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FOREWORD

This report details the work accomplished under the technical
sponsorship (OCMS #4932.05.4114.0) of the Modernization and Special
Technology Branch of the Manufacturing Technology Division, Large
Caliber Weapons Systems Laboratory, ARRADCOM, Dover, NJ.

The report includes work on UV/Ozone process for chemical
degradation of RDX as a part of the broader "pink water" pollution
abatement problem at the Army ammunition loading and packaging
plants.
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INTRODUCTION

Since 1970 increased emphasis has been placed on eliminating
pollution arising from munitions manufacturing and processing plants,
One serious pollution problem is the removal of the nitro bodies
from the so-called pink water which is the wash water from loading,
assembling and packaging operations involving TNT. This water dis-
solves up to 150 ppm of TINT, about 80 ppm RDX and much smaller
amounts of other nitro compounds. On exposure to sunlight, the
photochemical reactions of TNT generate several colored species
which impart the characteristic pink color to the water. Under a
contract from the Volunteer Army Ammunition Plant (VAAP), Chatanooga,
Tenn, IIT Research Institute (IITRI) studied ozonolysis (Ref 1) as
a means to destroy the nitro compounds and showed that pink water at
its normal pH of 5.6 was rendered colorless and more acidic (pH =
4-5) on treatment with ozone (0,). However, neutralization to pH
7 returned new colored species Which were presumed different from
those formed photochemically., If the ozonolysis was carried out at
an alkaline pH (v 8 to 10.5) the color could be removed permanently
but this process was inefficient in the use of ozomne.

The IITRI project then experimented (Ref 2) with an ozone plus
ultraviolet irradiation process to decontaminate the pink water,
this combination process having been found previously (Ref 3) to be
effective in oxidation of refractory organic materials in municipal
waste waters. For these experiments synthetic pink water, made by
disgsolving INT (160 ppm) in water, was used and the efficiency of
the process was measured by the determination of the total organic
carbon (TOC) as a function of 0, + UV dosage. A germic dal lamp was
used in these experiments as thé source of ultraviolet light. A
dramatic UV effect was observed, relative to the use of 0, alone,
and the initial total organic carbon levels of about 60 mg/l dropped
to 17 mg/l in two hours. In addition, it was found that more than
85% of the lost organic carbon appeared as CO,, thus obviating the
problem of secondary pollution from intermediate degradation prod-
ucts of TNT. The chemistry and engineering aspects of the UV + 0
process were further investigated in the feasibility studies conduct-
ed by Westgate Research Corporation (Ref 4) and Walden Research Divi-
sion (Ref 5). While further details of the above studies of the
0,~UV process will not be included here, it is important to emphasize
tﬁat this process was demonstrated to be effective in degrading the
TNT and related nitro-aromatic compounds in pink water to innocuous
end products. RDX, which is a common constituent of pink water
(80 ppm) was not included in the above studies and the reactions of
RDX under 0, + UV oxidative treatment have not been investigated.
Since it would be desirable to have a method common to both TNT and
RDX, a study of the latter was initiated in this laboratory and the
results are reported here.
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The general approach for this RDX study consisted of an investi-
gation of 1ts gross photochemical degradation in aqueous solutions and,
independently, 1its oxidative degradation by ozone. In each case, a
determination of the products of degradation was attempted together
with the time element for each process. It was hoped that this ap-
proach would lead to a better understanding of the chemistry involved.
The combined effect of 0,-UV was then studied. During this work a
report (Ref 6) appeared in the literature describing the photolysis
of tap water-dissolved RDX under laminar flow conditions. One other
report of a brief study of RDX photolysis dealt with photolysis in
organic solvents (Ref 7).

EXPERIMENTAL AND RESULTS
Solution of RDX

A saturated (50 mg/l) stock solution of pure RDX (> 99.8%) in
. distilled water was prepared. This solution was used, after appro-
priate dilution, for all :he experiments except the irradiations of
polycrystalline RDX. Absorption spectra were always measured after
the solutions were diluted to give optimum absorption.

Photolysis of Aqueous Solutions of RDX at 254 nm

In the first set of experiments to photolyze RDX, a Rayonet
photochemical reactor (Ref 8), Model RPR-100, consisting of a circu-
lar array of 16 low pressure Hg lamps (254 nm) with a total output
of 35 watts was used. It was however, found that in this reactor
even saturated solutions of RDX (approximately 50 mg/l) were fully
depleted of RDX in 10 minutes (Fig 1). The subsequent experiments
were carried out with a very low intensity gpectroline quartz pencil
lamp (UV) placed 4" from a 1 cm Beckmann quartz spectrophotometer
cell containing the RDX solution. Figure 2 shows the disappearance
of RDX absorption with increasing time of UV-irradiation. Under
these conditions the degradation of RDX appears to be complete in
less than one hour. Exac* correlations of the UV energy with RDX
- _ disappearance were not attempted.

T A e T
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Analysis of RDX

by Two methods, to be called A&B, were employed for the analysis
“‘yﬁ of RDX remaining in the solutions. In method A the concentration
was obtained directly from a calibration plot of concentration versus
optical density (0.D.). 1In methed B, illustrated in Figure 3 (curves
3 & 5) the absorbance of the experimental solution was measured at
all times against the standard strating solution to compensate the
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overlapping absorption edge near the A of RDX. At the same time
solvent and solution compartments of tﬂ%xspectrophotometer were inter-
changed for convenience in the recorded output. Thus while curves 1
and Z in Figure 3 represent normal absorption of RDX solution before
and after 30 minutes photolysis, respectively, curve 3 was obtained
by the compensation method and its peak height is a direct measure of
RDX consumed in the photolysis.

Relative Photolysis Rates at 254, 300 and 350 nm

The photolysis experiments were also extended tuv long wave UV
(300,350 nm) radiation to more nearly simulate solar radiation. A
comparative study of three wavelengths was accomplished using a
Rayonet reactor with four lamps each of RPR-2537, RPR-3000 and RPR-
3500 type with rated outputs of 9, 5 and 24 watts, respectively.
Aqueous solutions of RDX at a concentration of 20 mg/l were irradi-
ated in spectrophotometer cells placed at the center of the reactor.
The results of this series of runs are summarized in Figure 4, curves
1 to 3.

Ozonolysis of Aqueous Solutions of RDX

A Welsbach, Model T-816 ozonizer (Ref 9) was used as the source
of o"one. The ozone was generated by the passage of an electric dis-
charge (70 volts, 68 watts) through oxygen flowing at a rate of 500
ml/min. Under these conditions, the ozone concentration in the exit
flow was 45 mg/min as determined by iodometric analysis (Ref 9).

The ozonolysis was typically conducted by bubbling the 0_-0, mixture
through a gas wash bottle containing 250 ml of RDX solution™at a con-
centration of 20 mg/l. Tive ml portions taken at different times
were analyzed for RDX content by UV spectrophotometry. The data
from one such run are included in Figure 4, curve 4.

Concurrent Photolysis and Ozonolysis

For these experiments the 350 am UV source which caused the
lowest photolysis rate was used in conjunction with a 0, + 0, flow
rate of 0.5 1/min (45 mg 0,/min). The concentration of "the RDX
solution was 20 mg/l and, as the reaction progressed, the optical
density of the solution at 235 nm was measured versus time. Table 1
summarizes these results and shows the relative rates of photolysis,
ozonolysis and the combined application of both UV and 0.. The num-
bers represent the progressive decrease in the optical déasity at 238
no (Amnx of RDX).

4
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Table 1

Ozoaolysis, photolysis and their combined
application for the chemical degradation of RDX

Changes in optical density

Reaction
time, hrs Ozonolysis Photolvsis Ozonolysis & photolysis
0 0 0 0
1 0.12 0.07 0.64
2 0.19 0.19 0.91
3 0.22 0.30 0,93
4 0.29 0.37 0.94
5 0.33 0.41 0.94
6 0.36 0.52
7 0.38 0.57
8 0.43 0.60
9 0.46 0.64
10 0.49 0.56
11 0.52 0.66
12 0.67
13 0.70
14 0.75
15 0.75

Analysis of Gaseous Products

Since UV-absorption spectroscopy indicated 2 drastic degradation
of RDX molecule at 254 am without giving rise to new absorption in
the UV or visible region, it was decided to analyze the photolysis
gsolution for gaseous products. A special cell was designed in which
the solution could be outgassed, irradiated with UV and then out-
gassed a second time to colleet the low molecular weight gaseous
products. The gaseous products were analyzed using s DuPont 21-492
mass spectrometer. The significant portions of the mass spectrum in
two ruans, corrected for background are shown in Table i.
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Table 2

Mass spectra of the gaseous products of photolysis of RDX

Run 1 Run 2
Relative Relative
n/e* cbundance abundance
22 - -
28 1230 960
29 32 50
30 840 785
31 40 14
44 1410 - 1300
45 20 19

These mass spectra indicate the principal products to be N,0 (m/e 44,
30), NO (m/e 30) and N /CO0 (m/e 28) with trace amounts of gormaldehyde
(m/e 30,29).

* Mags~-to-charge ratio

GC/MS Analysis

Previous studies of thermal decomposition (Ref 10,11) of RDX

identified as ga»eou% products N, ,0, G0, N,, €O, CO,, HCN and H,0

with a polymeric iesidve (v 1X)." One rcpor? (Ref 7)) indicated tée
presence of trace amounts of two solid products, l-nitroso-13,5~-dinitro-
1,3,5-triaza eyclohexane (I) and 1,3,3-trinitroso~1,3,5~triazacyclo-
texane (I11). In the hope of detecting the same or c¢losely velated
proeducts under UV + 0, degradation, GC and GCAMS analyses were attempesd.
Photolyzed agqueous sofutions of RDX, as well as those subjected to both
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and UV, were concentrated and analyzed by &€ using a SE-310 columm.
“ﬁe obearved peaks, when adaitted to a wmass spectremeter, gave evidence
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of only low molecular weight (< m/e 44) species (Table 3). One
sample partially decomposed by UV + 0, was extracted with ethyvlere
dichloride and the latter sclution was concentrsted and analyzed
directly by mass spectrometry. The only species found in this sample ..
was unreacted RDX with no evidence of impurities above the background
level.

Table 3

GC/MS Analysis of photolyzed RDX solutions

Fragments Relstive abundance, chart divisions =~
mfe GC peak . ¢ GC peak #2 GC peak #3
28 130G 100 100
29 850 250 50
30 2100 809 : 170
62 39
44 2900 1000 190
54 60 100
74 130
81 0 130

Photolysis of Polycrystalline RDX

Several irradiaticns of polvervstalline samples of RDX were at-
tempted in which the praduct amalvsis was expected o ba sove manage-
able. The frradiations wore carried out in & quarta speclromeler
cell {1 o x L oem x § em) attached to a vacue manifold Through &
ground joint. The vacuws manifold was counceted wo the inlet seatem
of the aass spectvometer (duPont 21-492). In each cxsperiment J08 =g
of RIX were plsced {n the ccll and the latter ovacuated, One sample
wag irradiated with 2%% ap UV light (low pressure Hg lamp fitted with
appropriate filtars). The gas liberated by photolvzis vas asalvaed
by bleading ssaples into the sass spectrometer at fntervals of time
up to 3 1/2 hours. The constituents of the gas vere delersined from
the known cracking potterns and indtial calibraticne. Tables & and 5
show the detailed amalwysis, :
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Table 4
Photolysis products of RDX at A = 254 nm (ccmm)

Time (minutes)

30 61 90 120 150 180 210
NZ 22.0 35.0 46.0 54.0 60.0 65.0 70
NO 18.0 27.8 34.0 39.0 42,0 46.0 49
. NZO 4.6 7.8 10.4 12.8 14,1 15.5 17.1
co 3.9 8.8 11.1 14.1 18.0 19.5 20.5
; CO2 2.4 5.5 8.1 9.8 11.5 13.6 15.2
HCN 0.5 0.9 1.2 1.4 1.6 1.7 1.9
: HCHO 1.3 2.6 3.1 3.2 3.3 3.3 3.4
HZO 0.2 0.3 0.5 0.6 0.8 1.1 1.5
! . Ez 0.3 C.4 0.5 0.5 0.6 0.7 0.7
Table 5
Photolysis products of RDX at A = 310-330 nm (ccmm)
Time (minutes)
30 60 90 120 150 180 210
NZ 10.0 30.5 53 72,1 9,12 107 121
NO 3.6 9.5 16,0 23.0 31,0 38 47
NZO 2,6 8.1 13.6 19.3 24.5 28.4 33.3
co 0.8 3.4 5.9 7.8 10.2 11.8 14.2
) CO2 1.6 4.3 7.2 10.0 12.9 15.0 17.4
§ HZO 0.1 0.5 1.0 1.5 2,2 2.9 3.9
§ H2 - - 0.1 0.1 0.1 0.1 0.1
! 7
§
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RESULTS AND DISCUSSION
Photolysis of RDX in Solution

The absorption spectra of RDX and other nitramines, as well as
the photolysis of dimethylnitramine, were the subjects of earlier
publications (Ref 12, 13) from this Division. Aqueous solutions of
RDX showed a broad absorption extending to 300 nm in the UV with a
A at 238 nm and an extinction of 11,000. It was decided, there-
fore, to use UV scurces in this wavelength range for the irradiation,
e.g., 254, 300 and 350 nm. Since the earlier study of dimethyl-
nitramine (DMNA) showed that a major photolytic product was the
corresponding nitrosamine which absorbed in the UV at 235 and 370 nm,
a preliminary experiment was run with RDX to determine whether a
similar process occurred. There was no evidence of such species and
it was possible to use the absorbenc: of RDX for analytical purposes.

Figures 1 and 2 clearly demonstrate the rapid degradation of RDX
in aqueous so0’ -t7-ms under the influence of 254 nm UV radiation.
Indeed, with (e use of as little as 35 watts output in these experi-
ments most of the RDX was destroyed in about 10 minutes. This is
seen more strikingly in Figure 3, curve 3 obtained by the method B of
analysis,

The relative efficiencies of different wavelengths of UV light
can readily be seen in Figure 4. It is apparent that the 350 nm
radiation, even with 3 times the intensity of the 254 nm source, was
much less effective in degrading RDX. This is understandable since
the absorption edge for RDX lies in this wavelength range. It was
found independently that solid RDX was very stable to 366 nm UV and
evolved no gas in over 10 hours.

Ozonolysis

This study consisted of conducting photolysis and ozonolysis
under identical conditions and then comparing these experiments with
the combined reaction in order to determine the possible enhancement
of the rate of degradation. It can be seen in Figure 4 that 0, at a
relatively high concentration was much slower in degradation of RDX
when used alone. From curve 4 one can estimate that about 27 g, O
passed through the solution containing 5 mg RDX and yet, only 502
of the RDX was consumed. This inefficiency was probably due to
excessively high flow rate of 0, which allowed little contact time

3
with RDX.

Interestingly, an unmistakable synergistic effect was observed
when 0, and 350 nm UV were used together. It can be seen in Table 1
that egch of the two reagents destroys approximately half of the

8
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RDX in the solution in v 10 hours, but when used in combination,

~ 95% of the RDX was degraded in 5 hours. There has been sowme specu-
lation about the role of singlet oxygen in this reaction (Ref 4) but
the present work could not shed any light on this speculation.

Degradation Products of RDX

Curve 6 in Figure 2 shows that most of the degradation products
of RDX were volatile because they could be driven out by sparzing with
N,. These spectra (Fig 2) also indicate that condensible products (I)
and (II), the spectra of which are shown in Figure 5, were not formed
in these experiments. Typical compositions of the gaseous products are
shown in Tables 2 and 3. As indicated in the experimental section, they
consist of low molecular weight specles, the largest teing NZO' How~
ever, these analyses are not strictly quantitative.

Photolysis of Pure RDX

The aquecus solution of RDX used for this study was very dilute
due to the low solubility of RDX in water. This, combined with the
fact that RDX essentially degrades to gaseous products presented
severe analytical problems. To aveid these problems, experiments were
designed in which polycrystalline samples of RDX were directly photol-
yzed and the products determined quantitatively. It was possible by
this means to establish the general nature of the chemical degradation
products, Typical analyses are shown in Tables 4 and 5 and these
products appear to be similar to those which gave rise to the mass spec-
tral fragments shown in Tables 2 and 3.

Thermal Decomposition of RDX

It is noteworthy that the thermal decomposition products of RDX
also bear a resemblance to those obtained in the photolysis and/or
ozonolysis. Table 6 summarizes the thermal decomposition products
found in an earlier study (Ref 7).

TrEavry T
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Table 6

Uuv + O3 ireatment.

.
F
25

oy b
&

10

decémggged €0, N0 Hg HE
19 .54 1,22 1.08 .2
30 .66 1.47 1.04 .49
69 .62 1.25 1.16 .49
8 .50 1.26 .83 .44
93 .61 1.36 .99 .45

41
.54
.56
.48

.52

HCN

CH,0

Moles of product/mole of RDX normalized to 100% decomposition

H,0

2 2
X — -
23 - 1.67
16 .72 1.10
N J— -
.03 .97 .97

It is evident that in the photodegradation of RDX, in both
aqueolrsd solution and in the solid state, much smaller amounts of
formaldehyde werz formed than in the thermal decomposition.
may be an experimertal arcifact in that the HCHO produced in thermal
decomposition runs could diffuse away from the heated region of the
apparatus while in photolysis 1t could undergo secondary photo-
reactions. Also, HCN was not observed in the present experiments in
aqueous solution, whereas it was clearly detectable in the other
experimeats., Unfortunately, t}: analysis of products described in
this report are not sufficiently quantitative to gilve exact yields.
The limited scope of this work did not permit designing the large
scale experiments needed for quantitative determinations.
of rhe complexity of such experiments, it wculd be desirable to
combine them with the UV + Oq process for TNT,

This

In view

Past work on TNT

(Ref 1) showed that most pro'. ~ts are gaseous and experiments with
TNT and RDX together would have the advantage of revealing secondary
reactions among the products frum the two compounds.

Thus, wh:ile

undesirable products like HCHO, NZO’ CO0 and HCN may be formed iu
these reactions, their reiative importance can not be judged pre-
cisely until actual "pink water" samples sre subjected to the
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CONCLUSIONS

The work reported here establishes that: (1) aqueous RDX solu-
tions undergo rapid photochemical degradation with 254 nm UV light
leading to low molecular weight gaseous products (2) ozone degrades
RDX much less efficiently than UV (3) the combined use of 0, and UV
exhibits a marked synergistic effect in that the combined aegrada-
tion rate is greater than the sum of the two individual degradation
rates (4) photolysis at two wavelengths and thermal decomposition of
crystalline RDX give products generally similar to those of the
photolysis in solution, and finally (5) the appearance of HCHO and
HCN is subject to variation, possibly due to secondary reactions.
Condensible products do not seem to be formed in the reactions
studied. A quantitative determination of gaseous products can only be
attempted in large scale experiments. It thus appears that the 0
and UV process in pink water will be effective in destroying both™RDX
and TNT.
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Fig 1 UV spectra of RDX before and after photolysis
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Fig 2 Absorption spectra of RDX solutions with photolysis

14




OPTICAL DENSITY

o o—=<

20 MG RDX/t

I’ INDIRECT
MIN € MG

S Sty

Fig 3 Spectra of aqueous RDX soluticus by the direct

and indirect methods

15

3 gy oo

0 M6 RDX/t 63?zomzen

MIN




O R PSS PRI WAK] Toge SR It T I iy T T B T R e T

1) 2537 R (9 watTs)
2) 3000 R (5 watTs)
. 3) 3500 K (24 watTs)
4) ozone (45.6 Me/MM)

0.7

OPTICAL DENSITY (NORMALIZED)

0.00{

A [}

S TINE. HOURS 10

¥.g 4 Change in absorbance of aqueous RDX solutions with
photolysis/ozonolysis time

16




!

w TouBy3a3W UF Y3I0q ‘DUBXIYOTOAIBZEFII~G:E:[-OB0IIFUFII-¢:£:T (11) .

JO puw OUEXOIYOTDAIBZETII-GIE:[~0IIFUIP-GiE - 08033Fu-1 (1) jo wiIo9ds ¢ 414

O3 ‘HiI0BTIZAYA

oov oss oz oss ov3

y T v | D B k| v 7 v

N 20°)

m oS

| 18

-

-3 ~
¢ -
3 -3°8

v -“3'S

5

w - °.‘

CI0NVMASES 1 YE19343 HA0O) .
: INVXIHOTIAIVIVIIL -G 8.4~ OCOULIIILL~- O L 5 (1T) L o'

_n INYXIFHOIJADVIVINL -G R 1-0ULINIG-8:C-03OULLH S (v 4]

m b 4

W

i

E

".,..“ - 1 2 G ok - Ltesaadl |




DISTRIBUTION LIST

Commander
US Army Armament Research and Development
Command
ATTN: DRDAR-TSS
DRDAR~CG
DRDAR-LCM
DRDAR-LCM-S
Dover, NJ 07801

Commander
US Army Materiel Development & Readiness
Command
ATTN: DARCOM-RD
DARCOM-RD~ES
DARCOM-IS-MD
DARCOM-PA-~E
DARCOM-RF-1
5001 Eisenhower Avenue
Alexandria, VA 22333

Commander

USAMC Installations & Sevvieces Agency
ATTN: DARCOM-TIS-RI-IU

Rock Island, IL 61201

Commandey
US Army Armament Materiel Readinmess Cowsnand
ATIN: DRSAR-MT
DRSAR-RDM
DRSAR-ISE
DRYAR-SC
DRSAR-EN
BRSAR-PPUW
Rock Islaad, 1L 61201

Project Manager for Munition Froduction
Hase Hoderaization and Expansion

US Army Materiel Development & Readiness Cowmsaad

ATTH:  DARCOMN-PN-PEM-EC
Dover, X! 07501

19

Copy No.

1-5

8-28

29
30
31
32
33

34

35
36
37-38
39
40
41




v

=

DA . ‘
me I VW s oI IRILAE vr (

Commander

DA-DCSLOG

ATTN: DALO-AMP
Washington, DC 20310

Commander

US Army Procurement Equipment Agency
ATTN: DRXPE-MT

Rock Island, IL 61201

Department of the Army
ATTN: DAEN-ZCE
Washington, DC 20310

Commander

ARRADCOM, Chemical Systems Laboratory
ATIN: DRDAR-TD

Aberdeen Proving Ground, MD 21010

Commander

Frankford Arsenal

ATTN: SARFA-T-4200
Philadelphia, PA 19137

pefense Documentation Center
Cameron Station
Alexandria, VA 22314

0ffice Chief of Enginears
ATIN:  DARN-MCZ-E
Washington, BC 201314

Disreict Bangincer

US Army Eng Dist, Xew York
Corps of BEagineers

26 ¥Federal Plaza

New York, NY 104072

District Bagineor

US Army Eng Dist, Baltimore
Corps of Engincers

P.0. Box 1713

Baltimove, M) 21203

20

44

45

46

47-49

50

51-62

6364

€5

66

e N E L m o e e

hn—-.—nf,-—; [



SIS b I o o A o R SRR A R e B Rk e S s AR AR
ol U i g Bt e Sl e - B MR -

44

District Engineer

US Army Eng Dist, Norfolk

Corps of Engineers

803 Front Street

Norfolk, VA 23510 67

Commander

US Army Environmental Hygiene Agency

ATTN: USAEHA-E 68-69
Aberdeen Proving uround, MD 21010

Commander

Holston Army Ammunition Plant

ATTN: SARHO-E 70
Kingsport, TN 376062

Commander

Indiana Army Ammuaition Plant

ATTN:  SARIN-OR A
Chavlestown, IN 47111

Commander
fowa Army Ammunition Plant 1
Middletown, IA 52638

Conmander
Joliet Army Amsunition Flan
ATIN:  SARJO-S5-% : ) 73
Joliet, it 60436
Cossander
5 lane Star Aray Asmsunition Plawnt
; ATIN:  SARLSAIE Th
3 Texarkana, X 73301
Cosssander
S Lovisiana Army Asgpmmition Flaet
3 ATTH:  SARLA-S T%
« : Shf&if‘ﬁ?@!t . L& 71102
Comrandey

Xeouport Arey Ammanition Plant
ATTR:  SARNE-S
Newport, IN 37966 76




Crmmander

Radford Army Amirunition Plant
ATTN: SARRA-IFE

Radford, VA 24141

Commander

Volunteer Army Ammunition Plant
ATTN: SARVO-T

Chattanooga, TN 37401

Mr. Harry Tke
26 Federal Plaza - Room 837
New York, NY 10007

Mr. Ben Lacey

Curtis Building, 2nd floor
Afth and Walaut Streets
Philadelpaiaz, PA 19106

Conmander

Badger Army rawunition Plant
ATTN: SARBA

Bareboo, WI 53913

Commander
Cornhusker Army Ammunition Plant
Grand Isleund, NE 6880

Commander
Kansas Army Ammunition Plant
Parsons, Ks 63757

Commander
Lake City Army Ammunition Plant
Independence, MO 64056

Commander
Louisiana Army Ammunition Plant
Shreveport, LA 71102

Commander

Milan Army Ammunition Plant
ATTN: SARMI

Milan, TN 38358

Commander
Riverbank Army Ammunitioa Plant
Riviriank, CA 95367

22

77

78

79

80

81

82

83

84

85

86

87



[ N

-

N TR skt e R ERIR AR M A

Commander
Scranton Army Ammunition Plant
Scranton, PA 18301

Commander
Twin Cities Army Ammunition Plant
Minneapolis, MN 55440

Commander
Pine Biluff Arsenal
Pine Bluff, AR 71601

Commander
Watervliet Arsenal
Watervliet, NY 12189

Commander
Longhorn Army Ammunition Plant
Marshall, TX 75670

Commander
US Naval Weapons Center
China Lake, CA 93555

Commander
Naval Ammunition Depot Earle
Colts Neck, NJ 07722

Commander
Naval Ammunition Depot Hawthorn
Hawthorn, NV 89415

Commender
Newport Army Ammunition Plant
Newport, IN 47966

Commander

Naval Surface Weapons Center
ATTN: Mr. John Hoffsomer
Silver Springs, MD 20910

Commander

US Army Natick Laboratories
ATTN: Dr. A, Kaplan
Natick, MA 01760

23

88

89

30

91

92

93

94

95

96

97-98

99-100




T Y TSR ST S P SRR T TIAS S EI T T,

hadais

Commander

US Army Natick Laboratories
ATTN: Dr. N. McCermick
Natick, MA 01760

US Army Corps of Engineers

Construction Engineering Research Laboratory
Environmental Engineering Group

ATIN: Mr. Dan Nelson

Champaign, IL 61820

US Army Corps of Engineers

Construction Engineering Research Laboratory
Environmental Engineering Group

ATIN: Mr, Walter J. Mikucki

Champaign, IL 61820

Commander

Northern Division

Naval Facilities Engineering Command
US Naval Base

ATTN: Mr. Vince Gasbaro
Philadelphia, PA 19112

Commander

Naval Ammunition Depot
ATTN: Mr. Ellis Pardee
McAlester, OK 74501

US Army Engineer District
Mobile District Office
ATTN: Mr. D. Shaw
Mobile, AL 36600

Commander

Naval Sea Systems Command

Department of the Navy

ATTN: SEA-9912E, B. Cocimano
SEA-033, A. B. Amster

Washington, DC 20360

Commander
Naval Facilities Engineering Command
ATT®  03~-A, Mr. Rockefeller

pC-4, CDR J.B. Graff
Washington, DC 20360

24

101

102

103

104

105

106

107
108

109
110




A T P s S L TR, VW 67 Ty e g i

L AL T A TS T (T 7, S IMIT V) oo b B a8y

Commander

Naval Civil Engineering Laboratories
Director, Material Sciences Division
Port Hueneme, CA 93043

Industrial Waste Technology Branch
Edison Water Quality Research Laboratory
National Environmental Research Center
US Environmental Protection Agency
Edison, NJ 08817

Office of Solid Waste Management Programs
US Enviromnmental Protection Agency
Washington, DC 20460

Effluent Guidelines Division
US Environmental Protection Agency
Washington, DC 20460

Commander

US Army Armament Research and Development
Command

ATTN: DRDAR-LCE

Dover, NJ 07801

25

111

112-115

116-119

120-121

122-150

A



