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omica l charac tsri gat Ion snd anima l tox icity studies on five
d.s.nsitiz.d pr l r s , four we.t .wet.r . from pri mer production and one
d.s.nsitta at ion “bl~~~ ” wer. p.rformed .

Hi gh pressur e liqu id cbriirmtography we. most usefu l in character-
izing the org ic c~wc *nds pre sent is the various s~~~~les. Th. original
orga nic comp.usd. wa r. present Is Irac. qinme etties or entire ly absent from
d.sen.iti~~d pus. tetra .ma , 4.senst t lzed  ~ ‘re lead stypha st. , desensitized

ur e tr iiiitro re.orc ta o l . eei raa.a. me.i .wSi r . P rimer mixture PA 956 waste-
wa ter , Lea d stypks*t . wa t.ws .r and 1r1 ’ r.resorcinol vSa tevster . Some
PETh r in.d In the desea. it  Led ~~ ,e med cbs desensitized primer
mixture PA 9% . Land we. t”wed . ns . i.d . Is the p r .cipitat.s frost de-
s.n.1ti~~ d I .ad stypliWe . dss.ssiiIa. if $s mix ture  PA 956 and their
wast .weters . Similar ly ,  I tmesy — a the precipitates from the
d.zenst tlaed pr imer editur. PA ‘56 and I t s  wa.t .wea .r .

(~~enmat tt zed  t .s rsaene we. a mild irritant to ~~e skin , but not
the eye , of rábiti. the .~her s~~~le. war , a.sirrItattsg t~n thee. test..
Ds .ui.itissd t .craaene and desensitized pr imer mixture PA 9$ were .od.r-
•t. Iy toxic , wi th LD~~~s bstwmen 3 and S g ~~1id./kg body weight in rats.
Lot 3 of tetrsaen. wsstsweter we. re1c~:iv.ly toxic , with LD~~ ’s between
0.3 and 0 $  gIkg in rats and mice. This toxicity appears to be due to
twa ckaractsris.d but ustidestifisd organic co~~o md. . The other s~~~les
were anatomic in the.. animals.

The desensitization “blank” contained no interferring substance.
• and was nosirritating to rabbits and nontoxic to rats or mice .

Mco endattons for contthu.d research are included in this
re port.
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I. INTRODUCTION

The objective of this project is to characterize and determine
the acute oral toxicity of some desensitized primer compounds and the
wastevaters generated during the manufacture of primers. The materials
studied are :

Saxt~ le No. Sample

1 Desensitized pure tetrazene
2 Desensitized pure lead styphnate
3 Desensitized primer mixture PA 956
4 Desensitized pure PETN
5 Desensitized pure trinitroresorcinol
6 Desensitization blank
7 Was tewater from tetrazene production

• 1: 8 Wastewater from primer mixture PA 956
produc tion

9 Wastewater from lead styphnate production
10 Wastewater from trinitroresorcinol

production

When received, each sample was characterized by relevant phys ical
• data, e.g., infrared spectrum, pH, ete. It was separated chromatographically,

and the con~onents characterized as much as practicable. Skin and eye irri-
tation in rabbits and acute oral LD~0’s in rats and mice were determined onthe mixtures and/or appropriate fractions .

! 1!
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II • CHARACTERIZATION AND TOXICITY OF PRIMER SAMPLES

The characterization and toxicity of each sample are reported
separately in the order mentioned above. The report on each sample iBI arranged by introduction, desensitization procedure or production method,
sample concentration procedure, chemical assays and “fingerprinting”,
acute toxicity, conclusions and recoimnendations.

Ii

I IT
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• A. Densitized Pure Tetrazene

1. Introduction

a. Sample origin: Pure tetrazene (I) was desensitized by
boiling in water. This procedure was carried out by the Army.

N N(‘ I I  NH
N c I
-ir ‘N~N-N-C-NHH

(I)

b. Chemical literature: Tetrazene (I) is an explosive
which results from a complex series of reactions when aminoguanidine bi-
carbonate in dilute sulfuric acid is treated with sodium nitrj~ e and is
possibly the most impact-sensitive explosive used in primers.— The com-
pound is stable both wet and dry at temperatures less than 75°C but
hyd rolyzes in boiling water to produce 1.5 to 2.0 moles nitrogen per mole
tetrazene plus amaonia, guanidine 1-H-tetrazole and 5-aminotatrazole.l’

• 2 ~~~~~-N N-l~1-~-NH2 H2O 
H20 3N + 2NH 3

• N N  NH 2
H ,N ,~ ,N .,

C N H  + C02(?)
+ I + 

‘‘N—NI ? B

The decomposition of tetrazene in Na~ l produces azmnonia,
cyanamide and the sodium salt of 5-azidotetrazole, 

-

NH N i

~~~~~~~~~~~~~~~~~~~~~~ 
~~~~~~~~~~~~~ 

~~ + Na 
+

+Ii 2N-C* ~~~~2°

while in dilute acid, tetrazene yields 5-hydroxytetrazole.2!

• + N
• N ~ C-N~ 4-N-C-NH2’H20 

H N~ ~~C-CftVu ~‘. S2
H



c. Toxicological literature: No data on acute mammalian
toxicity could be found .

‘. I)eseflMltiZatiOn Procedure

The following procedure was used by the Army for desensitization
of the tetrazene :

a. To 4 liters of water was added 298 g of tetrazene.

b. The contents were heated to 806 to 90° for 4 hour s by
injecting steam into the water.

c. The final volume was 7.6 liters.

d. The pH of the product was 5.8.

3. Sample Concentration for Acute Toxicity Studies

a. Sample description: The samp le was a ligh t bl ue l iquid
containing no precipitate and was used as received. The pH was 5.6.

b. Concentration: The approximate concentration of dissolved
solids per ml was determined prior to concentration. A l0-ml aliquot was re-
duced to dryness under 20 mm Hg vacuum at 50° to 60°. The concentration of
dissolved solids was 32 mg/mI, as received .

The concentration of dissolved solids was adjusted by solvent
removal under 20 mm Hg vacuum at 50° to 60°. After concentration , the pH was
adjusted to 7.4 by addition of 0.1 N NaOH. On addition of base, the light
blue solution became green and a small amount of precipitate was noted .
The concentration factor was 4.0 and the final concentration of dissolved
solids was 128 mg/mi.

c. Distillate examination: The distillate resulting from
sample concentration was studied by gas chromatography , thin-layer chromatog-
raphy, and ultraviolet spectroscopy for the presence of components other than
water. The techniques used are described under Section 4, Chemical Assays.
No other components were detected in the distillate.

4. Chemical Assays and “Fingerprinting”

a. Acidity : The sample as received required 0.055 meq of
sodium hydroxide per ml of sample for neutralization.

b. Metal content: The sample as received contained the
following concentrations of metal.:

4



Metal 7,1n Solution

Antimony < 0.0005
Barium 0.0008
Calcium 0.0040
Lead 0.0010
Magnesium 0.0012
Sodium 0.0075

Since the sample concentration factor was 4.0, the solution used
for animal toxicity studies contained four times the above concentrations
of metals.

c. Reducible NO2 content: The con5entration of reducible
NO2 groups was determined by the method of Selig.~

.’ This procedure will
determine the presence of aliphatic nitrates, aliphatic nitrites, aromatic
nitro groups and inorganic nitrite and nitrate ions. Although a number of
functionalities are detected simultaneously,  the results are expressed in
terms of mg NO 2 for comparison purposes . The nonspecificity of the assay
can be cons idered an adv an tage, since when combined with the inorganic NO2and NO3 assays, the covalently bound NO2 content can be estimated.

The reducible NO2 content when assayed on 19 May 1974 , was
0.81 mg/mi . Forty-two days later the assay indicated 0.89 mg/mi.

d. Sulfate content: The concentration of ionic sulfate was
determined by an automated methylthymol blue method described by the Environ-
mental Protection Agency.~~ The sulfate conten t was 0.09 mg/mi of sample
as received , or 0.36 mg/mI in the sample used for animal toxicity studies.

e. Inorganic nitra~ and nitrite content: The inorganic
nitrate and nitrite contents were determined by the cadmium reduction method
described by the Environmental Protection Agency.V The nitrate content of
the samp le as received was 0.0018 mg/mI . The nitrite content of the samp le
as received was <0.00 1 mg/mi .

f .  Chroinatographic characterization: The sample was studied
• by gas , liquid and thin-layer chromatography. The primary purpose of this

work was to provide ch romatographic “fingerprints” of the sample.

(1) Liquid chromato~ raphy: The sample supernatants
were studied using the following conditions :

Instrument: Waters Associates 301 equipped with
235 nm UV detector.

Column : Porasil AX, 2 ft x 1/8 in.
Solvent : 1007. CH3CN programmed to 607~ H20 in 40

minutes using linear solvent program
No. 65



Flow rate: 1 ml/min

Peaks were observed with retention times of 1.6 ,
2.76, 5.51, 23.6, 29.5, 31.5, and 32.7 minutes. Using the 235 nm detector,
the peaks at 2.76 and 23.6 were large as compared to the other peaks. Tetra-
zene had a retention time of l.t minutes . Tetrazole had a retention time of

• 2.76 minutes , and 5-aininotetrazo ie had a retention time of 5.51 minutes. The
peaks with retention times of 23.6 to 32.7 minutes eluted in ill-shaped bands
suggesting the presence of unresolved components.

(2) Gas chromatography: The sample was studied by gas{ chroma tography as descr ibed below :

Instrument: Bendix 2500 equipped with flame
ionization detector.

Columns : (a) Glass , 6 f t  x 1/4 in.; 37, OV-l on
Gas Ch roin Q.

(b) Glass , 6 f t  x 1/4 in.; 1.57, DC LSX-3-0295;
1.57. GE XE-60 on Gas Chrom Q.

Flow rate : 30 cc N 2/min.
Column temperature: Start at 100°C and heat at 5°/mm

to 250 °C .
• I~~lection port: 200 °C

Detector tempe rature : 200°C

• Using column (a), no peaks were observed. Using
column (b), a single broad peak was observed at 8 minutes retention time. A

• refer ence sample of l-H-tetrazoie had a retention time of 7 minutes on column
• (b) .  No peak was observed for a reference sample of 5-aminotetrazole or

tetrazene on either column. A chloroform extract of the sample showed no
peaks on either column .

(3) Thin-layer chromatography : The samp le was studied
by thin-layer ch romatography as described below :

Plate : Brinkmann Silica Gel F.
Solvent system: 957. ethanol/NH4cM (4:1).
Material spotted: 30 i~g i-H-tetrazole (acetone).

1.5 pg 5-aminotetrazole (107. Nd ).
100 ~g tetrazene (107. HC 1).
10 p1 concentrated desensitized
tetrazene .

Detection : UV - 254 nm
Ninhydrin spray .

The detection limit for l-H-tetrazole was 30 pg
(R~ 0.62). The detection limit for 5-aminotetrazole was 1 pg (Rf 0.0).
Netther thi. solvent system nor any other system tried gave a satisfactory
elution pattern for tetrazene ; excessive streaking was observed. The sample
showed spots at Rj  0.0 , 0.45 , 0.48 , 0.55 , and 0.62.6



g. Spectral characterization: The sample was studied
by infrared , ultraviolet and visible spectro scopy .

• ( 1) Infrared spectrum: Reducing an aliquot to dryness
gave a residue whose IR in KBr showed absorptions at 3300 (s), 2160 ( s ) ,
1680 (s) ,  1475 (s) ,  1410 (m) , 1350 (m) , 1270 (w) , 1240 (in) , 1200 (w),
1150 (in) , 1170 (s),  and 1000 (in) CM~~. The band at 2160 cm_i suggests the
presence of a nitrile or azide.

(2) Ultraviolet spectrum: In water no peaks were ob-
served in the range 350 to 230 run .

(3) Visibl e spectrum: A broad band centere d at about
650 run was observed.

5. Acute Toxicity

Animal tests were performed on the concen tra ted desensi tized
tetrazene , prepared as described above. This material contained 128 mg
solids/mi .

a. Skin and eye irritation: 
3~
he primary skin and eye irrita-

tions were determined by the Draize procedure— using six New Zealand white
rabbits. Desensitized tetrazene was scored as negative in the eye irritation
test and 0.25 in the skin irritation test. This skin test score is within
the “mild” class (0.2 to 2.5 score).

L b. Oral toxicity: A sing le oral dose of 5 g/k g of desens itized
tetrj zene in water did not kill  any of three male albino mice (Charles River
CD-I’5’ strain). The acute oral LD50’s (method of Finneyii adapt ed for computer)

• • in male and female rats (Charles River ciP s t ra in)  were 3.40 g/k g and 3.30
g/kg, respectively. All deaths occurred on the first day with no remarkable
symptoms . The results are summarized in Table 1.

6. Conclusions

The desensitized tetrazene sample as received was slightly acidic
(pH 5.8) and contained no appreciable concentration of metals or sulfate ion.
The total reducible NO2 content was 0.81 mg/mi. The inorganic nitrate con-
tent was 1.8 x io ’~ mglml and the inorganic nitrite content was <1.0 x
mg/mi. Thus , the covalently bound NO 2 content was high relative to the in-
organic NO3 p lus NO 2 content. High pressure liquid chromatography indicated
the presence of at least seven ultraviolet -absorbing components , three having
the retention time, of l-H-tetrazole , 5-aminotetrazole and tetrazene.

7



L
TABLE 1

ACUTE ORAL LD50 ’s OF DESEN SITIZ E D TET RAZEN E
IN RATS

Dose Mortality
(g solids/kg body weight) Males Females

4.00 5/5 5/5
3.75 5/5 ND
3.50 5/10 415
3.37 4/5 5/8
3.25 2/10 4/8
3.00 0/5 0/5

LD50 (g/kg) 3.40 3.30
957. Confidence Limits 3.28-3.55 3.12-3.44

(g/kg )
• • Slope ± Standard Error 16.3 ± 5.2 17.4 ± 6.8

ND Not Determined

ii
Ii
El

• H
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The sample was concentrated four times for animal testing. The
• desensitized tetrazene was mildly irritating to the sk in of rabb its and

moderately toxic to rats after oral administration.

7. Recomendations

Because the sample tested has iw.zch less toxicity than the tetrazene
westewater (as discussed in Section C), no fur ther toxicological re search
is warranted. However, the skin irritation test indicates that it may be
necessary to protect workers from physical contact with the desensitized
tetrazene. Samples should also be taken periodically and charac ter ized
by high pressure liquid chroma tography to insure no significant variationI in composition .

ii
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B. Desensitized Pure Lead Styphnate

1. Introduction

a. Sample origin

D2~~~~~~~
0

2IJ 

Pb

• I N02

(I)

L A samp le of lead styphnate (I) was desensitized by heating
in water with sodium hydroxide and aluminum.

• I! b. Chemical literature: Trinitroresorcinol, or st~phnic
ac id, is prepared by first sulfonating, then nitrating resorcinol.!’ it
reacts with lead salts to form several products, the most stable of which
is the 1:1 complex.2!

OH 0 Pb + 2 H4
02N N02 02 N02 /

~~
c

~~
(OH 

+ Pb~
2 — —

~~~
“

• NO2 NO2

Lead styphnate is quite stable as shown by vacuum stability studies at
1000 and 120 °C. However , it appears to undergo both hydrolysis and decom-
poatt ion in water.)2’ It can be decomposed by concentrated nitric or guI-
furic acid. When dissolved in aninoniuni acetate solution, it reacts with
potassium dichromate to form potassium styphnate and lead chromate.

IT 
______

~~~~~~~~~~~~~~ •K
2Cr 207 

~~~~~~~~~~~~~~ 
+ PbCr

2O7



• It c~n also be decomposed by dissolving it in at least 40• times its weight of 207. sodium hydroxide solution..LiJ

c. Toxicological l i t e ra tu re :  No data on the acute mammalian
toxicology of either Lead styphnate or t r in i t roresorcinol  were found . However ,
lead is the best known toxic metal , well covered in all  texts. The toxicity

• of lead styphnate is presumed due to its lead Content and the solubility of
the lead in the medium involved.

- 2. Desenitization Procedure

The following procedure was used for desensitization of the lead
• styphnate:

a. To a 5-liter water solution containing 157 g of NaOH
was added 157 g of lead styphnate.

b. lA~ring a 20-minute period , 78.5 g of atoinizsd aluminum
• were added.

c. The solution was heated at 89’to 92° for 4 hours by
injecting steam into the mixture.

d. The final volume was 9.5 liters. The product pH was
11.7.

3. Sample Concentration for Anima l Toxicity Studies

a. Sample description: As received , the sample was a dark
green suspension with numerous small particles (< 0.028 in). Before

- sampling , the mixture was shaken vigorously to suspend the particles. The
pH was 11.7.

b. Sample concentration: The approximate concentration of
dissolved solid./ml was determined prior to concentration. A 10-mi aliquot
was reduced to dryness under 20 ian Hg vacuum at 50bto 60°. As received, the
concentration of dissolved solids was 0.06 mg/nil.

The concentration of dissolved solids was now adjusted by
solvent removal under 20 mm Hg vacuum at 50 to 60°. After concentration,
the pH was adjusted to 7.4 by addition of acetic acid. On addition of
acetic acid, the solution became very turbid. The final concentration of
dissolved plus suspended solids was 112 mg/mi. The concentration factor

• was 19.2.

U 11



c. Distillate examination: The water distillate resulting
from sample concentration was studied by gas ch romatograph y, thin- layer
chromatography, and ultraviolet spectroscopy for the presence of components
other than water. The techniques used are described under Section 4,
Chemical Assays. No other components were detected in the distillate.

4. Chemical Assays and “Fingerprinting”

a. Alkalinity : The sample supernatant , as received , required
0.375 meq of }LCI/in l of san$ie to neutralize it. This alkalinity corresponds
to 15 mg NaOH/mI.

b. Metal content: The sample as received contained the
following concentrations of metals:

Metal 7, in Supernatant 7, in Precipitate

Aluminum 0.9 3.35
Antimony <0 .00025 0.04
Barium 0.00002 <0.0096
Calcium 0.0001 <0.096
Lead 0.0049 5 9 4
Magnesium <0.0001 <0.05
Sodium 0.88 1.7

c. Reducible N02 content: The concentration of reducible

N02 groups was determined by the method of ~~~~~~~ This procedure determines
the pr esence of aliphatic nitrates, aliphatic nitrites , aromatic nitro groups
and inorganic n i t r i t e  and n i t rate  ions . Although a number of functionalities
are detected simultaneously, the results are expressed in terms of trig NO2
for comparison purposes. The nonspeciftcity of the assay can be considered
an advantage since when combined with the inorganic NO2 and NO3 assays , the
covalently bound NO2 content can be estimated.

The reducible NO2 content of the supernatant when assayed on
19 May 1975 was 0.04 mg N02/ml. Thirty-five days later, the assay indicated
0.10 ing N02/ml. The reducible NO2 content of the precipitate when assayed

• on 19 May 1975 was 0.03 mg N02/g precipitate. Thirty-six days later, the
assay indicated the same.

d. Sulfate content: The concentration of ionic sulfate was
determined by an automated methylthymoi blue method described by the Environ-
mental Protection Agency.W The sulfate content of the supernatant was
0.74 mg/mI of sample.

12



e. Inorganic nitrate and nitrite content: The inorganic
nitrate and nitrite contents were determined by the cadmium reduction method
described by the Environmental Protection Agency..~

J The nitrate content of
the supernatant as received was 0.0004 mg/mI. The nitrite content of the
supernatant as received was 0.00168 mg/mi.

f Chromatographic characterization: The sample was studied
by gas , liquid and thin-layer chromatography. The primary purpose of the
work was to provide chromatographic “fingerprints” of the sample.

(1) Liquid chromatography: The sample was studied as
described below:

System I

Instrument: Waters Associates 301 equipped with
Schoeffel 770 variable wavelength.
LW detector operating at 254 nm.

Column: Porasil AX, 2 ft x 1/8 in.
Solvent: 1007. cH3CN progranined to 607. H20 in

30 minutes using linear solvent
program No. 6.

Flow rate:  1 mi/ru in.

• Minor pea~~ were observed at 9 and 13 ml
elution volume , plus a major ill-defined peak at 15 to 30 ml. A peak was
not observed for a reference sample of trinitroresorcinol using this system.

System 2

• Instrument: Waters Associates 301 equipped
with Schoeffel 770 variable wave-
length UV detector operating at
254 nm.

Column: Porasti AX , 2 ft x 1/8 in.
Solvent: 37. 1120 in Qi3CN.
Flow rate: 1 mi/ruin.

A single peak at 1.58 ml was observed . The
peak was skewed suggesting the presence of more than one component 1 Both
lead styphnate and trinitroresorcinol elute at 2.76 minutes.

13



(2) Gas chromatograp~y: The sample was studied by gas

chromatography as described below:

Instrument: Bendix 2500 equipped with flame ioniza-
tion detector.

Column : Glass, 6 ft x 1/4 in; 37. OV-I on Gas
Chrom Q.

Flow rate: 30 cc N2/min.
Column temperature: Start at 100°C and heat at

5°/ruin to 250°.
Injection port: 200°C.
Detector: 200°C.

No peaks were observed.

(3) Thin-layer chromatography: The sample was studied
by thin-layer chromatography on both cellulose and silica gel.

(a) On cellulose:

Plate: Brinkmann cellulose F.
Solvent system: 957. ethanol/conc. NH4OK (4:1)
Material spotted: 5 ~ig lead styphnate (107.

aqueous anunonium acetate);
5, 1, 0.5 pg trinitroresor-
cinol; 100, 10 p1 styphnate
waste supernatant; 100 p1
of a concentrated chloroform
extract of the waste super-
natant.

Detection: Visual inspection; UV-254 and 360 nm;
Spray with 27. diphenylaruine in 957.
ethanol followed by exposure to long
wave UV light for 5 minutes.

Lead styphnate has an Rf of 0.39. Trinitro-
resorcinol has an Rf of 0.51. Both of the waste samples had a spot at

Rj 0.0, but no spot above the origin. The detection limit for lead styphnate
and trinitroresorcinol was 0,5 pg.
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(b) On silica gel

P late:  Brinkmann Sil ica Gel F-254.
Solvent system: Acetone saturated with ammonium

acetate.
Material spotted : 5 pg lead styphnate; 5 pg

trinitroresorcinol; 20 ~tl
of sample having a dissolved
solids content of 112 mg/mI
(i.e., 2,240 ~g of solids).

Detection: (i) Visual
(ii) UV-254 run
(iii) Spray with 27. diphenylamine

in 957. ethanol followed by LW
irradiation.

Lead styphnate has an Rf of 0.42 and a detection
l imi t  of 0 .5 ~g. Trinitroresorcinol has an R 1 of 0.42 and a detection limit
of 0.5 pg. The sample showed no spots above Rf 0.0.

g. Spectral characterization: The sample was studied by
infrared , ultraviolet and visible spectroscopy.

(1) Infrared spectrum: A vacuum dried sample in KBr
showed broad , ill-defined hands at 3300, 1620, 1400 and 1075 cm~~. The
C-NO2 group normally has bands near l5C’~ and 1350 cm

1..LV Lead styphnate
shows bands at 3570 (m), 1590 (s), 1490 (m), 1410 (m), 1315 (s), 1230 (a) ,
U00 (m), 790 (m), 770 (w) and 740 (w) cm~~,

(2) Ultraviolet spectrum: With a 50-fold dilution, the
sample shows a maximum at 328 mm (absorbance 0.43).

(3) Visible spectrum: No peaks were observed in the
range 400 to 800 mm. With a 10-fold dilution, the sample showed an absorbance
of 0.30 at 400 mm.

5. Acute Toxicity

Animal tests were performed on the neutralized concentrated
desensitized lead styphnate, prepared as described above. The material con-
tam ed 112 rug solids/mi.

15



a. Skin and eye irritation: The primary skin and eye irrita-
tions were determined by the Draize procedure~J using six New Zealand white
rabbits. Desensitized lead styphnate gave no eye irritation and a score of
0.16 on the skin irritation test. A score of at least 0.20 is required to
classify a material  as a mild irritant , so desensitized lead styphnate is
nonirri tat tng by th is  test.

b. Oral toxicity: Single oral doses of S g/kg of desensitized
lead styphnate killed none of the six female and three male albino rats
(Charles River CD strain) and three male mice (Charles River CD-l strain)
dosed .

6. Conclusions

The desensitized lead styphnate sample as received was basic
(pH 11.7) and contained the equivalent of 15 mg NaOH/iul. The supernatant
contained 0.97. aluminum and 0.887. sodium. The precipitate contained 3.357.
aluminum, 597. lead and 1.77. sodium. The supernatant sulfate content was
0.74 mg/mI. The initial total reducible NO2 content of the supernatant was
40 x ~~~ mg N02/ml. The inorganic nitrate content was 0.4 x io~ mg/mi
and the nitrate content was 1.68 x l0~~ mg/mi. Thus, the covalently bound
NO2 content is high relative to the inorganic NO3 plus NO2 content. Gas
chromatography on an OV-I column did not indicate the presence of any volatile
components. h igh pressure liquid chromatography (HPLC) was usefu l for
monitoring nonvolatile ultraviolet absorbing compounds. No trinitroresorcinol

(< 0.017.) was observed in the sample. There are at least three uncharacterized
ultraviolet absorbing compounds present by }LPLC. Thin-layer chromatography
also indicated the absence of trinitroresorcinol.

The homogenous concentrated neutralized sample was nonirritating
to rabbits and nontoxic to rats and mice after oral administration.

7. Recommendations

Because of the lack of irritancy and toxicity, no further toxicolog-
ical research is warranted. Accepted standards for lead content and worker
exposure should be observed. Samples should be taken periodically and
characterized by high pressure liquid chromatography for organic constituents
and by elemental analysi, for lead to insure no significant variation in com-
position.
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C. Desensitized Primer Mixture FA 956

1. Introduction

a. Sample origin: A sample of primer mixture FA 956 was
desensitized by the Army using sodium hydroxide and aluminum. Primer mixture
FA 956 contains 377. lead sty phnate , 47. tetrazene, 57. pentaerythritol tetra-
nitrate , 327. barium nitrate , 157. antimony sulfide and 77. a luminum.

b. Chemical literature: See the sections for tetrazene (A),
lead styphnate (8), and PETN (D) .

c. Toxicological literature: No data on acute mammalian
toxicity could be found .

• 2. Desensitization Procedure

The following procedure was used by the Army for the desensitiza-
tion of primer mixture FA 956:

a. To 3 liters of water containing 125 g NaOH was added
150 g FA 956 priming mixture .

b. During a 46-minute period 52 g of atomized aluminum were
added to the solution.

c. The contents were heated to 82° to 89° for 4 hours by
injecting steam into the mixture .

d. The final volume was 5.4 liters .

e. The pH of the product was 13.2.

3. Sample Concentration for Acute Toxicity Studies

a. Sample description: The sample was a dark brown liquid
containing a finely divided precipitate. The sample was shaken vigorously
to suspend the particles before aliquots were removed. The p11 was 11.6.

• b. Concentration: The approximate concentration of dis-
solved solids/mi was determined prior to concentration. A lO-rul aliquot
was reduced to dryness under 20 em Hg vacuum at 50° to 60°. As received
the concentration of dissolved solids was 70 mg/el.
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The concent rat ion of dissolved so l ids was now a d j u st ed
by solvent removal under 20 mm Hg vacuum at 500 to 60°. After concentration
the pH was adjusted to 7.8 by addition of acetic acid. The addition of
acetic acid caused no change in appearance . The final concentration of
dissolved plus suspended solids was 159 mg/mi. The concentration factor
was 2.27.

c. Distillate examination: The distillate resulting from
sample concentration was studied by gas chromatography, thin-layer chroma-
tography, and ultraviolet spectroscopy for the presence of components other
than water. The techniques used are described under Section 4, Chemical
Assays. No other components were detected in the distillate.

4. Chemical Assays and Chromatographic “Fingerprinting”

a. Alkalinity: The sample supernatant as received was
basic and required 0.525 meq HC1 per ml of sample to neutralize it. This
alkalinity corresponds to 21 mg NaOR/ml.

b. Metal content: The sample , as received , contained the
following concentration of metals:

Metal 7.in Supernatant 7~ in Precipitate

Aluminum l .O’~’ 24.8
Antimony 0.0030 9.45
Barium 0.024 0.43
Calcium 0.0010 0.031
Lead 0.0030 9.3
Magnesium 0.0001 0.02
Sodium 1.26 1.4

c. Reducible N02 content: The concentration of reducible
N02 groups was determined by the method of seiig. 21 This procedure wi l l
determine the presence of a l iphat ic  ni trates , a l ipha t ic  n i t r i t es , a romatic
nitro or nitroso groups and inorganic nitrite and nitrate ions. Although
a number of funct ional i ties  are detected s imul taneously ,  the results are
expressed irL terms of mg NO2 for comparison purposes. The nonspecificity
of the assay can be considered an advantage since , when combined with the
inorganic N02 and N03 assay, the covalently bound N02 content can be determined.

The reducible NO2 content of the supernatant when assayed
on 20 May 1975 was 4.5 tag N02/ml . Forty-one days later the assay indicated
3.5 tag N02 /ml . The reducible N02 content of the precipitate when assayed
on 28 May 1975 was 0.06 g N02/g samp le.
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d. Su l fa te  content :  The concentration of ionic sulfate was

4 determined by an automated methyithymol blue  method described by the Environ-
men t a l  Protection Agen cy.~ i The su l fa te  content of the supernat ant  as re-
cei ved was 1.9 7 mg S04 /ml of s;imp le .

e. Inorganic nitrate and nitrite content: The Inorganic
n i t r a t e  and n i t r i t e  contents  were determined by the cadmium reduction method
described by the Envi ronmental  P r o t e c t i o n  Agency.~ The n i t r a t e  content of
the supernatant as received was 0.76 mg/mi. The nitrite content of the
supernatant as received was 1.0 mg/mI .

1. Ch romatogr aphic cha rac t e r i za t i on :  The samp le was s tudied
b y gas , l iqu id  and th in - l aye r  chromatograp hy. The prima ry purpose of th is
work was to provide chromatographic “fingerprints ” of the sample.

( 1) Liquid chromatography : The samp le supe rna tant  was
studied as described be low:

System 1

Inst rument : Waters  Associates  301 equ ipped
with 235 nm Schoeffe l 770 UV
detecto r.

Col umn : Poras i l  AX , 2 f t  x 1/8 in.
Solvent : 1007~ CH 3CN pro grammed to 607. H 20

in 30 minutes using solvent program
No . 6.

Flow rate : I m i / m m .

Peaks were observed at 7 , 10 , 11 , 15 and 21 ml
elution volume . Re ference samp les of pentaerythritol tetranitrate and t n —
ni t roresorcino l do not give peaks using the system .

System 2

Instru ment : Waters  Associates 301 equi pped
with 235 nm Schoeffel 770 UV
detector.

Column : Porasil AX , 2 ft x 1/8 in.
Solve n t :  37. H~ O in CH3CN.
Flow ra te :  I mi /m m .

Trinitroresorcinol and lead styphnate elute
at 2 .76 ml .  The samp le showed peaks at 1.18 , 3.15 , 7.48 and 10.2 ml.  The
peaks at 7.48 and 10.2 ml were i l l -def ined.
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( 2) Gas chromatography : The samp le supernat ant  and
precipitate were studied by gas chromatography as described below :

Instrument : Bendix 2500 equipped wi th f l ame
ionization detector.

Column : Glass , 6 f t  x 1/4 in.
(a) 37. OV- l on Gas Chrom Q.
(b) 57. OV-17 on Anakrom ABS.

Flow rate : 50 cc N 2 /min.
Column temperature : (a) Start at 100°C and

heat at 5°/m m .  to 250°.
(b) Isothermal at 130°C.

Injection port : (a) 200°C
(b) 130 °C

Detector temperature : 200°C

No peaks were observed using column (a), column
temperature ( a) ,  and injection temperature ( a ) .  Using the (b) condi t ions  no
peaks were obs.’rved for the supernatant, but , for the precipitate , a peak
with the retention time of PETN (5 .7  minutes) was observed. The concentration
of the PETN was ~ 0.17..

(3) Thin-layer chromatography: The sample was studied
on two thin-layer chromatographic systems.

System 1 (Fo r TNR and lead styphnate)

Plate : Brinkmann Silica Gel F-254
Solvent system: Acetone saturated with

aimnonium acetate .
Mater ial  spotted : 5 pg lead styphnate

S pg trinitroresorcinol
20 p1 of sample having a

• - dissolved solids content
of J i g ’  aig/mi (i.e., 2,240 pg
of solids).

Detection : (a) Visual
(b) Uv-254 nm

• (c) Spray with 27. diphenylamine
in 957. ethanol followed by
W/ irradiation .

Lead styphnate has an R f of 0.42 and a detec-
tion limit of 0.5 pg. Trinitroresorcinol has an Rf of 0.42 and a detection
limit of 0.5 pg. The sample showed one spot at Rf 0.125.
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System 2 (For PETN)

r The preci pi ta te  (300 mg) was extracted twice with
5 ml of chloroform using sonication. The chloroform was concentrated and
used for spotting in the following TL.C system:

Plate: Brinkmann Silica Gel F-254
Solvent system: Cyclohexane/acetone (1:1)
Mate r ial spotted : 5 pg PETN

5 p1 chloroform extract of
the sample precipitate.

Detection: (a) UV-254 nm
(b) Spray with 27. diphenylamine

in 957. ethanol , i r radiate
with UV light.

UV l ight indicated no spots. Diphenylamine
spray indicated the presence of PI~TN in the samp le at R 1 0.59 (gray spot) .

g. Spectra l characterization: The sample was studied by
infrared, ultraviolet and visible spectroscopy .

(1) Infrared spectrum: A vacuum dried samp le o f the
aupernat ant in KBr showed broad , ii 1-define d bands at 3300, 1620 and
1380 cm 4 . The C-NO2 group normally nas bands near 1560 and 1350 crn*IV

(2) Ultraviolet spectrum: Wi th a 10-fold dilution the
sample supernatant showed maxima *t 355 urn (0.33 obsorbance) and 270 urn
(0.21 absorbance).

- - 

(3) Visible spectrum: With a 10-fold dilution the
sample supernatant showed a maxima at 420 urn (0.20 absorbance).

5. Acute Toxicity

Anima l tests were performed on the neutralized, concentrated,
desensitized primer mixture PA 956, prepared as described above . This

• material contained 159 tag solids/mi.

a. Skin and eye irritation: The primary skin and eye
irritation were determined by the Draize piroc.dureki using six New Zealand
white rabbits. Desensitized primer mixture PA 956 gave no eye irritation
and a score of 0.16 on the skin irritation test. A score of at least 0.20
is requ ired to classify a material as a mild irritant, so desensitized
primer PA 956 is nonirritating by this test. The irritation noted is
probably due to its content of lead styphnate and tetrazene , with a possible

H contribution from the inorganic constituents.
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b. Oral toxicity : Desensitized primer mixture PA 956r k i l l ed  none of the three male  alb ino  mice (Charles River CD- I s t ra in )
dosed o ra l ly  with 5 g/kg in water suspension . The acute oral
(probit method of FinneyV adapted for computer) in male and female albino
rut s  (Charle s River  CD s t r a in)  we re determined . Al l  deaths occurred on
the first day with no remarkable signs. Details are in Table 2. The LD50
in male rats (with 957. confidence limits) is 4.84 (4.62 to 5.19) g/kg. In
females, the LD50 was calculated as 3.95 (3.85 to 4.04) glkg . It is prac-
tically impossible to measure a dose between 3.8 and 4.0 g/kg, so the sta-
tistical error in the slope is large.

This sex difference is significant , and presumably reflects
a difference in metabolism. In view of the known toxicity of the components ,
it is probable that the antimony and lead are responsible for most, if not
a l l , of the observed toxicity . Antimony toxicity is similar to that of
arsenic ; lead is well known as a toxic heavy metal.

TABLE 2

ACUTE ORAL LD5O ’S OF
DESENSITIZED PRIME R MIXTU RE PA 956 IN RATS

Dose l4or tal ity
• (g solids/kg body weight) Males Females

5.5 5/5 ND
1! 5.0 4/5 3/3

• 4.75 1/10 ND
4.5 3/5 ND
4.25 0/5 ND
4.0 0/5 7/ 8
3.8 ND 0/5
3.75 ND 0/8

LD5Q (g/kg) 4.84 3.95
957. Confidence Limits (4.64-5.19) (3.85-4.04)

(g/kg)

Slop. ± Standard Error 12.6 ± 4.3 83.5 ± 71.8

ND • Not Determined
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6. Conclusions

The sample as received was basic (pH 11.6) and contained the
equ ivalent of 21 mg NaOH/m l . The supe rnatant  contained 1.07. aluminum and
1.267. sodium. The precipitate contained 24.87. aluminum, 9.57. antimony ,
9.37. lead and 1.47. sodium. The initial total reducib’e NO2 content of the
sup .rnatnnt was 4.5 mg N02/ml. Forty-one days later the reducible NO2 con-
tent of the supernatant was 3.5 mg N02/ml . The inorganic nitrate content
after 41 days was 0.76 mg /ml and the nitrite content was 1.02 mg/mi. Thus
the covalently bound N02 content is similar to the inorganic N03 plus. N02
content. High pressure liquid chromatography indicated the pr°~enc~ of at
least four uncharacterized ultraviolet absorbing components. Thin-layer
chromatography indicated the presence of PETN in the precipitate. TLC did
not show as many minor components as high pressure liquid chromatography.
Gas chromatography indicated the presence of PETN in the precipitate in a
concentration of < 0.17.. No other volatile components were detected .

The homogenous sample of neutralized , concentrated desensitized
primer mixture FA 956 was nonirritating to rabbits , but moderately toxic
to rats after oral administration.

7. Reconinendations

Because the toxicity is presumably due to the well-known toxic
metals antimony and lead , no further toxicolog ical research is warranted.
Accepted effluent standards for these metals should be adequate . Samp les
should be taken periodically and characterized by high pressu re l iquid
chromatography for organic constituents and by elemental analysis for anti-
mony and lead to insure no significant variations in composition.
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D. Desensitized Pure PETN

1. Introduction

a. SampLe origin: Pure pentaerythritol tetranitrate
(PETN) (I) was desensitized by heating in water with aluminum and sodium
hydroxide.

¶
~ 2~~~2O2N0CH2-4~- ~~20~~2

&20N02

(I)

b. Chemical literature: PETN (I) is the nitric acid ester
of pentaerythritol and is considered to be the most stable and least reactive
of the explosive nitrate esters. Analytical and stability tests have indi-
cated that its stability is increased by prolonged heating in water at
ioo oC l3/

Aubertein and Rehling.~~i
’studied the hydrolysis reactions of

PETN solutions at temperatures from 90° to 125 °. It was found that the
rate of hydrolysis in distilled water i~icreased exponentially with tempera-
ture and became rapid at 125°C. The rate increased considerably in dilute
nitric acid and was proportional to the acid concentration. In both water
and nitric acid there was less nitric acid liberated than PETN consumed ,
indicating only partial hydrolysis. In dilute sodium hydrox ide, the rate
of hydrolysis was greater than in dilute nitric acid and the amount of PETN
consumed was equivalent to the amount of nitric acid liberated, indicating
a total hydrolysis. Because of the poor solubility of PETN in water, almost
all hydrolysis studies have been carried out in mixed solvents, namely 907.
ethanolJ..~/ and 757. dioxane

J±1 making them not directly applicable to the
hydrolysis in wastevater. The hydrolysis is expected to occur according to
the following sequence:

I ~ 
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cjH2ONO2 C1120N0 2
O2N0Il 2C-~ -Qt 2ONO2 HOH 2C- C-Q-120N02 + HNO 3

~~2~~
02 CH 2ONO2

PETN

Q120N02I 
_ _ _ _  

I
HOIl2C-C-Q~2c~l + HNO3 ( Hc~42C-C-Q42OH + HNO3

~~ 20~~ 2 CH 2ONO 2

CH2~~
HOH 2C-c-cn2011 + HNO3

~~ 2c~1

Pentaerythritol

Norwitz and GordonJi! have developed a spectrophotometric
method to measure the PETN in wastewater at the 2 mg/l i ter  level. P~~ N can
also be separated and quantitated by gas chromatogr iphy. This method pro-

• vides a rapid procedure for the detection of microgram and submicrogram
quantities using a flame ionization detector and nanogram to subnanogram
quantities using an electron capture detector .i~J

c. Toxicological literature: Because of its widespread
use as a vasodilator, and the recurrent debate over its efficacy in relieving
angina pectoria , there is an iimnense clinical literature on PETN. Reported
human toxicity is due to vasodilatation with a few incidents of derma l
allergic reactions after long-term use. The metabolic fate of PETN in man
and other maninals is the subject of an equally large literature. However,
the only acute toxic effects mentioned are vasodilatacion and its sequelae.
More information is available in standard texts and previous studies.Z’

2. Desensitization Procedure

The following procedure was used by the Army for desensitization
of the pentaerythritol tetranitrate.

25



a. To 4 liters of water containing 710 g of sodium hydroxide
was added 300 g of PETN.

b. Doring a 107-minute period , 356 g of atomized aluminum
were added.

c. The solution was heated at 89° to 98° for 4 hours by
injecting steam into the solution.

d. The final volume was 6.6 liters.

e. The product pH was 13.2.

3. Sample Concentration for Acute Toxicity Studies

a. Sample description: The sample was a clear solution with
a viscous, cream-colored precipitate. The sample was shaken vigorously
before aliquot removal. The pH was 11.6.

b. Concentration: The approximate concentration of dissolved
solids per ml was determined prior to concentration. A 10 ml aliquot was
reduced to dryness under 20 nin Hg vacuum at 50° to 60°. As received, the
concentration of dissolved solids was 330 mg/ml.

The concentration of di: olved solids was now adjusted by
dilution with water. After dilution, the pH was adjusted to 7.5 by addition
of acetic acid. No change in appearance was noted on addition of acetic
acid. The final concentration of dissolved plus suspended solids was 189
mg/mi. The dilution factor was 0.57.

4. Chemical Assays and “Fingerprinting”

a. Alkalinity : The sample supernatant as received required
2.58 meq of HC1/ml of sample to neutralize it. This alkalinity corresponds
to 103 mg NaOH/ml.

b Metal content: The sample as received contained the
following concentrations of metals:

Metal 7, in Supernatant 7, in Precipitate!”

Aluminum 1.0 43.0
Antimony 0.0010 <0.016
Barium <0.0002 0.025
Calcium 0.0010 <0.063
Lead 0.0010 0.016
Magnesium <0.000 1 <0.032
Sodium 5.59 8.4

~
l Th. precipitate was removed by spatula and dried at 100 0 for 2 hours.
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c. Reducible N02 content: The concentration of reducible
NO2 groups was determined by the method of Selig.V This procedure will
determine the presence of aliphatic nitrates, aliphatic nitrites, aromatic
nitro groups, inorganic nitrite and nitrate ions. Although a number of
functionalities are detected simultaneously , the results are expressed in
terms of ing NO2 for comparison purposes. The nonspecificity of the assay
can be considered an advantage since when combined with the inorganic 1102
and NO3 assays , the covalently bound N02 can be determined.

The reducible NO2 content of the supernatant when assayed on
20 May 1975 was 9.4 tng N02/ml. Thirty-eight days later the assay indicated
6.9 mg 1102/ml. The reducible NO2 content of the precipitate when assayed on
28 May 1975 was 60 mg N02/g precipitate. Forty-one days later , the assay
indicated 30 mg/g precipitate.

d. Sulfate content: The concentration of ionic sulfate was
determined by an automated methylthymol blue method described by the Environ-
mental Protection Agency.~

/ The sulfate content of the supernatant as
received was 0.70 mg S04/mi of sample.

e. Inorganic nitrate and nitrite content: The inorganic
nitrate and nitrite content was determined by the cadmium reduction method
described by the Environmental Protection Agency..~J

The nitrate content of ~ &e supernatant as received was 0.082
mg/mi. The nitrate content of the supernatant as received was 0.089 ntg/ml.

f. chromatographic characterization: The sample was studied
by gas, liquid and thin-layer chromatography. The primary purpose of this
work was to provide chroinatographic “fingerprints” of the sample.

(1) Liquid chromatog aphy: The sample supernatant was
studied using the fo l lowing conditions :

- 
Instrument : Waters Associates 301 equipped with

254 run Schoeffel UV detector.
Column: Porasil AX, 2 ft x 1/8 in.
Solvent : 1007. QI3CN programed to 607. H2O in

30 minutes using solvent program No. 6.
Flow rate: 1 mi/mm .

Using a homogenous sample dissolved in methanol, a
small sharp peak was observed at 10.2 minutes and a large ill-defined peak
at 19.7 to 43.3 minutes. PETN elute. at 10.2 minutes in this system.
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(2) Gas chromatography : The sample was studied by gas
chromatography as described below:

In s t rument :  Ilend lx 2500 equIpped with flame Ioniza-
tion detector.

Column : (;lass , 6 ft x 1/4 In.
(a) 37. OV-1 on Gas throni Q.
(b) 57. OV-17 on Anakrom ABS .

Flow rate: 50 cc N2/min.
Column temperatures: 130°c.
Injection port: 200°C.
Detector temperature: 200°C.

Using Column (a) no peaks were observed. Using
Column (b) PETN has a retention time of 5.7 minutes. PETN was not detected
in the supernatant (< 0.017.), but was found in the precipitate in a concen-
trat ion of 127. by weight.

(3) Thin-layer chromatography: The sample was extracted
with chloroform and the extract studied with thin-layer chromatography.

Plate: Brinkrnann Silica Gel F-254.
Solvent system : Cyclohexane/acetone (1:1).
Material spotted: 10, 5, 2.5 ,~tg k’~’TN (acetone).

chloroform extract of 50 tug of
the sample precipitate.

Detection: (a) UV-254 am.
(b) Spray with 27. diphenylatuine dissoiveu

in 957 etF~anol and radiate with UV
light.

The sample precipitate contains 10 ~ 
27. PETN (Rf 0.61).

g. Spectral characterization: The sample was studied with

infrared, ultraviolet and visible spectroacopy.

(1) Infrared spectrum: A vacuum dried sample of the

precipitate In KBr gave an IR which was similar to that of PETN. Eictraction

of the precipitate with chloroform and concentration of the solvent gave a

residue whose IR was identical to that of PETN.

(2) Ultraviolet spectrum: No peaks were observed
above 230 run. With a 33-fold dilution, the sample reached an absorbance
of 1.0 at 233 mis.

(3) Visible spectrum: No peaks were observed in the
range 400 to 800 am. An undiluted sample showed an absorbance of 0.16 at
400 am.
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5. Acute Toxicity

Animal tests were performed on the neutralized diluted desensitized
PETN, prepared as described above. The material contained 189 mg sol ids/ml.

a. Skin and eye irritation: The primary skin and eye irrita-
tions were determined by the Draize procedureW using six New Zealand white
rabbits. Desensitized P~rN gave no eye irritation and a score of 0.00 on
the skin irritation test.

b. Oral toxicity: Desensitized PETN given orally in water
at 5 g/kg killed none of the three male albino mice (charles River CD-i
strain) and none of three male albino rats (Charles River CD strain). When
this dose was given to three female rats, one died late on the first day ;
when given to a second group of three females , none died. Similar results
were observed in other rats from the same group after treated with the 8cm-
sitization blank. Therefore, the one death is an artifact.

6. Conclusions

The sample as received was basic (pH 11.6) and contained the
equivalent of 103 tug NaOH/ml. The supernatant contathed 1.07. aluminum and
5.67. sodium. The precipitate contained 437. aluminum and 8.47. sodium. The
inorganic nitrate and inorganic nitrite content of the supernatant , as
received, were both < 0.1 mg/mI. The organic N02 content was 9.4 tug N02/ml
of supernatant on 20 May 1975 (sample shipped to MRI on 16 April 1975), but
had decreased to 6.9 tug N02/ml 38 days later. The reducible NO2 content
of the precipitate was 60 mg/g of precipitate on 28 May 1975, but had de-
creased to about 30 mg/g of precipitate 41 days later. The PETN concentra-
tion in the precipitate when assayed shortly after arrival was 127. by weight.
The supernatant PETN concentration was < 0.017.. The presence of PETN was
confirmed by infrared spectrum, thin-layer chromatography , gas chromatography
and high pressure liquid chromatography. High pressure liquid chromatography
was the most useful chromatographic process for “fingerprinting” the sample.

The diluted, nertralized sample was ninirritating to rabbits and
nontoxic to rats and mice after oral administration.

7. Reconinendations

Because of the lack of irritancy and toxicity, no further toxicolog-
ical research is warranted. Samples should be taken periodically and char-
acterized by high pressure liquid chromatography to insure no significant
variations in composition.
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E. Desensitized Pure Trinitroresorcinol

1. Introduction

a. Sample origin: The samp le was prepared by desensitizing
pure trtnitroresorcinol with sodium hydroxide and aluminum. The desensitiza-
tion process was carried out by the Army.

b. Chemical literature: The parent compound , trinitroresor-
cinol (I), is a well characterized, commercially available compound.

02N~~~~~~~~ 02

(I)

The most sensitive and reliable assay procedure for trinitroresorcinol is
by high pressure liquid chromatography.J.V

c. Toxicological literature: No data on the mammalian
toxicity of trinitroresorcinol could be found.

2. Desensitization Procedure

The trinitroresorcinol (TNR) was desensitized as indicated below:

a. To a solution of 7 liters of water containing 258 g of
NaOH was added 150 g of TNR .

b. Thin g a 34-minute period , 129 g of atomized aluminum
were added.

c. The solution was heated to 83° to 88° for 4 hours by
injecting steam.

d. The final volume was 8 liters.

a. The pH of the product was 12.7.
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3. Sample Concentration for Acute Toxicity Studies

a. Sample description: The sample as received was a dark
brown turbid liquid. The pH was 11.7.

b. Concentration: The approximate concentration of dissolved
solids/mi was determined prior to concentration. A 10—mi aliquot was reduced
to dryness under 20 nun Hg vacuum at 5O°to 60° . As received , the concentra-
tion of dissolved solids was 100 mg/mi.

The concentration of dissolved solids was adjusted by
solvent removal under 20 nun Hg vacuum at 50° to 60°. After concentration,
the pH was adjusted to 7.2 by addition of acetic acid. The sample remained
a brown turbid liquid on addition of acetic acid. The final concentration
of dissolved plus suspended solids was 170 mg/mi. The concentration factor
W-IS 1.70.

c. Distillate examination: The distillate resulting from
sample concentration was studied by gas chromatography , thin-layer chroma-
tography , and ultraviolet spectroscopy for the presence of components other
than water. The techniques used are described under Section 4, chemical
Assays. No other components were detected in the distillate.

4. chemical Assays and Chromatographic “Fingerprinting”

a. Alkalinity : The sample as received required 0.525 meq
of HC1/ml of sample to neutralize it. This alkalinity corresponds to
21 tug NaOH/inl.

b. Metal content: The sample as received contained the
following concentrations of metals.

Metal %in Homogenous Aliguot

Aluminum 0.8
Antimony <0.0005
Barium <0.0002
Calcium 0.0010
Lead <0.0005
Magnesium <0.0001
Sodium 17.3
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c. Reducible NO 2 content: The concentration of reducible
N02 groups was determined by the method of Walter Seiig.V This procedure
will determine the presence of aliphatic nitrates , aliphatic nitrites,
aromatic nitro or nitroso groups and inorganic nitrite and nitrate ions.
Although a number of functionalities are detected simultaneously, the results
are expressed in terms of mg NO2 for comparison purposes. The nonspecificity
of the assay can be considered an advantage since, when combined with the
inorganic NO2 and NO3 assays, the covalently bound NO2 content can be estimated .

The reducible NO2 content of the homogenous sample when
assayed on 20 May 1975 was 0.39 tug N02/mi. Thirty-five days later, the
assay indicated 0.35 tug NO2/ml.

d. Sulfate content: The concentration of ionic sulfate was
determined by an automated methylthymol blue method described by the Environ-
mental Protection Agency.~

i The sulfate content of the supernatant as re-
ceived was 0.85 tug S04/ml of sample.

e. Inorganic nitrate and nitrite content: The inorganic
nitrate and nitrite content was determined by the cadiutn reduction method
described by the Environmental Protection Agency.�1 The nitrate content of
the supernatant as received was 0.033 mg/mi. The nitrite content of the
supernatant as received was 0.17 mg/ml.

1. thromatographic char4cterization: The sample was studied
by gas, liquid and thin-layer chromatography . The primary purpose of this
work was to provide chromatographic “fingerprints” of the sample.

(1) Liquid chromatography: The sample supernatant was
studied using the following conditions:

System 1

Instrument: Waters Associates 301 equipped
with 254 run UV detector.

Column: Porasil AX, 2 ft x 1/8 in.
Solvent: 1007. CH3CN programmed to 607. H20 in

30 minutes using solvent program No. 6.
Flow rate: 1 mi/mm .

Two small sharp peaks were observed at 9.5
and 14.6 minutes. Two large ill-defined peaks were observed at 18.9 and
25.6 minutes. Tninitroresorcinol does not give a peak using this system.
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System 2

Instrument:  Waters  Associates 301 equipped
with 235 nm Schoffel  UV Detector.

Co lumn : Porasil  AX , 2 f t  x 1/8 in.
So l vent : 37, F120 in ~H3CN.
Flo w ra te :  1 m I / m m .

Tr in it ro re so rc ino l e lu tes  at 2 .76 minutes .
The samp le showed peaks at 1.57 and 3.15 minutes .

( 2) Gas chromatography : The sample was studied with
gas chromatography .

Instrument : Bendix 2500 equipped with flame ioniza-
t ion detector.

Column: Glass , 6 f t  x 1/4 in.
Flow rate:  30 cc N2/mi n.
Co lumn temperature: Start  at 100 °c and heat at

5° /m m to 250°C.
Injection port:  200°C.
Detector temperature: 200 °C.

• No peaks were observed. Trini t roresorcino l did not
• g ive a peak using t h i s  system .

(3) Thin-layer chromatography : The samp le was examined
by thin-layer chromatography.

Plate: Brinkmann Silica Gel F-254.
So lvent system : Acetone saturated with  anun onium

acetate.
Material spotted : 5, 0.5 ~ig t r ini t roresorcinol

20 p 1 of samp le having a dissolved
solids conte nt of 170 pg/~J.

Detection: (a) Visual
(b) lfl/-254 nm
(c) Spray with 27. di pheny lami ne in 957.

ethanol fol lowe d by IV i r radia tion .

Tr ini t roresorcinol has an Rf of 0.42 and a detection
limit of 0.5 pg. The sample showed no spots above Rf 0.0.
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g. Spect ral charac te r i s t i cs :  The samp le was studied wi th
inf rared , u l t raviolet and vis ible  spectroscopy .

( 1)  I n f r a r e d  spectrum: A vacuum—dried sample in a
Fluo ro—Ma t -  mull showed bands at 3400 (broad , s) 2150 (w), 1665 (a), 1475 (s),
1340 (w) , 1330 (w) , 1160 (w) , 1075 (m) and 875 (w) . Trini t roresorcinol  shows
band s at 3200 (m) , 1660 ( s ) ,  1620 (a) , 1600 (s) , 1550 (s) , 1490 ( s ) ,  1466 ( s ) ,
1380 (a) , 1310 (a) , 12!? (w) , 1190 (w) , 1085 (a) , 935 (m) , 920 (m) , 785 (rn) ,
763 (m) and 732 (w) cm

( 2) Ul t rav io le t  spectrum: No peaks were observed. A
20-fold d i lu t ion  showed an absorbance of 0.28 at 216 nm and 0. 12 at 300 nm.

(3) Visible  spectrum: No peaks were observed from 400
to 800 nm,

5. Acute Toxicity

Animal tests were performed on the neutralized concentrated
desensitized trinitroresorcino l, prepared as described above. The material
contained 170 mg solids/mi.

a. Skin and eye Irritation: The primary skin and eye irrita-
tions were determined by the Draize procedure~

/ using six New Zealand white
rabbits. Desensitized trinitroresorcit.A gave negative results in the eye
irritation test and a score of 0.00 on the skin irritation test.

b. Oral toxicity: Desensitized trinitroresorcinol given
orally at 5 g/kg killed none of the three male albino mice (Charles River
CD-I strain) and none of the three male and six female albino rats (Gharles
River CD strain) dosed.

• 6. Conclusions

The sample as received was basic (pH 11.7) and contained the
equivalent of 21 tug NaOH/ml. A homogenous aliquot contained 0.8% aluminum
and 17.37. sodium. The initial total reducible NO2 content was 0.39 mg
N02/ml . The inorganic nitrite content was 0.033 mg/mi and the nitrite con-
tent was 0.17 mg/mI. Thus the covalently bound NO2 content is similar to
the inorganic NO3 plus NO2 

content. High pressure liquid chromatography
(HPLC) was particularly useful for monitoring nonvolatile ultraviolet
absorbing compounds. No trinitroresorcinol (< 0.017.) was observed in the
waste sample. There are at least four uncharactenized ultraviolet absorbing
components by HPLC. Thin-layer chromatography also indicated the absence
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of tr initroresorcinol, but did not show as ma ny minor components as seen
by HPLC. Gas chromatography on an OV-i column did not indicate the presence
of any volatile components.

The desensitized trinitroresorcino l was concentrated and neutral ized
and found to be nonirritating to rabbits and nontoxic to rats and mice af ter
oral administration.

7. Recommendations

Because of the lack of irritancy and toxicity, no further toxicolog-
ical research is warranted. Samples should be taken periodically and
characterized by high pressure liquid chromatography to insure no significant
variations in composition.

1~I I
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F. Desensitization “Blank”

I. introduction

The sample is a mixture of water , sodium hydroxide and aluminum.

2.  Sample Preparation 
-

The following procedure was used by the Army for preparalion of
the blank :

a. To 4 l i t e r s  of water  containing 258 g of NaO H was added
129 & of atomized aluminum during a 40-minute peri od .

• b. Th e solution was heated at 82° to 85° fo r 4 hou rs by inject-
ing steam.

c. The final volume was 6.8 liters.

d. The pH of the so lu t ion  was 13.1.

3. Sample Concentration for Acute Toxicity Studies

a. Sample description: The sample was a translucent white
suspension. The sample was shaken vigorously before removing an aliquot.
The pH was 11.6.

b. Concentration: The approximate concentration of dissolved
solids per ml was determined prior to concentration . A 10 ml aliquot was
reduced to dryness under 20 nun Hg vacuum at 50° to 60°. As received the con—
centration of dissolved solids was 90 mg/mi .

The concentration of dissolved solids was now adjusted by
solvent removal under 20 mm Hg vacuum at 50 to 60°. After concentration
the pH was adjusted to 7.2 by addition of acetic acid. Addition of acetic
acid caused the solution to become viscous. The fina l concentration of dis-
solved solids was 205 mg/mI. The concentration factor was 2.28.

4. Chemical Assays and “Fingerprinting”

a. Alkalinity : The sample supernatant as received required
0.925 meq of HCL./ml of sample to neutralize i t .  Th i s  a l k a l i n it y  cor—
responds to 37 tug NaOH/ml.
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b. Metal content: The sample as received contained the lot—
lowing concentrations of metals. ,•

Metal 2 in Supernatant 2 in Precipitate.~’

Aluminum 0.65 65.7
Antimony < 0.0005 0.025
Barium < 0.0002 0.025
Calcium 0.0010 0.062
Lead < 0.0005 0.016
Magnesium < 0.0001 0.032
Sodium 2.06 1.1

a/ The sample was removed by spatula and dried 2 hours at 100°C .

c . Redu c!b l i~ NO 2 con t en t :  The concent ra t ion  of redu c ib l i -
NO 2 groups was deter~nThé~Th~ Tt met ho of sei tg . i~/ This p rocedure w i l l
determine the presence of ;ilip hatic nitrates , aliphatic nitrites , aromatic
nitro groups and Inorganic nitrite and nitrate ions.

The reducible NO2 content of the supernatant when assayed on
20 May 1975, and again 41 days later was also negative.

d. Sulfate content: The concentration of ionic sulfa te  was
determined by an automated methylthyinol blue method described by the Environ-
mental Protection Agency.~

/ The sulfate content of the supernatant as re-
ceived was 0.00 mg SO4/ml of sample.

e. Inorganic nitrate and nitrite content: The inorganic
nitrate and nitrite contents were determined by the cadmium reduction method
described by the Environmental Protection Agency.~

/ The nitrate and nitrite
contents of the supernatant as received were 0.00 mg/ml .

f. Chromatographic characterization: The sample was studied
• by gas, liquid and thin—layer chromatography . The primary purpose of this

work was to provide chromatographic “fingerprints” of the sample.

• (1) Liquid chromatography : The sample supernatant
was studied using the following conditions:

Instrument: Waters Associates 301 equipped with 254
nm UV detector.

Column: Porasil AX, 2 ft x 1/8 in.
Solvent: 100% CH3CN programmed to 60% H20 in 30

minutes using solvent program No. 6.
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Flow race:  1 ml/min.

r • 
No peaks were observed .

(2) Gas chromatqgraphy: The sample was studied by gas
chromatography as described below:

Column: Glass, 6 ft x 1/4 in., 3~k OV-l on gas

• chromatography.
Instrument: Bendix 2500 equipped with flame ioni-

zation detector.
Flow rate: 30 cc N2/lnin.
Column temperature: Start at 100°C and heat at

5°/mm to 250°C.
Injection port: 200°C
Detector temperature: 200°C

No peaks were observed.

(3) Thin—layer chromatography: The sample was studied
by thin—layer chromatography.

Plate: Brinkmann Silica Gel F-254.
Solvent system: acetone saturated with aimuonium

acetate.
Material spotted : 20 p1 of sample having a dis-

solved content of 205 pg/iil.
Detection: (a) Visual

(b) UV—254 run
(c) Spray with 2% diphenylamine in

95% ethanol followed by UV irradi-
ation.

The sample showed no spots.

g. Spectral characterization: The sample was studied by in-
frared , ultraviolet and visible spectroscopy.

(1) Infrared spectrum: A vacuum—dried sample in KBr
showed broad bands at 3300 and 1020 cm_i.

(2) Ultraviolet spectrum: An undiluted sample showed
a maximum at 265 run (absorbance 0.11).

(3) Visible spectrum: No peaks were observed in the
range 400 to 800 nm.

H 38



5. Acute Toxicit3

Anima l tests were performed on the neutralized concentrated desen-
sitizat Ion blank . The material contaIned 205 mg solids/mi.

a. S k i n  and ey~ irr1t~itton: The primary skin and eye Irri-
tations wtre determined by the Dra i ze procedure~” using six New Zealand white
rabbits. The desensitization blank gave negative results on the eye irri-
tation test and a score of 0.08 on the skin irritation test. This is well
below the 0.20 score required for a “mild irritant” rating, so the blank is
nonirritating.

b. Oral toxicity: The desensitization blank given orally in
water at 5 g/kg killed none of three male albino mice (Charles River CD-i
strain) and none of three male albino rats (Charles River CD strain). When
given to a first group of three female rats , one died during the first night.
None of a second group of three females died. The death is not treatment
related.

6. Conclusions

The sample as received was basic (pH 11.6) and contained the equiva-
lent of 37 mg NaOH/ml. The supernatant contained 0.657. aluminum and 27. so-
dium. The precipitate contained 667. aluminum and 1.17. sodium. Chromatographic
techniques showed no organic impurities .

The concentrated, neutralized desensitization “blank” was nonirri-
tating and nontoxic in animals. Adverse effects observed in testing desen-
sitized compounds can be assumed to be due to the compound itself, not the
desensitization materials.

1~
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C. Wastewater from Tetrazene Production

1. Introduction

a. Sam~1e origin: The sample is wastewater produced during
the manufacture of tetrazene at Lake City Army Ammunition Plant , Building
85. Three samples were studied . The first shipment was samp led by the
Army . Two later lots were sampled and shipped by MRI.

b. Chemical and toxicologica l literature: See section A on
tetrazene.

2. Product ion  Methods

• a . Production of wastewaters: The production and generation
of wastewaters have been summarized by Small and Rosenbiatti! and are given
below :

“To produce tetrazene , a 65 l i t e r  solut ion of 26.2  lb amino-
guan idi ne bica rbo nate  in d i l u t e su l fu r ic acid is mixed w i th
15 liters of solution containing 22.5 lb sodium nitrite.
Tetrazene precipitates , and its further processing is simi-
lar to that used for lead styphnate. However , the collec ted
mother liquors (previously neutralized with sodium carbonate)
and vashwaters are simply boiled after collection. The
wastes are then routed to the lead styphnate lagoons . The
tetrazene yield is about 16 lb/batch , which indicates 877.
conversion . It is assumed that the remainder is lost pro-
duct , or about 2.4 lb tetrazene/batch.”

b. Fractionation of wastewaters: Toxicological study indi-
cated that the concentrated supernatant of Lot 3 wastewater from tetrazene
production was more toxic than the precipitate (see Section 5b(2) below).
Therefore the supernatant was further fractionated .

A quantity of Lot 3 supernatant was centrifuged , decanted , and
dried in vacuo. Four grams of supernatant solids were chromatographed on
225 g of silica gel C (Brinkmann 70 to 230 mesh) in 107. Cl1~OH/CHC l3 using
a 4 x 40 cm column. The column was eluted progressively with 1,000 ml 107.
CH3OH/CHC 13, 500 ml 207. CH3OH/CHCI3, 500 ml 307, CH3OH/CHCI3, 500 ml 407.
CH3OH/CHCI3 and 2,000 ml 507. CH3OH/CHC 13. The first 1,000 ml left no resi-
due on evaporation . Forty ml fractions were collected and monitored using
thin-layer chromatography on silica gel 60 F—254 using 50% CH3OH/CHC13 with
UV and ninhydrin spray for detection. The results were:
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Fraction DV (Rç) Ninhydrin_ (R~j Mg1 Approximate

1 to 14 0.8 no spot 20

15 to 20 0.8 and 0.67 no spot 10

21 to 32 0.8 and 0.67 white spot 0.67 20
yellow spot 0.62
red spot origin

33 to 35 0.8 and 0.67 white spot 0.67 20
yellow spot 0.62
red spot origin

36 to 40 0.67 red spot origin 20~
/

41 to 55 — (Fractions were combined and the solvent removed in vacuo.
CH3OH was added to just dissolve the residue. C113C1 was
added dropwise until the precipitate stopped forming. The
precipitate was removed by filtration (41—55 S) and the
filtrate (41—55 L) dried in vacuo.)

41—55 S 0.73 and 0.64 no spot 20

41—55 L 0.47 no spot 300

56 0.71, 0.57 and 0.21 red spot 0.73 10
white spot 0.57

57 to 63 — Treated same as 41 to 55 to give 57—63 S and ~7—63 L.

57—63 S 0.46 no spot 10

57—63 L 0.32 yellow spot 0.32 100

64 0.32 and origin 2 orange spots, 0.32 10

• and origin

• 65—end of column 0.32 and origin 2 orange spots, 0.32 20
and origin

a/ During attempted weighing this sample exploded causing minor operator
injury.

Th. combined 41—46 L fraction gave about 300 mg of material and the
combined 57—63 L fractions gave about 100 mg of material; these two fractions
were used for chemical characterization and toxicological studies as described
below. The other fractions totaled about 160 ing. Thus about 85% of the total
samp le was not eluted from th. column with the strongest solvent .
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3. Sample Concent ra t ion  Procedure for Acute  Toxicity Studies

a . Sample description: The three samp les studied were light
brown and contained no precipitate. The samples were used as received .
Their pH was in the range of 7 to 8.

b. Concentration: The approximate concentration of dissolved
solids/ml was determined prior to concentration. A 10—mi aliquot was re-
duced to dryness under 20 mm Hg vacuum at 50° to 60°. As received , the con-
centration of dissolved solids in Lot 1 was 0.8 mg/ml . The concentration
of dissolved solids In this first lot of tetrazene waste (Lot 1) was too
low to be useful. Two more lots of wastewater (Lots 2 and 3) were obtained .
Only Lots 2 and 3 were used in animal studies . The initial concentration In
Lot 2 was 6 mg dissolved solids/mi . The Initial concentration In Lot 1 was
12 rng/ml .

The concentration of dissolved solids was adjusted by solvent
removal under 20 nun Hg vacuum at 50° to 60°. on solvent removal , a li ght
brown turbid solution resulted . The final concentration of dissolved plus
suspended solids in Lot 2 and Lot 3 was 100 mg/mI. The pH of Lot 2 and 3
as concentrated was 7.3 and 7.6, respectively.

One percent carboxymethyl cellulose ether sodium salt was
added to the concentrated Lots 2 and 3 samp les to hol d the prec ipitate in
solution .

c. Distillate examination: The distillate resulting from
sample concentration was stud i ed by gas chromatography , thin-layer chroina-
tography and ultraviolet spectroscopy for the presence of components other

• than water. The techniques used are described below under Section 4,
Chemical Assays. No other components were detected in the distillate.

4. Chemical Assays and “Fingerprinting”

a. Unfractionated wastewaters: The unfractiona ted waste-
waters from tetrazene production were assayed and “fingerprinted” as fol-
lows:

(1) Alkalinity : The samples as received were in the pH
range of 7 to 8 and therefore were used unchanged.

(2) Metal content: Only Lot 1 was assayed for metal con-
tent. As received , it contained < 0.004% of alum inum , antimony , barium ,
calcium , lead, or magnesium .
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(3) Reducible NOZ content: The concentration of reduc i-
b le NO2 groups was determined by the method of Selig.~J This procedure will
determine the presence of aliphatic nitrates , aliphatic nitrites , aromatic
nitroso and nitro groups , as well as inorganic nitrite and nitrate ions. Al-
though a number of functionalities are detected simultaneously, the results
are expressed in terms of mg NO2 for comparison purposes . The nonspecificity
of the assay can be considered an advantage since when combined with the
inorganic NO2 and NO3 assays , the covalently bound N02 content can be esti-
mated.

After concentrating to 100 mg/mi , Lot 2 supernatant had
a reducible N02 content of 4.26 mg/mi. Lot 2 precip itate had a reducible
NO2 content of 47 mg/g of precipitate. The precipitate was obtained by cen-
trifugation and vacuum drying.

After concentrating to 100 mg/mi , Lot 3 supernatant had
a reducible NO2 

content of 5.23 mg/mI. Lot 3 prec ipitate also had a reduci-
ble N02 content of 47 mg/g precipitate.

(4) Sulfate content: The concentration of ionic sulfate
was determined by an automated methyithymol blue method described by the
Environmental Protection Agency.&’ The sulfate content of Lot 2 after con-
centratic.~ to 100 mg total solids/mi was 4.4 mg S04/ml and that of Lot 3
was 43 mg/mI.

(5) Inorganic nitrate and nitrite content: The inor-
ganic nitrate and nitrite content was determined by the cadmium reduction
method described by the Environmental Protection Agency.�I After concen-
trating the samp le to 100 mg total solids/mi , the nitrate and nitrite con-
tents of the supernatant of Lot 2 were 2.7 mg/mI and 1.0 mg/mI , respectively.
Simi larly , the nitrate and nitrite contents of the supernatant of Lot 3 were
6.7 mg/mi and 18.9 mg/mI, respectively.

(6) Chroniatographic characterization: The samples were
studied by gas , liquid and thin-layer chromatography. The primary purpose
of this work was to provide chromatographic “fingerprints” of the samples.

(a) Liquid chromatography: The samples were studied
• as described below:

Instrument : Waters Associates 301 equipped with
235 sin Schoeffel 770 UV detector.

Column : Porasil AX , 2 ft x 1/3 in.
Solvent: 1007, CH3CN programmed to 60% l4

~
O in

30 minutes using linear solvent pro-
gram No. 6.
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Flow rate : 1 mI/mm .

l.ot I showed peaks ;,t 1.6  and 2 .76  iti l r i ’j t~~~.
ie’trazi’nc had a retention time of 1.6 mInutes and tetrazole had a retention
t i m e  of 2 .76  minutes .  Lot 2 supernatant  showed peaks w i t h  r e t e n t i o n  t im e s
of 1.6 , 2 .76 , 5.51 , 23.6 , 29.5 , 31.5 and 32.7 minutes. Lot 2 precI p i t at e
chromatogram was similar to the supernatant. A sample of 5—aminotetrazole
had a retention t ime of 5.51 minutes.  Lot 3 supernatant showed peaks w i t h
retention times of 2 .76 , 5.51 , 18.1, 22.0 , 25.2  and 37.4 minutes.

(b ) Gas chromatography: The samples were studied
by gas chromatography as described below :

Instrument : Bendix 2500 equipped with flame
ionization detector .

Column : glass , 6 f t  x 1/4 in.
(1) 3% OV—l on Gas Chroin Q.
(ii) 1.5% DCLSX-3—0295 and 1.5% GE XE—60

on Gas Chrom Q.
Flow rate: 30 cc N2/min.
Column temperature: Start at 100°C and heat

to 5°/mm to 250°C.
Injection port: 200°C
Detector temperature : 200°C

Only Lot 1 was studied. Using Column (I), no
peaks were observed . Using Column (ii), a single broad peak was observed at
8 minutes . A :eference sample of l-H-tetrazole had a retention time of 7
minutes on Column (ii). No peak was observed for 5-aminotetrazole or tetra-
zene on either column.

(c) Thin—layer chromatography: Lot 2 sample was
studied as described below:

Plate: Brinkmann Silica Gel F—254.
Solvent system: 95% ethanol/conc. N}140H (4:1).
Material spotted: 5, 1, 0.5 ~ig 5—amninotetrazole

(10% HC1).
10 ~g cyanamide (acetone).
500 ~ig of dissolved solids.
(H20)

Detection : (i) UV—254 nm.
(ii) Spray with ninhydrin and heat.
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UV li ght showed spots at  Rf 0.54 , 0.56 and
0.67. The references showed no spot for cyanamide and a fa in t  spot for
5-aminotetrazole (Rf 0.0). With ninhydrin , the homnogenous sample showed
spots at Rf 0.0 to 0.15 (pink), 0.2 to 0.4 (purple) , 0.48 (white), 0.54
(white), 0.60 (pink), 0.63 (pink) and 0.66 (yellow). Cyanamide gave a white
spot at 0.77 and 5-aminotetrazole remained at the origin (pink).

(d) Lots 2 and 3 samples were studied as_described
below :

Plate: Brinkmann Silica Gel F-254
Solvent system: CHC1

3
:CH3OH (1:1).

Mate ria l spotted : 10 pg 5-aminotetrazole.
10 pg 1-H-tetrazole.
10 pg cyanamide.
4 p1 concentrated Lot 2
(100 pg/pl).
1 iii concentrated Lot 3
(332 p gfp l ) .

Detection: UV—2 54 nm .
ninhydrin spray.

On detect ion with UV (254 mm) no spots were
observed for the 5-aminotetrazole , l-I1—~~trazole or cyanamide references.
Lot 2 showed spots at R~ 0.08, 0.36, 0.42 and 0.58. Lot 3 showed spots at
Rf 0.05 , 0.21 and 0.47.

On detection with ninhydrin , 5-aminotetrazole
gave a l ight p ink spot at Rf 0.37 , l -H-tetrazole gave a pink sp ot at R~ 0.03
and cyanamide gave a white spot at Rf 0.58. Lot 2 showed a white streak
from the or igin to R f 0.36 and an orange spot at R f 0.42. Lot 3 showed a
white streak from the origin to Rf 0.15, a yellow spot at Rf 0.21 and a
white streak from Rf 0.27 to 0.44.

(7) Spectral characterization: Lots 2 and 3 were studied
by infrared , ultraviolet and visible speetroscopy .

(a) Infrared spectrum: A vacuum—dried samp le of
Lot 2 in KBr showed band s at 3450 ( s ) ,  2160 (s ) ,  1685 (s ) ,  1630 (in) , 1480 (in) ,
1420 (w) , 1140 (s) , 810 (w) , 680 (in) , 510 (in) and 470 (in) cm~~.

A vacuum—dried sample of Lot 3 in KUr showed bands
at 3440 (broad , a) ,  2160 (in) ,  1690 (w), 1560 (in) ,  1470 (in) . 1260 (a) ,  1150 (a) ,
850 (in) , 830 (m ) and 620 (in) cm 1. The band at 2160 cm_i was leøs intense in
Lot 3 than in Lot 2.
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• (b) Ultraviolet spectrum : Lot 2 as received showed
no peaks above 230 nm. With a 20—fold dilution in water the absorbance at
230 urn was 0.91. Lot 3 as received w i t h  a dilution of 333 showed a peak at
266 run with a broad shoulder extending to about 320 nm. The absorbance at
230 sin was 2.7 as it neared end absorption.

(c) Visible spectrum: For Lot 2 as received ,
no peaks above 0.1 absorbance were observed in the range of 400 to 800 mm.
For Lot 3 as received , no peaks were observed in the range of 400 to 800 run.
A shoulder leading to the UV region was observed . With a dilution of 200,
the absorbance at 400 mm was 0.23.

(8) Similarities betwee:& Lots 2 and 3:

(a) Alkalinit y : Both lots are in the pH range
7 to 8.

(b) Reducible NO2 content: The reducible NO2 con-
tents of the lots were similar after concentration .

(c) Inorganic nitrate and nitrite content: The
nitrate and nitrite content in Lot 3 was slightly higher.

(d) Infrared spectrum: A band at 2160 cm ’, usually
associated with the isonitrile group.?2’ or azide group,.?!/ was present in
both lots.

(e) Visible spectrum: Lots 2 and 3 showed no sig-
nificant peaks in the visible spectrum .

(9) Differences between Lots 2 and 3:

(a) Initial concentration: Lot 3 as received had
twice the dissolved solids content of Lot 2.

(b) Sulfate content: After concentration the Lot
3 sulfate content was about 10 times that of Lot 2.

(c) Liquid chromatograph pattern: The HPLC traces
• show major qualitative and quantitative differences. In Lot 2 by peak area

comparison , the compounds eluting at 2.76 and 23.6 minutes are the major com-
ponents with the peak at 23.6 minutes about 5 times the area of the 2.76
minutes peak. In Lot 3 by peak area comparison the compounds at 2.76 and
27.4 minutes are the major components with about an equa l distribution of
peak area . By comparison , l-}L-tetrazole has a retention time of 2.76 min-
utes ; however , this should not be considered a positive identification.
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(d) Thin-1ay~~ pattern: Qualitative differences
were noted ; however , the HPLC pattern (see c.) gives better resolution of
the components.

— l(e) Infrared spectrum: A band at 2160 cm , usuall y
associated with the Isonitrile group.~~J or azide group11’, was more Intense
in Lot 2 than in Lot 3. There were many differences in the spectra below
1500 cm 1.

(f) Ultraviolet spectrum: Lot 2 showed no signi-
f i can t  absorption above 230 run. Lot 3 showed a peak at  266 run with a broad
shoulder extending to about 320 mm.

b. Fractions from wastewaters: The isolated fractions 41—55 L
and 57—63 L were characterized by methods similar to those used above.

(1) Fraction 41—55 L:

(a) Description: The sample is dark red , semicrys-
talline and hydroscopic .

(b) Capillary melting point: Decomposed at about
146° .

(c) Infrared spectrum: Absorptions were observed
at 3500 (broad , a), 2160 (m), 1665 (broad , m), 1480 (w), 1270 (s), and 840
(w) cm~~.

(d) Ultraviolet: No absorption maximum was observed
above 230 run.

(e) Mass spectrum: The sample was studied using
an Atlas CH4 operating at 70 eV. Spectra were taken at 20° intervals while
raising the temperature from 30° to 400°C. The spectrum changed drastically

• for each 200 interval, making the data of minimal use for structural identi-
fication.

(f) Thin—layer chromatography:

Plate : Silica Gel F—254 .
Solvent system : CH3OH/CHC13 (1:1).
Detection : (i) UV 254 nm.

(ii) ninhydrin
Material spotted : 100 ug fraction 41—55 L.

47

J I



The UV li ght showed one spot at Rf 0.47. The
ninhydrin spray showed no spots.

(g) Elemental ana. ly s iR :  The sample contained 1. 71Z
C, 2.67% H and 28.50% N by combustion analysis.

(Ii) Discussion of characterization data: Frac t ion
41-55 L has not been identified . Thin—layer chromatography indicates the
samp le to be reasonably pure , however verification is needed before one can
interpret the elemental analysis. The IR band at 2160 cm~~- (4.63 p) is pro-
babl y due to an a zide group.?JJ

(2) Fraction 57—63 L:

(a) Description: Light brown powder .

(b) Capillary melting point: > 350°

(c) Inf rared spectrum: Absorpt ion s were observed
at 3500 (broad , a), 1600 (m), 1470 (m), 1420 (w) and 1270 (a) cm~~.

(d) Ultraviolet: An absorption maximum was observed
at )03 nm with 204.

(e) Mass spectrum: The sample was studied using an
Atlas CR4 operating at 70 eV. Spectra were taken at 20° intervals while
raising the temperature from 30° to 400°C. The spectrum changed drastically
for each 20° interva l, making the data of minima l use for structural identi-
fication.

(f) Thin—layer chromatography:

Plate: Silica Gel F—254.
Solvent system : CH3OH/CHC13 (1:1).
Detection : (I) UV—254 nm.

(ii) ninhydrin
Material spotted : 100 pg Fraction 57—63 I.

The UV light showed one spot at R1 0.32. The
ninhydrin spray showed a yellow spot at Rf 0.32.

(g) Elemental analysis: The sample contained
7.36% C, 2. 4 5% H and 36 .44 % N by combustion analysis.
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(ii) Discussion of charart ‘r I Z a L  ion  dat a :  Fr ;i i t i o u
57—63 I. has not been Ident ified . Thin—layer chromatography Indicat ~.s t be

sample to be reasonably pure, however verification is needed before one (‘3f l

Interpret the elemental analysis . The UV data indicate considerable con-
jugation (A max 303 tim). This absorption maximum is probably not due to the
tetrazole ring since tetrazene, 5-aminotetrazole and l—H—tetrazole do not
have a significant extention coefficient above 230 run.

5. Acute Toxicity

Various lots were tested for acute toxicity. The samples tested
contained 100 mg solids/mi , and were diluted as necess ary for the specific
study .

a. Skin and eye irritation: The primary skin and eye Irri-
t a t  ions were determined by the Draize procedure~J using six New Zealand while
rabb i ts .  Lot 3 of the te t razene wastewater was n o n i r r it a t in g  in the eye test
and scored 0.00 in the skin test. Other samples were not tested , because of
these negative results and because of insufficient quantity.

b. Oral toxicity : As described below , va r iou s lots and frac-
tions were tested for acute oral toxicity in albino rats (Charles River CD

• s t ra in)  and/or albino mice (Charles River CD—l s t r a i n) .  LD 50 ’s were calcu-
lated by the probit method of Finney!! adapted for computer .

(I) Toxicity of Lot 2: Because insufficient quantity
of Lot 2, this lot was tested only in female albino rats. Eight of nine
rat s g iven 5 g solids/kg body weight orally in water died (see Table 3).
Both rats given 4 g/kg died , but both given 3 g/kg survived . Therefore,
the LD5O is estimated to be 3.5 g/kg .

(2) Toxicity of Lot 3: Lot 3 was much more toxic than
Lot 2. As shown in Tables 3 and 4, the LD50

1 s (with 95% confidence limits)
of Lot 3 were 0.622 (0.568 to 0.664 ) g solids/kg body weight in male rats and
0.311 (0.262 to 0.371 ) g/kg in female rats. This sex difference Is signifi-
cant and probably results from sex differences in the metabolism of the toxic
compounds. The tetrazene wastewater was somewhat less toxic to mice , with
LD5Q’s of 0.711 (0.589 to 0.845) g/kg in males and 0.805 (0.705 to 0.875) g/kg
in females. This sex difference in mice is not significant. All animals
died on the first day with no apparent symptoms except depression or survived
the entire 14 days of observation.

ii 49

r



TABLE 3

r ACUTE ORAL LD5Ø ’S OF EXTRACTS OF TETRAZENE WASTEWATERS IN RATS

Dose Mortality
(g solids/kg body weight) Male Female

• (Lot 2)
5.0 ND 8/9
4.0 ND 2/2
3.0 ND 0/2

(Lot 3)
0.75 5/5 ND
0.70 5/6 ND
0.65 3/5 5/5
0.60 3/5 5/5
0.55 0/5 5/5
0.50 0/5 ND
0.40 0/5 4/5
0.35 ND 4/5
0.30 ND 2/5

• 0.25 ND 1/5
0.20 ND 0/5

LD50 (g/kg) 0.622 0.311
957. Confidence Limits

(g/kg) 0.568—0.664 0.262-0.371

Slope ± Standard Error 10.4 ± 3.4 4.5 1.5

ND — Not Determined .

I
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TA BLE 4

ACUTE ORAL LD5O ’S OF EXTRACTS OF TETRAZENE WASTEWATERS IN N ICE

Dose Mortality
(g solids/kg body weight) Male Female

1.2 5/5 ND
1.0 4/5 5/5
0.9 ND 3/5
0.85 ND 4/5
0.8 4/5 2/5
0.75 ND 2/5

0.7 2/5 ND
0.6 2/5 0/10
0.5 0/5 0/5

~~5O (g/kg) 0.711 0.805
957. Confidence Limits

(g/kg) 0.589—0.845 0.705-0.875

S l o p e  ± Standard Error 3.9 ± 1.2 7.4 ± 2.6

ND Not Determined .
All data using Lot 3.
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Since this lot , as received contained 12 mg/mI total
solids , the required volume to produce LD50 in female rats was abou t 25 mi/kg .
Extra pointed to a 70 kg man , t l i i  s is about 2 qt . The requ i red vol nines t o
produce LD5() In male rats and male and female m i c e  were even g r e a t e r .  W h i l e
unfit for d r i n k i n g ,  the w.istewater is not a severe acute hazard to the workers.

(3) ToxicitL of Lot 3 fractions: Sinc e the tetrazene

wastewater samples are very complex mixtures , an attempt was made to identify

the more toxic components. First , a portion of Lot 3 was separated into

supernatant  and precipi ta te  by centrifugation , decantation of the supernatant ,

and vacuum-dry ing of the precipitate. Two groups of four albino male mice
were given a single oral dose of 0.5 g total solids/kg body weight in

water of either mixture . The mice given the precipitate were unaffected .

Those given the supernatant were listless and unresponsive for severa l hours

but, did not die within 14 days.

As described in Sect ion 2h above , the Lot 3 supernat ant
solids were fractionated by chromatography. Two f ract ions , (41—55 L and
57—63 L), were tested in male mice. A single oral dose of 0.5 g of total
solids/kg of body wei ght of each f rac t ion  in water was given to four mice.
Two given fraction 41—55 L and one given 57—63 L died within an hour of
dosing ; none died thereafter. From these data and their abundance in the
wastewater it is concluded that these two fractions have LDSO ’s near 0.5 g/
kg and represent much of the toxicity of the wastevater.

6. Conclusions

The wastewater samples received were significantly different.
High pressure liquid chromatography and thin-layer chromatography are
particularly usefu l in characterizing the samples. High pressure liquid
chromatography indicated the presence of at least seven components. Lot 2
was moderately toxic after oral dosing ; Lot 3 was nonirritating to rabbits
but more toxic to rats .  The tox ici ty  appears to be due to two charac te r ized
but unidentified components , which can be readily monitored by high pres-
sure liquid chromatography. These components are present in the wastewater
as received in concentrations of 0.9 and 0.3 mg/mi. The more abundant com-
ponent probably contains an azide linkage. By IR spectroscopy , neither of
these compoun ds are among those listed in the attached appendix.~~~/

7. Recomendations

Further work is warranted due to the toxicity of the unknown com-
pounds in the wast ewater . This should inc lude :
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a. Devising a better fractionation scheme to give a better
mass balance.

h. Identifying the toxic compounds .

H c. Locating the source of the toxic compounds , whether In
t he sy nt h esis or in later steps . High pressure Liquid chromatography is the
most useful technique for detecting the compounds.

d. Developing a practical method of cleaning up tetrazene
wastewater . This may eliminate the toxic compounds and make further toxico-
logical testing unnecessary .

e. Devising a practical synthesis of the toxic compounds so
enough can be made fez long-term toxicity studies.

C Carrying out appropriate long-term toxicity studies on
the appropriate compounds.
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APPENI)IX

The In f ra re d  spectra of toxic fract ions 4 1—55 1. and 57— 6 3 I. (see
attached spectra) are d i f f e ren t  from the spectra of the compounds ll8ted
below:21J

1. Sodium azide NaN 3

2. Guanyl azide nitrate
MN - C •HNO3

3. Nitroguany l azide
HN — C

N3

4. Sodium tetrazoyl azide

5. Tetrazoly l
1/~~~~
N,, N3
H

• 6. Disodium azotetrazole 
N— N N—Npentahydrate /1 ~\

Na Na

HN
\ ~ØNH

7 Azidicarbamidine dinitrate ~C-N”N-C • 2HNO
/  3

H 2N

8. Diazoguanidine cyanide ,NH-N N-C N
H HNC

( I
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NHI,
9. l-Guanyl-4-nitrosoaminoguanyl-iso- ,NH-NM-N N-C

tetrazene HNC ~
‘NH-NHN0

10. Tetrazole
N—N• II \~N
N
H

11. Nitrourea ,NHNO
2

0-C

2

12. Nitroguanidine ~ NHN02
HNC

H 13. Nitroaminoguanidine ,NHNO2
H N C

14. Nitrosoguanidine ,NH-N0
H N C

NH 2

15. 5-Antinotetrazole
N—N
I, ~N C NH-)

H

16. Tetrazoyl hydrazine 
N— N
/1 ~‘N~~ ,C-NHNH 2

H
17. 5-Nitroaminotetrazole

H

18. Guanidine nitrate /1*12
HN%,,,, HN03

55



1
NH2

19. Aminoguanidine ni t rate  HNC HN0 3

20. Diaminoguanidine nitrate
HN ~HN0 3‘NHNH2

21. Triaminoguanidine nitrate ~NH 1*I 2
H
2

N N C  •H NO3
2

22. Hydrazine monohydrochioride
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H. Wastewater from Printe r Mixture VA 956 Production

1. Introduction

The samp le is wastewater produced during the manu facture of prime r
mixture FA 956 at Lake City Army Ammunition Plant , Building 90C. The samp le
was samp led and shi pped by the Army .

2. Production Methods

The production methods and wastewater generation procedures have
been summarized by Small and Rusenb1att !~

’ and are given below:

Because of the high exp losive hazard , prime r mixtures are prepared
in small quantities and used rap idl y after pre paration . To prepare the
p rimers , screened ingredients are mixed in a blender. There is no definitive
b reakdown of primer losses in formulation or use. Lake City AAP supervisory
personne l estimate that about 1 27. of the amount of prime r used in small arms
ammunition is wasted. This percentage represents prime r material cleaned
out from screens and blenders , sp ill s, unused or dried-ou t mixtures and
washdowns . The wastewaters with prime r ingredients are dosed with sodium
hydroxide and aluminum powder and then heated. The primer-desensitized
wastewaters are then routed to the LCAAP industrial wastewater treatment
p lant (IWTP) where they contact other wastes from LCAAP activities. The
IWTP treatment at LCAA P consists of aeration , with subsequent skimming to
remove oils and greases , dosing with alum and lime to adjust p11 and p romote
flocculation , and settling of solids from effluent prior to discharge to
sur face  f low.

3. Sample Concentration for Acute Toxicity Studies

a. Sample description: The samp le was a transparent brown
l iquid with a small amount of light brown finely divided preci pitate . The
samp le was shaken vigorously before removing an aliquot. The pH was 12.3.

h . Concentration: The approximate concentration of dissolved
solids/ml was determined prior to concentration. A lO-tu l aliquot was
reduced to dryness under 20 mm Hg vacuum at 50° to 60°. As received the
concentration of dissolved solids was 7.5 mg/mi.

The concentration of dissolved solids was adjusted by
solvent removal under 20 mm HG vacuum at 50 to 60°. After concentration
the pH was adjusted to 7.2 by addition of acetic acid. On addition of
acetic acid the solution became very turbid. The final concentration of
dissolved plus suspended solids was 153 mg/mi. The concentration factor
was 20.4.
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c. Distillate examination~ The distillate resulting from
samp le concentration was studied by gas chromatography, thin-layer chroma-
tography , and ultravio1e~ spectroscopy for the presence of components other
than wa~e~ . The techniques used are described under Section 4, Chemical
Assays. No other components were detected in the distillate.

4 .  Chem ical Assays and Fin ~erI~rfl~ fl!j”~

a. A Ika I in I ty : I ’Itc San Ip Ic SO ~~~ rra I tnt as rt~cc I vi.d rcqii I red
0.0775 meq of HCI/ril of sample to neutralize it. ‘fliis alkalinity corre-
sponds to 3.1 mg NaOH/ml .

• b .  Metal  conte nt: The samp le as received contained the
following concentrations of metals:

Metal 7. in Supernatant 7. in Precipitate

H Aluminum 0.080 51. 2
Antimony 0.0030 0.48
Barium 0.0007 1.55
Calcium 0.0015 0.24
Lead 0.0025 4.4
Magnesium ~ 0.0001 0.12
Sodium 0.170 1.9

c. Reducible NO2 content: The concentration of reducible
NO2 group is determined by the method of Se1ig..~” This procedure determines
the presence of aliphatic nitrates , aliphatic nitrites , aromatic nitro
groups and inorganic nitrite and nitrate ions . Although a number of func-

• tionalities are detected simultaneously, the results are expressed in terms
of mg N02 for comparison purposes. The nonspecificity of the assay can be

• considered an advantage since , when combined with the inorganic NO2 and
N03 assays , the covalently bound N02 content can be estimated.

• The reducible N02 content of the su perna tan t  when assayed
on 21 May 1975 and again 36 days later was 0.1 mg N02/ml . The reducible
N02 content of the precipitate when assayed on 29 May 1975 and again 34
days later was 0.00 g N02/g precipitate.

d. Sulfate content: The concentration of ionic sulfate was
determined by an automated inethy lthymo l blue method described by the
Environmental Protection Agency.~J The sulfate content of the supernatant
as received was 0.28 tug S04/mI of sample.
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e. Inorganic nitrate and niLrite content: The inorganic
n i t r a t e  and n i t r i t e  contents  w. re determined by the cadmium reduc t ion  method

I described by the EnvironmenLal Protection Agency .�~ The nitrate content of
the supernatant as received was 0.0044 mg/mi. The nitrite content of the
supe rnat an t  as received was 0.0197 mg/ml .

I f .  Ch r o m at o gr a ph i c  ch ar a c t er  i z a t i o n :  The samp le  was ’; tud  led
b y gas , l iquid , and t h i n - l a y e r  ch romatograph y .  he p r i m a r y  purpose 01 t h is

• work was to provide chromatogr ap h ic  “ f i ngerpr in t s ” of  the samp le.

(1) Liquid chromatography : The samp le supernatant was
studied usi ng the fol lowing conditions :

i System I

Instrument:  Waters Associates 301 equ ipped
with 254 nm UV detector.

• I.. Column: Porasil AX , 2 ft x 1/8 in.
Solvent: 1007. CH3CN programme d to 6O7~ H2 0 in

• 30 minutes us ing solvent program
No. 6.

Flow rate : I ml/min .

A sing le broad peak was observed at 20.5
minu te s .  T r in i t r o r e so rc inol  and lead s typhnat e  do not give peaks us ing
this system.

System 2

Instrument:  Waters Associa tes  301. equ ipped
• w i th  235 nm UV detector.

Column : Porasil AX , 2 ft x 1/8 in.
Solvent : 37, H20 in CH3CN.
Flow rate: I mi /mm .

Trinitroresorcinol and lead styphnate elute
at 2.76 minutes. The samp le showed peaks at 1.18, 3.15 , 6.69 and 8.66

j minutes. The peaks at 6.69 and 8.66 minutes were ill-defined , suggesting
the presence of unresolved components.

( 1 (2) Gas chromatography : The concentrated sample super-
1! natant and precipitate were studied by gas chromatography as described below.

The supernatant was injected “as is”. A chloroform extract of the precipitate
was injected.

~iI 
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Instrument : Bendix 2500 equ t pped with flame

4 ionization detector.
Column: CIas~i , 6 ft x 1/4 in .

(a) 3’!. (lv 1 on Cas Chrom Q
(b) 5~ OV-l7 on Anakrom AI~S

Flow rate: 50 cc N2/min.
Column temperature : ( a )  Start at  lOO t; a,id

heat at  5°/mm . t o  2 0 C .
(h) Isotherma l at 130°C.

Injection port: (a) 200°c.
(b) 130°C.

Detecto r tempe rat ur e: 200° C.

No peaks were observed using column (a) or
(b), column temperature (a) or (b), or injection temperature (a) or (b).
Usi ng the (b) conditions , reference PEN had a retention time of 5.7 minutes.

(3) Thin-layer chromatography: The sample was studied
in two thin-layer chromatography systems .

System 1 (for TNR and lead styp hnate)

Plate : Brinkmann Silica ‘;el F-254
Solvent system: Acetone saturated with

ammonium ace ta te .
Material spotted: 5 pg lead styphnate

5 pg trin~troresorcinol
20 p1 of sample having a
dissolved solids content
of 153 mg/mi (i.e., 3,060 Pg
of waste solids).

Detection: (a) visual

• (b) UV-254 nm
(c) Spray with 27, di pheny lamine

• in 957. ethanol followed by
• UV irradiation .

Lead styphnate has an Rf of 0.42 and a detec-
• tion limit of 0.5 pg. Trinitroresorcinol has an Rf of 0.42 and a detection

limit of 0.5 pg. The sample showed one spot at Rf 0.125.

System 2 (f or PETN)

The p rec ip i ta te  (33 tug ) was extracted twice with
5 ml chloroform using sonication. The chloroform was concentrated and used
for spotting in the following TLC sYst:m:
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Plate: Brinkmann Sil ica (;e I F-254
S o l v e n t  sys t em:  Cy clo h ex a n e/ a c e ion c  ( 1 : 1 )
M a t e r i a l  s p o t t e d :  5 , 1 , 0 . 5  pg ,  c h l o r o f o r m

extract of 250 mg of
samp le p reci p i t a t v .

Detection: (a) UV-254 nm
(b) Spray with 27. dipheny lamlne

dissolved in 957, ethanol ,
r a d i a t e  wi th  UV l i g h t .

UV light indicated no spots. Diphenylamine
spray indicated the presence of PETN at R1 0. 59 in the re ference . PETN
can be detected at the 0.5 pg leve l .  The samp le showed no spots .

g. Spec t r a l  c h a r a c t e r i z a t i o n :  The samp le was s t u d i e d
by in f ra red , u l t r a v i o l e t  and v i s ible  spectroscopy.

(1) I n f r a r e d  spectru m: A vacuum dr ied samp le of
the supernatant showed (KBr wa fer) broad , ill-defined bands at 3300, 1620
and 1075 cm

_ i
.

• (2) Ultraviolet spectrum: The supernatan t showed
no peaks in the range 230 to 400 nm. With a 10-fold d i l u t i o n  the samp le

• I 
indicated an absorbance of 0.55 at 230 nm.

(3) Visible spectrum: The supernatant showed no

• 1 peaks in the range 400 to 800 nm. An undiluted sample had an absorbance
of 0.12 at 400 nm.

5. Acute Toxicity

• Anima l tests were performed on the neutralized , concentrated
primer mixture FA 956 wastewater , prepared as described above . This m a t e r i a l
contained 153 mg solids/mi .

a. Skin and eye irritation: The prim~ry skin and eye
irritations were determined by the Draize procedure.~’ 

using six New Zealand
• white rabbits. Primer mixture FA 956 wastewater was nonirritating in the

eye test and scored 0.00 in the skin test. It is less irritating than
• 

• the desensitized primer itself.

b. Ora l toxicity : Primer mixture FA 956 wastewater given
• orally at 5 g/kg killed none of three male albino mice (Charles Rive r CD-i

strain) and none of three male and six female albino rats (Charles River
CD s t r a in ) . Presumably the antimony and lead are sufficientl y di lut€ d to
be nontoxic in these acute tes ts .  However , these me ta l s  are notoriously
toxic in repea ted doses because ~f their accumulation in the body .
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6. Conc lusions

The sa mp le a s received was basic (p H 12.3)  and contained the
equi va len t  of 3.1 mg N aOH/m l . [‘he samp le supernatant as received contained
0.08’!, a l u m i n u m  and 0. 177. ,  sodI um.  The preci p i t a t e  contained 517. a l u m i n u m ,
67. b a r i u m , 0 . 57. an t imony , 4.47. I en d and 1 . 97. sod t u r n .  The ~ ui 1 fate’ content

was 0. 28 m g / m i .  The In i t i a l  t o ta l  r educ ib l e  NO 2 con ten t  of the  su p e r nat an t
was 0.10 mg/mI . the inorganic nitrate content was 0.0044 mg /mi and the
nitrite content was 0.02 mg /ml . Thus , the covaientl y bound NO2 content is
slightl y higher than the inorganic NO3 plus NO2 content. High pressure
l iquid chromatography (HPLC) was particularl y usefu l for monitoring non-
volatile ultraviolet absorbing compounds. No trinitroresorcinol (less than
O.Ol’/,) was observed in the waste samp le. There are at least five uncharac-
terized ultraviolet absorbing components present by HPLC. Thin-layer chroma-
tography (TLC) also indicated the absence of trinitroresorcinol , but did
not show as many minor components as seen by HPLC. TLC did not indicate the
presence of pentaerythritol tetranitrate in the preci pitate at the 0.027.
concentration level. Gas chromatography on OV-l and OV-17 columns did not
indicate the presence of any volatile components. PETN would have been
readily detectable in the preci pitate at a concentration of < 0.01%.

The concentrated , neutralized sample was nonirritattng to rabbits
• and nontoxic to rats and mice after oral administration.

7. Recommendations

Because of the lack of irritancy and toxicity, no furthe r toxico-
logical research is warranted . Antimony and lead content should be kept
within accepted standards for industrial effluents. Samples should be
taken periodically and characterized by high pressure liquid chromatography
(for organic constituents) and by elemental analysis (for antimony and lead)
to insure no significant variations in composition .
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I. Wastewatcr from Lead Styphnatc Production

1. Introduction

a. Sample origin: The sample is wastowater produced during
the manufac ture  of lead styp hnate at Lake City Army Aninunition Plant , Build-
ing 85. The mater ia l  was samp led and shipped by t h e  Army .

b. Chemical and toxicological l i te r a t u r e :  See Sec t ion B on
Lead Styphnate.

2. Production Methods

The production methods and wastewaters generation procedures have
been stminarized by Small and Rosenblatt!/ and are given below:

Two “master solution s” are prepared for lead styp hnate synt hesis ,
the first 720-liter solution of 130 lb TNR and 21 lb magnesium oxide , the
other a 150-liter solution containing 100 lb of lead nitrate . Seventy liters
of the first solution are mixed with 26 liters of the second, whereupon lead
styphnate precipitates. The spent solution with product is drained through
50 mesh screen on which the product is collected. The spent solution is
neutralized (the solution becomes acid as the reaction progresses) with so-
dium carbonate. The lead styphnate is washed several, times, the washwater
from each wa sh being removed by vacuum. These washwaters and spent solution
are routed to storage tanks. Once daily, sodium hydroxide and aluminum pow-
der are added to these tanks, and the contents steam boiled. The contents
of the tanks are then discharged to a series of evaporation lagoons, differ-
ent lagoons from the ones used for TNR disposal.

About 19 lb of lead styphnate are produced per batch which indi-
cates a 79’/. yield. The remaining 217. of yield or about 5 lb of lead styphnate
is lost per batch.

• 3. Sample Concentration for Acute Toxicity Studies

a. Sample description: The solution was greenish-black and
did not contain a precipitate. The sample was used as received for sampling
purposes . The ph was 11.7.

b. Concentration: The approximate concentration of dissolved
solids/ml was determined prior to concentration. A 10-.ini aliquot was reduced
to dryness under 20 tins Hg at 50° to 60°C. As received , the concentration of
dissolved solids was 20 mg/mi.
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The concentration of ulfssolv ed solids was now adjusted by
solvent remova l under 20 utni Hg ; it ~0° to 6O~ C. After concentration , the p11
was adjusted to 7.4 us ing acetic ac id .  On addition of acetic acid , the
solution became very turbid .  The f i na l  concentrat ion of dissolved p lus
suspended solids was 154 mg/mI .  The concentration factor was 7.7.

1: c. D i s t i l l a t e  examination: The d i s t i l l a t e  r e s u l t i n g  f rom
• sample concentration was studied by gas chromatograp hy,  t h i n - l ay e r  chroma-

tography, and ultraviolet spectroscopy for uhe presence of components other
than water. The techniques used are described under Section 4, Chemical
Assays . No other components were detected in the d i s t i l l a te .

4. Chemical Assays and “Fingerprinting”

a. Alka l in i ty:  The sample as received required 0.11 meq
111.1/mi of sample to neutralize it. This alkalinity corresponds to 4.4 mg
NaOH/ml.

b. Metal content: The samp le as received contained the fol-
lowing concentrations of metals.

Metal ‘I. in Homogenous Aliguot

Aluminum 0.090
Antimony 0.0005

• Barium 0.0002
Calcium 0.0010
Lead 0.0075
Magnesium 0.0001

• Sodium 0.440

• c. Reducible N02 content: The solutions were assaye~ as
received . The concentration of reducible NO 2 groups ~‘as determined by the
method of Se1ig..~I This procedure will determine the presence of aliphatic
nitrates, aliphatic nitrites, aromatic nitro group and inorganic nitrite
and ni t ra te  ions . Although a number of functionalities are detected simul-
taneously, the results are expressed in terms of mg N02 for compariso~i
purposes. The nonspecificity of the assay can be cons idered an advar ”age
since when combined with the inorganic NO2 and NO3 assays , the cova, :~t ly
bound NO2 content can be estimated .

The reducible NO 2 content of the homogenous solution assayed
• on 21 May 1975 was 3.0 mg N02/ml. Thirty-four days later the assay indi-

cated 3.5 mg N02/mi.
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~j. Su I fat t~ cont ent : The concent rat ion ci ionic ~~~ 1 latu ’ Wa:,

determined by an aut omated meihyithymol blue method used by the Environmental
Protection Agency.±’ The sulfate content of the supernatan t as received was
0.44 mg S04/ml of sample.

e. Inorganic nitrate and nitrite content: The inorganic ni-
trate and nitrite contents were determined by the cadmium reduction method dij—
scribed by the Environmental Protection Agency..~

/ The nitrate content of
the supernatant as received was 2.69 mg/ml . The nitrite content of the su-
pernatant as received was 0.222 mg/mI.

f. Chromatographic characterization: The sample was studied
by gas, li quid and thin-layer chromatography. The primary purpose of thi s
work was to provide chromatographic “fingerprints” of the sample.

(1) Liquid chromatography: The samp le supernalant was
studied using the following conditions:

System 1

Instrument: Waters Assoc iates 301 equipped
with 254 nm UV detector.

Column: Porasil AX, 2 ft x 1/8 in.
Solvent: 100% CU3CN programed to 60% 1120

in 30 m m  using solvent program No. 6.
Flow rate: I mi/mm .

Peaks were observed at 3.1 and 3.5 m m .  Tn-
nitroresorcinol and lead styphnate do not give peaks using this system.

• System 2

Instrument: Waters Associates 301 equipped
with 235 nm UV detector.

Column: Porasil AX, 2 ft x 1/8 in.
Solvent: 37. H20 in CH3cN.
Flow rate: I mi/mm .

Trinitroresorcinol and lead styphnate elute
at 2.76 m m .  The sample showed peaks at 3.15, 5.12 and 9.06 m m .

(2) Gas chromatography: The sample was studied by gas
chromatography as described below:
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Instrument: Bendix 2500 equipped with flame
ionization detector.

Column: Class, 6 ft x 1/8 in., 37. OV-1 on
Cas Chrom Q.

Flow rate: 30 cc N2/min.
Column temperature: Start at lOO~C and heat at

5°C/mm to 250°C.
Injection port: 200°C.
Detector temperature: 200°C.

No peaks were observed.

(3) Thin-layer chromatography: The sample was studied
by thin-layer chromatography as described below:

Plate: Brinkmann Silica Gel F-254.
Solvent system: Acetone saturated with anznonium

ace ta te .
Material spotted: 5 ~g lead styphnate.

5 ~g trinitroresorcinol.
20 lii of samp le having a dissolved
solids content of 54 mg/mI.

Detection: Visual.
UV - 254 nm.
Spray with 27. diphenylammne in 95% ethanol
followed by UV irradiation.

Lead styphnate has an R
f of 0.42 and detection limit

of 0.5 ~g. Trinitroresorcinoi has art Rf of 0.42 and a detection limit of 0.5

~g. The samp le showed one spot of Rf 0.13.

g. ~pectrai characterization: The sample was studied by in-
frared, ultraviolet and visible spectroscopy.

(1) Infrared spectrum : Reducing an aliquot to dryness
gave a residue whose IR spectrum in KBr showed absorptions at 3300 (broad , s),
1660 (a), 1470 (Broad, s), 1410 (Broad, a), 1280 (s), 1160 (a), 870 (m), 840
(w ), 740 (s) 1 and 640 (in) cm~~. The C-NO2 group normally has bands near 1560
and 1350 czn~~..~2/ Lead styphnate in KBr shows bands at 3570 (in), 1590 (s),
1490 (itt) , 1410 (m), 1315 (s), 1230 (s), 1100 (in), 790 (itt) , and 740 (w) cm 1.

(2) Ultraviolet spectrum: A 1,000-fold dilution of the
sample showed a maximum at 309 inn (absorbance 0.38).

(3) Visible spectrum: No peaks were observed in the
region 400 to 800 nut. Wit h a 10—fold dilution the absorbance at 400 nm was 0.05.
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5. Acute Toxicity

An huua I ~‘~:t were pt’rfor~ied on Lhe fleUl ra I I zed conceni rat ed I (‘ad
styphnate wastewater prepared as describe d above . This material contained
154 mg solids/mi.

a. Skin and eye irritation: The primary skin and eye irri-
tations were determined by the Draize procedure 6’using six New Zealand white
rabbits. Lead styphnate wastewater was negative on the eye irritation test
and scored 0.12 on the skin irritation test , less than the 0.20 required for
a rating of “mild irritant.” Therefore, the wastewater is nonirritating.

b. Oral toxicity : Lead styphnate wastewater given orall y ut :
S solids/kg body weig ht ku ~ed none of three male albino mi ce (Char le’~ K iv u r ( t ( — I

si ri in) and none o I t hrt’t’ male and s Ix female a lb I no r u t ~ (Ciu; i  r 1 u.S K lw r Cl ) f ru l i i )

6. Conclusion s

The samp le as received was basic (pit 11.7) and contained tIR’ equiva-
lent of 4.4 mg NaOH/ml. As received , a homogenous sample contained 0.90% alu-
minum, 0.0075% lead and 0.447. sodium. The initial total reducible NO2 content
was 13 mg N02/ml. After 34 days storage at 28°C, the reducible NO2 Content
was 3.5 N02/ml . When assayed at the same time as the second assay for tot-il
reducible NO2 content , the inorganic nitrate Content was 2.7 mg/mI and the
nitrite content was 0.22 mg/mI. High pressure liquid chromatography (HPLC)
was useful for monitoring nonvolatile ultraviolet absorbing compounds. No
trinitroresorcinol or lead styphnate (< 0.01%) was observed in the sample.
There are at least three uncharacterized ultraviolet absorbing components
present by IIPLC. Thin-layer chromatography also indicated the absence of
trinltrorcsorcinol , but did not show as many minor components as seen by
IIPLC. Gas chromatography on an OV-l column did not indicate the presence
o any volat:ile components.

The iieutra [ized concentrated lead stypliruate wastewater was uouu i rn -
tating to rabbits and nontoxic to rats and mice after oral a~ninistratIon .

7. Reconinendations

Because of the lack of irritancy and toxicity, no further toxico-
logical research is warranted. Lead content should be kept within recognized
iLmits for industrial effluents. Samples should be taken periodicall y and
characterized by high pressure liquid chromatography (for organic constituents)
and by elemental analysis (for lead) to insure no significant variations in com-
position .
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.1. Tr initroresoru lirn i Wastewater I r uns  l U p  ( ‘ i t  ‘, r i ’ ,’ ~munuiu I t I ’ i ~ I’ lant

I. Iniroduet i~~n

L a. Sample origin : The samp le is waslewater produced dui r iuu g
the manufacture of trinitroresorc inol at Lake City Army Ammunition Plant ,
Building 83. The material was samp led and shipped by the Army .

b. Chem ical and toxicological literature: See Section E
on trinitroresorcinol.

2. Production Method

The production methods and wastewater generation procedures have
been summarized by Small and Rosenblatt.iJ and are given below :

“To produce TNR , a 30 lb batch of resorcinol is first mixed
with 240 lb of 987. sulfuric acid. Then 72 lb of 957, nitric
acid is added to the resulting mixture of resorcinol-4,6-
disulfonate in sulfuric acid. The crude TN~ is removed from
the spent acid and pooled with two other TNR batches. The
batches are washed wit h about 100 gal. of I N nitric acid
to remove traces of sulfate and filtered . The acids from
these processes are collected in a sump and treated with
sodium carbonate solution. Once a week , the collected

• TNR sludge is treated with a mixture of 30 lb sodium
hydroxide and 20 lb powdered aluminum. The resultant de-
graded sludge is a black , possibly polymeric material.

• The neutralized acids and the trea ted sludge are routed
to a series of wastewater evaporation lagoons.”

• Lake City AAP personne l indicate that about 60 lb TNR is produced
per 30 lb of resorcinol charge . This is about a 907. yield ; smaller scale
TNR production (a sli ghtly different process) at Frankford Arsena l , Philadel phia ,
Pennsylvania has resulted in a 767. yield. Their produc t has been analyi .ed
and found to be 93.57. TNR. The Identified impuriti es include a 1:1 iNk-
dinitroresorcino l addition product (0.87.), dinitroresor cinol (1%), 6-nitroso-
2-resorcinol (17.), 2-nitroresorcino l (0.57.) and mesoxalic acid (IION—C(couIi)2).
On the basis of 907. conversion at LCAAP, about 6 lb of TNR is lost per batch
produced . With a solubility of the order of 7 g/llter , some ot this iNK
could be washed out with the I. N nitric acid washes and be discharged to the
evaporation pond as the sodium salt of TNR.
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3. Sample Concentration [or Acute Toxicity Studies

a. Sample description: The solution as received was li ght
brown and contained numerous large (about 1 in.) colorless monoclinic cry-
stals. These crystals are characterized as sodium sulfate decahydrate.
Only the supernatant was used for toxicology samp le preparation . The ph was
11.4.

b. Concentration: The approximate concentration of dissolved
solids/mi was determined prior to concentrat ion. A 10—mi aliquot was reduced
to dryness under 20 mm Hg vacuum at 500 to 60°C. As received , the concen-
tration of dissolved solids was approximately 180 mg/mi.

This concentration of dissolved solids is useful without
further concentration . The pH was adjusted to 7.3 by addition of acetic
acid. The solution becomes very turbid and dark brown on addition of acetic
acid. The final concentration of dissolved plus suspended solids was 180 mg/mI.

4. Chemical Assays and “Fingerprinting”

a. Alkalinity: The sample supernatant as received required
0.30 iueq of MCi/mi of sample for neutralization. This alkalinity corresponds
to 12 mg NaOH/mi.

b. Metal content: The sample as received contained the
following concentrations of metals.

Metal 7. in Supernatant 7. in Precipitate~
i

Aluminum 0.20 0.052
Antimony <0.0005 0.0090
Barium < 0.0002 <0.0035
Calcium 0.0010 < 0.035
Lead 0.0005 < 0.0090
Magnesium <0.0001 < 0.0001
Sodium 7.12 26.2

a/ The sample was air dried at 27° for 24 hours. A white powder resulted
which by sodium assay was Na2SO4.2H20.
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When a crysta l was water washed and dried at 100” for 24 hoursr under 0.1 nan vacuum the sodlunu content was 32%. This sodium content cor-
responds to that ui sodium suilaic. The weight loss on dry ing data Indicated
the crystal was sodium sulfate decahydrate. The infrared spectrum of the
dried material was identical to that of sodium sulfate.

c. Reduc ible NO2 content: The concentration of reducible
NO2 groups was determined by the method of Selig)! This procedure deter-
mines the presence of aliphatic nitrates and nitrites , aromatic nitroso and
nitro groups , and inorganic nitrite and nitrate ions . Although a number of
functionalities are detected simultaneously , the results are expressed in
terms of mg NO2 for comparison purposes. The nonspecificity of the assay
can be considered an advantage since , when combined with the inorganic NO2
and NO3 assays , the covalently bound NO2 content can be estimated .

The reducible NO2 content of the supernatant when assayed on
21 May 1975 and again 36 days later was 14 mg N02/mi . The reducible NO2
content of the precipitate when assayed on 28 May 1975 and again 34 days
later, was 0.00 mg NO~/g of precipitate.

d. Sulfate content: The concentration of ionic sulfate was
determined by an automated methyithymo l blue method described by the Environ-
mental Protection Agency.& The sulfate content of the supernatant was 125 mg
S04/xnl of sample. The sulfate content of the precipitate without drying
was 28.4 * 0.47.. This value is slightly lower than the 29.87. theoretica l
value for Na2SO4.lOH2O. The discrepancy is probably due to occluded water .

e. Inorganic nitrate and nitrite content: The inorganic
nitrate and nitrite contents were determined by the cadmium reduct ion method
described by the Environmenta l Protection Agency..~” The nitrate content of
the supernatant as received was 19.2 mg/mi. The nitrite content of the
supernatant as received was 0.89 mg/ml.

f. Chromatographic characterization: The sample was studied
by gas , liquid and thin-layer chromatography. The primary purpose of this
work was to provide chromatographic “fingerprints ” of the samp le.

(1) Liquid chromatography: The sample supernatant was
studied as described below:

System 1

instrument: Waters Associates 30]. equipped with
254 nat UV detector.
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Column : Porasil AX , 2 ft x 1/3 in.
Solvent: 1007. CH3cN programmed to 607. H20 in

30 minutes using linear solven t pro-
gram No. 6.

- Flow r at e :  1 m l / m i i i .

Peaks were observed at 3.1, 3.5 and 4.3 minutes .
Ill-defined peaks were observed at 9.5 to 12.6 minutes and 13.8 to 19.7 min-
utes. Trinitroresorcinol does not give a peak using this system .

System 2

Instrument : Waters Associates 301 equipped with
235 mm Schoeffel UV detector.

Column : Porasil AX, 2 ft x 1/8 in.
Solvent : 37. H~O in CH3CN.
Flow rate: 1 ml/min.

Trinitroresorcinol elutes at 2.76 minutes. The
sample shoved peaks at 3.15, 8.26 and 10.6 minutes .

(2) Gas chromatography: The sample was studied by gas
chromatography as described below :

Instrument : Bendix 2500 equipped with flame ioni-
zation detector.

Column : Glass 6 ft x 1/8 in., 37. OV-1 on Gas Chrom
Q.

Flow rate : 30 cc N2/min.
Column temperature : Start at 100°C and heat at 5°C/

mm to 250°C.
Injection port: 200°C
Detector temperature: 200°C

No peaks were observed .

(3) Thin- layer chromatography: The supernatant was
studi ed by thin-layer chromatography.

Plate: Brinkznann Silica Gel F-254.
Solvent system : Acetone saturated with ammonium

acetate.
Material spotted : 5, 2, 1, 0.5 mg trinitroresorcinol.

3,600, 360, 36 mg of residue from
dried supernatant .
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~ 
Detection : (a) Visua l

(b ) UV (254 nm )
(c) Spray with 27. diphenylarnine in 957.

ethanol followed by UV irradiation .

Trinitroresorcinol has an R1 of 0.42 and a detection
limit of 0.5 mg . The sample shows one spot at Rf 0.13.

g. Spectral characterization: The sample was studied by in-
frared, ultraviolet and visible spectroscopy .

(1) Infrared spectrum:

Precipitate: The spectrum of the vacuum dried pre-
cipitate in KBr is identical to that of sodium sulfate. A single absorption
at 1120 cm ’ was observed .

Su~ernatant : The spectrum of the vacuum dried sam-
ple in KBr showed absorptions at 3500 (m), 1660 (m), 1450 (rn)1 1390 (s),
1280 (w), 1130 (s), 880 (w), 840 (w), 640 (a) and 620 (s) cm~~. Trinitro-
resorcinol showed band s at 3200 (m) , 1660 (s), 1620 (a), 1600 (a), 1550 (a),
1490 (s), 1466 (s), 1380 (a), 1310 (s), 1210 (v) , 1190 (m), 1085 (s), 935 (rn) ,
920 (m), 785 (m), 763 (m), and 732 (w) cm~~.

(2) Ultraviolet spectrum: With 200-fold dilution , the
supernatant showed a maximum at 329 run (absorbance 0.55). Trinitroresorcino l
in 957. ethanol absorbs at 258 nm (€ — 8,579) ,  345 nat (€ 9,246) and 398 nm
(€ 15,570).

(3) Visible spectrum: The supernatant showed no peaks
in the range 400 to 800 pin, using a 100-fold dilution . The absorbance at
400 run was 0.02.

5. Acute Toxicity

Anima l tests were performed on the neutralized supernatani of
trinitroresorcinol (TNR) vastewater , prepared as described above . This

1 materia l had 180 mg solids/mi.

a. Skin and eye irritation: The primary skin and eye irri-
tations were determined by the Draize procedure~J using six New Zealand white
rabbits. TNR wast~~ater gave negative results on the eye irritation test
and a score of 0.08 on the skin irritation test. This is well below the
0.20 score required for a “mi ld irritant” rating .

-I
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b. Oral toxicity: TNR wastewater given orally in water at
5 g solids/kg body weight killed none of three male albino mice (Charles
River CD—i strain) and none of three male albino rats (Charles River CD strain).
When given to a first group of three female rats , one (l i ed Ofl the flrHt (11kv .
When given to a second group of three females , none died . S i m i l a r  r esuulis
were observed with the desens it i zuit Ion blank , so the death Is not cluit’ i n  the
compound .

6. Conclusions

The samp le as received was basic (p11 11.4) and contained the equiva-

• lent of 12 mg NaOH/rnl of sample. The sulfate content of the supernatant was
125 mg/mi.

The supernatant contained 0.27. aluminum and 7.17, sodium. The
precipitate contained varying amounts of sodium depending on the precip itate
drying time and temperature . The crystalline precip itate was identified as
sodium sulfate decahydrate. The initial tota l reducible NO2 content of the
supernatant was 14 mg N02/ml. The inorganic nitrate content was 19 mg/mI
and the nitrite content was 0.9 mg/mI. Thus , the covalently bound NO2 con-
tent was low relative to the inorganic N03 plus NO2 content . High pressure
liquid chromatography (HPLC) was particularl y useful for monitoring non-
volatile ultraviolet absorbing compounds. No trinitroresorcinol (less than
0.017.) was observed in the waste samp le. There are at least five identified
ultraviolet absorbing components present by HPLC. Thin-layer chromatography

• also indicated the absenc e of trinitroresorcinol , but did not show as many
minor components as seen by HPLC. Gas chromatography on an OV-l column did
not indicate the presence of any volatile components.

The neutralized supernatant was nonirritating and nontoxic in the
animal tests performed.

7. Recommendations

Because of the lack of irritancy and toxicity, no further toxicolo-
gical research is warranted . Samp les should be taken periodically and chara-
terized by high pressure liquid chromatography to insure no significant vari-
ations in composition.
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III. RECOMMENDATIONS

A. Introd uction

The u l t i m a t e  object ive  of this research is to determine the ef-
fects of munitions wastewaters on mammalian life to provide a basis for the
development of env i ronmental crit eria. The results of thes’ toxicity studie s
are summarized in Tables 5 and 6. Only desensitized tetrazene , its waste-
water and desensitized primer FA 956 shows significant toxicity. The toxi-
city of primer mixture FA 956 is probably due to its antimony and lead
content . Antimony is well-known as an arsenic-like toxic metal . It is
used as an antiparasitic agent in compounds such as tartar emetic (antimony
potassium tartrate) and stibophen . Lead is very well known as an accumula-
ting poison . These metals can be readily precipitated . The supernatant

• should be monitored to insure that release of the metals is within accepted
industrial practice. The precipitate should be reclaimed or appropriately
disposed of.

Desensitized pure tetrazene and tetrazene wastewaters require more
work . The toxici ty  of desensitized pure tetrazene is of less importance .
However , components found in the wastewaters were much more toxic .

B. Tasks

The following tasks , in order of pr iority , are recomended to
follow up this study:

1. Continue the study of the toxic components of tetrazene waste-
water to ascertain :

a. Better fractionation procedures.

b. Their identity.

c. Their source, whether by-products of the synthesis or
products formed later during the desensitization and disposal processes.

d. A practical synthesis. The two toxic components totalled
1.2 mg solids/mi wastewater. Extraction of kilogram quantities of these
materials required for chronic toxicity testing is not practical.

2. Develop a practical method of cleaning-up tetrazene waste-
water. This will include checking the toxicity of the products formed .
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TABLE 5

PRIMARY SKIN AND EYE IRRITATION IN NEW ZEALAND WHITE RABBITS!! TREATED WITh

DES~~SITIZED PRIMER COMPOUNDS OR EXTRACTS OF PRIMER WASTEWATERS

Compound Irritation Scores
Number Name Skjn~’

1 Desensitized Pure Tetrazene 0.25 negative1: 2 Desensitized Pure Lead Styphnate 0.16 negative
• - 3 Desensitized Primer Mixture FA 956 0.16 negative

- 4 Desensitized Pure PETN 0.00 negative
5 Desensitized Pure ‘l’rinitro-

• resorcinol (TNR) 0.00 negative
6 Desensitization Blank 0.08 negative
7 Tetrazene Wastewater 0.00 negative

- 8 Primer Mixture FA 956 Wastewater 0.00 negative
9 Lead Styphnate Wastewater 0.12 negative
10 TNR Wastewater 0.08 negative

a/ Six rabbits per compound.
• 

b/ > 0.2, mild; > 2.5, moderate; > 5.0 , severe.

S I
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3. Carry out appropriate long-term toxicity studies on:

a. Compounds released into the environment after treatment
of tetrazene wastewater.

b. Compounds to which workers are exposed.

4. Test a number of samples of all the wastewaters for variations
in toxicity . This is necessary because two lots of tetrazene wastewater
differ greatly in chemical characteristics and toxicity. High pressure
liquid chromatography (HPLC) provides a quick , convenient method for testing .
if the HPLC shows significant variation in chemical composition , the waste-
waters should be checked for variations in acute toxicity .

C. Time Requirements

We estimate that Task I will require 4 to 6 months, if suitable
synthetic methods (Sub—task c) are available. Task 2 can be carried out
concurrently and would also require 4 to 6 months . It may be extended by
longer stability tests of the treated wastewaters.

After sufficient quantities of the substances to be tested are at
hand , Task 3 will require 3 years. If only subchronic studies are performed ,
1 year will suffice.

The t ime required by Task 4 will depend on the sampling scheme ,
which should include all phases of production . Sampling intermittently
for a period of 6 months should be adequate if there are no major variations .
The study can be completed 2 months after receipt of the last sample.

82

_ _ _ _  _ _ _ _ _ _



IV. REFE RENCE S

1. Small , M. 1., and D. H. Rosenblatt , Munitions Production Products of
Potential Concern as Waterborne Pollutants - Phase II , Tech . Rpt . 7404,
AD-919,031, USAMBRDL , Aberdeen Proving Ground , Maryland , A pri l  1974.

2. Burrows, D., and J. C. Dacre, Toxicity to Aquatic Organisms and Chemistry
of Nine Selected Waterborne Pollutants from Munitions Manufacture - A
Literature Evaluation , Tech . Rpt. 7503, AD-A 0l0,660, USAMBRDL , Fort
Detrick, Maryland , May 1975.

3. Selig, W., Microdetermination of Aromatic Nitro Compounds, Nitrocellulose ,
and Cyclic Nitramines, AEC Report UCRL-6639, pp. 20-28, Lawrence Radia-
tion Laboratory , Livermore , Cal i fornia  (1961) .

4. Lazrus, A., E. Lorange, and J. P. Lodge, Jr., New Automated Microanalysis
for Total Inorganic Fixed Nitrogen and for Sulfate Ion in Water ,
Adv. Chem. Ser., 73:164 (1968).

5. Environmental Protection Agency, Methods for Chemical Ana lysis of Water
and Wastes, EPA-625/6-74-003, p 201, EPA , Washington , D.C. (1974).

6. Draize, J. H., Dersnal Toxicity, pp. 46-59 in Appraisal of the Safety of
Chemicals in Foods. Drugs and Cos~~tics, Association of Food and Drug
Offic ials of the United States , Washington , D.C . (1955)

7. Finney , D. J., Probit Analysis, Third Edition , The University Press,
Canbridge, United Kingdom (1971).

8. Datta, Varma, J. Am. Chem. Soc ., 41:2043 (1919).

• 9. Durtschi, A., W Rauber , and F. Aebi, Helv. Chins. Acta., 52:2560-2568
(1969).

10. Zingaro, R. A., J. Am. Chem. Soc ., 76:816-819 (1954).

11. Enzyclopedia of Explosives, Volume 5, p. D-l279 , Picatinny Arsenal ,
New Jersey (1972).

12. Nakanish i , K . ,  Infrared AbsprDtl.on Spectroscopy, liolden-Day ,
San Francisco , California (1962).

83



13. Burl ow, K. , K .  Barth and J Snow , I’he Pvntae ryt lir 1101 ~t , p. 58. i~~
. I nluo Id ,

New York (1958) .

14. Aubertein , 1’., and K. Reh i lng , Mu’m. Pinidres, ‘15 :91  — 1 02  ( 1 95 3 ) .

15. Fraser , R. J. M ., Chem. Anal. m d . ,  196: 1117-111 8 (1968) .

16. DiCarlo , F. J., J. M. Harcigan , Jr., and C,. E. Philli ps, Anal. Chem.,
36:2301-2303 (1964).

17. Norwitz , G., and H. Gordon , Test Rpt. T73-lO-l , Technical Support
Directorate , Frankford Arsena l , Pennsylvania , Septembe r 1973.

18. Davidson, I. W. F., F. J. DiCarlo and E. I. Szabo , J. Chromatogr.,
57:345-352 (1971).

19. Deseret Test Center , Development of Procedures for the Anal ysis of
Pollutants from Priming Mixture Manu facture , Second Qtrly . Rpt .,

• TECOM Project 5-CO-523-ECP-008 , Dugway Proving Ground , Utah , .Jul y 1973.

20. Bellamy , L. J., Advances in Infrared Group Frequencies , p. 58, Richard
Clay , Ltd., Su f f olk , United Kingdom (1968).

21. Lieber , E., D. R. Levering and L. J. Patterson , Ana l. Chem., 23:1594-
1604 (1951).

84

1 1


