86 00T q !
670¢€ 86 %702 86 L6 Vv o0°¢
Z7E€ ST ZFIT 8z £6 g
97€€ ¥ST €322 ¥S2 6 vV €9 ]
|
_ () 63 (o) 69 ¢3) (1/3um) ;
; yidua TEIOL 1eAFAINg y3jsSua TeI0L TBATAINS yorey uoFIeIIUIDU0Y
W skeq 09 skeq 0¢

*(LL6T °1pv 32 L9T3ulg) XM 03 aansodxy sSnoOnNuyIuo)
gupang (epqowoud saqvydswld) SMOUUTH PESYIEJ UOTIBIIUIY) ISIFH U0 §39933d °*9T-1I 9TqEL




B

k
e
]
{
a Table I-17. Survival and Growth of Second Generation (Fy) Fathead
3 Minnows After 30 Days Continuous Exposure to RDX.
‘ (Bentley et al, 1977).
3
: Measured
‘ ) Cconcentration Survival Total Length (mm) Wet Weilght
: (mg/1) % Mean % S.D. (g)
! -
E 6.3 85 2% %2 0.115
;b B 98 23 +3 0.092
i
g 3.0 A 88 23 + 0.126
: B 93 23 & 0.109
i
r 1.5 A 83 23 ¢ 0.119
B 73 24 % 0.141
| 0.78 A 75 2 0.133
| B 78 25 £ 3 0.141
- 043 A 90 2% t 2 0.105
§ B 90 2%t 2 0.119
! solvent A 75 23 ¢ 2 0.110
i control B 95 2% & 2 0.118
control A 68 23 £ 2 0.112
s B 85 22 + 2 0.091
3
z
¥
i
7i
(‘.‘_
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Table I-19. Acute Toxicity of RDX to Aquatic Invertebrates
in Static Toxicity Tests (Bentley et al., 1977)

Water Parameters

Hardness
Hours of Exposure Temperature (ppwr as
Species . 24 48 pH (°C) CaC0,)
 Water flea
(Daphnia magna) >100 >100 7.1 201 35
Scud .
(Garmarus fasciatus) >100 >100 " " "
Sowbug o » %
(Asellug militaris) >100 >100 " " n 3
. Midge larvag":,:.m_". .
__ (Chironomus tentans >100 >100 " " " 3

|
i
|
3
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Table I-20. Week.,y Mean (Standard Deviation) Percent Survival
of the Water Flea (Daphnia magna) Exposed to RDX
(Bentley et al., 1977)

Measured Mean Percent Survival*

Corcentratica Generation 1 Generation 2
(mg/1) day/7 14 21 28 35 42

control 79(11) 78(12) 78(12) 82(13) 76(20) 76(20)
1.4 77(26) 78(26) 78(26) 86(14) 58(31) 58(28)
2.2 81(22) 81(22) 75(30) 92(9) 68(32) 62(35)
4.8 95(7) 76(35) 72(35) 91(12) 82(16) 74(22)
9.5 81(15) 80(15) 71(13) 92(15) 70(34) 69 (34)
20 90(12) 86(11) 71(21) 95(10) 91(8) 90(8)

* Each survival value represents the mean of 4 replicate treatment vessels.
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In a continucus exposure study, Bentley et al.(1977) determined
the effect of RDX on midge larvae, pupae and adult survival and percent
emergence. The most sensitive phase appears to be the larvae {see Table I-21).
Survival of midge larvae was significantly reduced at RDX levels of 1.3 ppm.
However the data from the ¢tudy are inconsistent and the results do not appear
to be dose related. Thererore in order to place any confidence in the data,
the study should be repeated.

Biloconcentration of RDX by aquatic invertebrates was determined
by Liu and Bailey (1977). Their results are presented in Table 1I-22. The
bioconcentration factors are low. However, the data were not collected at

steady state and are questionable.

f. Microorganisms

No information is available on the toxicity of TAX tov microorgan-
isms. Osmon and Klausmeier (1973) indicated that microorganisms could grow
on complex media saturated with RDX,

5. Effects3 on Plants
a. Phytotoxicity

No information is available on the toxicity of TAX to plants.
However, RDX should have a similar toxicity. The data in Table I-23 show
the change in cell density versus RDX levels for four species of algae.
Selenastrum capricornutum was the most sensitive specie tested, with a 29%
reduction in cell density (Bentley et al., 1977). Sullivan et al. (1979)
statistically determined, using a one~-way ANOVA, that the cell density
reduction in S. capricormutum was significant at the 95% level. No effect
levels of RDX using cell density were (Sullivan et al., 1979):

Mierocystis aeruginosa 10 ppm

Anabaena flos-aquae .32 ppm

Selenogtrum capricornutum  <.32 ppm

Navicula pelliculosa 3.2 ppm
The chlorophyll content of algae, Table I-24, was also reduced when the algae
were .xposed to RDX., Sullivan et gl. (1979) staristically determined the
significance of thz reduction in chlorophyll levels. Using a one-way ANOVA

they found the reductions in chlcrophyll were only significant for the algae
S. capricormutwn at RDX levels of 0.32 ppm.
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é Table I-21. Mean (Standard Deviation) Percent Survival of the
{ Midges (Chironomus tentans) Larvae?, Pupaeb . Adultsb
: and Percent Emergence of AdultsP After Continuous
Exposure to RDX (Bentley et al., 1977)
1
1 Measured
Concentration Percent Survival® Percent
(mg/1) Larvae Pupae Adults Emergence®
Control 52(18) 89(9) 85(8) 92(9)
1,3d 30(22) * 72(23) 33(2)* 100(0)
2.2 36(4)* 95(4) 70(21) 50(10)*
4.0d 25(11) * 87(4) 53(33)* 92(7)
104 38{7)* 90(8) 78(12) $2(10)
21 38(12)* 89(11) 67(13) 77(33)
8Larvae survivai determined after 19 days of exposure.
bPupae and adult survival and percent emergence Jdetermined after 34 days
of exposure.
CEach value reprusents the mean of four replicates.
dsecond generation exposure initiated with control eggs.
*Significant at the 95% level.
‘i )
E
. % ‘
é
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Table I-22.

Bioconceutration of RDX in Aquatic Invertebrates

Levels of RDX (mg/kg) Bioconcentration

Organism Water Tissue Factor Reference
Water Flea 0.31 0.52 1.7 Liu and

(Daphnia magna) : Bailey (1977)
Oligochaete 0.31 0.94 3.0 "

(Lumbculus

vartegatug)
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b. Biocaccumulation

Liu and Bailey (1977) found that the algae had a bioaccumulation

1

factor of 108 for RDX. However, this was not at a steady state level., If the

bicaccumulation of TAX parallels that of RDX, the concentration of TAX by aquatic

plants should be low.

c. Degradation
No information is available on the degradation of TAX or RDX

by plants.

i,
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F. Regulations and Standards

There are no regulations or standards for TAX in the United States.
Bentley et al. (1977) and Sullivan et al. (1977) calculated water quality

criterion for RDX exposure to aquatic organisms., Using a 0.0l application
! % factor, Bentley et al. (1977) calculated a 0.35 ppm criterion.

ppspwp——" P S

; Using the method described by EPA (Federal Register, 1979a), Sullivan
N et al. (1979) calculated a maximum allowable concentration of 1.0 ppm and
: a 0.3 ppm 24-hour average concentraticn.
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G. Evaluation and Comments

Very little information exists on TAX. Although it is likely that this
compound behaves like RDX in the environment, no data are available to
support this assumption. RDX is moderately toxic to mammals and aquatic
organisms. 1LD50's for mammals range from 18 to 300 mg/kg depending on the
route of administration and the physical form of the RDX. The LC50's for
fish are in the 4 to 6.5 ppm range. Aquatic invertebrates vary in their
sensitivity to RDX. The midge is reported sensitive to concentrations above
1.3 ppm whereas Daphnia magna can tolerate concentrations of 20 ppm RDX with

no apparent effects.

TAX is estimated to be present in the effluents of Holston AAP at 60 -
90% of the RDX levels. At full mobilization over 1 million 1lb of TAX per
year would be released into the Holston River. Thus TAX could be a major
pollution problem at Holston AAP.

Because so little information is known about TAX, the following studies
are recommended in order to fill in the information gaps.

- Laboratory studies should be conducted to further define the
solubility properties and aqueous chemistry of TAX. Thes~
studies should include solubility determination of TAX in
aqueous medium under different pH conditions. Reactivity ¢ d
potential decomposition of TAX as a function of pH and anions
should also be determined. The aqueous solubility and reactivity
of TAX in the presence of small amounts of organics such as
acetone, cyclohexancne and formaldehyde also requires further

study.

~ Further sampling and analysis of Holston AAP effluents, the
Holston River and river sediment are needed to verify
existing data. However, before these studies are undertaken,
the extraction and analytical methodology requires further
investigation. This investigation should determine the
optimum methods for sample storage, extraction and analysis in
order that repeatable and reliable data may be obtained.
Reliable analytical standards should also be prepared.

- No toxicological data exists for TAX. Therefore, the following
studies are recommended:

1. Acute mammalian studies should be conducted
including i.v. injection of a TAX/DMSO solution
in mice for comparison with RDX. An oral feeding
study with mice or rats should also be undertaken.
If these studies show that TAX is highly toxic,
chronic toxicological studies may be warranted.

85 1-67
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2. Acute and chronic aquatic toxicity studies
should be conducted with species of fisli and
invertebrates found in the Holston River.

3. Bioaccumulation and biodegradation studies with
TAX in ajuatic organisms and microorganisms
should be conducted. These studies will help
determine the environmental fate of and
potential hazards from this compound.
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SUMMARY

SEX (l-acetyloctahydro-3,5,7-trinitro~1,3,5,7-tetrazocine) is a

by-product of RDX/HMX manufacture. The only current United States manufacturer

of RDX and HMX is Holston Army Ammunition Plant, located in Kingsport,
Tennecsee. SEX is present in the wastewaters from Holston AAP at levels
ranging from 50 to 90% of the HMX content. Current estimated discharges

of this compound are between 14,000 and 23,000 1b/yeax. At full mobilization

production of RDX and HMX, estimates of the quantity of SEX that would be
discharged are between 0.4 and 0.8 million lb/year.

Only limited infcrmation is available on the physical and chemical
propertiee of SEX. No information is available on the toxicological or
environmental properties of this compound. Thus, the toxicological or
environmental hazazrds of this compound must be inferred from the available
information on HMX. HMX has aun i.v. LD50 of 28.2 mg/kg to guinea pigs and

0

"
a low toxicity to aquatic organisms. The presence of the N-C-CH3 group
in SEX is expected to increase its biological activity. However, the
extent to which the presence of this functional group will alter the
toxicological properties of SEX over those of HMX is not predictable.

In view of the limited information available on SEX, the following
studies are recomme.ded in order to f£ill in information gaps:

further definition of solubility limits and reactivity of
SEX in aquecns solutions

additional sampling and analysis at Holston AAP to verify
previcus data

an acute mammalian toxicological study
~ acute and chronic aquatic toxicological studies

- bioaccumulation and | iodegradation studies

I11-3
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FOREWORD

A. Study Goals

This report presents the results of an evaluation of the availabie
information on he xicological and environmental hazards of SEX (l-acetyl- ¢
octahydro-3,5,7-r.initro-1,3,5,7-tetrazocine). SEX is a by-product of RDX
and HMX manufacture at Holston AAP. This compound is found in the waste~
waters from the manufacturing process. Holston AAP ig the only source from g
vhich entry of SEX into the environment occurs in the United States. This :
evaluation vof the toxicological and environmental hazard of SEX was under- »
taken in order to aid the Army in identification of research needs aud in i
recommendations of environmental criteria for this compound.

A TN NN

B, Study Methodolongy

The methodology utilized to gather informution fur this report in-
cluded a detailed search of the literature and numerous personal cortacts.
During the literature search, the following sources were reviewedi for
pertinent information on SEX:

- Chemical ibstracte 1940 - present
- Biological Abstracts 1950 - present
- Excerpta Med{.a 1950 - present
- TOXLINE 1965 - present
- NatZonal Technica: Informstion Service 1964 - present
« Defense Documentaticn ".suter 1953 - prese.t
- COMETNDEX 1970 - present ]

The search of the literature reveale¢ very littie information on SEX.

. Personal contacts werc made with Arsy iwsunition Plant personnel and
Army and civilian researchere. The speciti« cunrgcts made and results are
presenced below: 3

1. Manufacturers of HMX

a. Holston AAP Personal Contacts ]

Mr. Harold Shell and Caprain Morris were corr4- red October 2,
1978, for infoimation on SEX. They reported nou toxicologici. <a-a »¢ observed 3

{ health effects. On January 17, 1979, a trip was made to Holstowr ss7 The
meeting was held with Mr. Bob Hash, Mr. Sam Wright and Mr. Buck Psoger: Rof-

i erences on the chemical properties of SEX were received and we were i-ic -f
; recent research on SEX. r. Bob Hash indicated that some recent effli.er: <a'a ;
L ou SEX had been collected. On January 18, 197¢ a letter was writtem t- =r

RS S

adhlad.

g Mike Mills requesting the effluent data and other information. The avaiia- -

P information was received February 26, 1979.

: II-5
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b. Foreign

Only one manufacturer of HMX was listed in the 1978 SRI
Chemical Producers Directory of Western Europe. In Belgium PREsa was

contacted and supplied us with references of toxicological studies concerning
RDX and HMX.

2. Other 3ources

Dr. Jay Abercrombie of the U.S. Army Chemical Systems Laboratory,
Aberdeen Proving Ground, Md. was contacted September 12, 1978, He reported
no informatiou on SEX. Mr. J. Gareth Pearson of AMRDC, Fort Detrick, Md.
was visited ir September 1978, He had no toxicity data on SEX.
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II. SEX (l-acetyloctahydro-3,5,7-trinitro-1,3,5,7-tetrazocine)

A. Alternate Names

SEX (l-acetyloctahydro-3,5,7-trinitro-1,3,5,7-tetrazocine) is a by~
product of the RDX/HMX manufacturing process at Holston Army Ammunition Plant
(AAP). This compound is formed during the nitrolysis of hexamine in acetic
acid/acetic anhydride and is found in the wastewaters discharged from Holston
AAP.

SEX has a molecular formula of CgHjjN707 and molecular weight of 293.2.
SEX has the following molecular structure:

E'Cﬂs
—_C
HZ ’NOZ
OZN- Hz
Hz NO

Pertinent alternate names for SEX are listed below:

CAS Registry No.: 13980-~00-02

CA Name (9CI): 1,3,5,7~tetrazocine,
l-acetyloctahydro-3,5,7-
trinitro

Wiswesser Line Notation: T8NC1 CNNW ENNW GNNWTJ

Synonyms: SEX; 1-scetyl-3,5,7-
trinitro-1,3,5,7~
tetrazocyclooctane
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B. Physical and Chemical Properties

1. Physical Properties

i Available physical properties of SEX are listed in Table I-1. The
UV and infrared spectra of SEX are shown in Figures II-1 and II-2.

2. Chemical Properties

a. General Chemistry

SEX has been syathesized from hexamine as well as from soma
hexarine derivatives by reactions related to its occurrence as a by-product
in the Bachmann synthesis of RD¥. If hexamine 18 treated with nitric acid,
acetic anhydride, and ammonium nitrate, RDX is formed. Upon neutralizationm,
a 7.5% yield of SEX is also obtained (Aristoff et al., 1949).

Y
TNy Rox

N
Ac20 N~

rsziZEEy —-iﬁﬁﬁa-e> /J + HMX

L 3 oaN TAY

HN03 N\NOZ

SEX can be prepared by treatment of 1,5-methylene-3,7-dinitro-1,3,5,7-
tetrazocyclooctane with nitrosyl chloride and acetic anhydride which,
upon hydrolysis, gives l-acetyl-3,7-dinitro-5-nitroso-1,3,5,7-
tetrazocyclooctane. This compound can be converted to SEX by

treatment with hydrogen peroxide and nitric acid or by nitric acid aloae

(Bachmann and Deno, 1951). ;
NOZ NO
|

(nyYoc! |2 No2 4
Aff:—- <20y O -—-jy'g‘CH 229215593+>02N\“r”N -8 cH !
-C- 1
2)H 3 3
'~\\‘d// (2) 20 ~ or HN03 N 3 3
NO, NO, NO, ;
1,5-diacetyl-3,7-dinitro-1,3,5,7-tetrazocyclooctane can also be converted to f
SEX upon treatment with 95% nitric acid. ;
N2 02 3
Q i
-t &y HNO3(95% . 9 ]
H3C-C 8 CHy 5%) 0214; -E-chy t
. | J 3
- NO2 NO, s
101 %
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Table II-1.

Physical Form @ 20°C:
Color:

Melting Point:
Volatility:

Vapor Pressure:
Specific Gravity:

Solubility:

(no specific number available,
in general slightly more
soluble than HMX)

Octanol-Water Partition
Coefficient:

X-ray Diffraction Spacings
and Intensities:

NMR spectrum has singlet
resonances at:

Physical Properties of SEX*

solid

cream
224.2 - 224.7°C
no data available
no data available
no data available

water - socluble in ppm level

slightly soluble in pyridine, acetone
and nitromethane

almost insoluble in ethanol, acetic
acid and ethyl ether

No data available

6.95(s-), 6.62(8~), 6.08(vvE-), 4.74(vs),
4,44 (mb), 4.01(vs), 3.71(f-), 3.54(s-),
3.44(n), 3.30(m), 3.18(m), 3.02(m),
2.92(n4), 2.73(f), 2.63(f), 2.54(vi+),
2.46(f), 2.41(f), 2.33(f), 2.26(f+)
2.22(f+), 2.10(vvE=), 2.03(f+), 1.98(vE+),
1.92(vf), 1.84(f), 1.82(f), 1.76(f-)
1.72(£~), 1.66(f-), 1.59(vvf), 1.53(vE-)
1.48(vvE), 1.44(vE-), 1.41(vvE+), 1.38(vvE),
1.35(vvE), 1.31(vvf), 1.28(vvf).

(s = strong, m = medium, £ = faint, v = very)

2.24 ppm(3H,CH3), 5.58(4H,CHy) and
5.98 ppm(4H,CHg)

*Aristoff et al., 1949; Soldate and Noyes, 1947; Solomon et al., 1973; Holston

Defense Corporation, 1979.
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Figura II-1. Ultraviolet Spectrum of SEX (Schroeder et al., 1951)
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i SEX, like other nitramines, is subpject to electrophilic sub-
. stitution reactions. Treatment of SEX with 98% nitric acid yields HMX
P (Axistoff et al., 1949).

o NO2 NO2
7\ 9
othi \\;::)N-E-cug HiNO3(98%) 0222{:~’ -NO,
N
&02 *02
(
f The nitrogen-nitrogen bonds are also very labile due to the
resonance accumulation of negative charge at the ring nitrogens (Stals, 1969).
O -CH Oy CH
s -3
+ - -
02N g < > 02N~ N
' N
NO2 N0

RDX will decompose in hot aqueous acid yielding NHZ and HNO4 among other
products (Stals, 1969)., The formation of NHZ is indicative of an initial
protonation of a ting nitrogen facilitated by the partial negative charge
suggested by the above resonance structures. SEX would also be expected to

decompose in hot aqueous acid forming NH], 4NO3 and HOAc.

SEX will detonate with a hammer blow (Aristoff et al., 1949)
yielding unidentified products. Similar decompcsitions of RDX and HMX are
known to give Np0, CHy0, N, NO, COp, HCN and CO in ordez of decreasing . 1

yield (Stals, 1969).
Secondary nitramines will undergo elimination reactions when ;

treated with strong base. RDX, for exumple, gives s-triazine when treated .
with alkoxides (Stals, 1969). An analogous reaction for SEX would proceed as :

follows:

COCH
P 3 COCH3 ?0CH3 EOCHB

" RO" N N /"N-_~\N
Ozﬁ;gf;i;N\cﬁt-Noz —_ 02222?"*~cﬁ? z4;Na====/N-N02'——> -——)ég’N:§==J/ ?

NO5 N0
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a

C~CH C -CH
/J 3 hv (/ /J 3 4 /J + Di & Tri Nitroso
: N N
PLIRN N 02N’ ON” "\

b. Environmental Reactionsg

The environmental fate of SEX has not been deatermined. However,
recent studies on the environmental fate of RuX have bzen conducted. Photulysis
of RDX has been carried out with both artificial irradiation and sunlight.

Under artificial conditions, the mononitroso derivative of RDX was shown to

be the major photoproduct (Kubose and Hoffsomer, 977; Sikka et al., 1978)
Nitrite, nitrate, formaldiehyde and nitrogen ar» also formed. The extent of
photolysis to the mononitroso derivative is dependent on pH and nitrite ion
concentration. Low pH and high nitrite concentraticns inhibit the initial
photolysis. Dissolved oxygen has nc effect on the photochemistry. The quantum
yields-for RDX photolysis in a pH 8.08 borate buffer is 0.69 (Sikka et al.,
1978). Photelysis of RDX in tap water in natural sunlight also occurs. The
half life for sunlight photolysis of RDX is estimated at 9~13 hours (Sikka

et al., 1978).

A similar photolysis reaction for SEX would be expected

yvielding the following products:
02Ny
NCCH3
*

N0, Ny, N~no,

Hydrolysis of SEX in the environmer:t is also likely if con-~
ditions are severe enough. However, no stu(les have been performed with tuis
compound. Hydrolysis of RDX has been reported. At pH 2~7 virtually no
hydrolysis occuars within 12 days (Sikka et al., 1978). At pH 9.C” and 31°C,
n 27% of the RDX 1is hvdrolyzed in 21 days. In studies of basic hydrolysis
of RDX, Hoffsomer et al. (1977) showed that the reactior is a concerted E2
elimination proc«ss with proton abstraction by hydroxide ion and simultaneous
loss of nitrite.

Toz Toz
N
Hy */’N\\CHZ HZC’/ X cH )
j | + O — | + Hy0 + No,
AN //N\NOZ 0N~ "o,
Hz I!{2

A similar reaction would be expected for SEX. Howevar, the
reaction should stop short of complete conjugation. The acetyl group is not
a good leaving group and extremely severe conditions are required to hydrolyze
the amide linkage.
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C. Moritoring and Analysis

1. Analytical Methods

Analysis for SEX has been reported by a semi-quantitative column
chromatography technique (Malmberg et al., 1953). SEX was chromatographed
on silicic acid/Celite 535(2:1). Partial separations (SEX was not completely
separated from TAX) were obtained using 50% ethyl acetate in benzene as a
mobile phase. Quantitative removal of SEX from the adsorbent was about 917
efficient using a 1:1 acetone-ether solution. The colorless chromatographic
zones were visualized using streak reagents on the extruded column which
consisted of zinc dust, benzene, sulfanilic acid and l-naphthylamine. As
little as 0.01 mg of the nitramine could be detected.

Bell and Dunstan (1966) have studied the use of thin layer
chromatography for the analysis of SEX and other nitroamines., Chromatograms
were run on Silica gel G using benzene/nitromethane, chloroform/nitromethane,
petroleum ether/acetone and ether/acetone solvent systems. Visualization
was accomplished by spraying with diphenylamine and irradiating with ultra-
violet light. Harthon (1961) also used thin layer chromatography to analyse
nitramine exnlosives. Petroleum ether/acetone was used as a solvent system
on Silica gel G. Visualization was accomplished with diphenylamine and

ultraviolet irradiation.

The best methodology for quantitative analysis of SEX is high
performance liquid chromatographv (HPLC). This method has been used by
Holston Defense Cerporation for analyses of effluent samples. Chromatograms
were run using a Li cChrosorb Si 60 columm in isocratic mode with a methanol, E
acatonitrile, chlerofurm, iso-octane (1:2:3:14) solvent system. Detection 4
was accomplished with a 245 nm UV detector. The lower limit of detection

was <,0007 ppum.

2. Monitoring

In 1977, Holston Defense Corporation sampled three effluent streams
and the Holston River to determine the levels of SEX and TAX in these streams.

The four sampling locations were:

~ N-3 - manbole below Building N-3 which carries effluents
fvor. the & (RDX recrystallization), H, I, J, K, M and
N (KDX, HWMX incorporation) Buildings on line 1
through 5.

e Tk Ll
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- N-6 - manhole below Building N-6 which carzries process
effluents from Buildings D6 (nitration), E6 (acids
remrval and explosives wash) and G6 (recrystalliza-
tion).

- T=2 -~ manhole below T-2 (acid area) which carries process
effluents from Buildings C3, C5 (reagent preparation),
B9, Bll (primary distillation and ammonia recovery),
D3, D5 (nitration), E3 and E4 (acids removal and
explosives wash).

- Holston River at the area B boundary

The levels of SEX, TAX, RDX, and HMX in these streams are presented in Table
II-2. Because sample storage caused a wide variation in analytical results,
the analyses only for those samples which were immediately extracted and
stored in aceconitrile are presented.

From the data in the table, it appears that SEX is entering the
environment from the nitration buildings (D-Buildings), ‘he acids removal and
explogives wagsh {E~Buildings), recrystallization (G-Buildings), dewatering
(H-Buildings) and the incorporation Buildings (I, J, K, L, M). However, the
major quantities of SEX entering the environment are from the dewatering and
incorporation steps.

The average concentrations of RDX, HMX, TAX, and SEX at the four
sampling points are presented below:

Sample
Point RDX(ng/1) HMX (mg/1) TAX (mg/1) SEX(mg/1)
N-3 5.5 2.6 4'8 203
N-6 4.5 1.6 2.6 0.8
T-2 0.3 0.12 0.02 0
River 0.0L 0.01 0.004 0

In the effluent from the dewatering and incorporation steps, SEX is presented
at levels between 50 to 90% of the HMX or 20 to 40% of the RDX present. At
full mobilization, 208 million pounds of RDX is produced yearly. If 1% of
the XCX product is lost in the effluents, then Holston AAP could discharge

as much as 2.1 million pounds of RDX per year. DNDischarges of 3EX could be
0.4 to 0.8 million lb/year if the 20 to 407 ratio of SEX/RDX is valid.
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D. Health Effects

No information on the health effects of SEX was found in the litera-
ture search. The information presented herein is based on extrapolation of
data from the HMX parent compound. The structures of these two compounds

are shown below.

NO NO
s N\
0 9
2N- =NO; O2N-t -C-CH3
N N
NO, NO,
HMX 0 SEX

11
The presence of the amide group, >N-C-CHj3, is expected to increase the bio-
logical activity of SEX over that of HMX. The exteat and the implication of

this expected increase in biological activity are not predictable.

The literature available on the effects of HMX (and by inference, SEX)
consists almost solely of a momograph by McNamara et al. (1974). The report
is a compendium of various experiments done on mice, guinea pigs, and doge
on the toxicity of both RDX and HMX in the solvents DMSO, cyclohexanone, and

acetone,
1. Biology

a. Absorption

Absorption of SEX or HMX can occur through gastrointestinal
or respiratory tracts. The efficiencies of absorption of SEX or HMX by these
routes have not been gtudied. However, a major study has been conducted to
evaluate the skin absorption of HMX in different solvents (McNamara et al.,
1974). In this study, HMX dissolved in DMSO, cyclohexanone or acetone was
applied in acute and subacute doses to the shaved skin of rabbits, guinea pigs

and beagle dogs.

In rabbits, percutaneous application of HMX in varinus solvents

vas performed according to the following specifications (McNamara et al.,
1974). PFor acute studies, a solution of HMY in NMSO (332 w/v), and suspensions

of HMX in cyclohexanone (751 w/v) and acetone (5.4% w/v) were used. Eighteen
test animals and anine control were divided into three groups each. Within
I1-21
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each test group, the six test animals received a 1 ml dose of HMX in solvent, 3
and the three control animals received a 1 ml dose of corresponding solvent. |
After all applications, a polyethylene sleeve was taped to each rabbit's back.
The sleeve was removed after 24 hours and the skin was immediately examined !
for irritation. Observation of the rabbits continued for 30 days.

Blood samples were drawn from each rabbit in order t» monitor :
any possible biochemical changes which may have resulted from HMX applicationms. :
Parameters analyzed included: red and waite blood cell count, hematocrit, hemo-
globin, alkaline phosphatase, serum glutamic oxalacetic transaminase. blood
urea nitrogen, creatinine, sodium, potassium, <hloride, and CO;. After ome
hour, 3 days, and 30 days, two rabbits from each dose group and one from each
solvent group were sacrificed for pathological examinations. These acute
studies showed that no evidence of dermatitis (gross or aicroscopic) or change
in blood constituents could be attributed either to the solvents or dissolved
HMX,

In subacute studies, doses of 0.1 or 1 ml of HMX in DMSO (33X
w/v), cyclohexanone (2.5% w/v) or acetone (2.02 w/v) were applied to the backs
of rabbits 5 days/week for 4 weeks (McNamara et al., 1974). Six rabbits were
exposed to each mixture and volume, and control animols in groups of three
received both volumes of solvent alone. Each 1.0 ml dose of HMX contained
165 mg/kg in DMSO, 12.5 mg/kg in cyclohexanone, and 10.0 mg/kg in acetone.
Gruss observation and blood analyses were similar to acute studies. Two rabbits
from each dose group and one from each sclvent group were sacrificed on the 7th,
l4th and 28th day.

During the course of the study, rabbits receiving only the 1
ml dose of crude DMSO had slight skin desquamation in the second week; none of
the other solvents had any effect. Repeated doses of 1.0 ml of HMX in DMSO
produced mild desquamation at the end of the first week. In addition, three
deaths occurred; one after two doses (330 mg/kg), one after six doses (990
mg/kg), and one after 20 doses (3300 mg/kg). No details concerning the
deaths of these animals were given. For all other mixtures and volumes of
HMX, no gross evidence of dermatitis or systemic toxicity was observed.
Pathological examination of both dead and sacrificed animals revealed no
lesious other than at the site of application. Microscopic examination
showed minimal dermatitis with HMX dissolved in acetone and cyclohexanone,
and normal controls.

itian b e S A i e M

In the single and repeated doses tests, six rabbits were
used for each experimental point, and three rabbits were used for each of
three controls. Although blood samples were drawn from each rabbit, there
wvas no indication of when during the experiment the samples were taken.
Animals were also :acrificed at various times during the study for pathological
examination. Skin irritations produced by various doses were discussed and
presented in tabular form, but the effects of solvents alone were only dis-
cussed in the terx.. :ur ease of comparison, all of these cases should have

Ml e et ki
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been tabulated together., The text states that three rabbits died at various
times during the repeated applications study. Although no lesions were found
in these animals upon necropsy, a description of the circumstances surrounding
their deaths, ¢.3., behavior-gymptomatology, should have been included. The
authors wigely drew no conclusions from these studies. More animals would
have to be tested in order to present statistically significant conclusions.

Guinea pigs in groups of two received four acute percutaneous
doses of HMX in DMSO: 316, 510, 1000, 2000 mg/kg (McNamara et al., 1974).
None of the guinea pigs exposed to the 316 or 510 mg/kg doses showed any
effects. However, slight erytheme was observed with the 1000 and 2000 mg/kg
doses. One subacute exposure consisting of three doses of 1000 mg/kg resulted
in apprehension, appetite weight loss, and loss of normal skin color. No
other details of this study were presented, in particular when the observa-
tions of skin effects were observed. Furthermore, although the results are
presented in a table, no numbers are given. If the reader is to assume that
the effects noted occurred in all of the animals, this should have been stated.
Although DMSO alone was applied and produced no effects, this is a nebulous
result since the volume applied was much smaller than that applied with HMX.
This experiment was more characteristic of a pilot study than a full
investigation.

Beagle dogs also were exposed to various solutions of HMX by
the percutaneous route (McNamara ¢t al., 1974). Three tyres of exposure were
uged as outlined in Table II-3, The blood pressure, respiratory &nd heart
rates, EKG and EEG were measured at the time of exposure and weekly there-
after for four weeks (except for blood pressure which was measured again ouly
on the fourth week). Examinations for hyperreflexia were also made. Results
of the topical application of up to 289 mg/kg HMX for acute exposure showed
no consistent change in sny physiologic parameters. Subacute erposures were
up to 289 mg/kg/day for five days/week for four weeks. Again there were no
consistent changes in the parameters measured, except during the second or
third week, some dogs exhibited slight erythema and desquamation with
application of DMSO alone or in combination with HMX. Furthermore, there were
no consistent changes in the physiologic parameters after a massive chronic
exposure of 480 mg/kg for thres consecutive days.

From the absence of consistent changes in any physiologic
paraneters studied in the above mentioned animals, it is evident that
topical application of HMX and probably SEX, does not result in efficient
skin penetration even vhen dissolved in penetrating agents such as DMSO.
However, the data are limited to small numbers of animals and must be
interpreted with caution. Some penetration does occur in DMSO (resulting in
production of physiologic effects), but only at levela 10 to 1000 times the
intraveneous LD50 {see Sectiom D.l.c.).
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b. Transport, Metabolism and Elimination

No information was found on the transport, metabolism or
elimination of HMX or SEX in mammals.

¢c. Pharmacology

In order to obtain concentrations of HMX high enough to
produce effects on physiologic parameters, unanesthetized dogs were given
intraveneous ({.v.) doses of HMX in solution (McNamara ¢t al., 1974). The
pharmacologic action of HMX was determined by measuring its effects on the
central nervous system (CNS) of the dogs.

When single dose of 40 mg HMX/kg in DMSO was administered
i.v., it produced severe cardiovascular collapse in all four dogs tested.
The cardiovascular collapse was accompgnied by a narrow pulse pressure,
bradycardia and respiratory changes. The EEG showed high-voltage, low
frequency discharge. 7Two animals died in three minutes, the other two at
about 14 hours. Administration of 40 mg/kg of HMX in DMSO in two separate
doses of 20 mg/kg to two animals produced severe cardiovascular depression;
one animal died in one minute. The second dog recovered from the cardio-
vascular depression and showed EEG hyperactivity. This animal was extremely
sensitive to photic and tactile stimuli; it died at about 14 tiours aftar
injection. No autopsy results on the dead animals were reported.

When two dogs were given a 20 mg/kg dose of HMS in DMSO i.v.,
only minimal changes occurred in one of the dogs tested. This dog had emesis
after 15 minutes, then stabilized for two hours, at which time hyperreflexia
to vibratory and light stimuli occurred. However, visual perception and 1lid
corneal reflexes were normal. At five hours post injection, this dog became
markedly hyperactive and suffered convulsive seizures. The animal did not
recover until five days after exposure.

Administration of 2.5 mg HMX/kg in acetone (2% w/v) produced
transient hypotension in a dog. During the 12-to-40 minute post injection
period, the EGG showed a sleep wave pattein. However, the animal could be
eagsily aroused. No irregularities in EEG patternm could be observed the
following day. A larger dose, 6.75 mg/kg HMX in acetone (5.4% w/v) produced
a decrease in blood pressure together with high-voltage, low-frequency EEG
dischaiges. The animal appeared normal the next day. Ome dog was given
6.75 mg/kg (5.4%) HMX-zcetone after receiving a prior injectiom of the 2.5
mg/kg (2%) solution. The second dose produced a drop in blood pressure,
cardiac arrest, and depressed respiration rate, but the EEG was not affected.
At various timss the dog vomited and slept, but could be aroused; the animal
appeared normal the next day. Administration of both 1.55 and 3.1 mg/kg in
cyclohexanone produc 4 cardiovastular collapse, onset of a coma-like state,
and elevation of the pain threshold. No convulsions were noted and both
dogs recovered completely in two to three days.

11-25
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As controls, dogs received injections of each of the three
gsolvents. In three dogs, cyclohexanone produced immediate cardiovascular
collapse, with cardiac arrest lasting about 10 seconds. These animals also
exhibited narrow pulse pressure and EEG changes and were either in a comatose
or semicomatose state; recovery was complete by 120 minutes post injection.
In four dogs, acetone produced a decrease in blood pressure up to 60 seconds;
bradycardia, followed by tachycardia was also observed (3 of 4 dogs). With
DMSO, two dogs showed no changes, while two had decreased blood pressure,
but only for 5-10 seconds. Compensatory tachycardia occurred with decreased
blood pressure and recovery was prompt.

The pharmacologic activity of HMX leads one to assume that this

compound acts similarly to a 'nitrite-like" compound. Unlike nitrites, HMX

did not produce the chocolate-colored blood that is indicative of methiemo-
globin formation. The i.v. administration of HMX produces an initial
circulatory collapse. Depending on level administered, death can be imme-
diate. Recovery from circulatory collapse is followed by CNS disturbances
which require several days for recovery. Considerable work in the area of
pharmacology remains to be done with larger numbers of animals so that

definite trende can he established (McNamara et al., 1974).

2, Effects of Human Exposure
a. Epidemiology
No epidemiological information was found on SEX or HMX.
b. Occupational Expogure
Only one occupational exposure study was reported in the
literature (Hathaway and Buck, 1977). This sgudy attempted to evaluate the
effects of exposures of RDX of up to 1.5 mg/m’ on workers at any Army
Munitions Plant. HMX and SEX were presumably also present in the air; however,
levels were not measured. No difference in the number of abnormalities in

the hematologic, hepatic or renal systems or the presence of autoimmune
disease were found among these workers as compared to tuexposed controls.

3. Effects on Experimental Animals
a. Acute Toxicity
In mice, the intravemous LD50 for HMX was 28.9 mg/kg. For

guinea pigs, LD50 for HMX in DMSO was found to be 28.2 mg/xg. Im both
instances, convuisions occurred and death was within five minutes after
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injection {McNamara et al., 1974). The peicutaneous LD50 in guinea pigs is
uncertain since in one experiment death occurred after a single dose of about
500 mg/kg, while in another experiment, no deaths occurred at doses from 316 to
2000 wg/kg.

For the mouse experiment, there were ro controls, Z.e., no
mice were injected with DMSO alone. However, six mi :e each were used for the
five different doses of HMX., The determination »~f the LDSO for these nice is
probably accurate baged on the available data, but should not be given much
credence since no controls were performed.

Guinea pigs received four different doses of HMX, two animals
per dose. Proper controls were performed and the response to these injec-
tions indicated no effects due to solvent alone. Results for the LD50 are
quoted as being at the 95X confidence leve . For an experiment involving
only 8 animals, it is presumptuous to presen. an LD50 in this manner. The
results are valid for 8 animals, but more data are needed if a 95% confidence
level is to ba placed on them.

I.v. injection of HMX/DMSO in dogs showed that 40 mg/kg was
fatal to all animals. Lower doses of HMX in DMSO, acetone, and cyclohexauone
produced various physiologic changes, but none ¢! the animals died. (See
Section D.l.c¢. for details).

b. Subacute Toxicity

In subacute studied in which HMX in DMSO, acetone or
cyclohexanone were applied topically to dogs, doses used were 289.0, 17.5,
and 21.9 mg/kg respectively. These doses wera administered five days/week
for four weeks; results showed no change ia btiood pressure, heart or
respiration during this exposure. All animals responded normally to visual,
corneal, and lid tests at all times (McNamara et al., 1974).

A gxcond subacute study on dogs involved percutaneous
application of massive doses (480 mg/kg 332 HMX in DMSO) for three consecutive
days. Results gshowed no consistent gross changes in the two dogs studied;
they were held for two weeks after u«xposure and appeared normal (McNamara
et al., 1974).

In studies on rabbits in which either 0.1 or 1.0 ml of HMX in
DMSO (332 w/v), in cyclohexanone (2.5%w/v), and in acetone (2.0fw/v) were
applied tooically, six rabbits died. All of the dead rabbits had been receiving
1.0 ml doses of HMX 33% in DMSO. Three rabbits died after the gecond dose
(330 mg/kg), one after the fifth dose (825 mg/kg), one after the sixth dose
(990 mg/kg), and one after the 20th dose (3300 mg/kg) (McNamara et al., 1974).
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After topical exposure to 0.5 ml of 33X HMX in DMSO, five of
12 guinea pigs died in 24 to 48 hours; four died after single doses of 405,
477, 507, and 546 mg/kg, and one after two doses of 1126 mg/kg. These deaths
were apparently due to HMX poisoning since other animals receiving DMSO showed
no toxic signs (McNamara et al., 1974), No autopsy results were given,
Guinea pigs receiving repeated 0.5 ml application of 2.5% HMX in acetone or
2.02 HMX in cyclohexanone showed no signs of toxicity or death. However,
cyclohexanone alone and with HMX produced no skin irritation (McNamara
et al., 1974). The conclusion that HMX produced no sensitization is valid
for the animals tested. Again, testiug a larger number of animals would
have produced more statistically significant results. Based on the deaths
which resulted in this experiment, the authors calculate a lethal percutaneous
dose for 70 kg/man. Since it was stipulated that this comparison is only valid
if humans are toxicologically comparable to guinea pigs, the calculation can

be given comparable merit.

o i Bl e i,

The eyes of a group (218 anima™s) of guinea pigs were examined
after they had received either cutaneous or ini adermal application of HMX in
three solvents three times a week for three weeks. Cutaneous application
consisted of 0.5 ml of either 332 or 3.3% HMX in DMSO, 2.5Z HMX in cvzlohexanone,
or 2.0% HMX in acetone; intradermal application consisted of 0.5 ml of 1:1
0.25% HMX in solvent/saline. Solvents alone were also administered by both
routes. Cataracts developed in about 202 of the animals and the HMX did not
appear to increase production of the cataracts (McNamara et al., 1974).

However, no statiscical analysis of the results was presented. No other

effects were described.

el i R

¢, Chronic Toxicity

No studies have becn conducted to determine the chronic
toxicity of HMX or SEX.

d. Teratogenicity

At B MM Al s b tras e L

No studies have been conducted ~o determine the teratogenic
effects of SEX or HMX.

e. Mutagenicity

The Ames bacterial mutagenicity test was performed on Holston
AAP wastewater effluents (Stilwell et al., 1977). A set of five Salmonella
typhimurium strains, TA-1535, TA-1537, TA-1538, TA-93 and TA-100 were used.
The histidine deficient variant strains are used tc detect frame shift
reverse nutations (TA-1537, 1538 and 98) or base pair substitutions (TA-1535
and 100). A dose response curve ranging from 5 ml to 100 ml of test water
vas used for each strain. An index of relative mutagenicity was
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used (i.e. test reversions/control reversions). The value of 1.0 indicated no
mutagenic activity with 10 clearly indicating mutagenic activity. The highest
wastewater index was 2.07 and was attributed to chance variation. Therefore,
Stilwell et aql. (1977) found no mutagenic properties in Holston AAP effluents.

f. Carcinogenicity

McNamara et al. (1974) carried out subacute percutaneous
administrations of HMX in various solvents with rabbits. This study was
described in detail in Section D.l.a. aAdministration of the HMX was five
days per week for four weeks. Pathological examination of sacrificed animals
showed no lesions except at the application site, but these animals had only
been sacrificed immediately after receiving doses of HMX. However, there was
no evaluation of possible long-term effects, e.5., carcirogenesis.

g. Behavior-Symptomatology

Immediate symptoms of HMX intoxication iu dogs are cardio-
vascular collapse. If recovery from the cardiovascular depression occurs,
central nervous sytem disturbances are observed. These include EEG hyper-
activity, convulsions, and increased sensitivity to photic, tactile and
auditory stimuli (McNamara et al., 1974;

h., Sensitivity

McNamara et al. (1974) tried to sensitize guinea pigs to

various mixtures of HMX in DMSO, cycloheranone, and acetone by both topical

and intradermal routes; the procedures of Landsteiner and Jacobu (1935) and
Landsteiner and Chase (1937, 1940 and 1941) were used. Test solutions consisted
of 337 and 3.3% HMX in DMSO, 2.5Z HMX in cyclohexanone and 2.0% in acetone.

For topical application, 0.5 ml of test solution was us-a, but for intradermal
injection, 0.005 ml of test solution was used. Initial experiments used 0.5 ml
33% EMX in DMSO, but deaths occurred after the first and second application

(see Section D.3.b for details). When the topical sensitizing dose was reduced
to 3.3% HMX in DMSO, no animals died. After the sensitization phase, in which
each animal received three applications per week for three weeks, there followed

a two-week rest period. Animals also received pure solvent according to the
same schedule.

- Ll TN

In the challenge phase, animals were exposed either i.d. or
topically co single doses of test material at a predetermined maximum subd-
effective level. Although only one route was used to sensitize each animal,
both routes were used to challenge. Results of these studies showed no

evidence of skin sensitization from any combination of exposure to HMX in
solvent or solvent alome.
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E. Environmental Effects

1. Entry into the Environment

: Wastewaters from the manufacture of HMX and RDX at Holston AAP
1 are the only source of entry of SEX into the environment in the United States.
’ These wastewaters currently flow either directly or indirectly into the
Holston River. 1In 1977, Holston Defense Corporation sampled three effluent
streams and the Holston River to determine the levels of SEX. These data |
were presented in Section C.Z. In summary, the data showed the level of SEX in
the effluent streams from the dewatering and incorporation steps to be between
F 50 and 90X of the HMX and 20 to 40% of the RDX present. Values ranged from

. near 0 in the Holston River to an average of 2.3 ppm in the effluent from the
dewatering and incorporation steps.

2. Behavior in Soil and Water

R

a. Transport and Accumulation

There is very little information available on the behavior of
SEX in the environment. Until specific information is available, predicting
the movement and accumulation of SEX in the environment must be made from
information available on RDX and HMX.

Barkley (1977) determined the solubility of HMX in water at
20°C to be 5.6 ppm. SEX with the substitution of an acetyl group, should
have a slightly higher solubility.

Sikka et al. (1978) studied the adsorption of RDX on three
sediment types. As shovn in Table II-4, RDX was poorly adsorbed onto the
sediment. However, Sikka et al. (1978) had a 1:100 adsorbent: solution ratio,
while the EPA (Federal Register, 1979b) recommends a 1:5 ratio. Increaring the
amount of sediment could increase the adzorption values for RDX onto . ... -
sediment.

Table II-4. Adsorption of RDX by Sediments
(Sikka et aql., 1978)

v Rl A i L

Partition 3

Sediment Coefficient (KP) !
Organic Muck 4.15

Clay Loam 3.06 i

Sandy Loam 0.80 !

]

|

Sullivan et al. (1977) reported an average level of EMX in
Rolston AAP effluents to be 0.87 ppm. They also measured RDX and HMX levels
in the gediment of the Holston River and found neither compour °~ above the

0.2 ppm detection limit.
II-31
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Tae absence of RDX, HMX and pro ‘bly SEX in the sediment of
the Holeton River near Holston AAP is probably * to scouring of the
sediment (Sullivan et al., 1977). This scourin, :.curs because of the wide
fluctuation of water levels in the river due to the Ft, Patr? :k Henry Dam.
As shown in Figure II-3, the water levels in the Holston R! = vary by 10
fold daily. Thus, any chemicals which accwrulate in the sediment near
Holston AAP are rapidly washed down the river when the dam gates are opened.
However, it does not appear from the information available on RDX and HMX
that the sediment is a "sink" for the explosive compounds and their byproducts.

b. Degradation

Sikka et al. (1978) studied the photolysis of RDX exposed to
UV light around 230 nm. The tests were apparently conducted in distilled or
tap water. The results indicated, Table 1I~5, that RDX was substantially
degraded within five hours. Also nitrite and nitrate concentrations increased

during the irradiation.

The removal of RDX or SEX in the environmment through photolysis
is doubtful. Wetzel (1975) stated that while distilled water absorbs small
amounts of UV light, low concentrations of dissolved organic compounds absorb
large amounts of uV light. The data in Table II~-6 indicate an almest total
absorption of UV, blue and green wavelengths in lakes with high dissolved
organic levels., Sullivan et al. (1977) reported total organic carbon levels
in the Holston River ranged from 3-330 mg of carbon, 1. Total dissolved solids
ranged from 62~576 mg/l in the river. The RDX or SEX present in the water
would have to compete with other dissolved organic compounds for the UV light.
In addition, within a water depth of 1 meter essentially all of the UV light

would probably be absorbed.

The hydrolysis of RDX has been found to Le a slow process.
Sikka et al. (1978) found no hydrolysis of RDX, under acidic conditions, over
a l2-day period. However, they found 27% of the RDX was hydrolyzed under
basic conditions (Table TI-7). The hydrolysis of SEX, because of the acetyl
group, should be less coc.plete than RDX or HMX,

Spanggord et al. (1979) stated that volatilization should not
be a major factor in the environmentel fate of RDX. Because SEX and RDX are
solids at 20°C and have a high boiling point, it is likely that the volatil-
ization rate of SEX is also low.

c. Background Concentrations

Background concentrations of SEX in netural areas are non-
existent.
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Table II-5 Photolysis of RDX
(Sikka et al., 1978)

Minutes of 5 _ 5 _ 5 _
Irradiation RDX x 10°M (N02) x 10°M (N03) x 10°M (NOZ)/(RDX)
0 12.0 0.093 2.1
90 11.0 2.3 3.6 0.45
135 10.0 3.5 S.8 0.59
195 8.3 4.3 5.8 0.88
225 7.2 4.6 5.3 1.1
275 6.6 5.3 5.4 1.0
11-34
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: Table 11-6. Percentile Absorption of Light of Different Wavelengths by One
: Meter of Lake Water, Settled of Particulate Matter, of Several
g Wisconsin Lakes of Progressively Greater Concentrations of
Organic Color (Wetzel, 1975)
avelength Distilled Crystal Lake Alelaide Mary Helmet
i () Hater Lake Mendota Lake Lake Lake
p 800 88.9 89.9 90.5 92.4 91.7 93.2
780 90.2 91.3 91.9 93.5 93.0 94.5
! 760 91.4 93.5 92.6 94.5 94.8 96.0
' 740 88.5 89.3 91.5 92.7 93.0 96.2
/ 720 64.5 67.6 71.0 78.0 78.0 86.9 i
700 45.0 50.4 49.7 66.3 70.7 82.5 1
685 38.0 45.2 42.2 65.7 71.7 86.6 1
668 33.0 40.3 36.8 65.0 72.3 88.0
648 28.0 37.0 31.9 64.5 75.2 91.2 i
630 25.0 3.4 28.9 65.8 77.8 94.0
612.5 22.4 32.1 26.3 66.8 80.3 96.0
597 17.8 27.5 22,5 67.0 83.2 97.6 j
584 9.8 2.0 17.6 67.1 85.7 98.2 ;
568.5 6.0 19.3 14.0 67.6 88.5 98.6 !
546 4.0 19.2 13.5 70.9 91.6 99.3 ;
525 3.0 19.8 14.1 74.5 94.8 *
504 1.1 20.7 15.2 81.0 97.4 *
473 1.5 21.7 21.7 88.6 99.4 * g
448 1.7 23.8 27.8 92.2 * * -
435.9 1.7 24.4 31.0 95.2 ® *
407.8 2.1 268.1 44.3 99.0 * *
365 3.6 40.0 80.0 * * * i
Color Scale o 0 6 28 101 264 )
(Pt units) j
3
*not measursd
4 t%
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Table II-7 Hydrolysis of RDX at pH 9.07
at 31°C (Sikka et gl., 1978)

Days

~ W O

11
14
18
21

% Hyrdolysis® (NOE) x 10% (80;) x 10°M
0 3.3 -
4.1 4.0 5.2
6.4 4.7 4.5
9.2 5.6 -
16.7 9.2 -
22.5 10.5 2.7
25.4 11.9 -
27.0 13.0 3.8

2 Based on RDX.
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3. Biodegradation and Bioconcentration

& a. Degradation by Microcrganisms

i No data are available in the literature on the biodegradation
{ of SEX. However, the replacement of » nitro group by an acetyl group should
render the molecule more susceptible to degradation by microorganisms. Osmon
and Klausmeier (1973) tried to isolate organisms capable of using RDX as the
sole source of carbon. They found organisms capable of growing on a complex
media saturated with RDX, but no breakdown cf RDX was observed.

Kaplan (1979) observed disappearance of 140 labelled RDX from
anzerobically incubated cultures inoculated with activated sludge. 1,3,5-
trinitroso~hexahydro-1,3,5-triazine was identified as the reduction product.
No disappearance of 14c-RDX was found in aerobically incubated cultures.
Sikka et al. (1978) studied the microbial degradation of RDX. Water collected
near an RDX waste outfall (Holston AAP lines 1-5) was spiked with RDX or with
RDX and sediment. Results indicate an v 20 day lag time before degradation
initiated. Very little degradation was observed in samples without sediment.
In samples containing sediment, nearly 807 of the RDX had disappeared within
2 weeks after degradation commenced (Sikka et al., 1978).

b. Bioconcentration

No information is available in the literature on the biocon~
centration of SEX. 1In order to determine if bioconcentration is important for
SEX, the octanol-water partition coefficient (P) and biloconcentration factor
(BCF) were calculated based on experimental data for HMX. The procedure used
to calculate P for SEX was that outlined by Leo et al. (1971). Calculational
procedures and results are shown in Table II-8. A preliminary value for the
partition coefficient of 1.36 for HMX was obtained at Atlantic Research (1979).
The experimental procedure specified in the Federal Register (1979b) was used.
The solutions were maintained at 250C. HMX analysis was accomplished by high
pressure liquid chromatography using a Cyjg u-Bondapak column and a 30% methanol
707% water carrier phase.

r—

Al T i

As can be observed from Table 1I-8, the results calculated
using data for dinitrobenzene and mononitrobenzene differ. Thus the addition
of a nitro group and change in the symmetry of the molecule make a considerable
difference in the estimated P. 1In addition to thesz effects the substitution
on a benzene ring is significantly different from substitution on a S-membered
cyclic ring. Thus, the actual P measured experimentally may be significantly
different from the estimated value.

AR ol TR i,

Using the equation developed by EPA (Federal Register, 1979a),
estimates of the bioconcentration factor for HMX and SEX in aquatic organisms
are presented in Table 1I-9. The data indicates that neither HMX or SEX
present an accumulation threat in aquatic orgaunisms.

11-37
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Table 11-8. Calculation of log P for SEX

Procedure #1

0
OnN'N CHZ'N"NOZ 02N‘P;1'CH2’I’Q°E-CH3
CHz CH2 + = ?Hz ?ﬂz
02N-'N'CH2-N NOo CH3 OzN-N'CHZ"N-NOZ

HMX gt

Estimated Estimated
keted chemicalsk®*= log P of SEX P of SEX

1.15

log P of HMX* +log P of hrac
0.13 + [1.42 - 1.49] = 0.06

Procedure #2

B

0 N=N-CHp-N-C-CH3

ozu—?-cuz-w—noz
- CHz %Hz

CH CHy + -
TR 0 !
0,N-N-CHp-N-NO07 ﬁ-cn3 MO 0aN-N-CHz~N-NO2
HMX “SEX"

Estimated Estimated
gkt= log P of SEX P of SEX

log P of HMX*+ log P of bracketed chemical
0.72

*Atlantic Research Corporation (1979)
*kiog P values from Fujita et al. (1964); techniques from Leo et al. (1971}
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Table II-9., Bioconcentration Factors (BCF) and Octanol-Water
Partition Coefficients (P) for RDX and TAX

Estimated
HMX SEX Range
P* BCEF** P BCF**
1~36 074 172 - 1.15 046 hd 065

*Atlantic Research Corporation (1979)
**Calculated from log ECF = 0.76 log P ~ 0.23 (Federal Register, 1979a)

4, Effects on Animals
a., Mammals

The only information on the effects of SEX on mammals is that
inferred from known effects of HMX or RDX. These effects were discussed in
Section D.3.

b. Birds

No information is available in the literature on the effects of
SEX or HMX on birds.

c. Fish

No information is available on the toxicity of SEX to fish.
Bentley et al. (1977) conducted static acute toxicity tests of nominal HMX con-
centrations for several species of fish. The HMX was delivered to the fish from
an acetone stock solution. Barkley (1977) found the solubility of HMX in water
at 209C to be 6.6 ppm and a water - 2% acetone mixture at 20°C increased the
solubility to 15.0 ppm. Barkley's data on the solubility of HMX would indicate
that the maximum concentrations of HMX in the tecst solutions of Bentely et al.
(1977) would be near 15.0 ppm.

Bentley et al. (1977) reported 96-hour LC50's for the rainbow
trout (Salmo gairdneri), channel catfish (Ietalurus punctatus), bluegill sunfish
(Lepomig macrochirug), and the fathead minnow (Pimephales pramelas) to be greatcr
than 32 ppm (greater than the solubility of HMX). They also tested the toxicity
of HMX to fathead minnow life 3tages (Table 1I-10). A 96-hour LC50 of 15 ppm
for the 7-days post hatch stage was reported. A better approximation of the
actual LCS0 to the 7-days post hatch stage could not be calculated because the
report by Bentley et al. (1977) did not give percent survival or concentrations
tested. If one assumes that 3.2, 5.6, 10.0, 18.0 and 32.0 ppm levels of HMX
were tested, then the actual LC50 for the 7-days post hatch stage would be
between 10-15 ppm. Bentley et al. (1977) also examined the variations in
temperature, pH and hardness on the toxicity of HMX to bluegill sunfish. The
ranges tested were:

Temperature (°C) 15, 20, 25
pH 6.0, 7.0, 8.0

Hardriese 35, 100, 250
(ppm as Cal03)

11-3¢
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X However, the water parameter variations tested did not change the toxicity of
| HMX to the fish.

Sullivan et al.(1979) using proposed EPA water quality
criteria (Federal Register, 1978) calculated the 24-hour average concentra-
tion for YMX to be 0.92 ppm. The value of 0.92 ppm &ppeared to be more
realistic than the criteria of 0.15 ppm calculated by taking the lowest LC50

velue times a .0l application factor.

d. Amphibians

No information is avajilable on the effects of SEX or HMX on
amphibians in the literature.

e. Invertebrates

Athough no toxicity data on SEX to invertebrates were avail
able, data on the acute toxirity of HMX to aquatic invertebrates are presenced
in Teble II-1l. Values repo ted were all greater than the solubility of HMX.
If the toxicity of SEX to aquatic invertebrates parallels HMX, it is doubtful
that the invertebrates in the Holgtoa River will be stressed due to HZX levels

released by Holston AAP.

f. Micrnorganisms

No information is available in the literature on the toxizity
of SEX to microorganisms. However, Holston AAP effluents containing RDX, HMX,
and presumably SEX and TAX were not mutagenic to the Salmonella strains in the

Ames cest (Stilwell et al., 1977).

5. Effects on Plants

i
i
!

a. Phytotoxicity

Bentley et al. (1977) tested the toxicity of HMX to four algae, ,
Mierocystis aeruginoe~, Anabeana flos-aquae, Selenastrum capriccrmutwn and |
Navicula pelliculosa. (ell dersity and chlorophyll a were used as criteria i
to determine the effects of HMX. HMX increased the number of cells/ml and
chlorophyll a zontent over the controls. Therefore, HMX in concentratiomns of

32 ppm or less were beneficial to algae growth,

il 4 b 1 s v

Sullivan et al. (1979) statistically reevaluated the phyto-
toxicity data of Bentley et al. (1977). Sullivan et al. {1979) correctly
identified questionable statistical methods and could determine significant
differences in algae populsatione at HMX concentrations as low as 10 ppm.

However, Sullivan et al. (1979) incorrectly reported a decrease in 4. flos-
aquae growth due to HMX.
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b. Bioaccumulation and Degradation

1
‘ No information was found on the biosccumulation or degradation

of SEX or HMX by plants.
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\ F. Regulations and Standards
There are no regulations or standards for SEX in the United States.
!
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G. Evaluation and Comments

The information on SEX is limited to phvsical and chemical data and
effluent data from Holston AAP. No toxicological or environmental data on 3
this compound were found in the literature search or through personal )
contacts. The toxicological and environmental properties of SEX were 1
inferred from limited data available on the relsted compound HMX. HMX in
dimethylsulfoxide is moderately toxic to guines pigs with an intravenous
LD50 of 28.2 mg/kg. 1e toxicity of HMX to aquatic organisms is low. The
most sensitive organism was the 7-day post hatch fathead minnows with an |

0

"
LC50 of 15 ppm. The presence of the .N-C-CH3 group in SEX is expected to
increase the biclogical activity of this compound over that of HMXK. However,
the extent of this increase is not predictable.

It is estimated that Holston AAF would discharge 0.4 to 0.8 million 1b
of SEX/year under full mobilization production schedulad. The release of
these quantities of this compound should be of major concern to the Armmy.

The following studies are recommended in order to further assess the
toxicological and envirommental hazards associated with this compound:

- Laboratory studies should be conducted to further define the
solubility properties and aqueous chemistry of SEX. These
studies should include solubility determination of SEX in
aquecus medium under different pH ccnditions. Renctivity and
potential decomposition of SEX as a fuuction of pH and anions
should also be determined. The aqueous solubility or ze-
activity of SEX in the presence of small amounts of organics
such as acetone, cyclohexanone and formaldehyde also requires
further study.

- Further sampling and analysis of Holston AAP ef{luents, the
Holston River and river sediment are needed tc verify existing
data. However, before these studies are undertesken, the ex-
traction and analytical methndology requires further investi-
garion. This investigation should determine the optimum methods
for sample storage, extraction and analysis in order that re- \
peatable and relisble data may be obtained., Reliable analytical i
standards should zlso be prepared.

Pt e b L EAC S L L

- No toxicological data exists for SEX. Therefore, the following
stulies are recommended:

1. Acute mammalian studies should be conducted including
i.v. injection of s SEX/DMSO solutjon in mice for com-
parison with HMX. An oral feeding study with mice or

P ekt e stk s 3
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rate should also be undertaken. [f these studies show
thar SEX is highly toxic, chronic toxicological studies

may be warranted.

' 2, Acute and chronic aquatic toxicity studies should be
conducted with species of figsh and invertebrates found

in the Holston River.

3. Bioaccumulation and biodegradation studies with SEX in
aquatic organisms and microorganisms should be conducted.
These studies will help determine the environmental fate
of and potential hazards from this compound.
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SUMMARY

Lead R-Resorcylate

Lead f-resorcylate is used as a burning rate modifier inm solid
propellant formulations. The Army is the main user of this chemical In the
United States. Radford AAP effluents are probably the main source of pollution
of this salt. The environmental fate of lead F-resorcylate has not been
determined. By analogy to other lead com exes, it is probably hydrolyzed to
inorganic lead and precipated as the carLuaate or sulfate.

The toxicity of lead B-resorcylate to mammals is unknown. 1In
acute doses, lead B-resorcylate is expected to show low toxicity if comparison
with lead salicylate is valid. However, chronic toxic effects could be a

problem.

The aquatic toxicity of lead B-resorcylate is unknown but should be
less than lead acetate. This toxicity will also vary with water parameters.

Five studies are recommended in order to f£ill in the information
gaps on lead B-resorcylate:

1. Further enumeration of the compositicn, chemistry, and
analysis methods for salts

2. Sampling and analysis at Radford AAP to determine

amounts of lead f~resorcylate in the effluent and
accumulation in tne New River sediment and biota

3. Acute mammalian toxicity study

4, Chronic mammalien toxicity study

S.  Acute and chronic aquatic toxicity tests with fish
and invertebrates.

6. Determine the effectivenzss of proposed treatment
facilities to remove lead B-resorcylate from
Radford's AAP effluents.

Lead Salicylate

Lead salicvlste is used by the Army as a burning rate modifier in
solid propellant formulations. These propellants are currently only in
production at Radford AAP, although Badger and Sunfiower AAP's would also
use lead salicvlate when these plants are operational.
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Most of the information on the toxicological and environmental
properties of leal salicylate must be inferred from experimental data on lead
acetate. From the one piece of information available on mammalian toxicity,
lead salicylate is relatively non-toxic to rats when administered i~ an oral
acute dose. No chronic toxicity data is available; however, the chronic
effects of lead salicylate are expected to be similar to lead acetate.

e I ] L T .

In the aquatic environment, hydrolysis of lead salicylate is
expected to occur., Sufficient data are not avallable to assess t! - toxicity
of lead salicylate to aquatic life.

In order to fill the information gars, the following studies are
recommended:

- further investigation of the physical and chemicil
propertiss of lead salicylate

- chronic feeding study to determine the long~term
effects of exposure to lead salicylate

- an acute skin LD50 to determine skin absorption

- aquatic toxicity studies with fish.and invertebrates.
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FOREWORD

A. Studz Goals

This report presents the results of an evaluation of the available
infermation on the toxicological and environmental hazards of lead
salicylate and lead B-resorcylate. Lead salicylate and lead B-resorcylate
are used by the Army as a burning rate moderators in solvent and solventless
double base propellants. These salts enter the environment in the waste-
water generated during the blending of propellant ingredients at the Army
Ammunition plants. The wastewaters generated at the Army propellant
manufacturing facilitiee are a major source of entry of lead salicylate and
lead R~resorcylate into the environment. The evaluation of toxicological
and environmentzl hazards of lead salicylate and lead B-resorcylate was
undertaken in order to aid the Army in identification of research needs and
in recommendation of environmental criteria for these compounds.

B. Study Methodology

The methodology utilized to gather informatior for this report included
2 detailed search of the literature and numerous personal contacts. During
the literature search, the following sources were reviewed for pertinent
information on lead salicylate and lead B-resorcylate.

- Chemical Abstracts 1940 - present

- Biological Abstracts 1950 - present
- Excerpta Medica 1950 - present
- TOXLINE 1965 -~ present
- National Technical Information

Services 1964 - present
- Defense Documentation Center 1958 ~ present
- COMPENDEX 1970 - present

Personal contacts were made with U.S. and foreign manufacturers, Army
Ammunition Plant personnel and Army and civilian researchers.

1. Contacts with'U.S. Manufacturers

Mr. Don Hurley, NL Industries, Sept. 27, 1978, Mr. Hurley
said that lead salicylate and lead B-resorcylate were never used in
medicines or pharmaceutical preparations. Therefore, no toxicological studies
were ever performed. NL Industries uses the same precautions that are
applicable to other toxic lead compounds.

III-5
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Mr. Ted E. Potter, Environmental Manager, The Shepherd Chemical
Co., Sept. 22, 1978. Mr. Potter supplied an oral LD50 for lead salicylate
of 4.3 gm/kg in the rat. No information was available on lead B-resorcylate.

2. Foreign Contacts

Nine foreign companies listed in the 1978 Directory of Chemical
Producers in Westerm Europe were contacted by Telex in October, 1978.

FRAMCE
Melle-Bexons SA
Thone-Poulenc Industries SA

FED. REP. OF GERMANY
Akzo Chemie GmbH
Chemische Werke Munchen Otto
Barlocher CmbH
Metallgesellschaft AG

ITALY
Stabilital SpA

SPAIN
Industrias Quimicas de Parets. SA

UNITED KINGDOM
Akzo Chemie UK Ltd.
Hopkin & Williams

Four companies responded, none of them had any toxicological information.

3. RAAP Personnel

The following RAAP personnel were contacted Sept. 28, 1978:

Mr. John Horvath
Mr. Tom Grady
Mr. Ted Topper

Mr. Horvath had no information. Mr. Grady suggested calling
Dr. Emil Christifano of Hercules Inc. or NL Industries since they produce
the compound. Mr. Topper searched for toxicological information but found

none.
4. Other Sources

Dr., Jay Abercrombie of the U.S. Army Chemical Systems Laboratory,
Aberdeen Proving Ground, Md., was contacted Sept. 12, 1978. He reported no
information of the lead compounds.

I1I-6
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Mr. J. Gareth Pearson of USAMBRDL, Fort Detrick, Md., was
visited Sept. 1978. Data on the aquatic toxicities of lead salicylate and

lead R~resorcylate were provided.

Dr. Emil Christifano and Mr. Tom Butler of Hercules, Inc.,
were contacted on October 2, 1978, for toxicological information on lead
salicylate and lead B-resorcylate. They had no specific data.

The Department of Transportation was contacted in October
1978, for any toxicological information on lead salicylate and lead 8-
resorcylate. However, it had no specific informationm.
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III. Lead Resorcylate and Lead B-Resorcylate

A, Alternate Names

Lead salicylate and lead f-resorcylate are divalent luuu salts of
salicylic acid and B-resorcylic acid. These salts are nroduced by the
reaction of lead oxide and the correspouding acid.

Lead salicylate is produced by NL Industries. This salt has been isolated
in three forms, name¢ly the normal lead salicylate which has a molecular weight
of 481 aad the mono and pentabasic varieties which have mole:ular weights of
704 and 1596 respectively. Structural formulae of the three forms are shownm
below:

e e ©
O\‘ép 0\\ ’,0 O\G?O
o
0 OH OH
o™t TR 5Pb0°Pb*T
p) 2 2
ormal" Monobasic Pentabasic
Pertinent alternate names for lead salicylate are listed below:
CAS Registry No.: 15748-73-9
Alternate Registry No.(s): 16183-13~4; 14901-86-5; 824~37-3
C.A. Name (9CI): Lead, bis(2-hydroxybenzoate-0l, 02),
(T-4)-
C.A. Name (8CI): Lead, bis(salicylato)-
Synonyms : Salicylic acid, lead(2+)salt(2:1);
Benzoic acid, 2-hydroxy~, lead(2+)
salt(2:1)

Lead g~resorcylate iz obtained commercially from NL Industries and Shepherd
Chemical Company. Commerical lead B-resorcylate is apparently a mixture of
dibasic lead R-resorcylate, moncbasic lead B-resorcylate and possibly a third
variety.

H H @
0 .
Hﬂ@“"“* Pb**'~°'9‘@°“ N
HO o-—~sPb*t

dibasic iead R-resorcylate monobasic lead B-resorcylate

Analysis of this third salt indicstes that it has a 7:4 lead to resorcylate
ratio (Satriana, 1971a).
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The pertinent alternate names for lead f-resorcylate are listed below:

Mixture
CAS Registry No.: 20936-32-7
CA Name (9CI): Benzoic acid, 2,4-dibydroxy, lead salt j
CA Name (8CI): beta-resorcylic acid, lead salt ;
Synonyms ¢ Lead beta-r2sorcylate; Lead 2,4~ 3
dihydroxybenzoate
Monobasilc
CAS Registry No.: 41453514
i Molecular Formula: CyH404Fb
' CA Name (9CI): Benzoic acid, 2,4-dihydroxy, lead (2+)
salt(1:1)
Synonyms: 2,4~dihydroxybenzoatolead (I1)
Dibasic
CAS Registry No.: 41453-50-3
Molecular Formula: C7H504°1/2 Pb

Benzoic acid, 2,4~ dihydroxy, lead (2+)

salt(2:1)
Bis(2,4~-dihydroxybenzoate)lead (110

CA Name {(9CI):

Synonyms :

i

B. Physical Properties

The availabla physical properties of lead salicylate and lead 8-
resorcylate are listed in Tables III-l and ITII-2. Satriana (1971a) reported
solubility data, infrared spectra, x-ray diffraction patterns, thermograms
and thermogravimetric data for monobtasic and dibasic lead R-resorcylate and
the third variety (designated sumple 62-1 by Sacriana). His data are
presented in Figures III-1 thrcugh III-4 and Table III-2. The infrared
spectra and x-ray diffraction patterns shown in Figures III-1 and III-2
indicate that the three salts are different in composition and structure.

C. Chemical Properties

1. Lead Salicylate

a. General Chendstry

Very little literature could be found pertaining to the
chemistry c¢f lead salicylate. The synthesis of lead salicylate can be
accomplished by a number of methods which relate to its acid/base reactivity.
By adding salicylic acid to a basic solution of lead acetate or lead chlorid
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Table IIT-1l. Physical Properties of Lead Salicylate*

Physical Form @ 20°C:
Color:

Crystal structure:
Malting Point:
Volatility:

Vapor Pressure:

Spa:zific Gravity:

Refractive Index:

Solubility

Magnetic susceptibility:

soft crystalline powder
creamy white

planar

no data available

no data available

no daﬁa available

2.3 normal; 3.32 monobasic}
5.11 pentabasic

1.78, normal; 1.90 monobasic:
2.05 pentabasic

suluble in hot water, alcohol
(no specific numbers available)

-0.4185x10-6 (monohydrate)

*Hawley, 1977; Nat. Lead Co., 1947; Kebrich, 1947;

Prasad et al., 1947,
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Table III-2, Pbysical Properties of Lead R-Resorcylare*

ey e e e

Physical Form @ 20°C: powder
Color: creamy white
s Melting Point: no data available
Volatility: no data available
Vapor Pressure: no data available
Octanol-water partion
coefficient no data available
Solubility:
(no specicific numwbers
available)
Solvent Dibasic Salt Monobasic Salt Sample 62-1
water sl. sol. insol. insol.
95% ethanol sol. insol. insol.
dimethylformamide sol. insel. insol,.
acetone sol. insol. insol.
tetrahydrofuran sol. insol. insol. ;
dimethylsulfoxide sol. insol. iusol. :
benzene sl. sol. insol. insol. :
1
* 3
Satriana, 197ia I
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IR Spectra of Three Lead f-Resvrcylate Salts

Figure YII-L,
(Satriana, 1971.)
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the formation of pentabasic lead salicylate at pH 9.9 is observed. At pH 8.3,
the monobasic variety is formed and finally at pH 4.8, the normal salt is
obtained (Kebrich, 1947; Kebrich, 1946; Nat. Lead Co., 1947).

COogH /0 F~p COH 0.0 ot G090
o ) e P e
PB™(NO3) y ———> 5 PBO-PL™ | - ———> Pb0-Pb** —> Pp*+*

2 2 2

The monobasic salt has alsc been prepared by raising the pH of a solution of
the normal salt (Murgulescu and Dobrescu, 1948).

2 o7

H
Pb++ NHLOH o ppt+ | ppt+

©

Several different molecular formulas are presented in the
literature for the wonocasic lead salicylaie sait. ‘These formulas differ
only by a molecule of water. The actual structure could be presented as a
dianionic salicylate of a 1:1 adduct of lead oxide and the normal salt:

O A Pb——0 0

<O .
o - UEh - &d
0-=» Pb++ n ;g' x

There are widely divergent reports as to the stability of
lead salicylate in aqueous media. Formation constants of 10 and 83,
respectively, have been reported for Pb(salicylate)+ and Pb(salicylate)j
from polarography data (Jain and Gaur, 1966)., Other authors concluaed from
a gimilar polarographic study that iead does not form a stable complex with
salicvlate ion (Vinogradova and Pedanova, 1955). In acidic solutions,
protonation of the salicylate ions should lead to rapid hydrolysis of the
salt; however, the synthesis of an acidic molecule comparable in strength
to HyS04 has been reported (Lesbre, 1938). This species has been assigned

the foll~wing structure:
!
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b. Environmental Reactions

The most probable environmental reaction of lead salicylate
would be hydrolysis, ideally in acidic solution, to lead ion and salicylic

acid:
co > 09H
Pb++ @ £ + 2HY ——3 P+t + 2 QI: 2
OH 2 H

Hydrolysis could also occur in basic solution although more slowly:

©
co 0,9
pp+* @:0 2 + 204" ——> PbO + 2 @:;2 + HyO
H
2

2. Lead B-Resorcylate
a. General Chemistry

The only literature references to the chemistry of lead
B-resorcylate are those of Satriana (197la; 1971b) who investigated the
synthesis of the lead RB-resorcylates and the adsorption of water by dibasic
lead B-resorcylate. Pure monobasic lead B-resorcylate was obtained in good
vield when lead oxide and resorcylic acid were mixed in a 1:2 ratio in an
alcoholic solution. Good yields of the pure dibasic salt were obtained when
the resorcylate concentration was increased to three times that of the lead
oxide. When water was the solvent in the synthesis, an unknown sait
resulted.

Differential thermal analysis (DTA) and thermogravimetric
analysis (TGA) curves of lead R-resorcylate are shown in Figures III-3 and
II1I-4., The DTA and TGA curves of the dibasic salt suggest the reversible
loss of a water uolecule at approximately 100-150°C. All three salts showed
larger weight lossus consistent with loss of the resorcylate anions at higher
temperatures. Propellants containing lead B-resorcylate have been shown to
ooze resorcylic acid on aging. This loss is due either to hydrolysis or
expulsion of the anhydride (Satriana, 1971b).
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S b. Environmental Reactions
i .
E : No data on the environmental fate of lead B-resorcylate
, ' was found in the literature search. One would expect the initial formation
of lead oxide and resorcylic acid via direct hydrolysis.
[ Oxp..0H
S H W
: po+ 0'—0% H] + H30* —>Pb0 + 2
f
: 2 OH

The resorcylic acid would in all probability decarboxylate yielding

resorcinol.
~OH
H
H H
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D. Monitoring and Analysis

1. Analytical Methods

Quantitative analysis for lead salicylate and lead B-resorcylate
may be acromplished by oxidation to lead oxide. The lead can then b deter-
mined by atomic absorption. Conversion to lead dithizone gllows quantitative
determination of the lead content by absorption at 520 nm (¥ranson, 1975).
This method can be used to determine 0-75 ug Pb in the presence of 100 ug of
sb, Sn, Hg, Ag, Cu, Cd, As, Fe, Al, Ni, Co, Mn, Zn, Sr, Ca, Mg, Na, K, NH, .
Thin layer chromatography has been employed for analysis of lead g~resorcylate
in solid propellant mixtures containing hexanoic, stearic and salicylic acid
salts of copper and lead (Habermann, 1971). No detection limits were given.
Quantitative determination of the salicylate and resorcylate in propellants
has also been accomplished by gas chromatography. The propellant mixtures
were first treated with a 1:1 wuixture of trimethylsilylchloride and bhis-
(trimethylsilyl) acetamide to convert the salicylate or resorcylate to its
trimethylsilyl ester. The products were then chromatographed at 70-190°C
on a 3% UCW-98/Gas-Chrom Q column (Alley and Dykes, 1973). Smallest quan~
tities reported analyzed were 3.11 mg for salicylic acid and 3.15 for 8-
resorcylic acid corresponding to aboat 1.5 ug in the 1 ul injections. Mean
errors were 0.0l mg for salicylate and 0.00 for the resorcylate. No lower
detection limit was given.

2. Monitoring

No reference to existing environmental or industrial monitoring
data on lead salicylate or lead S8-resorcylate was found in the literature.
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E. Health Effects

1. Biology

Studies on the biological interactions of the lead B-resorcylates
and the lead salicylates have not been reported in the literature. Therefore,
the effects of these compounds on and their interactions with the mammalian
body must be inferred from studies on other lead compounds. Lead acetate is
the only lead <ompound similar to lead salicylate or lead B-resorcylate for
which tc - lcological studies have been performed. Therefore, much of the data
presented herein is for lead acetate and the effects of lead salicylate and
lead f-resorcylate have been inferred from these data.

a. Absorption

Yeveral studies have been conducted in order to determine the
factors that influence lead absorption through the gastrointestinal tract in
man. Under normal conditiomns, only 8-122 of the lead ingested by man is
absorbed intu the body. The main absorption site is the small intestines.
The colcn also absorbs some lead but none 1s absorbed in the stomach (Harvey,
1970). The main factor controlling lead absorption appesxs to be the motor
activity of the bowel. In his studies with human subjects, Kehoe (1942)
found no effect of dietary changes in calcium or phosphorus on lead absorp-
tion. Barltrop and Meek (1975) observed no definite differences between the
absorption of inorganic and organic lead compounds in the gastrointestinal
tract of rats. However, they did find that an increase in the dietary fat
increased the amount of lead absorbed. The lead centent, from lead acetate,
of rat kidney was increased from 11.4 to 20 mg when 7.5% corn oil was added

to the diet.

In contrast to the low percentage of ingested lead compounds
absorbed through the gastrointestinal tract, absorption of lead and lead
compounds by the respiratory tract is more rapid and more complete. Estimates
of percentage of lead absorbed by the respiratory tract are 37X (Beliles,
1975). Absorption occurs in all portions of the respiratory tract and is
dependent on three processes: deposition, mucociliary clearance and alveolar
clearance. The deposition of lead comntaining particles in the respiratory
tract is controlled mainly by the size of the particles, inhalation route,
respiration rate and tidal volume. Large particles are generally trapped in
the nasopharyngesl system. For smaller particles, deposition in the tracheo-
bronchial system and lungs occurs. Once deposition has taken place, lead
particles can be removed from the respiratory system by mucociliary clearance
anad alveolur clearance (Task Group on Metal Accumulation, 1973). Mucociliary
clearance occurs as a result of mucous flow and ciliary activity in the naso-
pharyngeal and tracheobronchial systems. This clearance results in expecto~
ration of the particles on translocation to the gastrointestinal tract,
Alveolar clearance is the result of three processes (Task Group on Metal

Accumulation, 1973).
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- The particles can be transported from
the alveoli to a region where mucociliary
action will remove the material from the
respirzacory tract.

- The lead particles can pass through the
membranes into pulmonary tissues.

- The lead particles can pass through the
pulmonary tissue into the blood or lymph
system.

Lt Ay o S teat
ot Ty e

No absorption of inerganic lead wvccurs through the skin.
However, organocle=d compounds such as tetraethyllead are known to rapidly
penetrate the skin, Rostogi and Clausen (1976) showed that lead acetate
1 and lead naphthenate were absorbed inio the body of rats when a solution
of this compound was coated on their skins. Based on the absorption dzata
for other lead compounds, it is expected that lead salicylate and lead
f~resorcylate can be absorbed into the body via the respiratory and
gastrointestinal tracts and through the skin. The respiratory tract will
probably be the main absorption z2ite, especially in occupational exposures.
However, skin absorption may also be significant.

b. Transport

After absorption, lead is initially distributed to the soft
tissuegs. While in the blood, inorganic lead is associated with the erythrocytes.
The kidneys and liver are the main target organs for initial lead deposition.

The biciocglcal half-life of lead in tissues is estimated at a few weeks
(Clarkson, 1978).

Studies cy Baxter et al. (1977) were carried out on 85-day
old B6CF] Argonue bred femsle mice to determine differences in early
recention of lead acetate and lead citrate at intervals up to 14 days. Tissues
examined were liver, spleen, kidney, femur, lung, brain and blood.
Ultrafilcerable lead acetate or lead citrate containing labeled lead was
intravenously {njected at a level of 1 mg/kg (pH 5.1). After 1 hour the
distributions of lead acetate and lead citrate were as follcws (reported as
percentage injected dose per g of tissue, % ID/g):

Sl WL o

Lead Acetate Lead Citrate
Organ 2 ID/g 2 ID/g
liver 51.1 17.6
spleen 18.5 3.6
kidney 35.3 3.4 :
femur 11.3 22.5 ;
J
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In animals given lead acetate, there was a zendency to accumulate more lead

in the lungs and less in the brain und blood in one hour than in animals given
lead citrate. During days 1-14, animals given lead acetate showed a greater
loss of lead from the liver and spleen, whereas animals given lead citrate
showed a greater loss from the kidneys. Evidence from this study suggests

that lead acetate undergoes hydrolysis in blood and is more rapidly converted
to the inorganic lead than is lead administered as the citrate, which is a more

steble complex.

Lead can also penetrate the placental and the blood-brain
barrier. Organo lead compounds such as tetraethyllead penetrate this barrier
more rapidly than inorganic lead coupounds., This penetration is often by &

) partially metabolized compound (Task Group on Metal Accumulation, 1973).
; Penetration of the blood-brain barrier by organic lead salts such as lead B-
resorcylate and lead salicylate have not been studied,

Lead compounds initially deposited in the soft tissues ave
gradually redistributed and the lead deposited in the bones, teeth and hair
(Harvey, 1970), Deposition of lead in the bones resembles calcium deposition. ‘
. High phosphate intake is necessary for bone deposition of lead, as the lead
¢ is deposited in the form of tertiary lead phosphate (Harvey, 1970). Vitamin D
" aldes in lead deposition in the bones. However, bone lead content is highly
" dynamic. Low phosphate and/or high calcium intake, acidosis, and the preseance
of fodides and bicarbonate faver removal of lead from the bones. The
biological half-life of lead in bome is V10 years unless body conditions

favor its removal (Clarkson, 1978).

c. Metabolism !

in the body, organc lead compounds can be slowly bio-
transformed. If this transformation is carried to completion, inorganic lead ;
will result. In studies by Baxter et aql. (1977), evidence of in wivo hydrolysis !
of lead acetate and lead citrate was observed. The rate and degrees of hydrol- :
ysis are dependent ou the stability of the lead complex. Thus, in vivo §
hydrolysis of lead salicylate and lead B-resorcylate can be expected to occur :

slowly.
d. Elimination

Lead is eliminated from the body through the feces and urine.
The fecal lead content is mainly that lead which was not absorbed by the body,
. although there s some evidence that absorbed lead is excreted in the bile.
§ Klaassen and Shoemen (1974) conducted a study of the biliary excretion of
lead and concluded that the liver may have an active transpcrt mechenism for
lead excretion. Iowever, Kehoe (1961) found that inhaled lead did not reach
the feces of human subjects and the major portion of absorbed lead is excreted
in the urine This excretion route is favored by those mechanisms which tend
Lo to mobilize lead from bone and soft tissue and by the presence of chelatiur
i agents such as dimercaprol, calcium disodium edetate (ethylenediamine tetra-

acetic acid) and penicillamine.
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e. Pharmacology

i lead preferentially binds sulfur and sulfur containing
organics forming compourds and complexes of greater stability with this
element than with oxygen or nitrogen containing organics. Thus, lead is
expected to exert a major influence on SH~dependent euzymes by combining

with the sulhydryl grotp. Lead also binds with oxygen and nitrogen functional
groups of proteins, enzymes, etc. Literature evidences suggests that
administration of lead complexes such as lead acetate results in these types
of interferences.

Lead interferes with in vivo biosynthesis of heme, globin
synthesis in the erythrocytes and with the urilization of iromn. A schematic
showing the various points of lead interference is presented in Figure III-5,
Lead inhibits the synthesis of prophobilinogen (Step #2) by interfering with
the SH-containing enzyme, &-aminolevulinic acid dehydratase (ALAD). The
interference with heme synthetase (Step #6) is based on experimental evidence
Other interference mechanisms bave not been clearly established.

Other effects of btiochemical interactions of lead have been
documented. For example, Ono et al. (1973) showed that intraperitcneal
injection in mice of 0.3 ml of a 0.9% saline solutinn containing 1 mM lead
acetate caused an increase i . SH groups in the kidney over that in controls. «
Thus, the amount of SH in mouse kidney may be an indication of the degree ;
of disturbance caused by lead or other heavy metals.

Hrdina et al. (1976) examined the effect of heavy metals on
brain biogenic amines in the rat. In part of the study, rats were chronically
fed lead acetate at levels of 0.2 and 1.0 mg/kg/day for 45 days. This treat-
ment caused an increase in cerebrocortical acetylcholine and a decrease in
brain stem norepiaephrine. The changes in the regional levele of these
biogenic amines occur before outward toxic effects become manifest. Thus,
these changes may be early signs of adverse effects of lead on the central
nervous system,

:‘;—»——vv—'«-ﬂ:m. e

i

Cornell and Filkins (1974) administered 5 mg lead acetate
intraveneously to male rats. Gluconeogenesis was determined <11 vivo by
measuring conversion of labeled alanine into glucose and in vivo by using
isolated hepatocytes. Results showed that lead treated rats sustained a
depression in the conversion of labeled alanine into blood glucose. In
isolated hepatocytes, gluconeogenesis from alanine, lactate or pyruvate was
reduced 40-60%. It was suggested that there is a locus of lead action in :
the mitochondria and that defects in the regulation of glucose by the liver 3
may exert gsome effect in the toxicity of acute lead poisoning. 3
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Studies on the effect of experimental lead poisoning on the
permeahility of the lysomal membrane of the rat were carried out by Apostolov
et al. (1977). Results showed that as early as the third day of a daily
feeding of 20 mg of lead acetate/kg body weight, two lysomal enzymes,
alpha-mannosidase and beta-acetylglucosaminidase, were found to have been
activated in the blood serum. Thus, in the pathogenesis of lead poisoning,
damage to the lysosomal membrane may play an impcrtant role.

2. Effects of Human Exposure

a. Epidemiology

No information was found on the epidemiclogy of lead salicylate
or lead 3-salicylate. However, chronic lead poisoning in man is well documented.
The effects of laad poisoning observed in man are listed in Table IIT-3.

b. Occupational Exposure Studies

Occupational exposure studies on lead salicylate and lead 8-
calicylate have act been conducted. However, several studies with lead acetate
have been performed. Cytogenetic studies were carried out on 11 male volunteers
(20-30 years) who ingested lead acetate for 49 days. The concentrati-n of lead
in the blood was maintained at 4C0 ppbh from the third week. At the end of the
study, the lymphocytes showed increased mitotic activity but no increase in
chromosome abberations (Bijlsma and De France, 1976).

In a review of the effects of lead on the female and
reproduction, Rom (1976) points out that there is biologic evidence that
women may be moxe susceptable to the toxic effects of lead. In animal
studiles, lead exerts a markedly deleterious effect on pregnancy and fetal
development. A sti'l unresolved question is whether lead is responsible for
chromosomal abberaticns. 1t was hypothesized that there may be no threshold
limit at which the adverse effects of lead could not occur during the course
of the development of the Ytjuman fetus.

.

In uinar motor nerve conduction studies on 1l male volunteers
fed lead acetate for 49 daye, Verberk (1J76) showed that there was a 137%
reduction in conduction velocity in fast conducting filers and 157% reduction
in slow conducting fibers.
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;) S Table TiI-3. Effects of Lead Poisoning
‘ (Beliles, 1975)

Centra. Nervous Srstem

Encephalopathy

g Fatigue

1 Hoadache

1 Tremorx

Hallucinations
Intellectual detericration
Cortical atrophy
Hydrocephalu~

Blindness

Coavuls? .ns

Gast~ . atestinal

Colic

Loss of uppetite
Nausca

Yomlting
Constipation

Hematologic

Aremia, hypochromic normocycic
Basophilic stippling erythroblasts
Binucleated erythroblasts
Increased serum iron

P SN

Renal

Hyperuricemia
Nephritis
Glycosuria
dyperaminoaciduria

ot it B, 18 s S T

Other

Gum lead line (black or purplish line of gum
margin)
Skin pallor (ashen gray)

: Logs of Weight
Weakness, extensor muscles (wrist or foot drop)

Bl o e L b e,

~ =
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3. Effects on Experimental Animals
a. Acute Toxicity

No mammalian toxicological data exists for lead B-resorcylate.
The only mammalian toxicological data available on lead salicylate is aa oral
study with rats. _ln this study, an LD50 of 4.3 gm/kg was determined
{(Potter, 1978). Tais LD50 value is compared to those obtained for other
organic lead complexes in Table III-4. The acute toxicity of lead salicylate
is similar to that of other organic lead complexes, Lead B-resorcylate should
have approximately the same acute toxicity.

b. Subacute Toxicity

Yo specific information exists on the subacute cr chronic
toxicity of lead salicylate or lead B-resorcylate. However, information on
other organo lead(+2) compounds may give an indication of the toxicity of lead
salicylate and lead B-resorcylate, Lead acetate concentrations of 20 mg/kg/day
to calves induced neurologic alterations (Wells et al., 1976). Hoffmann et al.,
{(1974) found that sublethal doses of lead acetate caused ultrastructural
chianges in rat livers.

¢, Chronic Toxicity

Numerous studies have been conducted on the effects of chronic
exposure of experimental animals to lead acetate and other lead compounds.
Many of these studies wers aimed at behavioral effects, pharmacology,
car~inogenicity, etc., of lead acetate and are reported in other sections of
this report. However, Eyden et al. (1978) have conducted a long-term, well
controlled lead acetate feeding study to determine the effacts of this
compound on survival and body weight in Balb/ct mice. These animals were
fed lead acetate ranging from O to 4.0% of their diet. The mean survival time
of the controls and mice recieving 0.5 to 4.0% dietary lead acetate are shown
in Table ITII-5. Inspection of the table indicates a dramatic relationship
between dose and survival time. Longer survival rates were observed for the
0.1% die:ary level with 57Z still living at the end of 541 days. The body
weights of the mice receiving the 1.0% dietary level ofi lead acetate began to
decreage significantly at 4 weeks after start of treatment as compared to the
controls. At 1l weecks, these mice weighed approximately half that of the
controls. Similsr survivals were noted by Van Esch and Kroes (1969) for Swiss
mice in their study tumor induction by lead acetate.
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Table III-5. Relation Between Dietary Lead Acetate Dose and Mean
Survival Time (Eyden et al., 1978)

Mean Survival Sex of Number of

Lead Acetate (%) Time (days) Animal Animals
4,0 11.3 £ 1.6 F 10
3.0 18,3 £ 3,6 F 10
2.0 43.2 + 8,25 F 10
1.0 98.7 t 1.6 F 21
1.9 99.9 £ 1.9 M 21
0.5 115.1 *+ 1,6 F 10
0. 745 £ 17,2 M 150
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d. Teratogenicity and Mutagenicity

Several studies have been conducted on the teratogenicity of

'e-d acetate. Jacquet et al. (1975) administered a diet containing 0, 0.125,

.250 und 0.500% lead acetate to female mice after mating. 'The mice were
dissected 18 days later, The administration of lead was found to reduce
markedly the incidence of pregnancies, to increase postimplantation loss, and
to decrease the weight of the surviving embryos. However, no gross,ab-
normalities were observed in the lead treated embrycs. Zegarska et al. (1975)
demonstrated that a single injection into rats of 2.5 g lead acetate/100 g
body weight on the 9th day of pregnancy caused a 75% fetal mnrtality and a 207%
incidence of developw ntal defects in the head of the fetuses. This study
would indicate that, under these conditions of acute administration, lead
acetate was teratogenic in the rat. Kennedy et al.(1975) treated pregnant
rats and mice by gavage with doses up to 714 mg lead acetate/kg or 10 mg of
tetraethyllead/kg. These lead compounds were administered daily during the
period of rapid organogenesis. There were no signs of te atngenicity resulting

from use of either lead compound.

Gilani (1974) studied ultrastructural changes -“uring
cardiogenesis in chick embryos administered 0.015 mg lead acetate’egg at day
2 of incubation. Abnormalities observed in the endocardial cushicn were
swollen mitochondria, mitochrondria with abnormal cristae and matrix, and
disrupted uuclear membrane. The mitochrondria s=emed to be the organelle
most frequently affected, Thus, it was shown that lead poisconing can induce

ultrastructural changes in developing heart.

By comparison with lead acetate, it is expected that lead
salicylate and lead f-resorcylate will exhibit teratogenic effects when
administered to pregnant animals in either an acute or chronic exposure.

e, Carcinogenicity

The ability of lead acetate and basic lead acetate to induce
renal tumors in experimental animals hias been repor. :d by several authors
(Van Esch et al., 1962; Van Esch and Kroes, 1969; Waszynski, 1977). 1In their
initial experiments with Wistar rats, Van Each ¢t al. (1962) found renal
neoplasms in 13 of 24 rats fed a diet containing 1.0% (reduced to 0.57% on
92nd (M) or 115th (F) day) basic lead acetate for 2 years. Sick or dead
animals were autopsied as were all animals living at the end of 2 years. Of
the 1.0% group, 7 of 50 animals had renal tumors (1 renal adencma in a female,
and 2 renal adenomas and 4 renal carciromas in males). Only 1 mouse in the
1.0 (0.5)% group had a renal tumor. However, most of these animals died
early in the experiment due to basic lead acetate poisoning. 1In this study,
hamsters were also fed basic lead acetate, however, they also died early
in the experiment from basic lead acetate pcisoning.
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A more recent study by Waszynski (1977) confirms the earlier
results on the carcinogenicity of lead acetate. This author also found the
rat to be more susceptible to renal tumors as the result of lead acetate
inctoxication than the mouse,

f. Behavior - Symptomology

Several studies have been conductid to determine the effects
of lead acetate on behavior. Behavioral responses of oxperimental animals is
much the same as those observed in human infants. Lead salicylate and lead
8-resorcylate absorption should result in the same general behavioral symptoms.

Sobotka and Cook (1973) examined the postnatal exposure of
rats to lead acetate and its possible relationship to minimal brain dysfunction.
In this study, rats were fed 0, 9, 27 or 81 mg lead acetate/kg body weight for
3 weeks. As weanlings, the rats displayed behavioral characteristics similar
to those seeu in minimal brain dysfunctional children. Thus, it would
appear that exposure of rats to lead during the perinatal period may bear an
etiological relationship to some of the variauts of minimal brain dysfunction.

Golter and Michaelson (1975) studied the growth, behavior, and
brain catecholamines in lead exposed neonatal rats. Results showed that daily
oral administration of lead to newborn rats exerted no adverse effect on
their body weight. They were, however, more active than age matched controls.
Levels of brain dopamine were unchanged, whereas norepinephrine levels were
increased. These findings would suggest a possible relationship between lead
exposiure during early development, increased motor activity, and brain
epinephrine, and not dopamine, as had earlier beeun postulated.

It was pointed out (Michaelson and Sauerhoff, 1974) that the
older method of studying lead encephalopathy produced in suckling rats when

lead is added to the mother's diet, showed only growth retardation, and paraplegia

and lesions of the cerebellum which developed during the 4th week of life.
The authors, therefore, devised a new model for studying lead indnced brain
dysfunction in the suckling rat. In this model, they changed the mother's
diet on the 6th day from one containing 5% lead acetete to one containing

25 ppm of lead and allowing the reonates free access to the same solid diet
as the mother. Results showed that the sucklings had retarded body growth
but did not develop paraplegia or damage of the cerebellum. However, during
the 4th week, these animals did develop hyperactivity, tremors and sterotyped
behavicr. The authors suggested that the severe paraplegia and histopatho-
logic lesions reported by workers using the older model obscures the signs of
minimal brain dysfunction. Accordingly, they suggest use be made of this
procedure as a model for studying the subtle effects of lead intoxication

on the central nervous system.
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e Allen et al. (1974) showed that when infant rhesus morkeys

% were exposed to lead by addition of 0.5-9 mg lead acetats/kg body weight,
they developed symptoms vf lead poisoning within 6 weeks. The predominant
changes noted were seizures, muscular tremors, and altered social behavior.
In some of the more severely affected animals, visual impairment was &lso
noted. Although visual Zmpairment :ras reduced and the seizures subsided
following remov:. oif .cud from the diet, the altered social behavior persisted
in the infant monik«”, However, in adolescent and adult monkeys, no obvious
behavioral sinormaliti:s weve observed. Thus, non-humen primates are similar
tc humsus in their reactions to lead in that the infant is more susceptible
to lead poisoning than the adults.

Yorrison et al. (1975) studied the behavior of weaned mice
suckled by mothers given tap water and by mothers given a 5 mg/ml of lead
acetate solution during lactation. After weaning, the mice were given a
choice between tap water and a lead acetate solutinn after lactation. Results
showed that all offspring demonstrated an immediate aversion to the lead
acetate solution. Further, the lead acetate offspring dranl a greater quantity
of total fluid (tap water plus lead acetate) after weaning than the controls.
This would indicate changes in both learned and unlearned motivation for fluid
after ingestion of lead via the mother's milk in infancy.
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F. Environmental Effects

1. Entry into the Environment

; Lead salicylate and lead R-resorcylate are manufactured in the

: United States for use as burning rate modifiers in solid propellant formula-
tions. Under current operations, these lead compounds are used sporadically

by Radiord AAP, each with an average use rate of 670 lb/month. At full
mobilization, Radford AAP would require 3,000 lb/month of each lead compound.
Badger and Sunflower AAPs also use these compounds when they are operational.
At full mobilization use rates of lead salicylate and lead R-resorcylate,

~A5 to 150 lb/month of each compound are estimated to be lost to the New River
(Kitchens et al., 1978). This source of lead salicylate and lead R-resorcylate
is probably the major point of entry of these compounds into the environment.

2. Behavior in Soil and Water

a. Transport, Accumulation and Degradation

Losses of lead salicylate aud lead B-resorcylate to the envi-
ronment will occur primarily in the Radford AAP effluents to the New River.
The river concentrations which would occur at different flow rates and mixing ,
are shown in Table III-6. ‘

Table III-6. Estimated Levels of L2ad f-Resorcylate and Lead Salicvlate
{in ppm) New River at Full Mobilization

Degree of Low Flow (620 mgd) Average Flow (23E£0 mgd)
Mixing Individual Combined Individual Combined
1% .10 .20 .03 .06
10% .01 .02 .003 . 006
100% .001 .002 .0003 .0006

The table assumes the lead salicylate and lead f~resorcylate are initially
in the water. Weitzel et al. (1976) found lead levels at Radford AAP in the
New River ranged from 1~2 ppb. However, sediment levels were greater than
100 ppm. These data indicate that lead B-resorcylate and lead salicylate
accumulated in the sediment of the New River.

Once in the sediment, it is probable that the lead compounds
are slowly degraded either biologlcally or through complexation by the sedi-
ment. This complexation should be similar to that observed with organo-lead
compounds in soil. A pathway for complexation of organo lead compounds in
soil is shown in Figure III-6. The end result of this pathway is generally
immobilization of the lead as insoluble carbonate or phosphate salts. Lead
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egalicylate and lead B-resorcylate are expected to underge this type of
reaction. The controlling factcrs for lead fixation appears to be pH and
cation-exchange capacity (Zimdahl and Skogerboe, 1977).

b. Background Concentrations

Although natural lead salicylate and lead B-resorcylate con-
centrations in the environment are non-existent, lead background concentrations
have been studied. Swaine (1955) estimated typical levels of lead in soil
ranged from 1-200 ppm with a mean of 15 ppm. Kopp and Kroner (1967) sampled
1500 streams and found lead levels greater than 10 ppb in 20% of the samples.
Livingstone (1963) estimated natural lead levels in water to be between 1~10 ppb.

3. Effects on Animals
a. Mammels
The effects of compounds related to lead salicylate and lead
B-resorcylate on experimental mammals were discussed in Section D.3. No

information on the effects of enviroumental expcsure to lead saiicylate, lead
B ~xresorcylate or related compounds to mammals was fouad.

b. Birds

No information on the effects of lead salicylate, lead 8-
rescrcylate or related compounds on birds was found,

¢, Fish

No iInformation on the toxicity of lead salicylate or lead 8-
resorcylate to aquatic life was found in the literature. A large amount of
aquatic toxlcological information on inorganic lead compounds and organolead
compounds exists, hewever, the inorganic lead and organolead compounds do
not possess the sawme type of bonding and/or valency as lead salicylate and
lead B-resorcyluate. The only ccmpound with similar bonding for which aquatic
toxicity information exists is lead acetate. However, lead acetate is moie
soluble and hydro.yzes more readily than lead salicylete or lead R-resorcylate.
Thus, the toxicity of lead salicylate and lead B~resorcylate is expected to
be lower than that cbserved for lead acetate due to the lower concentration

of ionic lead.

ST N X O

T

The efiuvcts of exposure of various fish species to inorganic
lead, lead acetate and organolead are presented in Table III-7. As can be
observed from the table, lead acetate has approximately the same toxicity as
lead chloride in soft water. Lead acetate is soluble but not completely
ionized whereas lead chloride is only sparingly soluble. Lead salicylate and
lead B-resorcylate would be expected to be less toxic than lead acetate with
an eatimated LC50 of 15-20 ppm in soft water and »500 ppm in very hard water.
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This difference in toxicity of lead compounds in different
waters 1s due to p.ecipitation of lead as insoluble lead carbonate in hard
water. Thus the iead is unavailable to the aquatic organisms. T'e effects
cf any lead compounds on aquatic organisms is thus determined to a lagge
extent by the hardness of the water. The New River which receives effluents
: from Radford AAP has soft water, ~ 20-40 ppm as CaCO, (Weitzel et al., 1976).

" Thus, all lead compounds are expected to be relatively toxic to aquatic life of
this river.

Bioconcentration factors for lead ‘n brook trout and the
bluegiil have been reported to be 42 and 45, respectively (Holcombe et al.,
1976; Atchison et al., 1977). No bioconcentration factors for lead salicylate
or lead R-resorcylate were found in the literature. Sufficient data were also
not avallable to calculate an octanol-water partition coefficient.

d. Amphibians

No information was found on the effects of lead salicylate,
lead f-resorcylate or related compounds to amphibians.

e. Invertebrates

No information is available on the toxicity of lead salicylate
and lead B-resorcylata to inve.:ebrates. However, the data in Table I1I-8
show the toxicity of lead acetate to Daphnia magna. Lead acetate was fouund
to be moderately toxic with a ECL; of 1,1 ppm.

Table I111-8. Toxicity of Lead Compounds to Daphnia magna

Hardness Concentration
Compound (ppm as CaCOa) pil Result (ppm) Reference
Lead acetate 16 1.6 4R hr EC50 2.5 Bringmann and Kuhn (1977)
? .
Lead acetate 11 7.6 48 hr ECL, 1.1 Bringmann and Kuhn (1977)

f. Microorganisms

No information was fournd on the toxicity of lead salicylate
or lead B-resorcylate to microorganisms or degradation of these compounds by
microcrganisms. However, lead acetate inhibited cell replication of Pseudo-
monae putida at 1.8 ppm (Bringmann and Kuhn, 1976).

4. Effects on Plants

Ne infurmation was found on the interaction of lead salicylate
or lead B-resorcylate with plants. Lead acetate was found to inhibit cell
multiplication of the algae, Microcystis aeruginosa 2t 0.45 ppm (Bringmann
and Kuhm, 1976.)
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G. Regulations and Standards

1. Air and Water Standards

There sre no air or water standards specific for lead salicylate
or lead R-~resorcylate. However, criteria have been set for lead in potable
water (Federal Register, 1979.) ¥or protection of human health, the lead
content of potable waters can be no greater than 50 ug/l. Pvoposed fresh-
water critera for protection of aquatic life have been revised for lead taking
into account water hardness (Federal Register, 1979). The equation for the
24~hour average concentration is 1.51 ln (hardness) - 3.37. The maximum 2liow-

able concentration is 1.51 1n (hardness) - 1.39.

2. Human Exposure Standards

No specific standards for lead salicylate or lead B-resnrcylate
have been set for occupational exposure to this chemical, However, a criteria
document has recommended an air standard of 150 ug(Pb)/m3 for lead stearate
(NIOSH, 1977). A similar TLV for lead salicylate or lead B-resorcylate should

afford workers adequate protection.
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H. Evaluation and Comments

1. Lead B-Resorcylate

Very little is known ccncerning the chemistry and toxicological
and environmental hazards of lead B-resorcylate. No information on the acute
and chronic mammalian toxicolcgy of this salt is available. The biological
interactions of lead f~resorcylate can only be inferred from studies on lead
acetate. Aquatic toxicity information on lead B-resorcylate is non-exilstant.

No information is available on the eanvironmental fate of lead
f~resorcylate. Hydrolysis of this salt to inorganic lead and bioaccumulat‘lon
are both possible.

In view of the very limited data available on lead B-resorcylate,

the following studies are recommended to fill in the information gaps.,

1. Further chemical analysis to identify the
apecific lead compounds and their
percentage composition in lead B-
resorcylate used in propellants. This work
should include further enumeration of the
chemistry of lead f~resorcylate and develop-
ment of a scheme to gualitatively identify
and quantitate lead B-~rescrcylate and
breakdown products ln the environment.

2. Sampling and analysis of lead B-resorcylate
concentrations entering the New River in
Radford AAP effluents and correlation of
these results with production. The concen-
trations of these salis and breakdown
products in the sedimenis and biota of the
New River should also Ye determined,

3. The LD50 of lead B~resorcylate to rats
should be determined.

4. A chronic feeding study using rats should
be undertaken to determine the long term
effects and carcinogenic potential of
Jead B-resorcylate.

5. Aguatic toxicity tests in water of similar
chemical composition te the New River
should be indicated to de-ermine the
toxicity of lead B-resorcylate to fish
and invertebrates. These tests should
include 99~-hr static LC50 and 30-day
flow-through chronic tests.
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6. Effectiveness of the proposed treatment
facilities at Radford AAP in removing
this salt from the effluent should be
evaluated.

2. Lead Salicylate

Information on the chemistry and toxicological and environmental
hazards of lead salicylate is extremely limited. The data that do exist on the
chemical properties of this complex are conflicting. It appears that hydrolysis
will be the major envirommental reaction although substitution has also been
shown to occur.

 The only toxicological data available are an oral LD50 to rats.
All information presented on the biological interaction of lead salicylate has
been inferred from the data available on lead acetate. From these limited
data, 1t appears that lead salicylate nas a low toxicity to mammals when
administered in an acute dose. However, no information exists for chronic
exposure to this complex.

The toxicity of lead salicylate to aquatic species is hard to
predict from the date available, but it is probably less toxic than lead
acetate. No data are available on the bioaccumulation potential of lead
galicylace,

Further information is needed in order to reliably assess the
toxicological and environmental hazards of lead salicylate. Therefore, the
following studies are recommended in order to obtain these data.

1. Gather further information on the physical
and chmmiral properties of lead salicylate.
Initial investigation should center on the
behavior of lead salicylate in aqueous
sclutions,

2. A chronic feeding study with rats should be
undertaken to determine the long term effects
of lead salicylate including its carcinogenic
potential,

3. An acute skin absorption test should be carried
out on rabbits or guinea pigs in order to
determine the ability of lead salicylate to
penetrate the skin.

4, Aquatic toxicity tests in water similar
in chemical composition to the New River
should be conductad to determine the
toxicity of lead gsalicylate to fish and
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invertebrates. These tests should include
96-hour static LC50 and 30-day flow-
through chronic tests.

Further studies which may be of value
depending on the outcome of 1 and 4
include:

- sampling and analysis of Radford AAP
effluents and sediment and biota of
the New River;

- determine the ability of the proposed
treatment facilities to effectively

remove lead salicylate form the Radford
ARP effluent.
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SUMMARY

2-Nitrodiphenylamine is & stabilizer used by the Army in the manufacture
of solid propellants. Currently Radford AAP is the only Army Ammunition Plant
producing propellants containing 2-nitrodiphenylamine. This ..mpo:.nd enters
the environment in the wastewatcv from the aitioglycerin manufacture and
propellant formulation areas. The amouat ent.ring the New River during full
mobilization operations at Radford AAP is estimated at 80-200 lb/month.

2-Nitrodiphenylamine has a low acute toxicity to mammals. Metabolism to
4-hydroxy~ and 4,4 -dihydroxy-2-nitrodiphenylamine and rapid elimination from
the body similar to diptrenylamine is likely. N-hydroxyl-2-nitrodiplienylamine
is 2l:o postulated as a metabolite based on the appearance of methemoglobin
in the blood.

In the aquatic envirorment, 2-nitrodiphenylamine is probably toxic to
fish and invertebrates in the low ppm concentration vange. This inference is
baged on the aquatic toxizity data available on compounds similar to 2-nitro-
diphenylamine since no data are available on this compound. From the limited
amount of informati~sn available, 2-nitrodiphenylamine appears to be non-toxic
to microorganisms. A mitad culture can use this compound as a sole carbon
source,

The following studies are recommended in order to obtain the needed
information to fully determine the envircnmentzl hazards of 2-nitrodipheny!-
amine in the Radford AAP effluent: '

~ studies to determine the watsr solubility and octanol-
water partition coefficient of 2-nitrodiphenylamine

- sampling and analysis of Radford AAP's effluent for
2-nitrodiphenylamine and correlation of effluent con-
centrations with production data

~n

~ biodegradation siudies on ZL-nitrodipnenylamine

- detailed aquatic toxicity studies on 2-nitrodiphenyl-
anine
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FOREWORD

f A, Study Goals

This report presents the results of an evaluation of the available
information un the toxicological and environmental hazards of 2-nitrodiphenyl-
amine. 2-Nitrodiphenylamine is a stabilizer used in propellant formulations.
This compourd enters the environment in wastewater generated during nitro-
glycerine manufacture and propellant formulation at Army Ammunition Plants.
The Army 18 one of the main users of 2-nitrodiphenylamine and propellant
A manufacturing is one of the main sources of pollution of this compound. This
g evaluation of thu toxicological and environmental hazards cof 2-nitrodiphenyl-
; amine was undertaken in order to aid the Army in identification of research
iteeds and in recommendation of effluent criteria for this compound.

o My e -

B. Study Methiodology

The methodoleogy utilized to gather information for this report included
@ detailed secrch of the literature and numerous personal contacts. During
the literature s2arch, the following scurces were reviewed for pertinent
information on 2~nitrodiphenylamine:

- Chemical Abstracts 1940 - present

- Biological Abstracts 1950 - present

- Ex:erpta Medica 1950 - preseant

- TOXLINE 1965 - przsent

~ National Technical Information Service 1964 - present

- Defense Documentation Cencver 1558 - present

-~ (OMPENDEX 1970 .- present
The search of the literatuvre revealed very little information on 2-nitrodi-
phenylamine,

Fersonal contacts were made with U.S. and foreign manufacturers of
2-nitrodiphenylamine; Army Ammunition Plant personnel and Army and civilian m

researchers. The specific contacts made and rasults are presented below.

1. U.S. Maaufacturer

American Cyanamid Company is the only U.S. manufacturer of 2-nitro-
diphenylamine., Three people were contacted within American Cyaramid:

Dr. Pinto
Mr. R. W. McCullough
Mr. Keith Baarson
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Dr. Pinto was contacted Sept. 18, 1978 and said that Mr. McCullough would
have material and safety data sheets on 2-nitrodiphenylamine. Mr. McCullough
was contacted Sept., 22, 1978. He indicated that Keith Baarzon, assistant
administrator to the Director of Toxicology, would have details of their
mammalian toxicity tests. Mr. Baarson was contacted and one piece of infor-
mation on the sublethal effects of 2-nitrodiphenylamine was received.

2. Foreign Manufacturers

Four foreign companies listed in the 1978 Directory of Chemical
Producers in Western Europe as 2-nitrodiphenylamine producers were contacted
by Telex in October, 1978, These companies were:

FED. REP. OF GERMANY
Bayer AG

TNITED KINGDOM
Hickson & Welch Ltd.
Hopkin & Williams .
Koch~Light Laboratories Ltd.

None of the companies responded.
3. Radford AAP Personnel
The following Radford AAP personnel were contacted Sept. 28, 1978:

Mr. John KHorvath

Mr., Tom Grady
Mr. Ted Topper

Mr. Horvath had no information. Mr. Grady suggested calling the munufacturer.
Mr. Topper searched for toxicological information but could not find any.

4. Other Sources

Dr. .Jay Abercrombie of the 17.S. Army Chemical System Laboratory,
Aberdeen Proving Ground, MD, was contacted Sept. 12, 1978, He reported no in-
formation on 2-nitrodiphenylamine.

Mr. J. Gareth Pearson of USAMBRDL, Fort Detrick, MD, was visited in
September, 1978. However, no data were available on the aquatic toxicology of
2-nitrodiphenylamine.

Dr. W. G. Charackles of Rice University, Houston, Texas was con-
tacted concerning a study he performed on the waste treatment of Otto Fuel 1I
containing 2-nitrodiphenylamine. The study he performed was a small one aud
no additional data over that already published are available.

Iv-6
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IV, 2-Nitrndiphenylamine

A. Alternate Names

2-Nitroc.p»" _.ylamiue is a secondary aromatic amine which has civilian
applications as « dyestuff and military application as a stabilizer in double
base propellant formulations. It is produced commercially by American
Cyanamid Co. by the reaction cf 2~-chloronitrobenzene and aniline in the
presence of sodium carbonate. A yield of 967 is obtained by removing water
in the form of its aniline azeotrope (Desseigne and Rabussier, 1957):

’ h
: é’ O+Naco——>0 ©+NaCI+CO‘f+HOT‘

2~Nitrodiphenylamine has a molecular formula of Cj12H1gN202 and a
molecular weight of 214.23. The pertinent alternzte nanes for z-nitro-
diphenylamine are listed below:

CAS Registry No.: 119-75~-5

CA Name (9CI1): Benzenamine, 2-nitro~N-phenyl- ]
CA Name (8CI): Diphenylamine, 2-nitro- |
Wiswesser Line Notation: WNR BMR :
Synonyms: 2-nitrodiphenylamine; o-nitro-

diphenylamine; o-nitro-s-phenylaniline;
SUDAN YELLOW 1339; C.I. 10335

Iv-9
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B. Phrsical and Chemical Properties

1. Physical Properties

The physical properties of 2-nitrodiphenylamine are listed in
Table IV-1. The infrared, NMR and ultraviolet spectra are shown in Figures
IV-1 through IV-3. The mass spectrum of 2-nitrodiphenylamine has significant
peaks at m/e = 214 (mt+), 197, 180G, 167, and 77 (Budzikiewicz ¢t al., 1972;
Peters, 1973).

The interplanar spacings and the intensities of the I~-ray
diffraction lines are: 10.27(s), 8.47(s), 5.98(m-), 5. 34(3), 4.83(m), 4.51(s+),
3 96 (m), 3.73(f), 3.58(f-), 3.45(m), 3.26(m-), 3.18(m), 3.08(vf), 2.98 (f broad),

2.82 (f+ broad), 2.73(vf), 2.66(vvf), 2.50(vf+), 2.10(vf), 2.05(vf), 1l.94(vf),
1.36(vf), 1.77(vvE), 1.62(vf) (s = strong, v = very, m = medium, f = faint)
(Soldate and Noyes, 1947).

2. Chemical Properties

a. General Chemistry

TR TR T

The chemistry of 2-nitrodiphenylamine involves the amine and
i nitro functional groups as well as the benzene rings. The basicity of 2-nitro-
3 diphenylamine is lower than that of diphenylamine due to the delocalization of
: the non-bonded nitrogen electrons into the arowatic rings and nitro group
] ' (Varkley et al., 1974). The amino functional group will react with acid
chloride to form amides (Roussel-Uclaf, 1970).

H + H-O-?f-CH -S-O—CH CH ﬁlj_. i-@-cu -cﬂ)-o-CH CH
ﬁ 2 273 2 2773
"2 C}-'wz

?ertiary amines are formed with arylhalides in the presence of carbonate
(Desseigne and Rabussier, 1957; Bacon and Hamilton, 1972)

G 4 @

NO

Q|
G o QP
T e
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Table IV~l, Physical Properties of 2-Nitrodiphenylamine

Physical Form @ 20°C:
Crystalline Form:
Melting Point:
Boiling Point:
Volatility:

Vapor Pressure:
Specific Gravity:

Octanol~Water Partition
Coefficient:

Solubility:

*CRC, 1973; American Cyanamid,
Desseigne and Rabusser, 1957.

solid
ortharhombic
75-76°C

223 @ 20 mm Hg

no data available
no data available
1.366

no experimental data available:
calculated value = 3,07

water - soluble only at low levels; no
specific numbers available

ethanol - 1 2/100 g 4 0°C

2 g/10% g @ 25°

15 g/100 g @ 50°

35 g/100 g @

90 g/100 g @

methanol - 2.4 g/100 g @ 20°C
acetone - 43.6 g/100 g @ 20°C
benzene -~ 51.7 g/100 g @ 20°C

C
50°C
62°C
65°C

o

5
#]
20
5
@

1576a; Hawley, 1976; Prasad and Shanker, 1936;

Iv-12
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Nitration of the benzene ring in acetic anhydride proceeds
well, althougb somewhat slower than diphenylamine (Sharnin and Falyakhov, 1976).

NO, NO, N02
HNO
@—w—@ -A—c—g-’ G—NH —@-uoz+ NH

The nitro group is easily reduced via polarography yielding
2-aminodiphenylamine witn intermediate hydroxylamine species being proposed
(Varkey et al., 1974).

NH2

NO NO ' HOH
\ 2e” 2e
O — QI+ e
H H NH NH

2-Nitrodiphenylamine has been cyclized yielding phenazene (Wataya et al.,
1975a) and phenazine oxides (Wataya et al., 1975b).

CH30Na N
(CH3)ps0 = N
soc1Z R C[Ij

CH3

L) —
S NH

b. Environmental Chemisctry

No studies of the environmental chemistry of 2-nitrodiphenyl-
amine have been reported in the literature. The molecule is not likely to be
subject to acid/base hydrolysis of any kind, therefore, the most likely
degradation pathways would be via photochemical or oxidation/reduction
reactions.
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2-Nitrodiphenylamine can undergo photochromic enolization:

NO, _ " &-8-on
Tl = OO

This reaction is reversible, but would be the first step of other complex
reaction mechanisms. The photodegradation of 2-nitrodiphenylamine has been
studied and shown to be significantly slower than the degradation of the 3-and
4-nitro isomers (Asquith and Williamson, 1969). The reaction proceeds more
rapidly in neutral ethylacetate~ethanol-water than in similar acidic o: basic
solutions. In ethyl acetate‘alone, the photodegradation reaction of 2-nitro-
diphenylamine occurs at a slower rate than in the ethylacetate-ethanol-water
system. The presence of oxygen has been shown to inhibit degradation by
quenching the triplet state. The presence of hydrogen donors enhances the
process, thus, suggesting a reductive proceess. The participation of quinoidal
forms has been suggested (Asquith et al., 1976). Reduction or photoreduction
would likely yield 2-aminodiphenylamine analogous to the previously mentioned
polarography results (Varkey et al., 1974).

2-Nitrodiphenylamine as well as the potential photoproduct,
Z2-aminodiphenylamine, are likely to be susceptible to air oxidation. Aniline,
dipl.enylamine, and aromatic amines in general are subject to air oxidation,
and molecules with electronegative substituents have increased reactivity
(ieser and Fieser, 1961; Streitwieser and Heathcock, 1976). Generally
unideatified colored materials are formed. The oxidation of aniline under
varying oxidizing conditions can lead to a host of products including azo-
bunzene, azoxybenzene, nitrobenzene, quinone, Aniline Black and others. The
initial step i~ all cases appears to be the abstraction of the hydrogen atom

leading to a nitrogen radical:

. . 9
‘NHy  [0] 25N, 0] '
> . -ﬁ—6—€> + other products
2 )
\ 0
polymerization o Aniline Black

v

The radical formed from diphenylamine is more resistant to further reactions
than the corresponding anlline radical. However, the diphenylamine radical
has been shown to underco reversible dimerization (Fieser and Fieser, 1961):
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Both the dimer and the radical will undergo further reactions in the presence

of radical scavengers. 4-Aminodiphenylamine has been suggested as a potential
intermediate in the oxidation of aniline to benzoquinone. Since 2-aminodiphenyl-
amine is a likely photoreduction product of 2-nitrodiphenylamine, an analogous
reaction is possible for 2-nitrodiphenylamine.

Oxidative coupling, similar to the polymerization of aniline

to form Aniline Black, is possible. Dimerization via N-N coupling has already
been mentioned and C-C coupling is likewise feasible, leading to nrmerous

possibilities.
02
-— [::]”N =
I
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C. Monitoring and Analysis

1. Anzlytical Methods

Analytical techniques have been developed for the determination
of 2-nitrodiphenylamine in propellant compositions as well as in river sedi~
ment samples. Prelimirary preparation generally involves extraction with
methylene chloride, ether or benzene.

Qualitative tests for 2-nitrodiphenylamine include colorimefric
gpot tests with alcoholic NaOH, NH,, NacCN, and conc. H80, (Davis and
Ashdown, 1924), column chromatography and thin layer chromatography (Schroeder
et al., 1949; Archer, 1975; Marvillet, 1958; Del Campo, 1975; Grindlay, 1973;
Asquith and Williamson, 1969; and Landram et al., 1970).

Several methcds which have been developed for quantitation of 2-
nitrodiphenylamine are summarized in Table IV-2. These methods include
infrared spectroscopy using absorbances at about 6.26 microns (Wagner et al.,
1967); ultraviolet-visible absorption at 420 nm (Mil-STD~286B Method 218.4.3,
1967); oxidation with ferric inn to a colored quinoneimide which can be
determired by its absorbance at 530 nm (DeAtley, 1970); and a volumetric
bromination technique (Marvillet and Tranchant, 1957; M11-STD-236B Method
218.1.2, 1969). Gas chromatography has been employed by numerous researchers,
some utilizing low injection port temperatures to avoid reactions between
nitroglycerine and 2-nitrodiphenylamine in the injector port (Trowell and
Philpot, 1969; Trowell, 197G)., Some researchers removed the nitroglycerine
prior to analysis (Weitzel et al., 1976). A variety of column packings were
2mployed including 5% OV-17 on Chromosorb Q (Trowell and Philpot, 1969),

2.5% OV-17 and 2.5% QF-l1 on Chromosorb Q (Trowell, 1970), 5% Dexsel 300 on HPCW
(Weitzel et «l., 1976) and 3.8% OV-101l or 1.1% OV-225 and 2.5% OV-210 on
Chromosorb W (Dykes and Alley, 1974; Alley and Dykes, 1973). Oven temperatures
were generally varied between 70 and 250°C.

High pressure liquid chromatography, utilizing ultraviolet
detection at 254 nm has also been employed for the analysis of 2-nitrodiphenyl-
amine. Solvent systems have include methanol/water on a Microbondapak C-18
column (Poyet et al., 1976), methylene chloride/cyclohexane on a Corasil II
column (Doali and Juhasz, 1975) and dioxane/hexane on a Microporasil column
(Weitzel et al., 1976).

2. Monitoring
2-Nitrodiphenylamine has been mounitored in effluent water as well

as core sediment samples taken from the New River at Radford AAP (Weitzel
et al., 1976). Effluent water ranged from 1-14 ppm with a mean of 3.5 ppm

while sediment samples ranged from 0.5 to 12.2 ppm with a mean of about 1.5 ppm.
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D. Health Effects

1. Biology

Very little information exists on the biology of 2-nitrodiphenyl-
amine. Predictions of the biological interactions of this compound must be
made by analogy to related compounds such as dipheanylamine.

2-Nitrodiphenylamine may be absorbed through the gastrointestinal
or respiratory tracts by ingestion or inhalation, respectively. The percentage
actually absorbed through either of these routes is not known. Some absorption
may also occur through the skin (American Cyanamid, 1976b).

i Aromatic amines are known to be metabolized <n vivo by oxidative
attsck. The major metabolites are aminophenols (Williams, 1959; Alexander et
al., 1965) and/or hydroxylamines (Boyland and Booth, 1962; Uehleke, 1963).

The metabolism of diphenylamine in the rat, rabbit, and man was studied by
Alexander et al. (1965). 1In this study, the main diphenylamine metabolites

in urine were identified as 4-hydroxydiphenylamine and 4,4'-dihydroxydiphenyl-
amine. These metabolites were found in human urine after ingestiou of 100 mg
of diphenylamine, in rat urine after intraperitoneal injection of 5 mg diphenyl-
amine and in rabbit urire after ingestion of five one gram doses over nine days.
in addition, a minor metabolite, 2-hydroxydiphenylamine was found in rabbit
urine. TFree diphenylamine was found in rabbit and human urine, but not in rat
urine. Alexander et «l. (1965) found no N-hydroxydiphenylamine in any urine
samples, even after intraperitoneal injection of that compound into the rat.

The formation of methemoglobin following administration of aromatic
amines has been attributed to the in vivo formation of N-hydroxy compounds
(Uehleke, 1963). Alexander et agl. (1965) administered an oral dose of diphenyl-
amine (1 mM/kg in aqueous suspension) to a 2 kg cat. Blood samples showed
methemoglobin formation equivalent to that produced by the same dose of
acetanilide. Thus, it appears that diphenylamine is at least partially
metabolized to N-hydroxydiphenylamine. The N-hydroxydiphenylamine is subject
to in Vvivo xearrangement to 4~hydroxydiphenylamine before excretion.

2-Nitrodinhenylamine is expected to undergo similar biotransforma-
tions. The ixm vivo formation of N-hydroxyl-2-nitrodiphenylamine is indicated
by a study by American Cyanamid (1978). 1In this study, blood samples taken f
from rats 4 hours following cral administration of 3.07 g/kg of 2-nitrodiphenyl- f
amine showed 9.45% methemoglobin. The formation of &4'-hydroxyl and 4,4'~
dihydroxyl-2-nitrodiphenylamine and their glucuronide conjugates would also
be expected.

Although there are no data on the elimination of 2-nitrodiphenyl-
amine from the mammalian body, its removal is expected to be rapid if the
analogy to diphenylamine is valid. Alexander et aql. (1965) found that 75%
of an intraperitoneal dose of diphenylamine was excreted in the urine of rats
in 48 hours. When administered intravenously, 257% of the dose was excreted
in the bile after 6 hours.
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The report by Alexander et al. (1765) on the metabolism of diphenyl-
amine included all of the experimental details needed for corroboration of the
results. Presentations made in this manner speak well for their validity.

One small criticism is that no mention was made of the possible toxic effects
of the metabolites discovered in the urine and bile.

2. Effects of Human Exposure

No epidemiological or occupational exposure data on 2-nitrodiphenyl-
amine are available. American Cyanamid (1976b) recommends good personal
hygiene, eye protection, good ventilation and possibly the use of a respirator
for protection of workers exposed t¢ 2-nitrudiphenylamine. RNo effects are
expected from over-exposure.

3. Effects on Experimental Animals
a. Acute Toxicity

Only limited toxicological studies with 2~-nitrodiphenylamine
have been conducted. The oral LD50 of 2-nitrodiphenylsamine for rats is
6.15 g/kg (American Cyanamid, 1976b). A 24~hour LD50 for skin contact in
rabbits was determined to be >10 g/kg. American Cyanamid (1976b) did not
observe any irritation when 2-nitrodiphenylamine was applied to rabbit eyes
or skin. These data indicate that 2-nitrodip: :nylamice has a low toxicity
when administered In an acute dose.

b. Subacute Toxicity

When rats were administered an oral dose of 3.07 g/kg (1/2
LD50), the methemoglobin level in the blood was 9.45% in 4 hours (American
Cyanamid, 1978).

¢. Chronic Toxicity, Carcinogenicity and Behavior-Symptomology

No chronic studies have been performed with 2-nitrodiphenyl-
amine, However, a large controlled study of the chronic effects of diphenyl-
amine has been reported. It is expected that the chrunic effects of 2-nitro-
diphenylamine will be similar to those observed for diphenylamine. In this
study, Thomas et al. (1967) examined growth inhibition, hematological,
pathological, and urological effects of diphenylamine on weanling male and
female albino rats. Groups of 20 male and 20 female rats were fed diets
containing 0.0, 0.001, 0.01, 0.1, 0.5 and 1.0% diphenylamine for two years.
The minimum purity of the diphenylamine used was 99.9%. Autopsies of the
survivors were begun on the 734th day.

Growth curves of males and females up to the 240th day
showed significant (p<0.0l) weight arrest at the two highest levels, 0.5%
and 1.0%. 1In addition, there was significant (p<0.0l) weight arrest for
females at the 0.1% level. Food consumption was aiso monitored for these
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animals for the same period. Intake of food was significantly lower at the

0.5 and 1.0Z levels thL.n at lesser concentrations. It is reasonable to assume
that growth arrests at these levels were caused, to a considerable degree, by
reduced food intake. However, the food consumption of females receiving the
0.1% concentration was not significantly less than that of the controls. For
this group, it appears that growth arrest was an effect of diphenylamine alone,
not sccompanied by inanition.

The amount of hemoglobin and the number of erythrocytes in
rats recelving 1.0% diphenylamine in their diets was not much less than the
controls by the 463rd day (Thomas et al., 1967). Leukocyte counts were all
within normal limits, and in addition no shifts in differential percentages
occurred.

Urine samples were collected from male rats receiving the
control, 0.1 and 0.52 diphenylamine diet. For each group of 5 rats, samples
were collected for sixteen hour intervals on three successive days. The urine
was analyzed to determine whether diphenylamine alters the amount of acid
precipitable protein present (Thomas ¢t al., 1967). Normal rat urine contains
some protein, but no increase in proteinuria (above control levels) was found
at up to 253 days of the diphenylamine diet.

Most rats had begun to show senile changes before reaching the
age of two years (Thomas et al., 1967). Those rats visibly ill between the
640th day and the end of two years, and those surviving to the 734th day were
sacrificed and autopsied. Lesions referable to diphenylamine toxicity were
limited to the urinary tract, consisting of cystic ailation of the remal
tubules and accompanying interstitial inflammation (Thomas et gl., 1967).
Irregular dilated kidney tubules were someiimes filled with a proteinaceous
fluid, and at other times with masses of iron-positive pigment, derived from
blood. Sometimes these masses accumulated in the renal pelvis or bladder as
non-mineralized concrements. Their presence was accompanied by mild epithelial
hyperplasia or squamous metaplasia of the epithelial linings of these organs.
Remal cystic changes were invariably accompanied by an accumulation of inter-
stitial lymphocytes and subsequent scarring. Often, neutrophils collected in
pigment-filled cyats. Severe inflammation was encountered only in instances
of the most marked cystic changes.

The breakpoint for occurrence of chronic nephritis was at
dose levels of diphenylamine between 0.1X and 0.5%. Cystic changes began to
appear at the 0.1Z level. At dosage levels of 0.01%X and lower, lesions did
not deviate from normal. Although both benign and malignant tumors were
found, their incidence was not related to levels of diphenylamine in the
diet (Thomas et al., 1967).

The possible reproductive effects of diets containirg 0.1,
0.25, and 0.5% diphenylamine were examined using 12 female and three male
rats for each group. The animals began receiving the assigned diets when
they were five weeks old. Whan they were 100 days old, they were mated,
4 females and 1 ma e to a cage. Then once a week, for three weeks, the males
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were rotated among their three groups of females. After this time, the weles
vere removed and the females were placed in individual cages. After all of
the litters had been weaned, the parents were remated. In addition, offspring
from the first mating were mated once in the same manner to examinc the effects
of diphenylamine on the sacond generation (Thomas et al., 1967). Results
indicated that generally litter size decreased with increasing diphenylamine
concentrations. In fact, litter size decreased significantiy (p<0.05) from
the first to the second mating. For the second generation, the only signifi-
cant (p<0.0l) decrease in litter size was for the 0.1% dietary level. No
histopathological or bshavioral info sation was reported for any of these
animals. It must also be recalled that the feeding of 0.5% diphenylamine was
accompaniedi by inanition. Decreased food consumption by pregnant mothers
could partially account for decreased litter sizes.

d. Teratogenicity and Mutagenicity

No studies on the teratogenicity or mutagenicity ot 2-nitro-
diphenylamine were reported in the literature.
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. E. Environmentali Effects
1, Entry into the Environment

The only information available on the entry of 2-nitrodiphenvlamine
into the environment and its behavior in water and soil is from studies con-
ducted on the Radford AAP effluents and the New River. Radford AAP uses 2-

i nitrodiphenvlamine as a stabilizer in propellant formulation. The amount of
2-nitrodiphenylamine discharged into the environment from propellant manufac-
turing operations was estimated based on amounts of l-nitrodiphenylamine used

and known overall losses from production operations (Kitchens o: ., 1978).

Approximately 1-6% of the double base propellants produced are
lost during processing operations (Smith and Dickenson, 1972), This percentage
could account for 60-130 1lb/month of 2-nitrodiphenvlamine in the effluents at
Radford AAP. 1In addition, 3-5%7 of the 2-nitrodiphenylamine handled may be lost
during vwreparation operations. Thus, the total amount of l-nitrodiphenvlamine
in waste streans may be 240-670 1lb/month, This figure is also applicable to

full mobilization operatlions.

2-Nitrodiphenylamine is only sparingly soluble in water. Thus,
most of the lost material may be recovered as solids in the effluent stream
filters. The amount actually reaching the New River as a solute in effluent
streams is estimated at 1/3 to 1/2 the total lost, or 80 to 200 lb/month. The
2-nitrodiphenyvlamine is found in the effluent from the nitroglycerin area #2
(Outfall #22) and the solvent recovery area (Outfall #5). These areas arce
shown on the map of Radford AAP presented ia Figure IV-4, Based on tfull mobil-
ization loss estimates, 200 lb/month (6.7 lb/day), the concentrvation:s of 2=
nitrodiphenylamine that could occur in the New River at different flow rates

and mixing percentages are shown in Table IV-3.

Table IV-3. 2-Nitrodiphenylamine Levels (ppm) in
the New River at Full Mobilization

Degree of Low Flow Average Flow
Mixing (620 mgd) (2,380 mgd)
14 0.22 0.03
10% 0.022 0.003
100% 0.0022 0.0033

Weitzel ¢t 2/, (1976) measured the concentration of 2-nitvodiphenvl-
amine in the effluent from the nitroglyvcerin area #2 at Radford AAP (Qutfall
222). The levels of 2-nitrodiphenvlamine in the effluent ranged from 1-14 ppm
with a mean of 1.5 ppm. The water flow ratc “com Outfall #22 at the time of
sampling by Weitzel ¢ al. (1976) was 3 liter/min. Thus, an average of only
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5.5 g/day (assuming the lines were running only 8 hr/day) were entering the
New River during the sampling periods in May and October, 1975. The dis-
crepancy between the 2-nitrodiphenylamine concentrations measured in Outfall
#22 and the estimated full mobilization losses of 2-nitrodiphenylamine can be

reconciled by the following facts:

- Oucfall #22 is not the only source of 2-nitro-
diphenylamine entering the New River from
propellant production at Radford AAP.

- Weitzel et al. (1976) had difficulty analyzing
low levels of 2-nitrodiphenylamine.

- During the 1975 sampling periods, Radford was
producing propellants requiring 2-nitrodiphenyl-
amine at less than 507 of full mobilization levels.

2. Behavior in Scil and Water
a. Transportation and Accunulation

The pH of the wastewater of Outfall #22 is near 8 and does not
differ substantially from the pH of the New River. Therefore, Z-nitrodiphenyl-
amine should not precipitate from the wastewater stream when it enters the New
River. However, large increagses in the flow from Outfall #22 could wash out
particles of 2-nitrodiphenylamine.

Weitzel et al. (1976) found 2-nitrodiphenylamine in sediment
samples in the New River below outfall #22. The levels of 2-nitrodiphenylamine
in the sediment ranged from 0.5 toc 12.2 ppm with a mean of 1.5 ppm. The levels
reported were auspected to be lower than actual due to losses in the analytical

procedure.
b. Degradation

‘ The most likely means of non-biological degradation of 2-nitro-
diphenylamine is through the photodegradation mechanisms discussed in Section
B.2.b. Howaver, due to the association of 2-nitrodiphenylamine with the
sediment, photodegradation mechanisms in the New River are expected to be

negligible.

3. Biodegradation and Bioconcentration

a. Bioconcentration

No experimental data are available on the bioconcentration or
the octanol-water partition coefficient (P) of 2-nitrodiphenylamine. However,
experimental data on P for diphenylamine is available. The octanol-water
partition coefficient for 2-nitrodiphenylamine was calculated by the method
shown in Table IV-4. An estimation on the bioconcentration factor (BCF) of
2-nitrodiphenylamine in aquatic organisms was calculated by the following

formula (Federal Register, 1979).
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log BCF = 0.76 log P - 0.23

log P for 2-nitrodiphenylamine was calculated
to be 3.07,

therefore:

log BCF = 0.76 (3.07) - 0.23 = 2,10
BCF = 127

The BCF value of 127 indicates that 2-nitrodiphenylamine will be concentrsated
to some extent in aquatic organisms.

b. Microbial Degradation

2-Nitrodiphenylamine is capable of supporting the growth of
a mixed culture of microorganisms when it is present as the sole carbon
source (Kessick ¢t al., 1978). Microbial metabolism of 2-nitrodiphenylamine
could lead to a variet! of intermediates and products including 2-aminodi-
phenylamine, 4~hydroxy and 4,4'-dihydroxy-2-nitrodiphenylamine, N-hydroxy-2-
nitrodiphenylamine and breakdown products thereof. However, there have beaen
no studies to substantiate any microbial degradation pathways or degradation

rates.

4. Effcets on Animals

a. Mammals

The effects of 2-uitrodiphanylamine on experimental animals
were presented in Section D.3. No other information on the interaction of
2-nitrodiphenylanine with mammals was found in the literature.

b. Birds

No information is available on the effects of 2-nitrodiphenyl-
anine on birds.

c. Fish

The acute toxicity to fish of compounds similar to ani votential
degradation products of 2-nitrodiphenylamine are presented in Table IV-S.
These data indicate that thease compounds are acutely toxic in the low ppa
range. It is likely that 2-nitrodiphenylamine has a similar acute toxicity.

The BCF of 2-nitrodipheaylamine was estimated at 127.
Although this value is not high, 2-nitrodiphenylamine could bioaccumulate
through the food chain and thus present a danger to higher organisms.
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d.  Amphibians

ji
] No information on the effects of 2-nitrodiphenylamine to
amphibians was found in the literature.

e, Invertebrates

] No information was found in the literature on the toxicity of
4 2-nitrodiphenylamine to invertebrates. However, the ostracod, Cyclocypris sp.,
had a 48~hour LC50 of 2.53 ppm to diphenylamine (Hartley, 1977). The acute
toxicity of 2-nitrodiphenylamine to this invertebrate should also be in the

low ppm range.

f. Microorganisms

Only one very limited study on the microbial toricity and
biodegradation of 2-nitrodiphenylamine was reportei in the literature
(Kessick et al., 1978). 2-Nitrodiphenylamine was found to be non-toxic to
microorganisms. They also found 2-nitrodiphenylamine capable of supporting
the growth of a mixed culture of microorganisms when it was present as the ﬂ
sole carbon source. However, no studies have been conducted to substauntiate

any microbial degradation pathways.

5. Effects on Plants 1

a. Phytotoxicicy

No informatiom is available on the toxicity of 2-nitrodiphenyl-
amine on plants. HKartley (1977) studied the toxicity of diphenylamiie on the
blue, green algae, Microcystis aeruginosa. Diphenylamine concentrations of
0.01, 0.1 and 1.0 ppm reduced the cell density counts to 99.4, 81.6 and 61.9
percent of the controls respe~tively after 7 days of exposure. Diphenvlamine

oncentrations of 5.0 ppm were lethal to the algae in 7 days.

b. Bioaccumulation

s, Attt b, i1, |

No information was found on the “iocaccumulation of 2-nitro-
diphenylamine by plants,

C. Degradation

No information was found on the degradation of 2-nitrodiphenyl-
amine by plants.
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F. Standards and Regulations

There are no specific United States' standards or regulations for
2-nitrodiphenylamine. This compound is listed in SPA's "Toxic Substances
Control Act List of Candidate Chemical Substances;" however, EPA does not
have any plans for further studies on this compound in the near future.
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G. Evaluation and Cowmments

Only a limited amount of data was available on the toxicological and
environmental properties of 2-nitrodiphenylamine. Analysis of these data
indicates that 2-nitrodiphenylamine has a low mammalian toxicity. The

; mammalian body is capable of efficiently bio. 3nsforming this chemical and
N eliminating it., However, compounds similar t+ 1nd probably 2-nitrodiphenyl-
amine are toxlc to aquatic organisms in low p  levels. One very precursory
study indicates that 2-nitrodiphenylamine is non-toxic to r icroorganisms and
can be utilized as the scle carbon source. However, the ~gradation products
and the environmental fate of 2-nitrodiph.nylamine can only be speculated.

After evaluation of the limited information available on the toxico-
logical and environmental properties of 2-nitrodiphenylamine, the following
studies are recommended in order to further assess the environmental hazards
from this compound.

1. Additional studies on the physical~chemical properties
of 2-nitrodiphenylamine should be undertaken. As a
minimum, the soclubility of this compound in water and its
octanol-~water partition coefficient shoulu be determined.

2. A field program should be initiated to determine the amount of
2-nitrodiphenylamine dishcarged into the New River as the
result of propellant manufacturing &t Radford AAP. Samples
should be taken of the effluents from the nitroglycerin
manufacture and the solvent recovery effluent from the
propellant formulation area. The samples should be taken
on a bimonthly or monthly basis for a period of 6 to 12
months, The 2-nitrodiphenylamine analyses should be
correlated with the amount of the chemical used and the
propellants being made on each sampliug day. Sediment
samples down river from the outfalls and local vegetation
and aquatic life should also be analyzed for 2-nitrodi-
phenylamine concentration or accumulation.

3. A microbial degradation study on 2-nitrodiphenylamine
should be undertaken. This study should be counducted
in two phases. Th~e first phase sould study the ability
of New River fauna to degrade 2-nitrodiphenylamine.
Organisms thriving in the New River and sediment near the
outfalls containing 2-nitrodiphenylamine should be collected
and cultured. Then the ability of these organisms, indi-
vidually and in combination, to concentrate and degrade
radio-labelled 2-nitrodiphenylamine should be determined
in the laboratory. Degradation or biotransformation
products should be identified. The toxicity and fate of
these degradation products should also be studies,

e
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In the second phase of the study, the ability of an acti-
vated sludge blological treatment facility to effectively
degrade 2-nitrodiphenylamine to non-toxic products should
be investigated.

Data on the toxicity of 2-nitrodiphenylamine to fish is
nonexistent. The toxicity of similar compounds indicates
that 2-nitrodiphenylamine should be acutely toxic to

fish at the low ppm levels. Therefore, 96 hour acute
static toxicity tests and 30 chronic toxicity tests
should be conducted. These studies should be conducted
on fish, invertebrates and algae native to the New River
and in water of similar characteristics to the New River.
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PROBLEM DEFINITION STUDY ON
ETHYL CENTRALITE




SUMMARY

Ethyl centralite is used as a stabilizer in solid propellant formulatioms.
% Currently, only Radford AAP is using this compound. Most of the ethyl cen-
j tralite is imported from Europe, however, Van De Marck Chemical Co. is now
' making ethyl centralite under contract to the Arwy.

In acute exposure, ethyl centralite has a low toxicity to mammals by
the oral, inhalation or cutaneous routes. During chronic exposure to this
chemical, only subtle biochemical changes are observed. The evidence to
date suggests that this compound is not mutagenic or carcinogenic. There
is no information on the teratogenic potential of ethyl centralite,

The environmental fate of ethyl centralite is not known. It is toxic
to aquatic organisms in the low ppm levels. From the data available, it
appears that ethyl centralite is persistent in the environment and probably
bioconcentrates in aquatic organisms.

The following studies are recommended based on the potential environ-
mental hazarls of ethyl centralite.

~ Sampling and analysis of Radford AAP effluents, the New
River, sediment and biota

- Further studies on the physical and chemical properties
of this compound

- Microbial degradation studies
- Assessnent of the ability of the proposed treatment facil-

ities at Radford AAP to effic.ently remove ethyl centralite
from the effluent
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FOREWORD

A. Study Goals

This report presents the results of an evaluation of the available
information on the toxicological and environmental hazards of ethyl centralite.
Ethyl centralite is used almost exclusively as a stabilizer in propellant
formulations. This compound enters the environment in the wastewater generated
during the blending of propellant ingredients at Army Ammunition Plants. The
vastewater generated at Army propellant manufacturing facilities is the major
source of entry of ethyl centralite iato the environment in the United States.
The evaluation of the toxicological and environmental hazards of ethyl cen-
tralite was undertaken in order to aid the Army in identification of research
needs and in recommendation of effluent criceria.

B. Study Methodology

The methodology utilized to gather information for this report included
a detajiled search of the literature and numerous personal contacts. During
the literature search, the following sources were reviewed for pertinent
information on ethyl centralite:

- Chemical Abstract. 1940 ~ present
- Biological Abstracts 1950 -~ present
-~ Excerpta Medica 1950 - present
~ TOXLINE 1965 - present
- National Technical Information Service 1964 - present
- Defense Documentation Center 1958 - present
- COMPENDEX 1970 - present

Personal contacts were made with U.S. and foreign past and present
manufacturers, Army Ammunition Pilant personnel, and Army and civilian
resear._ aers.

1. Contacts with U.S. Manufacturers

- Mr. Darrell Cardy, Cordova Chemical Co., Sept. 27, 1978.
Mr. Cardy said that Beechum Chemical Companr made ethyl
centralite. However, Beechum was bought out by Cordova
Chemical Co. Cordova does not plan to make ethyl cen-
tralite in che future. They had no toxicological or
envirommental data.

- Dr. Wan, Mineral Corp., Oect. 5, 1978. Dr. Wan said that
Mineral bid on a contract to make ethyl centralite and
lost it to Van De Marck Chemical Co. However, he had two
references for toxicological studies on ethyl centralite.
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- Mr. Norm Matthews, Van De Marck Chemical Co., Oct. 6,
1978. Van de Marck Co. is currently making ethyl cen-
tralite. Mr. Matthews said they treat. ethyl cen-
lite as a dangerous industrial chemical. They had ao
toxicological information on the compound.

- Mr, Frank Dougherty, Pennwelt Corp., Sept. 13, 1978.
Mr. Dougherty was contacted but had no information
on ethyl centralite.

- Mr, Mortensen, Pennwalt Corp., Sept. 25, 1978. Mr.
Mortensen did not have any toxicological information
on ethyl centralite.

2. Contacte with Foreign Manufacturers

Three foreign manufacturers of ethyl centralite were listed in the

1978 Directory of Chemical Producers in Wegtern Europe:

GERMANY, FED. REP. OF
Bayer AG
Chemische Werke Lowl GmbH

UNITED KINGDOM
Ciba-Gaigy (UK) Ltd.
Division not specified

These companies were contacted by Telex in Octcber, 1978. Two companies
responded to the Telex; one had no information. Chemische Werke Lowi supplied
safetv data sheets and toxicological informationm.

3. Radford AAP Personnel
The following Radford AAP personnel were contacted Sept. 28, 1978:

Mr. .John Horvath
Mr. Tom Grady
Mr. Ted Topper

None of the Radford AAP personnel had any toxicological data on ethyl centra-
lite.

4, Other Sources

Dr. Jay Abercrombie of the U.S. Army Chemical Systems Laboratory,
Aberdeen Proving Ground, Md., was contacted Sept. 17, 1978. He had no infor-
mation on ethyl centralite,

V-6
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Mr. J. Gareth Pearson, of USAMBRDL, Fort Detrick, Md., was visited
in September, 1978. No aquatic data were available.

The Department of Transportation was contacted in October, 1978,
for any toxicological information on ethyl centralite. No specific informa-

tion on the compound was available.
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V. ETHYL CENTRALITE

A. Alternate Namas

Ethyl centralite is a urea derivative posscessing the following structure:

£

- 7
\;HzCH3 HZCH3

This compound is prepared by the reaction of N-ethylaniline with phosgene
(Cordova Chemical Co., 1977). The primary use of ethyl centralite is as a
propellant stabilizer.

Ethyl Centralite has a molecular formula of C37H20N20 and a corresponding
molecular weight of 208.36. Alternative rames for ethyl centralite are listed

below:

CAS Registry No.: 85-98-3

CA Name (9 CI): Urea, N,N'-diethyl-N,N'-diphenyl-~

CA Name (8 CI): Carbanilide, N,N'-diethyl-

Wiswesser Line Notation: 2NR&VN2&R

Synonyms: Carbomite; Centralite; Centralite 1;

1,3-diethyl-1,3~diphenylurea; sym-
diethyldiphenylurea

V-11
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B. Physical and Chemical Properties

1. Physical Properties

The physical properties of ethyl centralite are presented in Table
V-1. The infrared, ultraviolet and NMR spectra are shown in Figures V-1 through

V-3, recpectively.
2. Chemical Properties

a. General Chemistry

Ethyl centralite is very unreactive at the amide linkage and
carbonyl bond due to conjugation with the benzene rings. An attempt to reduce
ethyl centralite was unsuccessful (Roy, 1969).

< ? \
H
-E-Néi::> .-334%;-€> NO REACTION
H2CH3

CHa CH{

Basic ~/drolysis of ethyl centralite does not occur, and acid hydrolysis

proceeds only with great difficulty. In an 1:1 ethanol-water solution containing
15% HC1, ethyl centralite remained unreacted after 113 hours. Only by heating to
160°C in 60% sulfuric acid for 3 hours could complete hydrolysis be obtained.
Hydrolysis leads to N-ethylaniline and carbon dioxide (Roy, 1968).

/
<:;j> 0 60% HpSOL
1= >

+ Ho0 2 H + COzT

160° CHaCH)

CHa CH3 HatH3

In contragt to the limited reactivity of the carbonyl, the
benzene rings are very reactive to electrophilic substitution. This electrophilic
reactivity is the basis for the use of ethiyl centralite in propellants. In the
propellants, the ethyl centralite reacts with the nitric acid species formed by

breakdown of the nitrate explosives,

Ethyl centralite hLas been nitrated with nitric acid and sulfuric

acid in acetic acid solvent. Complex mixtures of the possible di- and trinitro-
derivatives along with traces of mono-, di-, and trinitro-N-ethylanilines are

observed (Roy, 1968).

V-13

~
(V3]
(4]

e

Vi e et e i e At ey iki&@m

e e L B R T

suliar et 4.




e P,

Lt T S 4, I

Table V-1. Physical Properties of Ethyl Centralite*

Physical Form @ 20°C:

Color:

Odor:

Melting Point:

Boiling Point:

Vapor Pressure @ 20°C:

Flash Point:

Solubility:

Octanol-Water Partition
Coefficient:

X-ray Diffraction Spacings
and Intensities:

Crystalline solid
White

Peppery

72-73°C

326°C

No data available
302°C

Water - 80 mg/l
Soluble in most organic solvents

No experimental data available:
calculated ccefficient = 4.37-5.88

8.40(m~), 7.69(vs), 6.24{m), 5.29(f),
4,92(s), 4.66(s), 4.20(f), 4.09(mt+),
3.78(m+), 3.65(m-), 3.42(f), 3.18(m),
2.98(f), 2.58(f+), 2.52(f), 2.46(vE),
2.39(vE), 2.33(f), 2.09(£f-), 1.83(f-),
(f = faint, m = medium, s = strong,

vV = very).

*
Windholz, 1976; Sax, 1975; Hawley, 1977; Korolev et al., 1976; Soldate and

Noyes, 1947.
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0, NOo 02
~NO2
0 0
( ‘§ 0 CH2CH3 .E—: H2CH3 CH2CH3 -E- HZCH3
) HNO ,
CHCH HatHy  F25%
7\
02N ﬁ NO2
I etc.
CH2CH3 Ha(H4

When ethyl centralite was subjected to nitrous acid, similar mixtures of mono-,
di-, tri-and tetranitro-derivatives are formed (Taymaz et al., 1377). The most
likely mechanism for this nitration involves (1) N-nitrosation fcilowed by (2)

rearrangement to the C-nitroso species and finally (3) oxidation of the nitroso

species to form the corresponding nitro derivative:

20
NaN02 0 i NO
OO — Ophis
Ha(H3 Lt Lt et et

CH2CH3

-yt

NO2
o] Lol \
. D e N-E-t N
etc >>a '<<H2cu3 ( }- @ 6

CH2CH3
This mechanism is suggested by the analogous nitrosation of dimethylaniline
(Roberts and Caserio, 1965).

b. Environmental Chemistry

No reference was found to the environmental fate of ethyl centralite
in the literature. Due to its extremely low solubility in water and its resistance
to both acid and basic hydrolysis, ethyl centralite is probably quite persistent in
the environment. Hydrolysis to N-ethylaniline and carbon dioxide, although slow,
is probably the most likely the predominant degradation pathway. Photolysis
would probably lead to the same products as hydrolysis since amides generally

undergo cleavage at the nitrogen-carbonyl bond.
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C. Monitoring and Analysis

1. Analytical Methods

Qualitative analysis for ethyl centralite has been accomplished by
thin layer chrcomatography (TLC) on silica gel, using carbon tetrachloride/
ben: :ne/dichloroethane (Ripper, 1967), chlorobenzene/dichloro ethane (Evendijk,
12..8), and two dimensional dichloroethane/petroleum ether-ethylacetate (Taymaz
et al., 1977; Roy, 1968) solvent systems. A similar TLC analysis has been
employed as a method of determining the stability of aged propellants (Cronwall
and Hildeby, 1968). Ethyl centralite has been determined quantitatively by
ultraviolet absorption at 247 nm (Maurer et al., 1971). Extraction of the TLC
spots and ultraviolet absorption can be used to quantitate ethyl centralite.
Gas chromatography has been used effectively for the analysis of ethyl centralite
(Alley and Dykes, 1972; Dykes and Alley, 1974; Sopranetti and Reich, 1972;
Zatkovetskii et al., 1971). OV-10., OV-210 and OV-225 have been employed as
stationary phases with flame ionization detection (Alley and Dykes, 1971). High
performance liquid chromatography (HPLC) as well as the combination of HPLC
and infrared analysis (Juhasz and Doali, 1973) have also been employed for the
analysis of ethyl centralite (Doali and Juhasz, 1974). The chromatographic
methods for analysis of ethyl centralite, conditions used and sensitivity of
the methods are summarized in Table V-2,

2, Monitoring

The only reference to the monitoring of ethyl centralite was a
Soviet study (Zatkovetskii et aZ., 1971) of the wastewater of a chemical plant.
Gas chromatography at 200-300°C on a siloxane polymer stationary phase was
used in the analysis. Levels down to 5 ppm were detected. The analysis method
involved the initial extraction of organics with methylene chloride, evaporation
to dryness and re-dissolving the residue in dichloroethane followed by gas
chromatography.
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D. HEALTH EFFECTS

1. Biology
a., Absorption, Transpcrt, Metabolism and Elimination

Ethyl centralite is absorbed into the mammaliar body through
the gastrointestinal tract. The amount of the ingested material which is
actually absorbed is not known. Skin, eye and respiratory tract absor;tion
also occurs but the efficiency of these processes is not known.

No information was available on the transport, metabolism or
elimination of ethyl centralite.

b. Pharmacology

r : Only one reference to the pharmacologic interactions was found.
This Fussian article (Korolev et al., 1976) alludes to changes in the number

1 of erythrocytes and pcroxidase activity when ethyl centralite was administered

3 to white rats in a total oral dose greater than 110 mg/kg over 25 days. No
specifics on the results were given., OQver a long period of time, an oral dose

} of 5 mg/kg (exact time and frequency not specified) produced changes in the
excretory functions of the liver and changes in peroxidase activity, ceruloplasmin
and the amount of sulfhydryl groups in the blood (Korolev et al., 1976). Again

no specifics on the results were presented.

2. Effects of Human Exposure

. No epidemiology or occupational exposure studies on ethyl
centralite have been conducted. Chemische Werke Lowi (1978) recommends
that respirators, gloves and goggles be used with ethyl centralite handling. i

3. Effects on Experimental Animals
a. Acute Toxicity

Several studies have been conducted on the acute exposure of
ethyl centralite to experimental animals. The results of these studies are
summarized in Table V-3. Inspection of the table inlicates that there is a
discrepancy between the LD50 for oral administration to rats. The LD50 value
reported by Chemische Werke Lowi (1978) is only one sixth the amount reported
by the two other researchers (Korolev et al., 1976); Wecks and McCreesh, 1977).

V=21
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No experimental details were presented with the Chemische Werke Lowi (1978) i
datum. In the Weeks and McCreesh (1977) study, male Sprague-Dawley rats were
fed ethyl centralite in corn oil. Observed outward signs of intoxication :
included tremors, lethargy, wet anus, ruffled pelt, red discharge around the i
eyes, and tonic convulsions at lethal doses. Korolev et al. (1976) observed
that symptoms of acute poisoning were characterized by central nervous system j
disturbances and cyanosis. The low intraperitoneal acute toxicity found by
Doull et al. (1962) indicates that the oral route of administration may not
allow for efficient absorption of ethyl centralite.

Acute inhalation studies on ethyl centralite were conducted by
Weeks and McCreesh (1977). Four groups of male Sprague-Dawley rats (6 each)
were exposed to various concentratious of ethyl centralite vapors for 8 hours.
One of the four groups was a control, exposed only to chamber air at room
temperature. Two groups were exposed to nominal concentrations of 0.4 and
198 mg/l. These concentrations were obtained in chambers with flow rates of
1 1/min, in which dispersion tubes containing solid compound were heated to
50 and 100°C, respectively. For the fourth group of rats, the chamber flow
rate was the same as for the two groups above, but the dispersion tube was allowed
to remain at room temperature. In this case, there was no discernable loss of test
material from the dispersion tube, and the nominal concentration of ethyl
centralite vapor was 0 mg/l. For all cases, no toxic effects were observed
during exposure and for 14 days after. In addition, all animals were sacrificed
and necropsied after the 1l4th day. Body-weight gain and organ-to-body weight
ratios of iiver, kidney, lung, spleen and testes from exposed rats were not
significantly different from controls. No exposure related histopathological
changes were noted in the nasal turbinates, lung, heart, liver, spleen,
esophagus, stomach, intestines, kidney or testes. These results show that
ethyl centralite has a low volatility and should present no hazard due to
inhalation of its vapors at room temperature. Also, if vapors are present,
acute inhalation from a single exposure presents no hazard. -

—

When 0.5 g of dry ethyl centralite was applied for 4 hours to
either the intact or abraded skin of New Zealand white rabbits, no irritation "g
was observed at the end of 24 and 72 hours. When the same amount of compound
was applied in 1.0 ml of acetone under the same conditions, mild irritation '
of both the intact and abraded skin was observed at 24 and 72 hours. This
irritation had disappeared 7 days after application (Weeks and McCreesh, 1977).
No animals were exposed to acetone alone.
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Weeks and McCreesh (1977) also tested ethyl centralite for eye
irritation. Single applications of 0.5 g dry ethyl centralite to one eye of
New Zealand white rabbits fur 24 hours produced no opacity. However, most of
the rabbits exhibited some conjuctivel reduess and discharge at 24 hours. After
72 hours, the eyes appeared normal. These results were interpreted to mean that
working Wwith this compound may result in moderate eye irritationm.

b. Subacute Toxicity

The cumulative properties of ethyl centralite were evaluated in
a subacute study conducted by Korolev et al. {1976). In this study, white rats
(numbers unknown) were fed 22, 110 and 550 mg/kg for 25 days. These doses
corresponded to 1/125, 1/25, and 1/5 of the 2750 mg/kg LD50 dose. None of these
animals died during the exposure period. The following parameters were used
to evaluate the toxicity of ethyl centralite: dynamic weight; erythrocyte,
leukocyte and reticulocyte counts; amount of hemoglobin and methemoglobin;
cholinesterase, aldolase and peroxidase activity; composition of blood protein
fractions and color intensity of theurine. The animals were sacrificed
at the end of 25 days, the internal orguans weighed, and liver cholinesterase
activity measured. At the 550 mg/kg level, a change in a number of indicator
parameters was significant at the P<0,05 - 0.0l level. No other details of
these changes were given. A change in the number of erythrocytes and in
peroxidase activity was observed (no details) at the 110 mg/kg level. This
dose, 1/25 LD50, was determined to be the threshold dose, the authors concluded
that ethyl centralite had moderate accumulation properties. Snubstances with
low accumulation properties have an LD50 of up to 10 times the threshold dose.
An LDSO of up to 100 times the threshold dose is characteristic of a substance
with moderate accumulation properties.

This study contains the only available data on the subacute
effects of ethyl centralite. However, presenta:irn of results alone without
any experimental details makes the validity of those results highlv suspect.

¢, Chronic Toxicity

The effects of prolonged exposure to ethyl centralite were
evaluated in a chronic study conductad by Korolev et al. (1976). White rats
were fed dosages of 5, 0.5, and 0.05 mg/kg body weight over the period of tte study
(duration and frequency of doses not specified). In addition to those parawmeters

V=24
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monitored in the subacute study, the following indicators were &lso monitored:
conditioned reflex activity, ceruloplasmin, B~lipoprotein in the blood serum
during fat metabolism, sulfhydryl groups, transaminase and phosphatase activity,
the liver excretory function and semen. No changes were observed in these
parameters in the rats receiving 0.5 and 0.05 mg/kg dosages. However,
statistically significant chanyc~ in the conditioned reflex activity, liver
excretory function, peroxidase activity, ceruloplasmin and sulfhydryl groups

in the blood were observed in rats receiving the 5 mg/kg dosage.

Although it is commendable that a large number of parameters
were monitored in this study, nothing i1s known of the particulars of the
experiuent. - If indeed statistically significant changes in various parameters
were observed, supportive data should have been provided. The credibility of
1 results such as these is dubious.

d. Teratogenicity, Mutagenicity, and Carcinogenicity

Korolev et al. (1976) also evaluated the gonadotropic and
mutagenic effect of ethyl centralite during the chronic study discussed in the
preceding section. The functional state of the spermatozoa, the morphology of
the seminal canal epithelium, the number of chromosomes showing reorganization
in the anaphase and the absolute number of fragmented types being reacombined
were measured. No signs of any gonadotropic or mutagenic effects were found
even at the 5 mg/kg dosage.

Although the data for part of this experiment are included, the
actual details are again omitted. If these particulars had been included, the
finding of no gonadotropic or mutagenic effects would have been more believable.

Weeks and McCreesh (1977) tested one strain of the yeast
Saccharomyces cerevisiae and five strains of the bacterium Salmonella typhimierium
to evaluate the mutagenicity of ethyl centralite. Results showed that ethyl i
centralite did not demonstrate mutagenic activity in any of the tests conducted.

No evidence was found in the literature to indicate any car-
cinogenic properties assoclated with ethyl centralite.

e Ko ot E TR it

e. Behavior - Symptomology

There are no significant outward signs of chronic toxicity due to
ethyl centralite exposure. Therefore, biochemical changes must be used to
diagnose ethyl centralite intoxication.
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E. Envirounmental Effects

1, Entry into the Environment

Ethyl centralite is used as a stabilizer in propellant formulations
currently produced at Radford AAP. Badger, Sunflower and Indiana AAP's also
use this compound when they are operational. During 1977, Radford AAP used
ethyl centralite at an average rate of 31,200 lb/month (Watts, 1978). Kitchens
et al (1978) estimated that at full mobilization Radford AAP would consume
about 150,0C0 1lb/month of ethyl centralite.

It is estimated that 1-2% of the propellants including ethyl
centralite produced are lost during processing operations. Another 2-37% of
the ethyl centralite handled may be lost during preparation operations
(Dickenson, 1978). Thus, the total amount of ethyl centralite in waste
streams amounts to 9CG0-1600 lb/month, based upon current production rates at
Radford AAP, Full mobilization losses would range from 4,500 to 7,500 1b/
month,

Ethyl centralite has a solubility of 80 ppm in water. Much of the
material lost is collected in solid form on effluent stream filters. This
material may be collected and burmed, thus never reaching the New River.
However, depending upon the frequency of particulate removal from the
filters, some ethyl centralite may leach out of the collected solids. It is
estimated that 1/3 of the total ethyl centralite loss may ultimately appear
in effluents reaching the New River. Losses of ethyl centralite from Radford
AAP operations to the New River would be 300 to 530 lb/month at current levels
and 1500 to 2500 1b/month at full mobilization (Kitchens et al., 1978).

Based on these loss estimates, potential levels of ethyl centralite
in the New River at various flow rates and degrees of mixing were calculated.
These data are presented in Tahle V-4. At the present time, the major point
of entry of ethyl centralite into the environment in the United States is
from Radford AAP operations.

Table V~4. Estimated Ethyl Centralite Levels (ppm) in the New River

Degree . Low Flow (620 MGD) Average Flow (2380 MGD)
of Normal Full Normal Fulil
Mixing Use Mobilization Use Mobilization
1% .50 1.61 .12 4l
10% .050 .16 . 012 \041
100% .005 .016 .0012 0041
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2. Lehavior in Soils and Water

Ethyl centralite has a solubility of 80 ppm in water and should
initially be found in the water. However, due to its high solubility in
organic compounds, ethyl centralite could be adsorbed into scdiments.

Ethyl centralite is resistant to acid and base hydrolysis. No
information was available on the possible photodegradation of ethyl csanra=-
lite. 1If the chemical is degraded, the resulting products will mogt likely
be N-ethylaniline and carbon dioxide,

3. Bioconcentration and Biodegradation

a. Bioconcentration

No data are available on the bloconcentraticn of ethyl ceatra-
lite by aquati: organisms or on the octanol-water partition coefficient (P) of
this compound. Thus, in order to estimate the bioconcentration of ethyl cen-
tralite, the octanol-water partition coefficient was calcriiated based on data
available on similar compounds.

Two possible methods for calculating the octanol-water
partition coefficient (P) for ethyl centralite are presented in Table V-5.
The two estimates give a log P for ethyl centralite of 4.37 - 5.88. Other
F variations in calculation of P for ethyl centralite gave log P values
, between 5.0 - 5.5. The bioconcentration factor (BCF) for ethyl ceatralite
was eatimated using the feollowing formula (Federal Register, 1979).

log BCF = 0.76 log P - 0.23

The range for the bioconcentration factor (BCF) in aquatic
organisms, with an assumed 8% liquid content, would be from 1250 to 17,300.
These numbers indicate that ethyl centralite is highly concentrated by aquatic
organisms. Using the value of 1.0 ppb for ethyl centralite in water (See Table
V;4), aquatic organisms could concentrate from the water levels between 1.2 and
17.3 ppm.

A vt il it S acil:

b. Biodegradation

POTRNIRY

No information is available on the biodegradation of ethyl
centralite.
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4. Effects on Animals

a. Mammals

The only available information ¢:. the effects of ethyl centra-
lite on mammals in on experimental animals. These effects were discussed in

Section D.

b. Birds

o

No information is available on the envirommental effects of
ethyl centralite on birds.

¢. Fish

The aquatic toxicity of ethyl centralite to fish is presented
in Table V-6, Although a no effect level cannot be established, ethyl centra-
lite was acutely toxic at levels of 10 ppm and rapidly stressed fish at levels i
of 5 ppm. The data indicate that ethyl centralite has a moderate to high ‘

toxicity.

d. Amphibians

No studies have been conducted on the environmental effects
of ethyl centralite on amphibians.

e. Invertebrates

No data are available on the aquatic toxicity of ethyl ceutra-
lite to invertebrates.

f. Microorganisms

Korolev et al. (1976) found that ethyl centralite levels
greater than 10 ppm inhibited the growth of Saprophytic microflora and .
retarded the degradation of organic pollutants.

Y T Py TR

5. Effects on Plants

No information was found on the effects of ethyl centralite on
plants. Limited information was obtained on the phytotoxicity of N-ethyl-
aniline, the potential degradation product of ethyl centralite. The effects ‘
of N-ethylaniline and related compounds to algae are presented in Table V-7. }

Batterteon et ql. (1978) observed that N-ethylaniline had a low
toxicity to the blue-green algae, Agmenellum quadrupltcatum, when compared to
other substituted anilines. |
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¥. Regulations and Standards

No effluent or industrial hygiene standards exist for ethyl centralite
The compound is not listed in the "EPA Toxic Substances

in the United States.
Control Act Candidate List of Chemical Substances."

Korolev et al. (1976) suggested a maximum permissible level of ethyl
centralite in water of 0.5 ppm for Russia,
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G. Evaluation and Comments

R Two fairly comprehensive studies have been conducted on the toxicity

ﬁ of ethyl centralite to mammals. These studies indicate that ethyl centratite
has a low acute toxicity. Chronic intoxication results in subtle bilochemical
changes. Evidence indicates that ethyl centralite is not mutagenic or car-
cinogenic. The effects of this compound on the developing fetus have not
been evaluated. Thus with proper safety equipment and personal hygiene, ethyl
centralite should not be a toxic hazard to workers.

There is no information on the environmental fate of ethyl centralite.
Hydrolysis could occur but only very slowly. Bioconcentration and biocaccumu-
lation of this compound is expected but has not been confirmed. Ethyl cen-~
tralite is toxic to many aquatic organisms in the low ppm levels. Thus ethyl
centralite could present a significant environmental hazard to life in and
surrounding the New River.

Based on the potential environment hazard of ethyl centralite, the
following studies are recommended in ordcr to f£ill in the information gaps
on this compound.

l. Sampling and analysis of the Radford AAP effluents to
determine actual ethyl centralite concentrations and
correlation of the effluent levels with production.
Sampling and analysis of the New River, sediment and
biota to determine the envirommental fate of this
compound and its bioconcentration potential,

ekl

2. Further investigation of the physical/chemical properties
of this compound including octancl-water partition co-
efficient, hydrolysis, and photochemistry.

3. Microbial degradation studies on ethyl centralite to
determine the abllity of the organisms in the New
River to degrade this compound and the degradation
products.

eddsdbrife bt e L

4. Investigation of the ability of the proposed industrial
waste treatment facility at Radford AAP to effectively
remove ethyl centralite from the effluents.

sl 2 He L . .
Lmu Silatre b Bt p A e Nt W b S5 AL e e i

AT A e s s

PHECEDING PAGE BLANK-3OT FILMED

-t - B . ‘. ECR A WY N
- . R A B L TR I 5. X % 2 Vo sl N




ﬂ—v"v’u RSP A

H. References

Alley, B.J. and Dykes, H.W.H. (1972), "Gas Liquid Chromatographic Determination
of Nitrate Esters, Stabilizers, and Plasticizers in Nirtocellulose-
Base Propellants," J. Chromatography, 71(1), 23-37.

Applegate, V.C.; Howell, J.H.; Hall, A.E. Jr, and Smith, M.A. (1957), "Toxicity
of 4,346 Chemicals to Larval Lampreys and Fishes," U.S. Fish and Wildlife
Series, Spec. Sci. Rpt. Fisheries No. 207.

Batterton, J.; Winters, K., and Van Baalen, C. (1978), "Anilines: Selective
Toxicity to Blue-Green Algae," Science, 199, 1068-1070.

Bringmann, G. and Kuhn, R. (1977), "Limiting Values for the Adverse Effects of
Water-Polluting Substances Toward Bacteria (Ps. putida) and Green
Algae (Sc. quadricauda) in the Cell Multiplication Inhibition Test,"
Zeitschrift Fuer Wasser Und Abwasser Forechung, 10(3/4), 87-98.

Chemische Werke Lowi (1978), Safety Data Sheet, Ethyl Centralite.
Cordova Chemical Co. (1977), personal communication.

Cronwall, D. and Hildeby, G. (1968), "The Use of Thin Layer Chromatography in
Connection with Protective Technical Supervision of Powders," Symp.
Chemical Probl. Connected Stabil. Explosives, 179-187.

Dickenson, J.W. (1978), personal communication, Radford AAP,

Doali, J.O0. and Juhasz, A.A. (1974), 'Application of High-Speed Liquid Chro-
matography to the Qualitative Analysis of Compounds of Propellant
and Explosives Interest," J. Chromatogr. Sei., 12(12), 51-56.

Doull, J.; Plzak, V. and Brois, S.J. (1962), "A Survey of Compounds for
Radiation Protection." NTIS, AD 277 689.

Dykes, H.W.H. and Alley, B.J. (1974), "Gas-liquid Chromatographic Determination
of Nitrate Esters, Stabilizers and Plasticizers in Nitrocellulose-
Base Propellants and Nitroglycerin in Pharmaceuticals," U.S. Patent
No. 3,782,900.

Evendijk, J.E. (1968), "Separation and Identification of Explosive Powder by
Two-Dimensional Thin-Layer Chromatography," Explosivstoffe,
16(7), 152-154.

Federal Register (1979), "Water Quality Criteria; Request for Comments,"
44(52), 15926-15981.

Hawley, G.G., editor (1977), The Condensed Chemical Dictionary, 9th ed., Van
Nostrand Reinhold Co., NY.

Juhasz, A.A. and Doali, J.O0. (1973), "High Speed Liquid Chromatographic
Separations of Thermally Labile High Energy Compounds. II: Infrarec
Spectral Characterization of Micropreparative HPLC Fractions,"
Ballistic Res. Lab., NTIS, AD 769 713,

279 v-37

T PO (B P b i Awes o - - [

PRECEDING PAIE MANK-NOT FILED

e i i S e o . .
PEE s L Aoty S WD R S @b KRR AL b a2 0

E
l

L




Kitchens, J.F.; Harwaxd, W.E.; Lauter, D.M.; Wentsel, R.S. §nd Valentine, R.S.
(1978) "Ethyl Centralite," in Preliminary Definition Study of Propellant
Related Chemicals, Vol. II. Propellant-Related Chemicals, Atlantic

- Research Corporation, contract DAMD17-77-C-7057.

Korolev, A.A.; Arsenieva, M.V.; Vitvitskaya, B.R.; Zakharova, T.A. and
Kinzinrsky, A.S. (1976), "Experimental Data on the Hygenic

. Standardization of Diphenylamine and Diphenyldiethylurate in Water
1 Bodies," Gig. Sanit., 5, 21-25.

Leo, A.; Hansch, C. and Elkins, D. (1971), "Partition Coefficients and Their
Uses," Chemical Reviews, 71(6), 525-616.

MacPhee, C. and Ruelle, R. (1969), "Lethal Effects of 1888 Chemicals upon
Four Species of Fish from Vestern North America," Bulletin #9,
University of Idaho, Moscow, ID. 15.

Maurer, R.; Willy, A. and Durtschi, A. (1971), ''Spectrophotometric Method for
Determining Diphenylamine, Centralite and Some Secondary Products
of Diphenylamine in Nitrocellulose Powders," 2nd Symp. Chem. Probl.
Connected Stabil. Exploe., 14-33.

Ripper, E. (1967), "Recent Methods for tie Investigation of Propellants,"
Explosivstoff, 15(3), 57-64.

Roberts, J.D. and Caserio, M.C. (1965), Basic Principles of Organic Chemistry,
W.A. Benjamin, inc., NY.

fwy, B, (1968), "Chemical Reactions of sym-Diethyldiphenylurea,'" M. Sc.
Thes{s, Universite de Moncton.

C:%adtler Research Laboratories, Inc. (1969a), "Spectrum 1544K N,N'-Deithyl-
carbanilide," The Sadtler Standard Grating Spectra.

(:%adtler Research Laboratories, Inc. (1969b), "Spectrum No. 952 UV 1,3-Deithyl-
carbanilide," Sadtler Staidard UV Spectra. p

C:gadtler Research Laboratories, Imc. (1967), "Spectrum 6739 N,N'-Deithyl- 3
ca.' - 1lide," The Sadtler Standard Nuclear Magnetic Resonance 3

%j]{f Giade

Sax, N.I. (1975), Dangerous Properiies of Industrial Materials, 4th Ed.,
Van Nostrand Reinhold Co., NY.

Soldate, A.M. . Noyes, R.M. (1947), "X-Ray Diffraction Patterns for the

Ide .iication of Crystalline Constituents of Explosives," Anal.
Chemo » _1_9_’ 442- I‘A("

v-38

20




Sopranetti, A. and Reich, H.U. (1972), "Gas Chromatographic Analysis of Gun
Propellauts," Explosivstoffe, 20(11-12), 197-2062.

Taymaz, K.; Newbold, B.T. and MacDonald, R. (1977), "Nitrosation Reactions of
Ethyl Centralite," Universite de Moncton, Moncton, N.B., Canada,

NTIS, ADA 037 592.

Watts, T. (1978), personal communication, "Munition Environmental Research,"
Letter to USAMBRDL.

Weeks, M.H. and McCreesh, A.H. (1977), "Preliminary Assessment of Relative
Toxicity of Ethyl Centralite," Army Environmental Hygiene Agency,
Aberdeen Proving Ground, MD., report no. 51-0923-77. NTIS, AD AQ4l 736.

Windholz, M. (1976), The Merck Index, 9th ed., Merck & Co., Inc. Rahway, NJ.

Zatkovetskii, V.M.; Safonova, Z.B.; Koren'kov, N.; Newskii, A.B. and Sosin,
S.L. (1971), “Determination of High-Boiling Aromatic Compounds in
Industrial Waste Waters by a Gas-Liquid Chromatograph Method,"
Zavod. Lab., 37(12), 1434-1435.

281 V-39 |

!
|
j
K




R U e R a L e L e

ABBREVIATIONS AND SYMBOLS
0
A - Angstrom
@ ~ At
AAP ~ Army Ammunition Plant
ANOVA =~ Anglysis of Variance
v ~ Approximately
BCF ~ Bioaccumulation Factor
BODS - Biochemical Oxygen Domand
B.P, - Boiling Point
BTU -« British Thermal Unit
oc - Degree Centigrade
Cal - Calorie
cm - Centimeter
ca~1 - Wavenumber
cm3 - Cubic Centimeter
CoC - Cleveland Open Cup
Ccop - Chemical Oxygen Demand
¢ - Heat capacity at constant pressure
cP - Centipoise
DOT - Department of Transportation
AHg - Heat of Combustion
ARg - Heat of Fusion
DMSO - Dimethylsulfoxide
! g - Molar extinction coefficient
| € = Molar absorptivity coefficient
§+ - Electrophile
F - Degrees Farerheit
FIR -~ Far Infrared
g - Gram
E gil - Gallon
‘ H - Hydrogen Ion
HMX - Octahydro-1,3,5,7-tetranitro-1,3,5,7-tetrazocine :
hg - Mercury ;
hr - Hour q
HPLC - High Pressure Liquid Chrowmatography '
hy - Light energy
in - Inch
i.p. - Intraperitoneal
i.v. - Intravenous i
IR - Infrared :
J - Joule
ok - Degrees Kelvin
kbar - kilobar
kcal - Kilocalorie

kg - Kilogram

KKg -~ Thousand Kilograms

kp -~ Partition Coefficient

Ksp ~ Solubllity Product Constant
1 ~ Liter
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A -~ Wavelength

1b - Pound

LCc20 - Concentration Required to Kill 20%Z of Exposed Population

LC50 - Concentration Required to Kill 50% of Exposed Population

LC100 - Concentration Required to Kill 100% of Exposed Population

LD50 - Dosage Required to Kill 50% of the Exposed Population

LDLO - Lowest Dosage for Which aa Effect is Observed

Amax - Wavelength of Absorption Maxima

m - Meter

m3 - Cubic meter

u - Micron

m/c ~ Mass to Charge Ratio

ug - Microgram

ng - Milligram '

MGD - Million Gallons per Day -

ml - Milliliter

m - Millimeter

mM - Millimoles

mmHg - Millimeters of Mercury

mol - Moles ;

M.P. - Melting Point 1

M.W. - Molecular Weight

N - Newton

np - Refractive Index

NMR - Nuclear Magnetic Resonance

nm ~ Nanometer

™ - P41 (a constant « 3.1416)

P4 ~ Pressurz in Newtons/Meter

Pev - Detonation Pressure @ Constant Volume

P - Partition Coefficient

4 - Percent ;

pH - Negative Log of KHydrogen Ion Concentration )

ppb - Parts per Billion :

PPm - Parts per Million 3
Hexahydro-1,3,5-trinitro~1,3,5~triazine i
Refractive Index 4
l-acetyloctahydro=3,5,7~-trinitro-1,3,5,7-tetrazocine .
Temperaure “Kelvin ' :

Thin La 2r Chrewatography 3
l=-acetyihexahydro-3,5,~dinitro~1,3,5~triazine
Unit of pressure

Tltraviolet 3
» Volunme , R
Year 5
Cod

e

i ‘g

b3
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