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PREFACE

This is Volume No. 5 of a five-volume document, which is to provide a genera!
environrnental assessment for the overall smoke/obscuration program. Volume No. !
identifies oil smokes; Volume No. 2 provides pertinent information on red, whii», and
plasticized white phosphorus; Volume No. 3 identifies IR smokes; and Volume Nr. 4
covers HC smoke, The purpose of this volume is to provide a programmatic
environmental assessment for signaling smokes (colored dyes). it includes the life cycle
phases of research, development, testing, production, and deployment of colored
smokes. Plans and schedules have been initiated to replace several of the standard dyes
with nontoxic ones in the near future. Existing standard dyes and assoclated signaling
smokes will continue to be used until approved replacement materlals become avallable,
This programmatic environmental assessment addresses both existing and proposed dyes
as they are applicable to present usage.

This document is not site- or item-specific, however, it is intended to be used as
a basic document In the preparation of related life cycle environmental documentation,
as well as a major supportive reference for environmental documnentation prepared for
individual site-specific operations. Therefore, as new studies are completed and other
items (smoke/dyes, munitions, etc.) are proposed, supplemental information will be
developed and issued as appropriate.

The use of trade names In this report does not constitute an official
endorsement or approval of the use of such commercial hardware or software. This
report may not be cited for purposes of adverstisement.

Reproduction of this document in whole or In part Is prohibited except with
permission of the Commander, Chemical Research and Development Center, ATTN:
DRSMC-CLJ-IR (A), Aberdeen Proving Ground, Maryland 21010, However, the Defense
Technical Information Center and the National Technical Information Service are
authorized to reproduce the document for United States Government purposes.
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DYE COLORED SMOKES
L PURPOSE AND NEED

As a result of the 1973 Yom Kippur War, the Army has reaffirmed the
importance of both signaling and screening-smecke production as vital elements of its
defense posture. The colored signaling dyes are an Iimportant means of
communications. By prearrangement, colored smoke can be used to identify friendly
units; to control the laying and lifting of artillery, mortar, and small arms fire; to
identify targets, and to coordinate fire and maneuvering of combat arms engaged in local
assault operations. Closely associated with the need for colored smoke is the
requirement of noncarcinogenicity, nonmutagenicity, and minimal (reversible,
nonincapacitating) toxicity to industrial personnel and the environment,

I, DESCRIPTION OF ACTION
A. Introduction.

Smoke signals were utilized in ancient times where hand and flag signals
were not visible and when the sound of voice or horn was not audible. However, during
the black gunpowder era, when battlefields were always enveloped in a thick haze, smoke
could not be used for signaling. With the advent of smokeless powder, smoke signals
again became feasible and are now an important means of identification and prearranged
battlefield communicatiors. Four characteristics of signaling smokes determine their
value for use namely: color, visibility, duration, and volume.

1. Color.

A signaling smoke must be clearly distinguishable from the smoke
Incident to battle. The standard smokes are pyrotechnic mixes of fuel-oxidizer and a dye
or dye combination, with a cooling agent sometimes added to prevent excessive
decomposition of the dye which is evidenced by decolorization or flaming., When lgnited,
the mixtures burn and produce colored smoke clouds of red, violet green, and yellow,
which afford good visibility and unmistakable identity.

2. Visibility,

At great distances all colors become gray and indistinguishable. A
minimum visual range against a contrasting background is specified for each signaling
munition, With the munitions now in use, the visual range varies from 3,000 feet (M22
rifle grenade) to 10,000 feet (M18 grenade).

3. Duration,

On the basis of duration, colored smoke munitions may be divided into
two classes: fast-burning, which last about | minute, and slow~burning, which last about
2 minutes.

Signaling smokes are produced by volatilizing and condensing a mixture
contalning an organic dye. The heat produced by the fuel volatilizes the dye, which then
condenses outside the munition tc form colored smoke. The burning time can be regulate
by adjusting the proportions of oxidant and combustible material, and by use of

13
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Sy coolants, The fuel is either sulfur or sugar.  The fuel-oxidizer mixture is o
B~ sulfur/potassium chlorate (KCIO,) or sugar/KCLO,. The fuel-oxidizer-coclant mixture is )
e sugar/KClOBImagnesium carbonate (MgCO,). -
" B. Background, f. .
:::“ Research studies indicate that some of the organic dyes presently used in f;‘,-'
N colored smoke pyrotechnic formulations pose potential serious health hazards to el
o occupationally exposed personnel., These component dyes include benzanthrone (7 H-benz o
o (de) anthracene 7-one), C.I. Vat Yellow 4 (dibenzo (b, def) chrysene-7-l4-dione) and oA
’ Disperse Red 9 (1 - methylaminoanthraquinone), Benzanthrone causes dermatitis in man V@i

and affects the liver and autonomic nervous system. Both benzanthrone and Vat Yeilow e
;o 4 are potential carcinogens. Disperse Red 9 is a skin irritant and sensitizer with possible hotd
3 carcinogenic activity. Research conducted In 1980 by the Oak Ridge National O

Laboratory revealed that all of the above dyes (yellow, green and red) and also 1, 4-
diamino-2, 3-dihydro-anthraquinone violet dye, exhibited mutagenic activity. These
health hazards are of concern as they give rise to a potential ban on production and use
of colored-smoke munitions. The preferred solution is the substitution of dyes which are
noncarcinogenic, nonmutagenic, and of minimal (reversible, nonincapacitating) toxicity
to industrial personnel and the environment. Accordinigly, two product improvement

Yo T
E/

programs (PIP) have been conducted to provide safer dyes or dye mixes that can be ¢
substituted in  the existing munitions without changing the item configuration or 3
performance.l’2
C. Modes of Dissemination and Munition Types. -‘::-
The pyrotechnic mixes of current colored smoke are put into cartridges .
) (smoke markers) and hand grenades, Canisters for use with projectiles such as the 105- . ::
) mrm and 155-mm have been filled and stockplled In the past, but no additional buys are pul
LS " anticipated; therefore, these canisters will not be addressed in this assessment. Colored 2
N ~ smokes are used as polnt source devices for signaling and marking; therefore, payloads o
. ’::J‘ and area coverage are magnitudes less than for screening sinokes. Payload estimates and N
. ~I dissemination characteristics are summarized in Table 1. ;.j:
A 1. Smoke Markers, '“! '
" Smoke cartridges (markers) are used to provide aerlal indentification R
§'.C‘_‘:; and location of troops on the ground and are designed to be fired from 40-mm grenade Wy
' -:l’,(n launchers. The cartridge consists of a cartridge case, projectile with pyrotechnic smoke e
- payload, and a pyrotechnic impact fuze. The cartridge case is a dual-chamber aluminum 5
Y container housing a brass propellant cup, The propellan: cup is held in the case by a -
o crimped base plug which provides a pressure type waterproof seal. The base plug houses 2
S a percussion primer. The projectiles utilize a one-piece, aluminumn ogive and a steel -
\_lj-»'.j base., The payload consists of a pyrotechnic smoke mixture pressed into the body ogive. o
' "' The fuze is cemented to the base of the projectile and protudes into a cylindrical cavity :u'_:
w\_.:{." of the smoke mixture, e
. AR - h -
b Upon firing, the primer ignites the propellant charge. In turn, the "_'
‘t@..‘ projectile is accelerated down the launcher barrel where a spin of 3750 rpm Is imparted =
: N by the barrel rifling. A muzzle velocity of 250 fps is attained. In addition to launching .
RS the projectile, the propellant gases ignite the first fire mixture of the fuze in the base of { :
;:.-‘1 the projectile. The first fire mixture ignites a high-temperature transfer mixture }
Reo contained in the steel cup. The transfer mixture burns during the first |5 meters of -
e ge
1t -
) o
‘.\A -
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projectile flight, When the projectile is between 15 and 45 meters from the launcher
muzzle, heat transferred through the steel cup ignites the delay mixture. Upon impact,
the delay casing breaks, and the burning portion flies forward out of the fuze support,
contacting and igniting the pyrotechnic smoke mixture. Ignition of the smoke mixture
causes buildup of pressure, which dislodges the fuze support at the aft end oi the

.

projectile and the end seal at the forward end, thus allowing smoke to be emitted at f'.-;
either end of the projectile, Typical weight of the munition is 0.40 lb; length is 3.9) *1'
inches; smoke mixture payload typically is 75 grams. A
2, Smoke Grenades, \

N

Colored smoke grenades are used to mark or spot specific positions on P".,

the ground. They are normally emplaced by hand and ignited manually. The average Vg
soldier can throw a grenade 30 to 35 yards. Colored smoke is highly visible and would £e
likely draw enemy fire when used in small quantities. So, it should never be used as a e
screening device. 3

qp

The M18 smoke grenade is depicted in Figure 1 below, It is a self-

&

contained unit filled (compacted) with a solid-fuel, smoke-producing agent by means cf e

hydraulic rams. At the top of the grenade, a small chamber contains a starter system* N

filled with a speclally developed chemical composition, Additional Information on the N

M18 grenajde can be found in the Operator's and Organizatlon Maintenance Manual for e

Grenades. L d

Ry The grenades produce smoke by means of a reaction In which a ;'-',.J
0y carbohydrate-based fuel, such as sucrose, is oxidized by potassium chlorate, The heat !
o liberated by this reaction serves to vaporize the dye, which is then ejected into the .‘\
'p_e‘ffl\\: atmosphore along with other vaporized combustion products and, upon condensation, oy
“u creates a cloud with the color of the vaporized dye.
o

\:{-'

1'::-

‘:".

A

n]

ITEM: M18 GRENADE [

TYPE: CORE BURNING 3

D\ﬂ U &B COLORS: RED, VIOLET, GREEN, YELLOW .
o e

SM] E D U@[} 3 SIZE: 2,5-INCH DIAMETER, 4.5 INCHES LONG e

WEIGHT : (TOTAL)  1.07 LB L

UQ[}S HD MIX) 73 LB \i

M— ] FUZE: M201A1 PYROTECHNIC FUZE ) \o

BURNING TIME: 50-90 SECONDS N

""\*..._._______,.'—/ - I’.
‘ ‘v'
A".ll “—'—.——‘_ - "Q .
el e
:"“ Figure 1. M18 Colored Bmoke Grenade
" -
Ay h...
» . , \ o)
L .- *The starter mix is applied to the surface of the compacted smoke mix. P
LY :'r'-
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D. Signaling Smoke Formulations.

In the following paragraphs the various standard and substitute dye colors
and associated compositions will each be identified separately, The dyes which may pose
a health hazard and are scheduled for replacement are Disperse Red 9 (1-methylamino-
anthraquinone), benzanthrone dye (7-H-benz (de) anthracene-7-one), Vat Yellow &
(dibenzo (b, def) chrysene-7-l4-dione) and Violet dye (I, #4-diamino-2, 3-
dihydroanthraquinone)., The proposed replacement dyes are depicted in Table 2 below.

Table 2, Standard versus Proposed Dye Replacements

Color Trade name (chemical nomenclature)
smoke Standard dye Proposed replacement dye
Red Disperse Red 9 Sudan R (0-methoxy-phenyl-
(1-methylaminocanthraquinone) azo-B-naphthol)
Green Solvent Green 3 (1, 4-di-p- Solvent Green 3
toluldinoanthraquinone)
Benzanthrone Dye (7 H-benz Solvent Green 3 (Increased
(de) anthracene-7-one) percentage)
Vat Yellow 4 (dibenzo Solvent Yellow 33 Dye (2-
(b, def) chirysene-7-14-dione) (2-quindolyl) - 1, 3-indandione)
Yellow Vat Yellow 4 (same as above) Solvent Yellow 33 Dye (same as
above)
Violet (1, 4-dlamino -2, 3-dihy= Solvent Violet 36
droanthraquinone)
Disperse Red 9 Sudan R

(1-methylaminoanthraquinone)

Most of the Product Improvement Program (PIP) work accomplished so far has been for
yellow and green smoke compositions. Not nearly as much information has been
complled for red and violet formulations, Preliminary testing for mutagenicity Is being
conducted to ald In determination of future red and violet dyes, while the yellow and
green dy=s have been tested and approved to star. manufacturing yellow and green
grenades. The green smoke will continue to use the standard Solvint Green 3 (at least
for the present). A yellow dye, 2-(2-quinoly})-1, 3-indandlone, has bezen identified as
having been successfully used as yellow smoke and, in combination with Solvent Green 3,
as green smoke, It has been certified by the Food and Drug Administration (FDA) for use
in externally applied drugs and cosmetics. The FDA designation for this dye is D&C
Yellow No. Il. The synonym used by the Edgewood PIP program is Solvent Yellow 33.
Ingestion and inhalation studies are underway by the US Army Medical Bioengineering
Research and Development Laboratory (USAMBRDL), Fort Dietrick, Maryland.
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fg Where red and violet smokes are listed together and likewise yellow and :‘_::3;:,”.
v green are grouped together in the following tables, it is because of their similarity in .
) chemical ingredient formulations. Benzanthrone and Vat Yellow 4 are not addressed in AR
'( the following sections because of their discontinued use.
)
," 1. Disperse Red 9 Dye. g.‘*,‘-‘.
| ‘q__'\ ~,
" 1-Methylaminoanthraquinone Is a disperse dye used by the Army to ::E&:
v impart a red color to smokes. It is presently stockpiled for use but is scheduled for AN
w replacement. At current production rates, the Army uses 100,000 b of this dye per iy
year. This Is approximately 12% of the civilian production capability. [0 7
Wt RS
L (a) Alternate Names. S
1] -': oy
o 1-Methylaminoanthraquinone is a disperse dye with the chemical :&
; structure shown belows S
s 3
< 0 NHCH, S
l ‘['D o
L X ' v
i )\ ' '
o The molecular forrnula of this dye Is C 4H;|NO,. Its molecular weight is 237.26 o
?‘q gm/mole. Pertinent alternate names for l-metg\ylam noanthraquinone are: O
N bR
CAS Registry No, 82-38-2 o
. oA J
N Replaces CAS Registry No.(s) 12226-87-8 i
m‘,ﬁ -.'-:.,
x} CA Name (9CI) 9,10-anthracenedione, 1-(methylamino) ::';.-
: Y
) Eat]
b, CA Name (8CI): anthraquinone, 1-(methylamino) :f;':
\-‘4 Wiswesser Line Notation L Cé66 BV IVJ DM1
{ Synonyms: Alpha-methyaminoanthraquinone; C.I. 60505; C.l. Disperse Red 9; :::::'{C
i C.I. Solvent Red 111; Calco Oil Red ZMQ; Celanthrene Red Y; Celliton Pink R; t:':}-
1y, Diacelliton Fast Pink R; Duranol Red GN; Marcolex Red G; 1-methylamino-9-10- o
. anthraquinone; l-(methylamino) anthraquinone; N-methyl-l-anthraquinonylamine; 1-(N- M
Ly methylamino) anthraquinone; Oil Red ZMQ; Serilene Fast Pink BT: Supracet Pink R;
= Waxoline Red MAA: Waxoline Red MP S
b (b) Physical Propertles. r)
"y ".' .
W Physical form @ 20°C: solid e
e IRREN .
i Color and crystalline form: yellow-red needles Y
k‘ MP: 170°C o
o Y
| Solubility: soluble In alcohol, benzene, chloroform, acetic acid, Y
0 acetone, and linseed oll. Slightly soluble in carbon tetrachloride. o
e o
. ) h -:‘::.
o 18 e
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(¢) Mix Formulations.

The colored smoke grenades produce smoke by volatilization of
organic dyes. The dyes are intimately combined with a pyrotechnic mixture of a fuel, an
oxidizer, and a coolant (burning rate modifier). The formulations of the standard smokes
versus improved smokes are found in Tables 3 and 4.

Table 3, Standard Red and Violet Formulations

Red smoke Violet smoke

Parts by Parts by
Chemical ingredient Specification Weight weight
Dye, Disperse Red 9, MIL-D-3284C 40 % +
sodlum bicarbonate, 25 % # 24 %
potassium chlorate, 26 % & 25 % #
sulfur 9% 9%+
Violet Smoke Mix* MIL-D-3691B 42 %

*80+ 2% 1, 4 dlamino-2, 3-dihydroanthraquinone and 20+ 2% of Disperse Red 9,

(d) Product Improvement Program Actions.

The purpose of the program (PIP DA1-81-09-7320) is to replace
Disperse Red 9 (l-methyl-amino-anthraquinone) by developing substitute dyes.
Specifically, areas targeted for investigation are:

1. Studies will continue to be conducted to derive red (and
violet) smoke formulations. Grenades will be loaded and tested to optimize thermal
efficlency, establish functional suitability, and verify the acceptability of colors.

2. Military specifications for substitute dyes will be prepared,
including quality acceptance requirements.

The primary replacement candidate to date is O-methoxy-phenyl-
azo-B-napththol (Sudan R).

2. Sudan R Dye.

O-methoxy-phenyl-azo-B-naphthol is the proposed red dye to replace
Disperse Red 9 in the M18 grenades and 40-mm smoke cartridges.
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- (a) Alternate Names SRS
ST o
' 4"._'\1 Pertinent alternate names for O-rnethoxyphenylazo-B-naphthol* -_‘,".-'\"
N e:
l ar -
v ' A
a B
mn e
‘,t i 'v,J :-:‘_.H
™ The molecular formula of this compound is Coo]
A% ‘.";‘s"\'_
NS CAS Registry No, 6410-20-4 Py
y ,..’ N \-_tv:._
B C.l. 12150 e
h-‘., Synonyms: Qil Red G, Solvent Red 1 e
| ; (b)  Physlcal Properties. ;;:ji'»_ :
A8 Will be included as the data is obtained. o
N \l ' i v
A (c) Mix Formulations. N
3 e
oy s
‘- Table 4. Improved Red and Vliolet Formulatlons ;-::.
. (A B
' 4
\ \ F:I-,
1 Red smoke  Vlolet smoke R
| Parts by Parts by N
e Chemical ingredient Specification weight weight g
. 0 ‘;v‘&..
’ K e
A Dye, Sudan R MIL - o
o This table is to be completed as o
o) data becomes available. b
:ﬁ: Violet Smoke Mix MIL - Y
T , I}
avanthn ; ‘
f'.\‘:.‘l (d) Product Improvement Program Actions.? - :r:'
3 £
.}.::; Included as part of the PIP will be the following actions: s
L .l, "l _c":

e The improved smoke formulations wili be tested to assure they are £ J
z_.-. safe and effective and meet the performance specifications. Hazards classifications will e
LA be assigned. i
A .
DY R
AN

] ]

o *Other pertinent data will be included as it is developed. e
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IS

A medical evaluation program (MEP) is being initiated which will ,«.';A'j.

completely assess the health effects of the substitute dye and the improved smoke ey
formulations. _?.j_:..f_
PEE
The technical data package for the M18 grenade will be amended to [ @

allow the production of red and violet smoke grenades with the substitute smoke N

formulations, e

3. Violet Dye Mix.

A preblended mixture of 1, 4-diamino-2,3-dihydroanthraquinone (30% +
2%) and Disperse Red 9 (20% + 2%) constitute the violet dye mix that is used in smoke
grenades to Impart a violet color to the smoke. This dye is scheduled for replacement.
The grenades are manufactured at Pine Bluff Arsenal. The use of the dye by the Army is
sporadic. At current operating rates the Army uses only 0.7% of the civillan production
of the dye; current Army production is 3,500 Ib per year.

(a) Alternate Names.

1, 4-Diamino-2, 3-dihydroanthraquinone is a violet dye possessing
the following chemical structure:

0 M,
™
0 N,

This compound has a molecular formula ot C,H,,N,0, and a molecular weight of
240,26 gm/mole. Pertinent alternate names for l‘l, 1A--diam no-2, 3-dihydroanthraquinone
are:

CAS Registry No, 31-63-0

CA Names (9CI) 9, 10-anthracenedione.l.4-dlamino-2, 3-
dihydro-

CA Names (8CI) anthraquinone, 1, 4-diamino-2, 3-dihydro-

(b) Physical Properties.

No physical properties of 1, 4-diamino-2,3-dihydroanthraquinone
were found in this search.

() Chemlcal Properties

1, 4-diamino-2, 3-dihydroanthraquinone is easily oxidized to 1, 4~
dlaminoanthraquinone by either air or manganese dioxide,

(0], @i
M n.‘ A;'
\‘\ ™ .

o MR,
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:'4“. N
::-‘.":- In the environment this dye is expected to undergo photochemical decomposition. The
5 .r.‘_l»: rate of decomposition and the products formed will be dependent upon the surrounding RN
; X A’ conditions, s
{ (d) Product Improvement Program Actions. '@
r. ) r‘:l““‘
R The purpose of the project (PIP DA1-81-09-7320) is to replace RN
b w.j;-i Violet Dye Mix and Disperse Red 9 (l-methyl-amino-anthraquinone) by developing [Z:Z-j
& : substitute dyes. Specifically, areas targeted for investigation are: o
. 1. Studies will continue to be conducted to derive violet smoke i
Ras formulations. Grenades will be loaded and tested to optimize thermal efficiency, o
é:?’ establish functional suitability, and verify the acceptability of colors. R
> b o
'&3 2. Military specifications for substitute dyes will be prepared e
T including quality acceptance requirements. et
S [}
f"s' 3. Candidate substitute dyes will be identified and developed. W
q (1 i
| o
: o 4 A Medical Evaluation Plan (MEP) will be initiated. "_;
" p ‘.'\‘:u
R 4, Solvent Green 3 Dye, R
L4 '
b 1, 4-di-p-toluidinoanthraquinone Is a green dye used in smoke -
§f}‘ formulations to Impart green color to the smoke. Current production is approximately .
o 64,000 Ib per year. Solvent Green dye has been used in conjunction wlth benzanthrone ¥
. :-Ij dye and Vat Yellow 4 Dye to create green smoke, ,:JE
. .‘q‘ ,‘J‘
(. Benzanthrone and Vat Yellow 4, both yellow dyes, have been discontinued :f' :
g from use, and an engineering change proposal (ECP) to allow production of substitute F‘T"“
‘.:a: dyes (Solvent Yellow 33 and Increased percentages of Solvent Green 3) has been approved :«:-;-
e \:;1,‘ by the Configuration Control Boards (CCB) of CRDC and AMCCOM. e
T e
}'3 (a) Alternate Names. S
] '!'
. l, 4-di-p-toluidinoanthraquinone is a green dye possessing the v
vt :.::f: following chemical structure: ';\3'
- S B
9 0 H F!J
G I CH
|:'\:. C N * l:’:‘
s -
\hd,":. @c@ :'-::
N n N CH, e
= 0 H '®.
o o
o The molecular formula of this compound is C,gH,,N,O, and its molecular weight is o
N 418.50 gm/mole. Pertinent alternate names fori 4- i-p-toluldlnoanthraquinone are:
1) 'Y
o CAS Registry No. 128-80-3 o
3 =
S 23
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CA Name (9CI) 9, 10-anthracenedione; 1, 4-bis((4-methylphenyl) amino) ;r_'
N

CA Name (3CI) anthr.. juinone, I,4-bis(p-toluidino) anthraquinone w;-',f:
Wiswesser Line Notation: L C666 BV IVI DMR D& GMR D e
Synonyms: Ahcoquinoce Cyanine Green Base; Alizarine Cyanine Green '.::?:"::
Base; Alizarine Cyanine Green G Fat Soluble; Alizarine Green G Base; e
Amaplast Green OZ; Anthraquinone Green G Base; Arlosol Green B; A
Arlosol Green BS; Arlosol Green BSS; 1,4-bis(p~tolylamine) e
anthraquinone; C-green 10; C.l. 61563; C.l. Solvent Green 3; Cyanine e
Green G Base; D and C Green No, 6; 1, 4-bis(p-toluidino)anthraquinone; L:{-'j
Fat Soluble Anthraquinon Green; 1109! Green; Green No. 202; Nitro AR
Fast Green GB; Organol Fast Green J; Organol Green J; Quinazarin '..;::I;','
Green; Quinizarin Green SS; Quiniz-anine Green Base; Solvent Green 3; B
Sudan Green 4B; Toyo Orlental Oil Blue G; Waxoline Green; Waxoline O
Green G, E"'l!
:l .:‘h

(b) Physical Properties. i
. y ::|
Physical properties of 1, 4-di-p-toluidinoanthraquinone (Hawley, "\:}A
1977, Colour Index, 1956): ;r\
Physical Form @ 20°C: solid SO
MP: 213°C e
.-,..:,

Solubility, Slightly soluble In acetone, ethyl acetate, mineral oll, olelc o
acld, and stearic acld, Soluble in benzene and toluene S,
Chemical Properties. f_\

E"“:\'Z‘

1,4-di-p-toluidinoanthraquinone  will  undergo  electrophilic ',{',j-:,.'
substitution on the toluidine rings. This substitution occurs ortho to the amino functlon, s
gnhl

NaO, 5 -CH

o o
0o B \F o PN e
S0

N 3 i

. = o0C "

o oleun

o N 0
B @ HN@ ‘:‘:.:.:

cu, Na0,s ~F " CHy 1@

In the environment photodegradation of this dye can also occur. The rate and the
products of the photodegradation will depend on surrounding conditions.
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(¢} Mix Formulations.

The standard smoke mixes are listed in Table 5, and Table 6 shows
the improved replacement smoke mixes.

(d) Product Improvement Program Actions.

PIP action is not presently underway for Solvent Green 3 since all
information to date Indicate it is suitable for continued use, As already indicated,
benzanthrone, a yellow dye, and Vat Yellow 4 have been replaced by increased
percentages of Solvent 3 and Solvent Yellow 33. (An engineering effort is being
performed under MMT project 5791403 for the dye replacement in the M18 grenade. A
simllar effort for the 40-min markers will be performed under PIP DA1-82-7324,)

The medical evaluation program has been initiated which will
completely assess the health effects of the substitute dye and the improved formulations.

5. Solvent Yellow 33 Dye.

2-(2-Quinolyl)-1, 3-indandione is a yellow dye which will impart yellow
color to smoke. It Is used in both yellow and green smoke munitions. The FDA
designation for this dye is D&C yellow No. 1.

(a) Alternate Names,

2-(2-Quinolyl)-1,3-indandione has the following chemical structure:

CAS Reglstry No. 83-08-9
Color Index No, 47000

Synonyms: Chinoline yellow, quinoline yellow SS, C.I. Solvent
Yellow 33, D&C Yellow 11

(b) Physical Properties,

These properties will be incorporated when data becomes available.

(¢) Mix Formulations.

The following comments are pertinent to the new mixes in Table 6
and are derived from performance testing with smoke g1 1ades.

1. Sulfur and sodium blcarbonate are unacceptable as fuel and
coolant, respectively, In the new mixes. Yellow smoke grenades made with sulfur or
sodium bicarbonate burn unevenly and the smoke color fades. Green smoke grenades
made with sulfur burn uneverly and may explode.
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'6{:.:«* Table 5. Standard Yellow and Green Smoke Mix Formulations AR
. hyrait
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R

Yellow Smoke VI Green Smoke 1V :~.§~

Parts by Parts by o

Chemical ingredient Specification weight Tolerance weight Tolerance :\:}.'

o,

Dye, Vat Yellow 4 MIL-D-0050029 14.0 +C.5 4.0 +0.5 :S:S

e

Dye, benzanthrone MIL-D-0050074 24.5 +1.0 8.0 +0.5 ‘-j}"i

Dye, Solvent Green 3 MIL-D-003277 - - 28.0 +1.0 x}:.]

Potassium chlorate MIL-P-150, 20.0 +2.0 27.0 +2.0 e,

Grade B, L

Class 7 e

X

Sodium bicarbonate O-5-576 33.0 +2.0 22.6 +2.0 W

Sulfur MIL-S-487, 8.5 +1.0 10.4 +1.0 Fv;

Grade E o

- ‘:':-

':',4:..:1

Table 6, Improved Yellow and Green Smoke Mix Formulatlons F:‘;::

I S

Yellow Smoke Xl Green Smoke V1l R

Parts by Parts by e

Chemical ingredient Specification welght Tolerance weight Tolerance A

, e

Dye, Solvent Yellow DOD-D-51485 42.0 +1.0 12,5 +0.5 o

33 s

:N‘:’-

Dye, Solvent Green 3 MIL-D-003277 - - 29.5 +1.0 :t :

>,

Potassium chiorate MIL- P-150, 22.0 +1.5 24,5 +l5 s

Grade B, w

i:g.; Class 7 W
L.“h:' " ‘-"“’n'
e Magnesium carbonate  MIL-M-11361, 21.0 2.0 17,0 +2.0 e
u'\ — — -
O Grade N L
"'.:, N }C\"
" Powdered sugar 1313-5-791, 15.0 +1.0 16.5 +1.0 (X )
o Type 1‘, e
N Class (d) R
ad '.‘ 'a" o
3 - eem — o8
.t::: NOTE: All proportions of potassium chlorate and sugar to other ingredients may be varied to yleld the ;
Ln, required burn time, but the ratio of potassiurn chlorate to sugar must be maintained in the proportions A
,’:_“; specificied in the table, ia, 4
4 tot
N r\ L,
. NN
h\‘ii ’-:_‘-:'
:}-}. 25 :'.-f:j
o
;.. RN AR :'?:‘J-;:Z-T:Z-}_Q-'{Iﬁ:l-f:l-::}::\".-'_"I:" R A D) " OROOOI SN : \




2,  'Powdered sugar (sucrose) and magnesium carbonate were the
best fuel-coolant combination tested. Excellent smoke clouds of bright yellow and green
were produced. The optimum formulations are shown in Table 6.

3. The oxidizer-fuel ratio (potassium chlorate-sugar) which
gave the best grenade performance was determined to be 1.5:1,

4,  Lactose was not acceptable as a fuel. Although lactose was
preferred over sucrose, as the former is norhygroscoplc, yellow smoke grenades
Incorporating lactose burned unevenly and several green smoke greriades exploded.

5, Dextrin is not recommended as a Solvent Yellow 33 diluent,
although its use is allowed in the other standard military smoke dyes. The presence of
dextrin in the improved smoke mixes was found to have a significant effect on grenade
burn time. Although smoke mixes which contained 2 or 4 percent dextrin were
successfully formulated, the potential for producibility problems exists where the dextrin
conten* varles from lot to lot.

6.  Bright yellow smoke was produced using Solvent Yellow 33
alone, A bright green ‘smoke, judged superior to the smoke of the standard green smoke
grenade, was produced by a 70 to 30 (by weight) mixture of Solvent Green 3 and Solvent
Yellow 33,

(d) Product Improvement Program Actions.

Soivent Yellow 33 was assgssed under MMT Project No. 5791403
and the details are contalined in a report by Smith,

E. Impact Models (Environmental Fate).

The Environmental Technology Division of CRDC has access to an
environmental fate model which uses the fugacity (defined as escaping tendency) of a
chemlcal to predict the phases where a given chemical will concentrate. The phases are
soil, water, air, sediment, and biota, The model assumes a steady state betwesn phases,
A more detailed explanation of the model Is presented by Mackay and Paterson.

The inputs for the model are:

molecular weight (mol wt)

temperature of environment (°C)

water solubility (mg/l)

vapor pressure (mm Hg at temperature of environment)
log octanol” /water partition coefficient (log kow)

amount released (moles)

As an example of this model, |-methylaminoanthraquinone (MAA) was
used, The molecular weight and temperature of MAA were known.

#loc octanol = log koc which is calculated In the model




Ky

Estimates of water solubility and vapor pressure at 25°C was derived from
data that was generated at higher temperatures. For the octanol/water partition
coefficient (log kow), two values were used to cover a range where the actual value
would most likely fall. We assumed a water solubility value of 0.05 mg/gm at 25°C.

The results are presented in Table 7. The model indicates that MAA will
primarily accumulate in the water. This model is a tool which can predict where a
chemical will concentrate when released into the environment., The fugacity model
requires a small amount of input and is good for initial environmental estimates. If
necessary, more sophisticated models are available for environinental fate predictions.

Table 7. En  onment Fate Model for 1-Methylaminoanthraquinone

Percent of MAA in each phase

Impact Air Water Soil Sediment  Biota
Molecule weight 237.1 gm/mol
Temperature 25°C
Water solubility 50 ug/l 32,6  59.6 14 6.4 <.l
Vapor pressure .0002 PA
log ow 3.00
Molecule weight 237.1 gm/mol
Temperature 25°C
Water solubility 50 ugfi 0.0 99.6 .07 34 <.l
Vapor pressure .0002 PA
log ow 1.5

Anyone interested In using such models for their own predictions may contact the

Environmental Technology Division, Chr mical Research and Development Center at
Aberdeen Proving Ground, MO 21010.

*The log kow partition coefficient expresses the equilibrium concentration ratio of an
organic chemical partitioned between n-octonal and water.
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RS Environmental laws and regulations are of two types: (1) those requiring

assessment of environmental Impacts of specific programs or actions, and (2) those
requiring compliance with environmental pollution standards. Tk chemicals and
facilities associated with smoke operations may be affected by one or more of the
statutory requirements listed below., The primary purpose of this section is to identify
general features and applications of those environmentzl regulations most likcely to
influence smoke operations during their life cycle. Specific applications will vary with
individual items and should be addressed accordingly.

A. Natlonal Environmental Policy Act.

The National Environmental Policy Act (NEPA) of 1969 was created by
congress to establish a national policy for protection of the environment and to provide
the goals and means to avoid or minimize adverse environmental consequences by
requiring that impacts of planned federal actlons and alternatives be evaluated before
being undertaken, As currently amended, this act Is binding cn the activities of all
federal agencies; except where inconsistent with other statutory requirements. Certain
provisions of NEPA are also incorporated into other federal legislation, including the
J National Historic Preservation Act of 1966 and the Endangered Species Act of 1973,

F R d -

Army policy in NEPA matters Is provided in AR 200-2, which establishes
responsibllities and procedures for integration of environmental considerations into Army
planning and decision making. Among these responsibilities are the Ildentification and
analysls of environmental risks for proposed actions and their most likely alternatives.
The policy of the US Army Materiel Development and Readiness Command (DARCOM)
requires environmental analysls and documentation for all items (including smokes) being
developed under its program/project/production managers and research and development

#*:g commands,
S“?‘j B. Resource Consarvation and Recovery Act,

The Resource Conservation and Recovery Act (RCRA) of 1976 established a
national program for management of waste, including hazardous waste (40 CFR parts
260-64; 266-267). Wastes are defined by RCRA as "hazardous:" (1) if specifically listed

x

\'1 by regulations, or (2) if exhiblting any one of the characteristics of reactivity,

§:‘_4 corrosivity, ignitability, .r EP toxicity (as defined in 40 CFR, 261.2). The present EPA

N list includes approximately 400 chemlcals and 85 process wastes, State and local

W regulatory authorities may administer programs for hazardous waste management

M provided that the programs are at least as stringent as the federal program. Therefore,

oo state and local programs should be evaluated for consistency with the federal
) regulations.

Under RCRA, the generator of waste has the responsibility for determining
whether or not it Is hazardous. If found to be hazardous, the waste Is then subject to
comprehensive "cradle to grave" record keeping requirements, Including a manifest
system to track and document the generation, transportation, and ultimate disposal of
the material. It should be emphasized that substances are not classified by RCRA as
wastes until they are ready to be discarded (i.e., regulations do not apply if substances -
otherwise classifiable as wastes - are recycled for other industrial purposes),
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The colored smokes/components are not listed by compound name as RO
hazardous wastes under RCRA. However pyrotechnic smokes are classified as hazardous '_:'_'f',—'
waste for disposal purposes, hence the colored dyes are pyrotechnic smokes. This AN
classification for pyrotechnics is provided by Title 49 CFR 173,53 (r), which includes S
smoke generators and munitions filled with smoke and used in warfare as Class A e
explosive chemical ammunition. Title 40 CFR 261.23 (a) (8) states that Class A DR
explosives as defined by 49 CFR 173.53 are hazardous wastes when disposed of. o

C. Toxic Substance Control Act. Y

The Toxic Substance Control Act (TSCA) of 1976 addresses the manufacture, oy 3
importation, distribution, and use of chemical substances. As amended (40 CFR, parts WAAES
704-710) this act authorizes the Environmental Protection Agency (EPA) to inventory e
commerclal chemicals and, for chemicals listed after 31 December 1979, to require e
sufficlent data to estimate heaith and environmental hazards of production use. ::%:r_i

The standard colored smokes used by the Army for testing and tralning are B ’
listed on the initial TSCA inventory list (45 CFR 505444, 29 July 80). These standard NN
dyes include Solvent Green 3, Disperse Red 9, Violet mix, benzanthrone, and Vat Yellow ?:-::.j-:-ij
4 “-{2

(AN

The new dyes, Sudan R and Solvent yellow 33, are also on the TSCA Initlal pe
Inventory list. Both have been used by industry for years in dye operations. Both Sudan
R and Solvent yellow 33 were also developed before TSCA became effective and are on L
the initial Inventory list. \C*i\t

ol
D- Clean Ah‘ ACt. 'tn'::‘
et it Y ~:‘_1\

The Clean Air Act (CAA) of 1963 was created because of public concern ,‘ ]
over health prcblems assoclated with air pollution. As currently amended (40 CFR, parts
50-52), the CAA established National Ambient Alr Quality Standards (NAAQS) for the {
control of criteria alr pollutants to prevent adverse effects to alr resources, human AN
health, and the environment. NAAQS which may be affected by the smoke program are j "
presented in Table 8, However, it is likely that an NAAQS would only be affected by e
smoke generation if it occurred frequently, on a large scale, and In the same general e

% location. It Is more feasible that smoke-generation exercises would exceed certaln o
o emission standards/nuisance iaws established by state and local regulatory agencles. }I".:
W State and local municipalities may adopt standards that are more stringent than the % o
v NAAQS and local standards sheuld be evaluated for consistency with national standards. N
- Until recently, the emission of hydrocarbons was regulated by the NAAQS; however, on S
a7 30 Decembur 1982,the hydrocarbon NAAQS was rescinded by the EPA. According to the ) |
., EPA, because no consistent quantitative relatlonships between concentrations of ambient N
{ alr ozone and hydrocarbon air quailty leveis exists, the original basis for the S
:':‘} hydrocarbons standard could not be justified. o
53 Under the CAA, the country is dlvided into 247 air quality control regions R

o (AQCRSs) to provide basic geographical units for alr pollution control. States are required £4 @
! to prepare State Implementation Plans (SIPs) to implement and enforce criteria pollutant
! standards in those regions. AQCRs that have attalned the NAAQS for a criteria RO
::: pollutant are consldered to be in "attainment" for that pollutant. AQCRSs in violation of f::\:}.
N NAAQS for a criteria pollutant are considered "non-attainment" for that pollutant. Most N
b standards specify two types of limitation - long term standards, which cannot be -:I:-:::-
exceeded on an annual average, and short term-exposures, which cannot be exceeded for bum @
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Table 8. Federai Ambient Air Quality Standards for t:':::'ﬁ
Certain Criteria Pollutants Relative to Colored Smokes A
.‘-‘._:.._

e
o

b

X

Chemical Natlonal standards :.:{;ii

" f
s
54’

Particulate matter (A) 75 ng/ m3 jannual geometric mean =
(B) 260 pg/m? - maximum 24-hour concentration not to :
1o be exceeded more than once per year.

Ozone 0.12 ppm (235 pg/m3). The standard is attained when the
expected number of days per calendar vear with maximum
hourly average concentrations above 0.12 parts per million
(235 ug/m”) is equal to or less than 1.0.

Hydrocarbons EPA standard rescinded

brief periods (e.g., 3 hours and/or 24 hours). Because the deliberate generation of smokes
during testing or training is directly counterproductive to air pollution abatement and the
control efforts of the environmental regulatory agencies, the Army environmental
coordinator at the Individual test or tralning site should be consulted to determine
whether a particular actlvity Is regulated and to coordinate the smoke exercise with
regulatory agencies for permits or variances, as required.

E. Federal Regulations Governing Hazardous Substance Release_ into the
Environment,

Pollcy and procedures for control of discharges of hazardous substances Intp
the environment are detailed In the Federal Water Pollution Control Act (FWPCA)
(PL95-57¢) and the Comprehensive Environmental Response Compensation and Liability
Act of 1980 (CERCLA) (PL96-510). Section 311 of FWPCA describes requirements for
handling discharges of hazardous substances into or upon navigable United States waters,
adjolning shoreline, or the contiguous zone that may affect US natural resources.

EPA has prornulgated regulations under the FWPCA which identify and
establish reporting requirements for approximately 270 hazardous substances., Reporting
requirements are bases on harmful quantities as defined by the regulation. Zinc chloride,

‘—4 the predominant aerosol product of HC smoke, is Included on the FWPCA hazardous ";-'Fj-,'
W substance list. O
R ' .::-‘
" An Installation Spill Prevention and Countermeasure Control (SPCC) Plan ol
and an Installation Spill Contingency Plan (ISCP) establishes procedures to prevent spills iy
and to ensure prompt reporting, containment, and cleanup of spills should they occur. !L!.ﬁ

QoRIES
SR

*FWPCA is commonly known as the Clean Water Act, N
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Reporting procedures are outlined in Army Regulation 200-1, chapter 8, 15 June 1982, In
that the smoke mixes are not liquid, the word(s) "leakage" or "accidental release" should
be substituted for the word "spill."

CERCLA also establishes reporting requirements for the release of
hazardous substances into the environment, including land, air, and water when release
occurs in amounts equal to or greater than the reportable quantity. A hazardous
substance as defined by CERCLA includes any substance designated or listed in:
FWPCA, Section 307 and 311; RCRA, Section 3001; CAA, Section 12; and TSCA, Section
7. The "reportable quantity" for any hazardous substance is | pound, unless otherwise
specified in Sectlon 311 of the FWPCA. The reportable quantity under CERCLA for zinc
chloride s therefore 5000 (2270 kg) lb or more per 24~hour period.

F. Regulations for the Transportation of Hazardous Materials.

1. Department of Transportation Regulations.

The Department of Transportation (DOT) is required by federal law to
formulate regulations for safe transportation of hazardous material, polsonous
substances, explosives, and other dangerous articles (Title CFR 49, parts 171-177). These
regulations bind all carriers engaged In the transport of the above-mentioned hazardous
materlial and are In accordance with the best known practices for assuring safety in
transit. Of particular importance is part 172 of these regulations, which lists hundreds of
materlals by hazard class with guldelines for safe packaging and shipping.

Colored smoke munitions and bulk quantities are classified as a Class C
explosives. Table 9 lists the hazard class and labels for these.

2, Mllitary Regulations,

Explosives and other dangerous particles shipped or transported by the
military services are subject to the applicable regulations of the military service
Involved, Modes of transportation covered by the regulations are:

(a) Surface Carriers.

AR 35-355 regulates the movement of military cargo within the
United States by commerical vehicle,

(b)  Alr Shipments.

Alr shipments are regulated by the TM 38-250 for safe transport
of hazardous articles.

(c) Water Shipments.

AR 55-228 regulates shipment and transport of dangerous and
hazardous articles by water In conjunction with US Ceast Guard regulations.
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3 Other Regulations.

(@) In addition to the federal laws governing the transportation
of flammables and hazardous materials, each state and nearly all municipalitites have

laws or ordinances regulating the transportation of hazardous articles within their
jurisdiction,

(b) Policies and procedures for environmental protection on
military installations are provided in AR 200-1, "Environmental Protection and
Enhancement" and respective supplements,

G. Regulations for the Storage of Hazardous Materials,

l. For ease of storing and handling, smokes are divided Into chemical
groups. Classification Is based on the actlon of the item, and the degree and type of
protection required, In accordance with DARCOM-R 385-100, munitions are assigned

Chemical Group D and storage compatability Group G. Reference Table 10 for
clarification and detalls.

H. Other Conslderations.

1. Regulations on endangered specles or historic preservation are primarily
site specific. The environmental quality coordinators of the Installation should be
contacted to determine if these regulations are applicable.

2, The Department of the Army (DA), DARCOM, and Army Tralning
Doctrine Cormmand (TRADOC) prohibit open burning of colored smoke filled munitions,
DARCOM policy as outlined In DARCOM Supplement | to AR 200-1, Chapter 4, para 4-
4f states that the open burning of hexachloroethane (HC), white phosphorus (WP), and
colorad smokes is prohibited, Requests for exception to thls policy should be forwarded
to Commander, DARCOM, ATTN: DRCSG, with appropriate justification.

IV, TOXICITY AND HEALTH EFFECTS
A, Introduction,

In discussing the toxicity of colored smokes, each standard dye and all the
proposed dyes will be addressed with the exception of benzathrone and Vat Yellow 4.
These latter dyes are being phased out and their health effects have already been briefly
addressed in Sectlon I of this report. A review of the toxicology of colored srnokes and
colored dyes Is contained in a report by Owens and Ward.® Data gaps exist on aquatic
toxicity and the environmental impacts on flora and wildlife.

Toxicological testing, The candidate replacement, that was proven
technically acceptable, Solvent Yellow 33 dye, must also be shown to be nononcogenic
and of minimal toxicity, A medical evaluation program (MEP) has been planned to
provide a toxicology data base to answer these questions. The MEP focuses on Industrial
site exposure of the wq;ker and the environmental consequences of industrial waste and
fallout during tralning,” The US Army Medical Research and Development Command
(USAMRDC) through the USAMBRDL, Fort Detrick, Maryland, will provide the
toxicological data base for the health hazard assessment required for the replacement
smoke formulations, Some preliminary, toxicological investigations have been completed
or are in progress. A literature review® of the toxicity of D&C Yellow 11 (Solvent

33
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Yellow 33) was accomplished by Stanford Research Institute (SRI), International. Their
report was primarily a review of data submitted to the Pharmaceutical Manufacturing
Association by Hazelton Laboratories, Inc. 7"e SRI report concluded that the available
data indicated the D&C Yellow 11 is of ve:y iow toxicity. Research Division, Toxicology
Branch, CSL., has tested both Solvent Yellow 33 and Solvent Green 3. Results to date
indicate the dyes are of low toxicity. Studies of the combustion smoke aerosols have
commenced also. Additionally, mutagenicity testing was rscently begun by Oak Ridge
Laboratory, Tennessee, under contract to USAMBRDL.

B, Disperse Red 9.

1. Mammalian Toxicity.9’1°'“'12

Disperse Red 9 or l-methylaminoanthraquinone (MAA) has been
reported as a skin irritant and sensitizer when handled by loaders.

Female gats were dosed through a gastric tube with 500 mg/rat/dose
every 3 days for 30 days.® The total dose was 5000 mg/rat. The rats were then observed
for 9 months., The results are presented in Table 11, Cystic changes were noted in the
kidneys of 14 rats, One rat developed tubular adenocarcinoma, However, carcinoma of
the kidney was also observed in the gontrols. Frorn this data, the authors concluded that
the dye was noncarcinogenic to rats.

The combustion products of MAA when it is combusted in a grenade and
the by-products of MAA during manufacturing should be addressed. A draft report by
Rubin et al.* characterized the combustion products of used smoke contalning MAA.
They found that the initlal dye component was made up of 98% MAA, 0.6% l-amino
anthraquinone (AA), and 1.4% other fractions, When the used dye is combusted, the
recovered material Is 89% MAA, 6% AA, and 5% other fractlons.

Further work at Oak Ridge National Laboratory (ORNL) on combustion
products of Red Smoke Mix (RSM) indicates that 1-aminoanthraquinone makes up about 7
percent of the recovered particulate and 2-AA about 4 percent. The latter compound
was not found In the uncombuﬁed RSM. The 2-AA has been found to be a mammalian
carcinogen In an NCI bicassay.

2, Aquatlec Toxicity.

No aquatic toxiclty information was available on MAA, However, a
slrgiilag compound, disperse blue 3, had a 96-hr LC50 in the fathez.: minnow of | mg/l at
15 C:.

*Rubin, I. B., Buchanan, M. V., and Moneyhun, J. H. Chemlcal Characterization of
Combusted Inventory Red and Violet Smoke Mixes, Cak Ridge National Laboratory,
USAMBRDOL. Unpublished data, October 1982.
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b, "4
,: C. Sudan R.
X I. Mammalian Toxicity. ;'.','-,:";'_
AT "l;""':"
1§ A literature search was conducted under contract to CRDC on the £ e
N mammalian toxicology of Sudan R. A report by Druckrey and Schmah! cited unpublished }\‘j}
i data on a carcinogenicity test of Sudan R in rats. The report stated that no tumors were Ry
A f:. found In 147 rats given 0.5-6.0 gm of Sudan R over a 6£0- to 300-day period. &H‘
N ) N
i This same literature search indicated more rellable toxicity data on two tf’}'»
_ dyes which have a similar structure to Sudan R. Citrus Red No. 2 (2.5 - r'
R Dimethoxyphenylazo-B-naphthol) caused fatty degeneration of the liver in female mice X
. which received 120 mg/kg/day in the diet for 80 weeks. A no effect levels was observed o
o at 36 mg/kg/day.
Sudan I (phenylazo-B-naphthol) was found to reduce the life span of ;':f;7:
A mice receiving 114-160 mg/kg/day in the diet for 12 months. From this data, it was E—"”"
o estimated that Sudan R would have a low toxicity to mammals. However, information is .}:‘{j.;
;:i required in the following areas: ‘,;‘{‘
V) R ‘
:::7 a. more detailed toxicological studies; \
R~ AR
ok b. lidentification of by-products in Sudan R; i??‘
e o
- ¢. ldentification of combustion products, t'te.fj
‘ ~': ""'“'v
) P e
:. 2, Aquatic Toxicology of Sudan R, ;:}::::3
i ' No information was found on the aquatic toxicity of Sudan R. This ki
o compound Is reported as insoluble In water. e
-l et
: "{ The following information Is needed on: :::*:..:‘
2 L
. a, chemical parameters, l.e,, water solubility, vapor pressure, and :m
- chemical characterization of dye after use; vk f“.
;4 :.- N
-ﬂ b, acute and chronic aquatic toxicity data for dyes and products L
o after use; s
‘-: k.;"s":
N c. bloaccumulation potential. I
! |
» D, Violet Mix, e
o) 1.  Mammalian Toxicltz.gvlo'“ ::::::_'j
j “ Mammalian toxicity data could not be found on |,4~dlamino-2,3- e
dlhydroanthraquinone (DDA). However, a mutagenicity study with five Salmonella ’..",.!
i typhimurium tester strains revealed that DDA was weakly mutagenic in straln TA 1537 s
, an% nonmutagenic in the other strains, o
v.:l.“
» RS
o
Y |
; s
37 R
v Ty
! ."‘“'.’
W -
.':'-.-:a*:-.':-:jn.-:~.",~.':-.'~:-'."I~:'}Ci-l'}i*j-l“}(*'_-?f,-l‘f-}:-l-;.'.‘,‘-'\‘~.'-' o LT e e T :
Y «.'\-." R R AR 1,'-. .'."\.s‘ \,*.‘ N ._‘. . "." T RO,




Unpublished OKNL data* stated that uncombusted violet smoke
1N contained 80 percent DDA and 20 percent MAA. Upon combustion the DDA was o
e quantitatively converted to 1,4 diaminoanthraquinone (DAA). The MAA was partially RS
e converted to AA, NI
._ In a Chemical Information System search in 1982, two toxicity studies 3"
.ol on DAA were found. They reported the following toxic effects. SRS
b Animal Adrministration Dose (mg/kg) Effect
rat oral 4920 LDLO
rat intraperitoneal 1300 LD50
e i
ﬂ-" In addition, DAA was lethal to earthworms in 20 hours at a Ry
451 concentration of 50 mg/l. e
g.n\. W .
" DAA was also estimated to be 10% degraded after 15 hours,
d 2. Aguatic Toxicity. '
. ‘:‘NI p:_‘ .
t‘a‘ No information was found on the aquatic toxicity of this violet dye mix, Sy
'\ﬂ o -.
" The following information is needed:
; "\.j a, chemical parameters, i.e.,, water solubility, vapor pressure, and
‘-b‘ chemical characterization of dye aiter use;
::ﬂ b. acute and chronic aquatic toxicity data for dye and its reaction
{ products after use;
S‘i- ¢, bloaccumulation potential;
? d. environmental fate (biodegradation, hydrolysis, vaporization, o
‘.‘::"‘ etc.). ::...
‘ E. Solvent Green 3.
\‘:‘v
A 1. Mammallan Toxicity.
20 Toxlcity data for acute oral exposure to Solvent Green 3 (I,4-di-p- N
o toluidinoanthraquinone) Is presented in Table 12, The dye has a low acute oral toxicity in
mammals, M
- L
‘:’}:,’ The results from several toxicity tests conducted at Hazelton '~;'3-:§
L Laboratories in 198! are summarized In Table 13, Two-~year feeding studies were H::-.
e conducted with rats and dogs. No effects were observed with 3% of the dye in the diet, N

10
. .‘-,J
o *Rubin, I, B., Buchanan, M, V., and Maneyhun, J, H. Chemical Characterization of DN
3 Combusted Inventory Red and Violet Smoke Mixes. Oak Ridge National Laboratory, N
& USAMBRDL, Unpublished data. October 1982, v
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b,
A

Table 12, Acute Oral Toxicity of Solv« « Green-33

Animal Dose gm/kg Effect

rat 3.06 LD50

rat 10 L.D5C

rat 15 LD50

rabbit 10 LD50

rabbit 6 Minimum lethal dose

Table 13, Long-Term Studies of Green Dyes*
(Conducted at Hazelton Laboratories)

Feeding = 2-year Repeated dermal
Dye Species  (Percent of dye in diet) (Percent of dye in solution)
Solvent Green rats 0.25, 1.0, 3.0% -no rabbits - negative
DC Green 6 microscopic alterations
Cl61565 dogs same mice - negative, 1%, 95 weeks
(Chemical Ab- 3.0% - no effect level

stracts number)

rats teratology - rats - negative 150, 450, 1500 mg/kg/day-gavage

rats multigeneration - i0, 100, 300, 1000 mg/kg/day diet-negative

*Weimer J, T, Status Report on CSL Toxicity Studies With Three Dyes. 16 July
1981, Unpublished data.
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Teratogenicity tests with rats were negative at 1500 mg/kg/day. When dermal toxicity
tests were conducted, Solvent Green 3 did not produce any toxicity. Tests of skin
irritation in rabbits were also negative,

Mutagenicity tests {micronucleus tests) were conducted with Solvent
Green 3. Mice were injected intraperitoneally with up to 100 mg/kg of the dye and
mlcronuclei were examined for chromosome breakage. None was observed after Solvent
Green 3, The available data Indicate that this dye has a relatively low toxicity,
Additional information is needed:

a. more detailed toxicoiogical studies,

b.  identification of by-products,

c.  ldentification of comhustion products.

2, Aguatic Toxicity.

No data are available; see C2 for a description of what data are needed.

F. Solvent Yellow 33/D&C Yellow 1l.
13

1. Mammalian Toxicity.

A literature review was conducied in 1980 on the mamraalian toxicity
of D&C Yellow 11 Q-(2-quinolyl)-1, 3-lndandionq’).“ The toxic oral dese ¢f D&C Yellow
11 was reported to be greater than 10 gm/kg.

The results of chronic feeding studies and dermal application of D&C
Yellow 11 are presented in Tabie 14, Morphologic changes In rats were noted at 1%
levels of the dye in the diet.

Preliminary toxicity tests were conducted and no toxic effects were
observed in rats receiving oral doses of 5 gm/kg of D&C yellow [1.%

D&C yellow 1! was also tested for dermal woxiclity and skin irritation In
rabbis. !> In the dermal toxicity test, the rabbits were exposed to 2 gm/kg of dye
paite, Nou toxic signs were observed. In the skin irritation test, the Intact an¢ abraded
skin of rabbits was exposed to 500 mg of dye In 2.C ml ot H,O for 24 hours. No effects
were observed,

From the Information available, D&C Yellow 11 (Solvent Yellow 33) has
a low toxiclty In marmals; however, further toxicity tesis have been recommended,
Also by-producis and combustion preducts should be identifled.

*Weimer, J, T, Status Reports on CSL Toxicity Studies With Three Dyes, 16 July 1981,
Unpublished data.
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Table 14. Long-Term Studies of Yellow Dyes*

(Conducted at Hazelton Laboratories)

Dye

Species

Feeding
(Percent of dye in diet)

Repeated dermal
(Percent of dye in solution)

Solvent Yellow 33
Chinoline Yellow
DC Yellow 11

Cl 47000

rais

0.03, 0.1, 0.3, and 1.0%
for 1 yr. Some pigment
in kidney and llver of all
animals, Morphologic
alterations at 1% only.

Rabbit - 0.1 & 1.0% 15 of 64

applications, Negative, Micro~

scopic Indication of irritation
but not carclnogenesis.

Mice - 1%, 95 weeks. No effect
on growth, survival less than
controls. Enlargement in some
organs.

e X A
~\\(~f\¢. o f 4

*Weimer J. T. Stauts Report on CSL Toxiclty Studies With Three Dyes, 16 July 1981. Unpublished

data,
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2. Aquatic Toxicity. ::-Zj

o

No data are available; see C2 for description of what data are needed. o

*‘ﬂ

V. ENVIRONMENTAL IMPACTS - LIFE CYCLE 9

A

A. Research and Development. ’I.::é

1. Alternatives Considered. -

Because of the health concerns already addressed, all standard dyes are ?,‘

being researched and tested for replacement except Solvent Green 3. This dye so far has e

proved to be satisfactory for use and is of low toxicity. Alternative action(s) which }_I“-;-

should be considered for implementation in addition to, or In lieu of, actions presently N y
enforced include: -

(a) No Action, Continue to use the standard dyes, ,ﬂ?}

(b) Continue PIP efforts, To replace the standard dyes that are :3-'§

health hazards. '\Q

() Discontinue use of colored smoke, Delete all dyes from US L

Inventories, Ei

(d) Chamber Testing., Perform all R&D testing in an approved ;:E;ij

chamber, :::\::

2. Environmental Impacts. ';.;\

(@ No Actlon, F”‘

Continue to use the standard dyes. The materials used in the ::"E

standard munitions present toxic and carclnogenic hazards to R&D personnel exposed to o

the smoke, The standard yellow, green, and red dye mix formulations for the smoke .

cartridges are known health hazards. Elimination of these standard dyes further reduces ,-!

hazardous waste water emissions and toxic gaseous waste streams resulting from )

manufacturing processes of the munition, consequently eliminating human health and oy

environmantal hazards from these sources. The ldentification and evaluation of o

combusiion by-products from the standard colored smokes are data gaps. Some testing o\

and eva:uation of red and violet smokes have recently been conducted by the Oak Ridge

National Laboratory in Tennessee, but nothing on the cther colors. The resulis of red and L'_

violet tests are as follows: bt
The Impact of the detonation on the red smoke mix was slight, ?-“l

The single dye component, l-niethylaminoanthraquinone, was reduced from 98 percer:t of N,

the chloroform soluble portlon of the original mix to 89 percent In the combusted mix, A

with apparent conversion to l-aminoanthraquinone being the major factor in this change L!

(6 percent, which Is & tenfold increase from the original mix). The resldue portion of the ey

combusted red smoke mix contained sodium and potassium shlorides, elemental sulfur e

ar.d undifferentiated carbonaceous matter in contrast to only the carbonaceous matter s

and some dye In the residue of the original mlx, o

0
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The constituents of the vapor phase of the combusted red smoke

« T
'

.
.
.
P
"o
.
ot
e
,.f

mix included primarily toluene, styrene, and chloromethylbenzene and smaller amounts '::
of aliphatic and aromatic hydrocarbons, substituted benzenes, and benzothiophene. (:
N

The violet smoke mix underwent a drastic change during T:;d

combustion, with the [,4-diamino-2,3-dihydroanthraquinone, which was the major \-i
constituent of the original smocke mix, being quantitatively converted to 1,4~ S
diaminoanthraquinone, Highly volatile constituents trapped during the combustion of the RS
violet smoke mix included carbon disulfide, alkyl benzenes, alkanes, thiophenes, )

acetophenone, and phenylacetaldehyde., Only a small proportion, about 4 percent, of the
particulates of both mixes were water soluble. Data sheets on the residue and vapor
products are contained in Appendix A.

e EEL A
.

- LET: A
. = 1 .r"

(b) Continue Product Improvement Program Efforts to Replace the

Standard Dyes,

This option is consistent with the directed actions of the Program
Manager's Office for Smokes and Obscurants that attempt to clrcumvent the
toxicological problems encountered with standard smokes, The Chemical Research and
Development Center (CRDC) Is conducting the PIP actlons utilizing the latest technology
In englneering and chemistry, Combustion studies and an assessment of toxicologlcal risk
should be performed to further justify their safe use,

(¢) Discontinue Use of Colored Smoke,

This alternative would reduce the Army's communications
capabl'tv on the battle fleld and jeopardize its defense posture, This option Is not
necessary since nontoxlic, nonhazardous dyes can be substituted,

(d) Chamber Testing.

~——
T

»

Perform all R&D testing in an approved chamber, Since signaling
smoke testing requires only small amounts of (point source) smoke, this is a feasible
alternative but maybe not the most desirable, completely viable alternative in this
phase. Certainly there would be no adverse impacts, but meteorological effects would
have to be considered.
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3. Recomun.~ded Mitigation. 3

N

Mitigation Is not required, f::"'f.@

N

B. Manufacturing and Production. 77:‘-':’4

1. Alternatlves Conslidered, E;'f.::“n

5
7. A’-':_’ .
r -
Pd
s
s

e Alternative action(s) which should be evaluated for implementation In l
i addition to, or in lieu of, actlons presently enforced include: w1
N (a) No_Actlon, Continue to manufacture and load standard smoke 1_1'_.‘--;
o mixes. NG
P i
_\\' (b) Continue PIP Action, To replace standard toxic smoke mixes. N
. v hﬂ"
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DR

(¢) Discontinue colored smoke production. Delete all dyes from US -§*-:.

inventories. '.*"{-:*j
(d) Chamber Testing. Perform all training/testing in an approved e :j

chamber or controlled inclosure, e
ks

2. Environmental Impacts. ::‘-:

AL

All colored smoke constituents are shipped from US locations to Pine '32 ?

Blutf Arsenal (PBA), Pine Bluff, Arkansas. The mission of PBA Includes the formulation '?:'-f
of mixes and the loading of all colored mixes in designed munitions. PBA has approved """5
facilties for demilitarization and decontamination. ok
(a) No_Action, Continue to manufacture and load standard smoke _'.:',:f:‘

mixes, If this alternative is included, unneeded risks to manufacturing personne! will X

continue, although great strides have been made to vacuum clean the operations and
contaln manufacturing/formulation materlais with closed system technlques.

T
¥
+

i

(b) Continue Product Improvement Program Action to Replace
Standard Toxic Smoke Mixes. 1his option |s consistent with the directed actions from
the Program Manager's Oifice for Smokes and Obscurants that attempt to circumvent
the standard toxicological problems encountered with standard smokes.

e -
Pt i)

T e

(c) Discontinue Colored Smoke Production, Delete all dyes from US

*

Inventorles, This option Is inconsistent with the US defense eftorts, This optlon is also el

not necessary since nontoxic, nonhazardous dyes can be substituted. '.‘:‘,:3:_

{d) Chamber Testing, Perform all testing in an approved chamber, }..

This optlon Is feasible and possibly desirable if testing during this life cycle phase Is ,.."

performed other then at PBA. PBA SOP's already require only chamber testing. RS

S

" '{‘l

3. Recommend Mitigation, ‘:‘{-j

e

For the recommended options mitigation Is not applicable (options (b) 5;-..-:

and (d)). e

9

C. Training and Testing Deployment. \ :

; 1, Overview, \
The Army has recently experienced a substantial revival of interest in L
AN using smoke for communications on the battlefield, The USA Chemical School located at !‘!
5 Fort McClellan, Alabama, resumed tralning of personnel to support this program In
\ " - ml
"'3'4 1980, This training provides experience in theory, generator operations, and practical
:.\.b-. application under field conditions, o
5 Since tralning and testing occur in much the same type of environment " "
e and, In many cases, ranges serve both purposes, the Impacts addressed below will be E%
;;.,u considered applicable to both situations, except as noted. ;:.'j.-
".‘:'l f..:-t:
j‘, Tralning areas may be located adjacent to fishing ponds, hunting areas, {zlc',
“.;,‘d areas leased for grazing beef and milk cattle, or off-post housing and cantonment areas, "
T Although the toxicity of specific dyes Is known or is being investigated, little is known ;
‘ about toxic substances which might be present in small but varlable amounts In a -g!_
0y a3
N o
‘w'“\ l‘q' l-:“'-
0 but.
(REY |~.t
Ty :®
W e
e e e e e S LT s e
f‘ " A NN q:l n:\ ) Wy -u"‘;-“ o ‘;(-lh N \"{'..' ‘,:-" "-'.:'l. M . y , Ay .- N ‘.m"'.'v::‘h:;_".f :‘}f\;:'.:;:.:":.'-;,,:;:.:::.:4:."':.:;;. N .."‘-.\'.:-:. S ',;.
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%
A
:::j: chemical dye. Some studies to fill these data gaps are being conducted by USAMBRDL .\‘.
'::l-f and will be addressed as results become known. ﬁl“
“'.: "-:n:.-u
or It Is assumed that no future buys are scheduled or anticipated for the KNG
1 M48 colored-smoke training grenade. Therefore, the concern that this item could be a o L
) health threat, because it Is Intended as a riot control training round and not just a ’:._‘-‘;."
‘-:-’, signaling point source smoke, is unwarranted at this time, Commanders in charge of el
&.] training scenarios should be aware of this concern. .-
S
- 2. Alternatives Consldered,

Alternative action(s) which should be evaluated for implementation in
addition to, or In lleu of, actlons presently enforced Include:

43,
(a) No Actlon. Continue to deploy standard, colored, signaling smoke.
T,‘ (b) Cease Signaling Smoke Deployment, Elther stop all signaling y L]
W (communication) smoke, or use other means of communlcatlon.
.\'\ :\':
»y () Chamber Testing, Conduct all training/testing In an approved he
- chamber (or controlled area). e
(d) Utillze PIP Actlons, Use the Improved dyes depending on '“j
o resultant MED effect to deploy new dyes In open exercises or controlled chamber —l
~ conditions N
el ) I
o 3, Environmental Impacts. g
. R
( (a) No_Actlon, Continue to deploy standard colored, signaling o
g smoke. This option would provide an unnecessary continuing health (carcinogenic) rlsk to NG
- test and training personnel, In addition, red dye smoke mix is known to be deleterious to R
- X health and has resulted In injurles such as dermatitis, temporary breathing impairment, R
R and liver damage. There is no threat to troop personnel because it Is not deployed over N
N and near troop areas In large amounts as a screening smoke, DA
L oal
o Tests are normally conducted in areas dedicated to testing .'.\"'
h{ military items to avert any public health hazard. As with any smoke munition, impact o
M zones do not exceed 10 to {5 km downwind from the fleld test site, making the impacts
o local in nature. PEOC
k‘ :.':‘*\‘
\ (b) Cease Signaling Smoke Deployment, Either stop all signaling (AN
Tl (communication) smoke, or use other means of communication. To discontinue the use of
NE smoke on the battlefleld would seriously reduce the US combat capability, Past
. deployment efforts have shown the value of smoke communications over more
e conventional types such as radlo, There are times and occaslons when the conventlonal RO
-3 method of communications have proven to be impossible, unavallable, and/or undesirable. ol

i %

(¢) Chamber Testing. Conduct all tralning/testing In an approved
chamber (or controlled area)., This is a feasible option if the expense of constructing and L

. maintaining a chamber could be justified compared to the usage it would receive. Alr to
\-“q ground training/observations would not be feasible in a chamber.
W
.4 (d) Utillze PIP Actions. Continue the product improvement studies
7, and medical evaluation program to fully assess the substitution of safe dyes. This
x>
{ ®
b4
\ R
: * ““‘\‘1‘.‘ ‘:\.:““A‘."“‘q\.--"“'-" V "“".h-"n.'.."-:'.n."'-“'.h‘.;".'<'.‘.-'~'r'-‘l':.“.""'..."..Ilf.."' .""."‘“-"’ . "-"" ""-""Nj'-':' .>'-.,'~' -."- .‘."“'." .‘.".";-I'.'l"‘-." -.'.l . )
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alternative is consistent with directives of the US Army and the Office of the Project
Manager for Smoke and Obscurants to replace the problem dyes. Additional combustion
studies will also have to be conducted to further justify their safe use.

Green and yellow smoke formulations have been tested In
munitions and shown to be safe and eftective and to meet performance specifications.
The limited toxicity data collected to date shows all of the proposed dyes to be of low
toxicity.

(¢) Environmental Effects,

The following environmental impacts are general and applicable to
all of the life cycle phases of R&D, manufacturing/rroduction, and training.

(1) Effects on Plants,
Information could not be found In this area but Is needed.

(2) Effects on Aquatic Organisms,

Combustion products (resldue) can enter waters directly as
fallout from colored smoke deployment, leaching from solls, or runoff. Additlonal
aquatic data Is not available for most of the dyes (see toxicity sectlon), but Is likewise
needed.

(3) Effects on Domestic Animals and Wildlife,

Combustion products can become available to domestic
animals and wildlife through fallout on water and grazing areas, More informatlon is
needed on these products and the amounts of fallout,

(4) Effects on Natural Populations.

Risks, while largely unavoidable for wildlife, may be
mitigated by the observation that wildlife tend to leave during fleld testing. By timely
posting and notification and area monitoring, persons and domestic animals can be
cleared out of scheduled testing and training areas, In most cases testing and training
ranges will not be populated and are off limits to unauthorized persons,

(5) Effects from Noise

Nolse Is not a problem with colored smoke munitions, l.e.,
point source grenades, cannisters, or grenade launchers,

(6) Effects from Wastes and/or Spills.

Wastes generated will consist mostly of test or tralning
debtls, i.e., expanded rounds and/or packaging materials or munition duds, SOP's and test
plans which are required for each actlon shall ensure that all debrls is collected and, in
the case of duds, personnel of the Technical Escort Detachment shall direct the
disposition. Installation Spill Contingency plans shall address the containment and
cleanup of spills.
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(7) Effects on Air Quality. i~

The generation of smokes/obscurants Impacts directly on '.T:-'_'.:::'

local alr quality, The quality of this air is protected by federal, state, and local alr [".'(:
pollution control regulations as discussed earlier. The primary pollutants discharged by e
the generation of these smokes are particulates and hydrocarbons, Because the NN
deliberate generation of smokes/obscurants ls directly counterproductive to the air S
pollution abatement and control efforts of the environmental regulatory agencies, o

operational scenarios should be coordinated with the appropriate agencies prior to smoke
generation tests/training. In addition, sites for smoke-generation trials should be chosen
so that they are far removed from populated and ecologically sensitive areas as well as
installation boundaries,

Urban air may contain from 50-200 different hydrocarbons,
Many hydrocarbons are harmful only In high concentratlon. Probably the most significant
problem Is the role uf hydrocarbons In the formation of photochemical smog.

The effects of particulates are not as harmful as those from
other pollutants, but particulate pollution Is the one which most concerns the public
because it is visible. People generally get concerned when they see glant clouds of black
smoke billowing from a smokestack, but such emissions are generally not as harmful as

: Invisible forms of pollution.

3

L 4, Recomraended Mitigation,
. 1-.

- (a) Appropriate weather conditions shall be selected which will assure
R that the smoke cloud wlll be conilned to the military reservation/manuever area, while
5 paying special attentlon to assure that it does not obscure vision on highly traveled

roadways or cause damage to private property within the maneuver areza. To avold any

undesirable downwind travs]l of colored smoke, weather conditions must be ronitored
before and during the exercise, and the exercise should he halted or not Initlated should
weather conditions dictate.
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(b) The Post Chemlical Officer, or a designated person in Range
Control, should recelve notitication of smoke use In order to assure dispersion ovar time
and space, When a pattern of excessive usage appears, conrdination with the unit
commander should be sufficlent to resolve it. Areas and conditions for potential use
should be precisely stated In range regulations, and the areas should be as large as
possible to reduce concentrations. Areas of heavy use or repeated use should be
monitored periodically for vegetation or other environmenta! change. This Implies that
there be some precise description of such areas before smoke use for a baseline
comparison. Regulations and training scenarlos should address proper malntenance of
deployment equipment to prevent contamination from Improper usage and fire damage
from burning munitions,

RENCS
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(c) Before deployment of colored smokes, Range Control will
coordinate with or notify the appropriate Alr Pollutlon Control Authority, Post Fire
Department, Post Forester airfield control tower, and other appropriate speciflied

e

e agencles, Road guards should be provided as necessary during unit tralning to provide

! warning of cloud limits along military-use roads, Some ground or air monitoring with

o positive communication between headquarters and the operators of the smoke equipment
: -~ should be In effect to physically track the downwind edge of the cloud and to observe if

! It Is drifting near the reservation boundary or a commercial highway,
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(d) Individuals with respiratory conditions, including asthma, cardiac

randitions, severe facial acne, or any active dermatitis should be evaluated by a medical
officer before being allowed to participate in smoke field training. Commanders must
ensure that In testing and training, exposures to smoke should be controlled in
accordance with the occupational and envirgnmental exposure guidance established by
! , *
I'he Surgeon General as command policy. ! "There are no specific known cases of
physical Impairment associated with smoke training. There Is, however, similarity
between the potential effects of current smoke agents and other known causes of
physical disability associated with exposure aerosols, It ls, therefore, prudent to take
reasonable precautions in exposing personnel to fleld concentrations of smoke and to
Insure that respiratory protection (protective mask) Is readily available,)* These
guidelines as they may periain to colored smokes are summarized as follows:

(1) Personnel will capry the protectlve mask when participating
in exercises which include the use of smoke, ™

(2) Personnel wlll mask when passing through or operating in
dense smoke such as smoke blankets and smoke curtalns, or when operating in or passing
through a smoke haze In which the duration of exposure will exceed 5 minutes, or
anytime exposure to smoke produces breathlng difficulty or discomfort, Such c;f;‘gcts in
one individual will serve as a signal for all simllarily exposed personnel to mask."*

(3) Bathing and laundering of clothing following exerclses will
elimlnate the risk of skin irritations after exposure to smoke.

(4)  Further huys and use of the Mu48 grenade for riot control
tralning is not antlcipated or recommended, However, should thls decision be rescinded
for any reason, then control over the distrlbutlon and use of the M48 grenade must be
exercised by commanders to preclude undesired hazardous Impacts to troops and others
from tralning scenarios other than spotting or signaling.

(5) Speclal care must be taken when using smoke to ensure that
appropriate protection is provided to all personnel who are likely to be exposed. When
planning the use of smoke In tralning, speclfic conslderation must be glven to weather
conditions and the potentlal downwind effects of the smoke, Positlve controls
(observation, control polnts, communications) must be established to prevent exposure nf
unprotected personncl,

(6) Publicatlons should be reviewed to ensure that appropriate
safety precautions for smoke are included in training and employment guidance.

(7) Females may particpate In tralning exerciges, Involving
colored smoke subject to all of the above guidelines and masking provisions. ™

*Letter, DRSTE-ST, TECOM, 25 March 1981, subject: "Health Hazards-Chemical Smoke
Munitions Usage and Demilitarization

**Messages, DAMO-SSC, subject: Smoke Saiety, dated 2812557 Jul 78; DAMO-SCC,

subject: Smoke Safety, dated 0570052 Sep 78, and DAMO-NNC, subject: Safety
Conslderations for Use of HC Smeke During Tralning, dated 211549Z rieb 30.
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e.  Smoke tralning/testing areas will be located so as to avoid the
nesting areas of endangered wildlife,

f. Smoke and noise from these operations may disturb wildlife;
however, no significant reductlon in wildlife population would be likely,

g«  When preparing deployment scenarios, test/training coordinators
should evaluate the following measures as a checklist against downwind hazards.

(1) The proposed action should not extend beyond installation
boundarles or exceed prescribed regulations,

(2) The substances necessary to produce the '"no effects"
concentrations and to predict associated downwind hazard distances should be calculated.

(3) The downwind hazard zone should not include any
Installation area containing personnel that are not test or wralning participants. ‘

(4) Domestic animals should be absent from the downwind
hazard zone.

D. Transportation and Storage,

Colored smoke dyes are chipped from varlous sections of the United States
to PDA where the dyes are formulated Into mixes and loaded Into grenades and marketrs.

I, Transporiation,

The tiranportation and storage classifications and regulations are as
Indlcated In Sectlon Ill, paragraph F of this document.

a.  Impacts of Actlvitles,

The major impacts from transportation, whether it be the colored
mix constituents or filled munitions, are leakage and fire, either of which could present a
hazardous situation t¢ workers andfor lunocent bystonders, For either emergency, first
ald procadures should be instituted and medical help sent for.

b, Recominended Mitigation,

(1)  Slgraling smokes are class'fied as Chemlcal Group D agents
In accordonce with DARCOM-R 385-100 paragraph [1-30. By definition these colored
srnoke mixtures contaln a dye for the color of smoke desired and certain types of fuels,

(2) Persons not wearing suggested protective clothing and
equipment should be restricted from areay of lsakage. The area of leakage should be
ventilated, especially In confined places. The instailation leakage plas shoutd be
consulted for cleanup and dlsposal instructions.
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Munitions.

(3) Special Protective Equipment for Chemicai Group D

Boxed and unboxed nonleaking munitlons containing
Chemical Group D agents may be handled without special protective equipment, but it Is
advisable t¢ have respiratory protection available where incendlary materlals or
munitions items are Involved. Protective masks will be worn when exposed to burning
munitions or bulk chemicals.

(4) First Ald for Chemical Group D Munitions.

No unusual first ald treatment is required for personal
Injuries acquired in handling Chemical Group D munitions. Burns should be treated In the
same manner as those caused by flame. Persons severely affected from high
concentrations of smoke should be hospltalized.

(5) Leaking Chemical Group D Munlticns.

Leaking Chemical Group D Munitions must be disposed of in
accordance with approved procedures, These procedures may be obtalned from
Commander, ARRCOM, ATTN: DRSAR-DSM, Under emergency situations, such as a
leaking smoke munition, generul handling procedures should Include wearing thick
working gloves, safety goggles, and/or the universal gas mask, Appropriate clothing and
equipment should be wornfused to prevent prolonged or repeated skin contact, The skin
should be washed promptly with soap and water when it becomes contaminated.

(6) Fire in Magazines of Chemlcal Group D Munitions,

The primary efforts of fire fighters should be confined to
preventing the spread of the fire In magazines contalning Chemical Group D munitions
(fire In lgloo-type or Corbetta-type magazines will not be fought). Fires may be
smothered by spraying with dry chemical from portable fire extingulshers or covering
with sand. Fire in a magazine containing Chemical Group D munitions will not be fought
with water except where large quantities of water are used in proportion to relatively
small quantities of these type munitions,

2. Storage.

For the purpose of storing and handling bulk materials and chemical-
filled munitions, they are divided Into chemical groups. Classification is based on the
action of the agent and the degree and the type of protection required. In accordance:
with DARCOM-R. 385-100, colored signaling smoke mixes and associated munitions are
assigned Chemical Group D and Storage Compatlbllity Group G. A more detailed
breakdown of storage classificatlon and requirenents are iIncluded in Section ill,
paragraph G.

a. Impacts of Actlvities,

Hazards and/or area contamination from leakage or fire in storage
wiil produce the same type of impacts Indicated for transportation.
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b. Recommended Mitigation.

Procedures in the "Spill (Leakage) Prevention Control and
Countermeasure Plan" or guideline procedures noted under transportation in paragraph

[ D.1.b, above should be followed. o’
N - v,..;‘
'.'::‘:f;! E. Demilitarization/Disposal, :::
E‘J The technical manuall* entitled, "General Instructions for t
b .- Demilitarization/Disposal of Conventional Munitions" provides ready references to .
o sources of Information, regulations, and technical expertise for the purpose of insuring N
B © that demilitarization/disposal activities Include the latest guidance and technical
£ i) knowledge. 3
£l .
) As a result of a serious Incident whereby a cloud drifted off-post during .7';_
e demilitarization of smoke pots at Lexington-Blue Grass Depot, the following Interim s
. occupational and environmental exposure guidance was established and distributed from T
] The Surgeon General for colored smoke. In disposal of colored smokes no open burning e,
] should be allowed., If other disposal options are undertaksn, exposures of involved -
L persorg':el to the dye components should be maintained below an 8-hoiir TWA of 0.2 "
“3_', mg/m~”. Exposures to by-products of the disposal process or the other components of -\:I:
WLt these smokes should be malntalned below permlssible exposure Jimits established in 29
i CFR 1910.1000. A
| w% Hazardous Waste Conslderations, -
‘l.\ .
3 The colored smokes, belng pyrotechnics, upon disposal display the -
o characteristic of reactivity (as defined by RCRA). This classification and guldance s S
q contalned In CFR 261,23 (a) (8) and 265.382, The Installation Environmental Quality “
Ao Control Coordinator (IEQCC) should be consulted for proper disposal procedures, e
,:t::l 1. Alternatives Considered. '-:3.‘.
*‘:n "u.‘
: - Demilitarization/disposal  procedures  considered as  approved i
S alternatives for implementation during the varlous life cycle phases of smoke mix and/or 'u|
e munitions Include (a) open burning, (b) Explosive Ordnance Demolitlons (ROD) disposal, .
1 (c) Incineratlon, and (d) Deferise Property Disposal Office (DPDO) storage. oy
g "
':‘:::.j When demilitarization prior to disposal Is a requirement for colored »
el smoke munitions, It shall be conducted in accordance with the provisions of the Defense -
o Demilitarization Manual, DOD 4160, 21-M-1, July 1979, !;!
VI K
:::EZ;:.. (a)  Open Burning. ;:;:
. .'u.\: ':'n
et DARCOM Supplement 1 to AR 200-1, Chapter 4, para 4-Af, states e
oy that the open~burning demilitarization of hexachloroethane (HC), white phosphorus (W P), -
P~ and colored smoke ls prohibited. Requests for exception to this policy should be he
o forwarded to Commander, DARCOM, ATTM: DRCSG, with appropriate justification. E
O The moratorlum on open burning was estsblished by letter, DRSAR-MAD, 0514002, t\:
2 subject Open Alr Demilitarization of WP, HC, CS, and Colored Smoke-Filled Munitions, t
:":'.:: t.-
o o
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(b) EOQOD Disposal.

Munitions containing colored smoke mixes that have
malfunctioned/been damaged/declared excess and loose mix, which can Le collected, will
be demilitarized by EOD personnel for disposal. This procedure is especially applicable
to test sites,

If a safety (handling) hazard exists with colored smoke munitions
and for excess mix, the material may be demilitarized in place according to approved
ECD procedures, Once demllitarized, disposal operations should be conducted only at
permitted hazardous waste facllitles unless the disposing activity qualifies as a small
quantity generator under 40 CFR 261.5. In this case, the waste may be disposed of in the
permitted sanitary landfill under the small generator exception. EOD will provide an
after action report to the Environmental Quality Coordinator.

(¢) Incineration,

Disposal by incineration s encouraged where approved
Incinerators exist and emission limits are monitored for compliance with state and
federal requirements, Such Incinerators exist where the smoke is collected and washed
In serubbing towers; the scrubbling water is then treated to conform to local requirements

and NPDES permits, See TM 9-1300-277 which provides a listing of Incineration
facilities.

(d) DPDO Sterage.

Storage of pyrotechnlic/colored smoke waste at an installatlon
must comply with DOD 4160.21-M-1 and AR 200-1 procedures while awaiting final
demilitarization/disposition actions,

2. Environmental Impacts.

The impacts and risks assoclated with the alternatives depicted above
should be nonexistent as their procedures and controls are well documented. These
controls Include the following, in addition to SOP's. Any emissions and effluents that
may result from demilitarization/disposal, including inzineration must be maintained
within the limits set forth by EPA, local, and state air quality standards. Controls are
enforced through Alr Quallty Standards, NPDES and RCRA requirements., All waste
remaining after demllitarization must be disposed of at controlied facilities,

3. Recommended Mitigation of Activities,

Mitigation Is contained In the above listed controls,

VL AGENCIES AND PERSONS CONTACTED

1. Office of the Project Manager, Smoke/Obscurants, Aberdeen Proving
Ground, MD 21005

Walter G. Klimek, DRCPM-SMK-T, Countermeasures and Test Division
Roger L. Schultz, DRCPM-SMK-M, Material Development and Technology
Division
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, 2. Chemical Research and Development Center, Aberdeer Proving Ground,
M MD 21010

A Robert L. Dow, DRSMC-CLN-ST (A), Munitions Division

t: Charles S, Ferrett, DRSMC-CLN-SE (A), Munitions Division
. O Michae!l 1. Smith, DRSMC-CI.N-SE (A), Munitions Division
. Ronald O. Pennsyle. DRSMC~CLY-A (A}, Systems Development Division 7
B> John T, Weimer, DRSMC-CLB-TE (A), Research Division

z Janis D. Chase, DRSMC-CLT-I (A), Environmental Technology Division S

Stever. R. Bennett, Ph.D,, CPT, MSC, DRSMC-CLT-! (A), Environmental
Technclogy Division

3. Traning and Doctrine Command Headquarters, Fort Monroe, VA 236" 1

'\"é‘ e
3 Pennington, P.T., DAC ATEN-S e
W Thomas E. Newkirk _ HO TRADOC, DCSENGR s
- Willlam 1, Weeks HQ TRADOC, ATDO-C &
. R Maj Lewis R, Willlams, Jr HQ TRADOC, STCD-MA R
- ILT Sharon Waligera HQ TRADOC, STEN-FN 4
: LTC Jimmy L. Young HQ T2ADOC, STEN-FN ey
~ i Stanley Wolford THREAT Dir,, HQ RN
Ly TRADOC L s
Chris E. O'Cennor, Ir. HQ TRADOC, ATCD-FA e
. %,_1 CPT Jamec R, King ODCST (ATTG-0) HQ '\::-‘" 3
A8 TRADOC R
¥ i Jan M. Gray ATCD-MT %
' ..:. ! David J. Shaughnessy THREAT DIR, HQ N
N TRADOC e
£ E: ™
L 4, Training & Doctrine Command, Fert McClellan, NBC Defense School, AL B
R Ray Clark USACMLS, DCD ol
.e: E. Wayne Davis USACMLS, DCD X
* Nalph CPT Michael Ward USACMLS, DCD m.
CPT Harry E. Sutton USACMLS, DOTD -
%;j 5. Training & Doctrine Commanc, Fort Eustis s
P L. ol :.
3‘? CPT Mckown ATSC, ATIC-DST-DL o
g Fort Eustis Al
) Plers M. Wood DAART, USATSC (ATIC- el -
" ART) %
‘1':'. > . ‘.: 5
: 3"-‘; 6. Smoke and Obscurant Test and Evaluation Center (TECOM), US Army,
::: Dugway Froving Ground, Dugway, UT 84022 ‘(*‘-:. _
o Iy
91,, L. Dale King, STEDP-M7-.L, Environmentai & Life Sciences Division, AL |
o llateria! Test Directorate i
X Edward Rengers, STEDP-MT-DA-M, Meteornlogical and Test Division ._
o e
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7. Headquarters, US A'my Armament, Munitions and Chemical Command
(AMCCOM), Rock L.lund, Illinvis 61299

CPT Joseph A, Jakubowsli, MSC, DRSAR-SG, Acting Staff Surgeon

Stan Lowe, DRSAR-ISL, Environmental Quality Division o
Ronald T. Shinbori, DRSAR-ISE, Environmental Quality Division
8 US_Army Medical Bioengineering Research and Developraent Laboratory,
(USAMBRDL), Fort Diefrick, MD 21701 :
W
Dr. Mary C. Henry, Ph.D., Environmental Protection Researci. Division AN
CP7T Gary Bratt, Environmental Protection Research Division \, }\:
9. US Army Armament Rescarch and Development Center (ARDC), Dover, :f‘
New Jersey 07801 Lf?f:‘
Frances J. Grego, DRSMC-PSE-EN (D), Environmental Division B:'K... ’
Nichuias J. Mergel, DRSMC-PSE-EN (D), Erviron. -.«ntal Coordinator !:R
oy
10, US Army Materlel Development and Readiness Command (USADARCOM), ety
Alexandria, Virglnia 22333 bl
James E. Tragesser, DRCIS-A, Environmental Quality Division o
Robert L. Lingo, DRCGC-S, Attorney Advisor ;2..::..
* .
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VIl.  CONCLUSIONS AND NATA GAP IDENTIFICATION
A. Conclusions,

1. It Is a recognized fact that some of the colored smcke mixes and their
combustion products may pose health hazards to manufacturing personnel and troops
during training and testing exevcises as detsiled in the toxicologlical sectlon of this
report, Therefore, until the questionable colored smokes can be replaced hy approved
substitute mixes, cnntrol of their distribution and use should be conscientlously
enforced, Controlled use means adherence to safety aspects and regulations and rhe use
of suggested mitigation to minimize adverse Inipacts to the quality of the human
environment. If operators of equipment take pronei precautions to preclude inhalation
and topica! exposures and perferm their duties adnering to indusirial hygienic procedures,
then health hazards for operators or test personnel can be eliminated. 1f tests are
conducted in areas remnte from clvilian dwellings or communities, then public health
hazards can be averted.

2, Testing and research should be inltlated to provide data for ldentified
gaps so that better guidelinez ray be established or corrective actlons implermenied to
assure automatic, controlled use of colored s:noke formulations.

3, Of the alternutives considered, the R&D Product Improvement Program
and the possible use of chambars to support some testing and tralning exeircises appenr 5o
be feasible courses of vctions from the prospective of both health and ¢sst, provided, vt
course, the mateorological differences do not #lter the resuits too significantly,

4. The M48 colored training grenades presently stockplled and the Disperse
Red 9 dye should be disposed of or demilitarlzed, but under no circumstances should they
be used undei their present mission detinition of rlot cuntrol,

5. An Environmentaj Impact Statement is not recommended at this time
and a Finding ot No Signlficant Impact will be published,

B, Data Gap Identificatlon,

The following Information Is needed to eliminate the daia gaps which
presently exist.

1. Dyes must be characterized to determine !f toxicity is related to the
dye component cr to an impurity. I the toxicity is directly related to the non-dye
fraction, a determination could b& made as to whethor the linpurity could be removed; if
remova! is possible, a substantial amount of tine/research dollars would be saved that

are currently being expended to tind substitute dves, USAMBRDL has completed some "-j.v.:‘
toxlcity studles on Inventory red, violet, yellow, and green dyes, Ircluding work on o
" rnixtures, freetions, and pure compeonents, A rough drait report Ic available, The same
o). sequential tesiing Is being done on candldate replacement dycs starting with yellow and
o green. The res! moncern ls that toxic wubstances might be present It small but varlable L3
- amounts In a chemlical substance such as the dyes, o
B2 o
B! 2. The combustion products of the colored smokes must Le Jdaitified and ;'::?:
- S quantified (percentages). W,
. v;:"i o
DA 3. Toxicological and 2nvironmental fate information are much needed for o
} all the colored dye mixes and constituents as wels as for the by-products. e
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Literature Review. SRl Contract No, DAAK!1-17-C-0029., Chemical Systems
Laboratory, APG, Maryland, 2 June 1980,

9. Dacre, J. C, et al. USAMBRDL TR 7704. Physical, Chernical, Toxicologlcal, and
Rlological Propestias of Seven Chemicals Used in Pyrotechnic Compositions, Ft
Detrick, MD. AD A090631, October 1979, UNCLASSIFILD Revort,

10. Kitchens, J. F. et al. Preliminary Problem Definitlon Study of 43 Munitions - Vol
ll. Pyrotechnical Related Chemlcals., USAMBRDL, Ft Detrick, MD. April 1978.
A065309, UNCLASSIFIED Report.

L1, Mecntyre, F, L. ARLCD-CR-80047. A Compilation of Hazard and Test Data for
Pyrotechnic Comnpositions. October 1980, AD A096248. UNCLASSIFIED Report,

12, NCI Bioassay, National Cancer Institute Report, NCI-CG-TR-144, U3SDHEW-
PHS, NHI, 1973.

13, Krebs, J. Toxicity of D&C Yellow t1: A Litaratuce Review. SRI Contract No.
DAAK 11-17-C-0029. Chemical Systems Laboratory, Aberdcen Proving Ground,
Maryland. 29 Pebiuary 1930,

14, Gensral Instructions for Demilitarization/Dicposal of Conventlonal Munitizns.
TM 9-1300-277. March 1982,
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1(1 1975,
"
‘ 10. Safety Regulation, DARCOM 385-100, 17 August 1981.
1. Floating Smoke Grenade. Aircraft Armament Inc, DAAD05-69-C~0188, :\.'j'vzl.'_
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CHEMICAL AND PHYSICAL PROPERTIES ANARY:
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E ‘;::.'} This appendix provides data sheets for the colored dyes, dye mix constituents and/or e
S known combustion products. Data sheets were not found for all items but for those items PR
o that were found they are included within:
- o
i A, Dyes and constituents B ~!
. N
Dextrin (diluent in mix) :f,{'_.:.L
R 1-4, dlamino-2, 3-Dihydroanthraquinone (Violet) \\
. i (S

i3
=

1,4-di=p-Toluldinoanthraquinone (Solvent Green 3)

e

L
.y

ray R i

oy
»
i

1-Methylaminoanthraquinone (Disperse Red 9)

3

L
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Combustion Products
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* Sulfur '}}EA
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N Sodium Chlorate 4
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' .'-‘“,a Benzene ‘m'ég
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- . Carbon Disulfide .\%_‘
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: ':fm' Styrene qu
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DEXTRIN Refs
(Starch Gum, British Gum, Amylin. Gommelin, Vegetable Gum)
Dextrin or dextrines are obtained by treating starch in any one of a hum- | 1, 16, 28, 24,
ber of ways. These include controlled dilute acid hydrolysis of wet starch, the 24,70
use of certain enzymes, and dry heat. The resultant products, whose properties
vary with the source of the starch and the details of the treatment, are repre.
sented by the gencral chemical formula (CyH,.0;),*H,0. The n is, however,
much smaller than in the original starch, The various dextrinization treatments
of starch lead to complex mixtures resulting from three main types of reaction:

1) Hydrolytic cleavage, which yields smaller and more water soluble com-
pounds,

2) Transglucosidation, in which a 1-4 glucosidic bond between two C¢H,,0;
units is broken and a 1-6 bond formed with a different CyH,,05 unit,
with the formation of a branch point, This reaction produces branched
molecules and little change in molecular weight.

8) Some repolymerization and condensation of smaller molecules,

Because the polymolecularity of the original starches differ and various

treatments result in a mixture of the three main reactions, the products ditfer
in size, distribution of molecules, and in extent of branching, and thus have
different properties.

Dextrins are distinguished from starch by the violet and red colors thal

dextrins give with iodine solution.

Dextrins are usually charanterized by giving the source or kind of starch

used, the color of the dry products, their solubility in water, and the viscosity

of their water dispersions, The following table gives the more rommon treat-

ments of starch to produce dextrins, together with some propertics of the result-

ing starches,

CLASSIFICATION OF DEXTRINS 28
Yellow or
White Canary
Dextring Dextring British Gums
Manuf. Conditions
Usual catalyst HCI HCI none or 4n
alksli
2 Temperature, °C 79-121 149-218 135-218
W Time, hrs. 3-8 6--18 10-20
% Product Characterigtics
o Colox white to buf to buff to
1 1 light cream yellow or brown dark brown
r.i Solubility (dispersi-
1}_ bility), % 1-98 90--100 1-100
Q Useful diln,, parts of water 2-b 1 or less 3-10
"
E Source: Properties of Materials Used in Pyrotechnic Compositions,
! Engineering Design Handbcok, AMCP 706-187,
N
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-c'.;-:
o
e .
Dextrin (page 2) -1(‘
Specification ; JAN.D.232 R’
The specification covers two tynes of corn dextrin: Type I—white, and @)
Type Il-—yellow, These vary in composition as ‘ndicated by a wide differ- . -
ence in water solubility. el
Molecular Weight: variable (appreciably '.:::- ’
less than starch) R
Color: white to dark brown Y -
Density, g./ml,: 1.0384 1 9 )
Melting Point: decomposes S
Specific Heat, cal,/g./°C at 80°C: 0.292 1 :3‘,
Hygroscopieity : very deliquescent 20V3 ::'3‘:
Health Hazard: non toxie 93 S,
Safety Classifications: z“ ‘
OSM: not listed wte
100: no shipping label required e
Use in Pyrotechnics: fuel and binder o -
Dextring have strong adhesive properties and are used mainly as pastes. '.-
Additional References: o
1) B. Brimhall, Ind. Eng. Chein, 86, 72 (1944) ::.'\..
2) J.Geerdes et al,, J. Am. Chem. Suc, 79, 4209 (1957) ?_‘: -
3) "Chemistry and Industry of Btarch,” R, W, 'Kerr, Ed,, Academic Press,
Inc, New York (1950)
4) G. M. Christensen and F, Smith, J, Am. Chem, Soc. 79, 4492 {1957) Rk
o
Source: AMCP 706-187 '.'P .
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1.4-DIAMINO-2.3-DIHYDROANTHRAQUINONE

(1-4,diamino-2,3-dihydra-9,10-dihydro-9.10-diketoanthracene,
Violet A 100)

Structural Formula:
0 NH,
C]4H12O2N2 H2
Il NH
O 2
Specification No.: MIL-D-3668
Covers one grade with a minimum purity of 876¢.
Molecular Weight: 240.26
Color: violet
Density, g./ml.: (apparent) 0.35 = 0.10
Solubility: soluble in 95¢¢ alcohol

Health Hazard : Some toxicity as indicated by the specification requirement that
each container be conspicuously labelled: “CAUTION—Avoid skin contact
or breathing of dust fumes, Provide adequate ventilation in work areas.”

Safety Classifications:
OSM: not listed
ICC: not listed

Use in Pyrotechnics: To impart a violet color to burning smoke mixtures.

Source: AMCP 706-187
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l,4-di-p-TOLU]DINOANTHRAQUINONE
(1,-4-di-p-tolyaminoanthraquinone,
D & C Green No. 6. Quinizarine
Green G Base, C.I. 61565. C.1. Solvent Green 3)

Formula:

Specification No.:
Molecular Weight:
Crystalline Form:

Color : Green, from chlorobenzol—blue,
from glacial acetic acid—dark’ violet

Density, g./ml.
Apparent Density:

Temperature Coefficient:

Heat of Formation:
Free Energy of Formation:

Entropy:

Melting Point:

Heat of Fusion:

Boiling Point:

Transition Point:

Heat of Sublimation:

Heat Content or Enthalpy:
Heat Capacity:
Decomposition Temperature:
Decomposition Products:
Vapor Pressure:

X-Ray Crystallographic Data:
Hygroscopicity :

Solubility Data: In aleohol (g./1.) at 60°C:

In aniline:
In concentrated H.SO;,:

In chloroform and in benzene:
Health Hazard:

Source: AMCP 706-187

Appendix A 65

C’_‘RH22N202

MIL-D-3277
418.5
needles

(Spec.) 0.45 = 0.25

491°K (218°C)

34

soluble with green color

soluble with violet-blue
color or violet-red
soluble

unknown

,:f "".
92 4RA

88V14

88V14
88V14

88V14

Addnl. Ref. 1
’8V14



1. 1-Di-p-toluidinoanthraquinone (page 2)

Safety Classification:

OSM:

1CC:
Fire and Explosion Hazard:
Electrostatic Sensitivity:
Use in Pyrotechnics:

Additional References:

Source: AMCP 706-187
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1) “The Dyeing Phenomena of Acetate Artificial Silk,” V. Kartaschoff
and G, Farine, Helv, Chim, Acta 2, 822 (1028)
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. R
'r‘}‘,l-j 1-METHYLAMINOANTHRAQUINONE Refs. o
- (1.N-methylaminoanthraquinone, Celliton Pink R, Duranol Red GN, | 84, 48A ‘::f_ -
C.1. 60505, C.1. Disperse Red 9) "::'.;',:
iJormula: CmHuNOQ K
0 NHCH, .
e ™ g
S | P :"
X 5 o
°
AR
':\-.:-3.4‘%
Specification No.: MIL-D-8824 :*‘.C:
Spec. covers two grades differing in granulativi, NS,
Molecular Weight : 287.11
Crystalline Form: needles 88V14 KB
Color: yellow-red 84 .-\* ‘
Density, g./ml.: '
Y Apparent Density: (Spee) 0.36 -+ .15
’l 4 Coeflicient of Thermal Expansiun: _— g iy
l.’i Heat of Formation: o ‘
LR ¥iee Energy of Formaticn: _— iy
| 31 Entropy: '.j.\:jj}'.
v \1 Melting Point: 443°K (170°C) 84 VT
| Spec. grade 1], min.: 442°K (169°C) W
| 4 Heat of Fusion: E?n :
| ‘:-_3 Boiling Poiat: —_ ‘c'_“..x
' M Heat of Vaporization, Kcal./mole at 256°C and 1 atm,: 28.4 = 0.7 Addnl. Ref. 8 ‘.:I-'.M
. Entropy of Vaporization, vapor at 1 atm., Y
o cal./mole/°C: 52,87 + 0.30 Addnl. Ref. 1 :'; ““
w5 Hleat, of Sublimation : Keal./mcie: 30.85 Addnl. Ref. 1 e
g ? Heut Cont.:it or Enthalpy: — e
’ wj Heat Capacity: —_— -'.\
ot Decomposition Temperatui e:
. ;-;1 For TGA see Ref. 80
Decomposition Products: —_— _
e Vapor Pressure. logi P {cm Fg) = 5+ b Addnl. Ref. 1 ol
- S} - a=-6740;b=13.435 =+ 0.036 ; T = abs. temp. ey
- ~.: Energy of Activation for Volatilization (97% purity), 80 :\-\:{ :
N Kcal./mole at 297-376°C : 19.6 RS
" X-Ray Crystallographic Daia: _ iy
. ‘ Hygroscopicity : _—
.
g Source: AMCP 706-187
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| " -tf_:" :
q ‘ L"-J’ )
: '£4 - Y-Methylaminoenthraguinone (pape 2)
F. T
Lo Solubility Data: b
o2 In water, g./100 ml. at 25°C: < .0002 Addnl, Ref. b ——
{ at 80°C: 0.00055 RS
In aleohol (abs.) at 60°C: 14.96 g./1. 92!,3248\/14 1, Ej-:-,fj'
o]
In CHCls, hot dil. HCJ, glacial acetic acid: soluble ;»%3' 4
In benzene: soluble, red R
In fuming H,S0,: soluble, light vellow RAEAL
- Health Hazard: toxieity unknown 92, 93 St
el Spec. requires each container be ronspicuously labeled, “Caution—Avoid Ly
bl E‘, in 'Contact or Breathing of Dust or Furies. Use with’ Adequate Ventila- -;-Z{f};_.
ion,’ nondd
b Safety Classifications: ;:),‘_'f :
OSM: not listed -
. 1CC: not listed ‘A
Q Fire and Explosion Hazard: —_—
Electrostatic Sensitivity: —_—
. Use in Pyrotechnics: to color smoke t‘;-:&i
‘wﬁj . mixtures red Ll
\ Additional References: o 1
‘ ] 1) “Vapor Pressures of Some Dispersed Dyes,” R. S. Bradley et al., Nature
178,998 (1956) ..
3 2) “The Dyeing Phenomena of Acetate Artificial Silk,” V. Kartaschoff and :-.
",-JI G. Farine, Helv. Chim. Acta. 11, 822 (1928) o
W 3) “A Radioactive Jonization Gauge and Its Apglication to the Measure. e
Ty ment of Latent Heat of Vaporization,” J. H, Benyon and G, R, Nichol- .
- B son, J, Sci. Instruments 33, 376 (1956) ?
B4 4) For Absorption Spectra sece Ref. 66
‘}:{ &) J. See. Dyers Colourists 70, 68-77 (1954)
W
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\.'::-:; Source: AMCP 700-187
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LAMINOANTHRACUINONE. C 11, NO, Refs. :E?i.
(1-Amin0-9,10-Dihydeo-2,10-Dioxoantbt scenses ::*_f; :
Fast Red Al; a-Anthraquinonylamine, C.I. 37275, Azoic Component 36) | 1,84, 48A R
Nt o
s :'g::'_'.
0 el

1

0

Structural Formula:

Specification No.: MIL-D-3698 -
Molecular Weight: 223.23 ek
Crystalline Form: needles S
Color: red 88V14 ¥ "-’”“i
Density: e R
Coeflicient of Thermal Expansion: — L:f\"
Heat of Formation: — .j\:._::.,‘a
Free Fnergy of Formation: — ‘c‘}.-::
Entropy: ahe=
Melting Point: 526°K (262°C) 1 Em
52C°K (268°C) 84 . N
Heat of Fusion: —— VOV
Boiling Point: sublimes 1, 88V14 IR
Heat of Vaporization, Kcal./mole at 298°K ,f,..
- and 1 utm.: 28.7 +: 0.1 Addnl. Ref. 1 it
% Transition Point: ——- »m
% Heat of Sublimation: E— ':v‘}j:,
B Heat Content or Enthalpy: - :,-l}}:{
- Heat Capacity : — -'.,,n;,-'.
™ Decomposition Temperature: — e
o For DTA and 1'GA see Ref. 81 —_— ?\"':
;,: Decomposition Products: _— %\:,,*
. Vapor Pressure: — BN
'\»j X-Ray Crystsllographic Data: " _-'fj',-
Ry For absorption specira see Ref, 66 e
A Hygroscopicity : — M
‘o Solubility Data: Addnl, Ref. 2 e
ol In water, g./100 g. at 25°C: 0.00004 1,28, 88V14 DO,
. at 80°C: 0.0009 and V17 el
;} In ether, chloroform, benzene: soluble ,.'
' In glacial aceticacid, 11. at 11,6°C: dissolves 3.3 g. %
g i
N .'li te _'-'
?1 Source: AMGCP 706--187 N
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Y-Aminoanthroquinone. G HNO; (page 2) .
L. 92-96 % H.80,: dissulves with :'."-

‘ vellow color

In oleum, 20% S0y dissolves with E"

red color X

In concentrated HCI: disselves .
Health Hazard: —— "
Safety Classifications: "
OSM: not listed ’.‘%‘
ICC: not listed &
Fire and Explosion Hazard: — e
Electrostatic Sensitivity: S 0
Use in Pyrotechnics: To color smoke mixttves red, Used in orange smcke N
mixtures, b

Additiona]l References:

1) “A Radioactive Ionization Gauge and its Application to the Measure-
ment of Latent Heat of Vaporization,” J. 1. Reynon and G, R. Michol-
son, J, Sci. Instr. 93, 876 (1956)

2) J. Soc. Dyers Colouriats 70, 68-77 (1954)
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Comman Ivasnyeme 6. FIRE HAZARDS -8, WATER POLLUTION
Seso? Watery iquid Coloviem Gesotine-tike odor 5.9 Flesh Paint: 127h ( ( 8.1 Aquatic Toxkcity:
Srasel 8.2 Fiammabile Limits in Alr: $ ppm /6 he fminnow /icthal/dntilled water
vapor % 20 J24 hrfsunfish/TLmtapwat
Fuoaia on water. F L s produced, Freesing 13% 79% ppm r/sunfinh/Tlmtapwata
point B 42°F. 6.3 Fire Extinguishing Agents: Dry chemical. 8.2 Waterfowl Yoxicity: Daly not uvailable
foum, of carhon duivide 8.3 Blologics! Orygen Demand (BOD):
Avoid contact with bquid and vapor. Keep propie sway. 6.4 Fire Extinguishing Agents Not 10 be Used: 1.21b/ib. 10 v
Shet m::mw call fire department. Weater may be inelfective 8.4 Food Chain Concentration Potential:
Siop dincharge it poanibie . 4 6.5 N da of Combustion Prod: None
e e S el o 4o ropor Not pertinen ‘
Notify local health and polution “’“"" sgencin. 6.6 Behaviorin Firs: \upcr i heuvier than sir and
mus travel conyderable dintanie to s
FLAMMABLE. source ol ignition and Rash back
ve
Yonee -;""J- W grited n s enclosed are 67 """:: ',’:‘"'"""' “"’(_ F 9. SELECTED MANUFACTURERS
— Eatingeish with dry chemical, foam, or carbon dioxide. 6.8 Elactricel Hazard: Cluv 1. Group D 1. Commonwealth Osi Refimng Co.. bnc
F". ::n‘: :’:"m’.’;}::’nxﬂn €9 Burning Aste: 4,0mm/min Commonwealth Petrochemiculs Co
—— © n - Penuclay, Puerto Rico 00724
2. Phiblips Petroleum Co.
Philtips Puerto Rico Core, Inc.
Banco Populur Center
CALL FOR MEDICAL AID. Huto Rey. P. R. 00916
M . 7. CHEMICAL REACTIVITY 3. Shell Chemical Co,
4 M“"ﬂ iy difficeht bresthing. o¢ loss of 7.1 Resctivity with Water: No reaction :“‘;“:::‘;:;; Div.
Mow to fraah air. . 0.
".:!l I:M. give wrtificiel respirstion. 7.2 Resctivity 'nh Common Materisls: Hou-ton. Texas 77001
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LIQUID 7.3 Sisbility During Traneport: Stubic
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alfecrd wa 9
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o ik Not pertinem 10. SHIPPING INFORMATION
10.1  Grades or Purity:
Indusira) pure 994"
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Nitravion . . N9+%
m FUL TO AQUATIC IN VERY LOW CO Induarial 9 . RS+
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10.4  Venting: Prewsure-vacuum
L REIPONSE TO DISCHARGE 1 LSRL 11, HAZARD ASSESSMENT CODE 13. PHYSICAL AND CHEMICAL PROPERTIES
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Poisom .......... . 3 13.10 Veper (Goe) Specitic Gravity: 27
Water Polivtion 13.11 Ratie of Spocific Noals of Vaper (Gaa):
Human Toneny . . t 1.081
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csB CARBON BISULFIDE

Commen Srnsayms 6. FIRE HAZARDS 8. WATER POLLUTION
Carbos e Watery liquid Coloriems 10 yellow Rotten egg 10 sweet odor 61 FlashPolnt - 22°F C C. 8.1 Aqustic Toxicity: F Tt
s /48
62 Fa bie L I Alr: i_a'p‘;:m hr imosguito fisl mresl
Siaks in water. Flammabi ing vapor ls produced e 8.2 Watedow! Toxicity: Data not availabi
. T Data not available
€.3 Flre Extingulshing Agents: ) |
T —— o vy Yormee P" Dry chemical. carbon dioxide 83 'b';;":.' 0"91.';‘!0."‘”“’ (8oD):
. e a . P oAy
Wear goggies. sel. ined b "‘?" P peoy w':uybh, - 6.4 Fire Extinguishing Agents Not 1o be Used: 14 not avadliahle ron P vat:
ot ‘..mln:,:’\o::;;.” arn ment Nat pertinent 84 Foo: Chaln Concentration Potentiat:
e g .
S1op discharge if possible. 6.5 Specisl Hazards of Combustion Products: one
i‘::’&“iﬁ:&":&:ﬁ"&“’ “knock down™ vapor. Toric pases are generated, wear self- !
Natify lucal heahth 3nd poliution control agencies. contained brcathing apparatus
FWTTYYTO, 6.6 Behaviorin Fire: Not peruinent
Flashback along vepor trail _b’: oocur. 6.7 Ipnition Temperature: 212°F
T rotpies Tt conaines breatbims vopareres and rubber . 65 Electrical Hazard: Contact of the hquid 9. SELECTED MANUFACTURERS
_ {including gloves). . L v of vapor with the surlace of 3 lighted 1. FMCCorp.
Fire Extinguish with dry ehemical or carbon dioxide. electng hight bulb could resutt 1 sgmition Inorpamic Chemicals Div.
e — Water and foam may be ine(fective on fire.
Coof exposed containens with water. 6.9 BuringRste: 1.7 mm/min 633 Third Ave,
New York, N. Y. 10017
2. PPG Industries Inc.
CALLFORMEDICAL AID. :!"1;:‘:::! c(;:’: I:"‘O?“‘
4 . Ohio 442
xriul':; 10 eyes. nose and throat. 7. CHEMICAL REACTIVITY 3. Siauffer Chemical Co
1f inhaled, will couse nsusea. vomiting, difficult breathing. or loss of 7.1 Resctivity with Water: No reaction Endustrial Chemicals Div
Move to freah au. 7.2 Reactivity with Common Meteriala: Detuware Cty. Delaware 19706
o y . .
1f breathing has stopped, give artificial rexpiration. No reaction

i breathing is difficult, give oxygen.
e 7.3 Stabliity During Transport: Stablc

Ex_r—‘ %};ﬁt"& I 7.4 Weutrsiizing Agents for Aclde and
posure l'ltmnlul i swallowed. clothing and Cavelica: Not peruinent
emove d clothi shoes.
Eull: 'g{;'é“ ”;;u -ichopu:u., of ..:, 7.5 Polymerization: Nol pertinent
. eyelids open snd Nush with ty of ; 3
IF SWALLOWED and v}e«u:'i CONSCIOUS, ..”.'&"L.J:‘.Z’... water 7.6  inhibiter of Polymeriation: 10. SHIPPING INFORMATION
or milk and have victim induce vomiting. Not pertineat 10.1  Grades or Purity:

{F SMALLOWED and victim is UNCONSCIO‘US OR HAVING

CONYULSIONS. do nothing except keep victim warm. Commercial: technial. USP

10.2 Storsge Temperaiure: Ambient
10.3  Inert Atmosphers: Incricd

—*-—— 104 Venting: Prewure-vacuum
HARMFUL TO AQUATIC E IN VERY LOW CONCENTRATIONS.

May be ::rvm- If it enters water intaken.
Water Nnﬁfy local heslth and wildlife officiaks.
PO"U"OH Notify operators of nearby water intakes.

RESPOMSE 0 DISCHARGE st 11. HAZARD ASSESSMENT CODE 13. PHYSICAL AND CHEMICAL PROPERTIES
1. RES LU ISe# Mazara Assessment ManaBook. CG 446.31 13.1  Physical State at 15°C and 1 atm:
1S40 Responise Methods Hinabook. CG 446-4) .
A-X.Y Lqud
:wr warmng - high Nammability 132 Molecular Weight: 76 14
MKl alcens
Evacwate area 13.3  Bolling Point at 3 atm:
TISPF m 46 3°C = 319 S°N
12. HAZARD CLASSIFICATIONS 13.4  Freezing Point:
121 Code of Federal Regulations: TIABUTE =~ 1160 = 16l 6%k
Flammabie hiquid 13.5 Critical Temperature:
3. CHEMICAL DESIGNATIONS 4. OBSERVABLE CHARACTERISTICS 122 NAS Hazard Rating for Bulk Water S239F ® 273%C = Sdnth
.1 Synenyme: Curbon diulfide 4.1 Physics! State (as shipped): Liquid TYransporiation: 13.6 Critical Pressure:
7.2 Ceoast Guard Compatibility Classification: 4.2 Color: Colorless Category Rating HOO paa e Toam = 72 MN /oy’
Carbon disulfide 4.3 Odor: Faint sweetinh. disagreeable, offensive. Fire Y 1) 137 Specific Gravity: | 2641 20°C (lquids
33 Chemicsl Fermula: (N, Tike that of decaving cabbage Health 13.8  Liquid Surface Tension:
34 IMCO/United Netlons Numericel Vapor lretant . 2 Adynesfem = 032N moa 260C
Designetion: 3 1/11 M1 Liquid or Solid Irrntant 2 13.9 Liquid-Water Interfacial Tension:
Poons ... ... 1 48 ddvnesiem = (484N o 20°C
Water Pollution 13 10 Vapor (Gas) Specific Gravity: 2o
Human Tarieny ! 13.11 Ratio of Specific Kaats of Vapor (Gas):
Aguatic Tonieny 2 1293
Aesthietic t[fect 3 N

5. HEALTH HAZARDS ’ 13.12 Latent Heat of Vaporization:

Reactivty ) . .
31 Persens! Pretective Lquipment: Onh celf-c.ntained hreathing mask with full lace, approved Other Chemmals s 1Y Bru/lh = XS cal g = TSRO X 10 Sy
By Ihe Laited Mates Hureau of Mines ss cccommended 11 the sapot concentration enceeds 2% Waler 0 13.13 Hestof Combuslion: —5nid K th
Py srlume or nunkAnwn supphed s 1eapiratorns caurpment of appropoate desipa with full Lace Keil-Reacuon 0 = =323 cal/p w =138 2% 90 /g
Masky Povid he u.ed by oIf petam eatering conlammated area Mashe shoutd be uned anly for 129 NFPA Hazard ClassHications: 1314 Heat of Decompasition: Nut pertincet
emerpeacy siiuatums and Jemld Pe tocated sccnrdingty Atmost sns by pe of indunicia! clothing 13 ot B
satralagiors Splaahes of small quantits soe non harmiul 1o (ahiscs, and evapiranion from Category Clasaificstion 15 Heatat Solution: Nt pertinept
cloaheng (e qurte raped ( lidhing should however be cemmved and the hin washed with water Health Huzard {Blue) N 1316 Heatat Polymerization: Nt pertinert
Comgptes Werwkd Ao yooed mher there i ans dunger of O aplathes o speay Flammahilny (Red) 1
87 sy ’ 9 Lrpe ACT THEXPOSURE madd 1 moderate wontslion of in, eves. Reactvity (Vellow) 0
and mac s memhe anes [ram ligqurd e concenteated vapores healache garhehy hreath, nauves.
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INTRODUCTION

This guideline is intended as a source of information for
employess, employers, physicians, industrial hygienists,
and other occupational health professionals who may
have a need for such information, It does not attempt to
present all data; rather, it presents pertinent information
and data in summary form.

SUBSTANCE IDENTIFICATION

* Formula: CS.,

* Synonyms: Carbon bisulfide

* Appearance and odor: Colorless to faintly yellow
liquid with a strong, disagreeable or sweetish odor.

PERMISSIBLE EXPOSURE LIMIT (PEL)

The current OSHA standard for carbon disulfide is 20
parts of carbon disulfide per million parts of air (ppm)
averaged over an eight-hour work shift, with a ceiling
level of 30 ppm, and an acceptable peak of 100 ppm for
30 minutes in an eight-hour work shift, NIOSH has
recommended that the permissible exposure limit be
reduced to 1 ppm averaged cver a work shift of up to 10
hours per day, 40 hours per week, with a ceiling of 10
ppm averaged over a 15.minute period. The NIOSH
Criteria Document for Carbon Disulfide should be
consulted for more detailed information.

HEALTH HAZARD INFORMATION

* Routes of exposure

Carbon disulfide can affect the body if it is inhaled, if it
comes in contact with the ‘eyes or skin, or if it is
swallowed. It may enter the body through the skin.
¢ Effects of overexposure

1. Short-term Exposure: Inhalation of carbon disulfide
vapor may cause headache, nauseas, drop in blood
pressure, dizziness, unconsciousness, and death. Liquid
carbon disulfide and high concentrations of the vapor
may cause irritation of the skin, eyes, and nose. If the

Occupational Health Guideline for
Carbon Disulfide

liquid is trapped under clothing, it may cause a burn.
Swallowing carbon disulfide may cause loss of con-
sciousness and convulsions, If small amounts are swal-
lowed, vomiting, diarrhea, and headache may occur.
2, Long-term Exposure: Prolonged or repeated exposure
to carbon disulfide may damage the nervous system and
cause muscle weakness, numbness, feelings of pins and
needles, unsteady walking, and difficulty in swallowing,
Palsy, speech difficulty, and muscle spacticity may also
occur. In addition, memory loss, headache, difficulty in
sleeping, nervousness, fatigue, irritability, depression,
suicidal tendencies, and psychosis may occur. Eye
darnage may occur with such symptoms as blind spots,
narrowing of vision, and decreased ability to see in the
dark. Increased arteriosclerosis may occur which may
cause or increase damage to the heart and other organs.
High blood pressure, kidney damage, liver damage, and
stomach problems may occur. Repeated or prolonged
exposure of the skin to carbon disulfide may cause a skin
rash.

3. Reporting Signs and Sympioms: A physician should be
contacted if anyone develops any signs or symptoms
and suspects that they are caused by exposure to carbon
disulfide,

¢ Recommended medical surveillance

The following medical procedures should be made
available to each employee who is exposed to carbon
disulfide at potentially hazardous levels:

1. Initial Medical Examination:

—A complete history and physical examination: The
purpose is to detect pre-existing conditions that might
place the exposed employee at increased risk, and to
establish a baseline for future health monitoring. Exami-
nation of the central and peripheral nervous systems,
eyes, cardiovascular system, kidneys, and liver should
be stressed. The skin should be examined for evidence
of chronic disorders.

—Urinalysis: Since kidney damage has been observed
in humans exposed to carbon disulfide, a urinalysis

U.8. DEPARTMENT OF HEALTH AND HUMAN SERVICES
Public Health Service Centars for Disease Control
National institute for Occupational Salety and Health

September 1978
Appendix A

73

72

L}
o
]
o
+

i

. " AP S
. ACTTARR \'v.%_‘ RN
A L0 2 e # ey

- - - - ~ - - LY . Cl . L] A N - N Ld . . - - Ay

R Y et e e e
LA e AT AT,

These recommendations reflect good industrial hygiene and medical surveillance practices and their implementation will
assist in achieving an efiective occupational health program. However, they may not be sufficient to achivve compliance
with all requirements of OSHA regulations.
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should be obtained to include. at a minimum, specific
gravity, albumin, glucose, and a microscopic on centri-
fuged sediment,

—Liver function tests; Since liver damage has been
observed in bumans exposed to carbon disulfide, a
profile of liver function should be obtained by using a
medically acceptable array of biochemical tests.

—An electrocardiogram: Carbon disulfide has caused
arrhythmias and electrocardiographic changes in
humans. Periodic surveillance is indicated.

—Ophthalmic examination: Carbon disulfide has
caused ocular changes in humans. An ophthalmic exam-
ination should be performed, including visual acuity.

-—Medical warning: Workers should be informed of
potential undusirable effects of exposure to carbon
disulfide on reproduction (such as spermatic defi-
ciences, menstrual disorders, and spontaneous abor-
tions).

2. Periodic Medical Examination: The aforementioned
medical examinations should be repeated on an annual
basis,

* Summary of toxicology

Carbon disulfide vapor causes narcosis at high concen-
trations; repeated exposure to low concentrations
causes damage to the central and peripheral nervous
systems and may accelerate the development of or
worsen coronary heart disease. Exposure of humans to
1150 ppm causes serious symptoms, and 4300 ppm for
30 minutes may be fatal. Carbon disulfide intoxication
can involve all parts of the central and peripheral
nervous systems, including damage to the cranial nerves
and development of polyneuritis with paresthesias and
muscle weakness in the extremities, unsteady galt, and
dysphagia. In extreme cases of intoxication, a Parkin-
son-like syndrome may result, characterized by speech
disturbances, muscle spasticity, tremor, memory loss,
mental depression, and marked psychic symptoms; per-
manent disability is likely, Reproductive disorders
occur, such as aspermia, menstrual irregularities, and
spontaneous abortion. Psychosis and suicide are estab-
lished risks of overexposure (0 carbon disulfide. Other
reported effects of exposure to carbon disulfide are
ocular changes (retinal degeneration, corneal opacities,
disturbances of color vision, corneal anesthesia, dimin-
ished pupillary reflexes, microscopic aneurysms in the
retiny), gastrointestinal disturbances (chronic gastritis
and achlorhydria), renal impairment (albuminuria, mi-
crohematuria, elevated blood urea nitrogen, diastolic

‘hypertension), and liver damage. Effects commonly

caused by repeated exposuie to carbon disulfide vapor
are exemplified by a group of workers with a time-
weighted average (TWA) exposure of 11.2 ppm (range
0.9 to 127 ppm) who complained of headaches and
dizziness; in other workers with a TWA of 186 ppm
(range 23 to 378 ppm) complaints also included sleep
disturbances, fatigue, nervousness, anorexia, and weight
loss; the end-of-day exposure coefficient of the iodine
azide test on urine was a good indicator of workers who
were or had been symptomatic. Overexposure to

Appendix A
2 Carbon Disulfide
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carbon disulfide has long been regarded as potentially
atherogenic for cerebral, renal, and coronary arteries;
recent epidemiologic studies of viscose ruyon workers
have confirmed a 2.5- to 5-fold increase in risk of death
from coronary heart diseasc as compared with the
experience of unexposed workers. Other cardiovascular
effects observed in workers repeatedly exposed to
carbon disulfide are bradycardia, tachycardia, arrhyth-
mias, and electrocardiographic changes consistent with
both nonspecific and ischemic wave changes. Splashes
of the liquid in the eyes cause immediate and severe
irritation; dermatitis and vesiculation may result from
skin contact with the vapor or the liquid. Although
ingestion is unlikely to occur, it may cause coma and
convulsions,

CHEMICAL AND PHYSICAL PROPERTIES

¢ Physical data

1. Molecular weight: 76.1

2. Boiling point (760 mm Hg): 46.3 C (115 F)

3. Specific gravity (water = 1): 1,27

4. Vapor density (air = 1 at boiling point uf carbon
disulfide); 2.6

5. Melting point: —111,5 C (-169 F)

6. Vapor pressure at 20 C (68 F): 300 mm Hg

7. Solubility in water, g/100 g water at 20 C (68 F):
0.2

8. Evaporation rate (butyl acetate = 1): 22,6
s Reactlvity

1. Conditions contributing to instability; Containers
may burst when heated,

2. Incompatibilities: Contact with strong oxidizers,
and chemically active metals (such as sodium, potas-
sium, and zinc), azides, and organic amines may cause
fires and explosions.

3. Hazardous decomposition products: Toxic gases
and vapors (such as sulfur dioxide and carbon monox-
ide) may be released in a fire involving carbon disulfide.

4. Special precautions: Liquid carbon disulfide will
attack some forms of plastics, rubber, and coatings.
¢ Flammability

1. Flash point: - 30 C (-22 F) (closed cup)

2. Autoignition temperature: 90 C (194 F)

3. Flammable limits in air, % by volume: Lower: 1.3;
Upper: 50

4. Extinguishant: Dry chemical, carbon dioxide for
small fires
¢ Warning properties

1. Odor Threshold: The Handbook of Organic Indus-
trial Solvents states that at less than 1 ppm, carbon
disulfide has a disagreeable odor. Summer gives an odor
threshold of 7.7 ppm , and May gives 0.0011 ppm and
0.0081 ppm. The AIHA Hygienic Guide gives an odor
threshold of 1.2 ppm.

2. Eye Irritation Level: Carbon disulfide is not
known to be an eye irritant,

3. Evaluation of Warning Properties: Since the odor
threshold of carbon disulfide is below the perniissible
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exposure hait, it is treated as a material with good
warning properties.

MONITORING AND MEASUREMENT
PROCEDURES

* Eight-Hour Exposure Evalvatiocn

Measurements io determine employee exposure are best
taken so that the average eight-hour exposure 15 based
on a single eight-hour sample or on two four-hour
samples. Several short-time interval samples (up to 30

minutes) may also be used to determine the average *

exposure level. Air samples should be taken in the
employee’s breathing zone (air that would most nearly
represent that inhaled by the employee).

¢ Celling Evaluation

Measurements to determine employee ceiling exposure
are best taken during periods of maximum expected
airhorne concentrations of carbon disulfide. Each mea-
surement should consist of a fifteen (15) minute sample
or series of consecutive samples totalling fifteen (15)
minutes in the employee's breathing zone (air that
would most nearly represent that inhaled by the em-
ployee). A minimum of three (3) measurements should
be tuken on one work shift and the highest of all
measurements taken is an estimate of the employee’s
exposure,

* Pesk Above Celling Evaluation

Measurements to determine employee peak exposure
should be taken during periods of maximum expected
airborne concentration of carbon disulfide. Each mea-
surement should consist of a 30-minute sample or a

technically feasible, when such controls are in the
process of Leing installed, or when they fail and need to
be supplemerted. Respirators may also be used for
operations which require entry into tanks or closed
vessels, and in emergency situations. If the use of
respirators is necessary, the only respirators permitted
are those that have been approved by th2 Mine Safety
and Health Administration (formerly Mining Enforce-
ment and Salety Administration) or by the National
Institute for Occupational Safety and Health.

* In addition io respirator selection, a complete respira-
tory protection program should be instituted which
includes regular frainiug, maintenance, inspection,
cleaning, and evaluation.

PERSONAL PROTECTIVE EQUIPMENT

* Employees should be provided with and required to
use impervious clothing, gloves, face shields (eight-inch
minimum), and other appropriate protective clothing
necessary to prevent skin contact with liquid carbon
disulfide, where skin contact may occur,

* Non-impervious clothing which becomes contami-
nated with carbon disulfide should be removed prompt-
ly and not reworn until the carbon disulfide is removed
from the clothing,

~.* Any clothing which becomes wet with liquid carbon

disulfide should be removed immediately and not
raworn until the carbon disulfide {s removed from the
clothing.

v
o

"

series of conseoutive samples totalling 30 minutes in the ;

employee's breathing zone (air that wouid most neatly ® Clothing wet with “-«luid carbon dlsu]ﬁde: should be PN

represent that inhaled by the employec). A minimum of placed in closed containers for storage until it can be .~"_:.~'_".'
three measurements should be taken on one work shift discnrdec! or until provision is made for the removal of r.@:{.q
and the highest of all measurements taken is an estimate  c2rbon disulfide from the clothing. If the clothing is to S:«";\

of the employee's exposure. be laundered or otherwise cleaned to remove the e

o Method carbon disulfide, the person performing the operation MRS
Sampling and ana]ySCS may bC pcrformed by collcction shou]d be infot’med of cal‘bon disu]ﬁdc's hﬂzardous "-:“:{I‘I

of carbon disulfide vapors using an adsorption tube with
subsequent desorption with benzene and gas chromato-
graphic analysis. Also, detector tubes certified by
NIOSH under 42 CFR Part 84 or other direct-reading
devices calibrated to measure carbon disulfide may be

propertics,

* Employees should be provided with and required to
use splash-proof safety goggles where liquid carbon
disulfide may contact the eyes,

NB used. An analytical method for carbon disulfide is in the SANITATION i;::"_‘::‘
- NIOSH Manual of Analytical Methods, 2nd Ed., Vol. 3, w‘;}'.: !
i 1977, available from the Government Printing Office, * Skin that becomes contaminated with carbon disul- P
‘ :’1 Washington, D.C. 20402 (GPO No. 017-033-00261-4). fide should be promptly washed or showered with soap :'.t-":: -

) or mild detergent and water to remove any carbon :,,(‘.:
& RESPIRATORS disulfde. o
N .

COMMON OPERATIONS AND CONTROLS

The following list includes some common operations in
which exposure to carbon disulfide may occur and
control methods which may be effective in each case:

¢ Good industrial hygiene practices recommend that
engineering controls be used to reduce environmental
concentrations to the permissible exposure level. How-
ever, there are some exceptions where respirators may
be used to control exposure. Respirators may be used
when engineering and work practice controls are not
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Operation

Use in manufacture of
viscose rayon during
xanthation of cellulose
and spinning and
cutting operations; use
as a xanthating agent in
manufacture of
cellophane; use during
manufacture of
pesticides

Use as a fumigant and
spray application on
grains, and space
fumigation of
agricultural premises

Use in synthesis of
carbon tetrachloride

Use in synthesis of
intermediates and
manufacture of dves,
pharmaceuticals, rubber
chemicals, pesticides,
and flotation agents

Liberation during
destructive distillation of
coal in manufacture of
coal gas and coal tar

Use as a solvent in dry
spinning of polyvinyl
chioride; as a solvent in
oll welly; use in
manufacture of optical
glass

Use during rubber
marufacture in cold

| curing operations;

| during extraction

| processing of oils, fats,
rasins, and waxes; use
in manufacture of
matches

]
]
; Appendix A
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Controls

Frocess enclosure;
local exhaust
ventilation; yeneral
dilution ventilation;
temperature control;
personal protective
equipment

Generai dilution
ventilation; temperature
control; personal
protective equipment

Process enclosure;
local exhaust
ventilation; general
dilution ventilation;
temperature control;
personal protective
equipment

Process enclosure;
local exhaust
vantilation; general
dilution ventilation;
temperature control;
personal proteotive
equipment

Process enclosure;
local exhaust
ventilation; general
dilution ventilation;
temperature control;
personal protective
equipment

Process enclosure;
local exhaust
ventilation; general
dilution ventilation;
temperature control;
personal protective
equipment

Process enclosure;
local exhaust
ventilation; general
dilution ventilation;
temperature control;
personal protective
equipmont

76
September 1878
* f. . ST R A B N I A ‘~‘.'~'
o NN '-‘-'~“~-‘~‘-‘ .‘ W S %
.~ : N - ~."?\-..-.¢ WS
MM‘LL;U._‘JA\LLA\A y 5\ "Ls.‘\k- L‘\ SR PN RO ﬂ 3

EMERGEMCY FIRST AID PROCEDURES

In the event of an emergency, institute first aid proce-
dures and send for first aid or medical assistance.
« Eye Exposure

If liquid carbon disulfide gets into the eyes, wash eyes
immediately with large amounts of water, lifting the
lower and upper lids occasionally, If irritation is present
after washing, get medical attention. Coniact lenses
should not be worn when working with this chemical,
¢ Skin Exposure

If liquid carbon disulfide gets on the skin, immediately
wash the centamiauated skin using soap or mild deter-
gent and water. If liquid carbon disulfide soaks through
the clothing, remove the clothing immediately und
wash the skin using soap or mild detergent and water.
Get medica!l attention promptly.

* Broathing

If a pervon Yreathes in large smounts of carbon disul-
fide, move the exposed person to fresh air at once. If
breathing has stopped, perform artificial respiration.
Keep the affected person warm and at rest. Get medical
attention as soon as possible,

+ Swallowing

When liquid carbon disulfide lias been swallowed and
the person is conscious, give the person large quantities
of water immediately. After the water has been swal-
lowed, try to get the person to vomit by having him
touch the back of his throat with his finger. Do not
make an unconscious person vomit. Get medical atten-
tion immediately.

¢ Rescue

Move the affected person from the hazardous exposure,
If the exposcd person has been overcome, notify some-
one else and put into effect the established emergency
rescue proceciures, Do not become a casualty, Under-
stand the facility’s emiergency rescue procedures and
know the locations of rescue equipment before the need
arises.

SPILL, LEAK, AND DISPOSAL
PROCEDURES

¢ Persons not wearing protective equipment and cloth-
ing should be restricted from areas of spills or leaks until
cleanup has been completed.

¢ 1f carbon disulfide is spilled or leaked, the following
steps should be taken:

1. Remove all ignition sources.

2. Ventilate area of spill or leak.

3. For small quantities, absorb on paper towels, Evapo-
rate in a safe place (such as a fume hood). Allow
sufficient time for evaporating vapors to completely
clear the hood ductwork. Burn the paper in a suitable
location away from combustible materials. Large quan-
tities can be reclaimed or collected and atomized in a
suitable combustion chammber equipped with an appro-
priate effluent gas cleaning device. Carbon disulfide
should not be allowed to enter a confined space, such as
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a sewer, because of the possibility of an explosion.
Sewers designed to preclude the formation of explosive
concentrations of carbon disulfide vapors are permitied.
* Waste disposal method:

Carbon disulfide may be disposed of by atomizing in 4
suitable combustion chamber equipped with an appro-
priate effluent gas cleaning device.
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T LAY
» ', RESPIRATORY PROTECTION FOR CARBON DISULFIDE W -3
1 50 — I.’:*:":':
N NERRS
*;; Condition Minimum Respiratory Protection® Ry
. ] vt
b Required Above 20 ppm ANE
. PR :'l\'H'
| ,qi Vapor Concentraiion E::,;g
E“.' 200 ppm or less Any chemical cartridge respirator with an organic vapor cartridge(s). "\~ .
. Any supplied-&ir respirator, ."%"
Lty
! Any self-contained breathing apparatus. »';;,-*—‘.4
. Py
“ ey A s
TN 500 ppm or less Any chemical cartridge respirator with a full facepiece and an organic vapor [:;‘\-\'\;.j
“ O cartridge(e). I
N .
i A gas mask with a chin-style cr a front- or back-mourited organic vapor canister. N
a Any supplied-air respirator with & full facepiece, helmet, or hood.
f& Any self-contained breathing apparatus with a full facepiece.
by A Type C supplied-air respirator operated in pressure-demand or other positive
- 2 pressure or continuous-flow mode,
" Greater than 500 ppm or Self-contained breathing apparatus with a full facepiece operated in pressurs-
' entrty and escape from demand or other positive pressure mode.
Y, unknown concantrations
<Y ' A combination respirator which includes a Type C supplied-air respirator with a
- A full facepiace operated in pressure-demend or other positive pressure or continu-
. ous-flow mode and an auxiliary self-contained breathing apparatus operated in
< pressure-demand or other positive preasure mode.
E: Fire Fighting Self-contained breathing apparatus with a full facepiece operated In pressure-
o demand or other posliive pressire mode.
] Escape Any gas mask providing protection against organic vapors. . .-"'
St
I~ Any escape self-contained breathing apparatus. :::.".:j;\.
- . BeN
) *Only NIOSH-approved or MSHA-approved equipment should be used. :7:-:\,
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Occupational Health Guideline for e
Chlorocbenzene S
ead

Lo

INTRODUCTION and suspects that they are caused by exposure to -':-:'j
chlorobenzene, o

This guideline is intended as a source of information for * Recommended medical surveillance '."}
employees, employers, physicians, industrial hygienists, ~ The following medicu! procedures should be made e
and other occupational health professionals who may available to each employee who is exposed to chloro- Lo
have a need for such information. It does not attempt to benzene at potentially hazardous levels: L P
present all data; rather, it presents pertinent information 1. Initial Medical Screening: Employees should Le .‘,{l‘_"
and data in summary form. screened for history of certain medical conditions Y
(listed below) which might place the employee at v

SUBSTANCE IDENTIFICATION increased risk from chlorobenzene exposure, s
—Skin disease: Chlorobenzene can cause dermatitis e

* Formula: C¢H,Cl

e Synocnyms: Monochlorobenzene;
phenyl! chloride; MCB

¢ Appearance and odor: Colorless liquid with a mild
aromatic odor,

PERMISSIBLE EXPOSURE LIMIT (PEL)

The current OSHA standard for chlorobenzene is 75
parts of chiorobenzene per million parts of air (ppm)
averaged over an cight-hour work shift, This may also
be expressed as 350 milligrams of chlorobenzene per
cubic meter of air (mg/m?),

HEALTH HAZARD INFORMATION

¢ Routes of exposure

Chlorobenzene can affect the body if it is inhaled or if it
comes in contact with the eyes or skin, It can also affect
the body if it is swallowed.

s Effects of overexposure

1. Short-term Exposure: Chlorobenzene may cause
drowsiness, incoordination, and unconsciousness. It
may also cause irritation of the eyes, nose, and skin,
Exposure to high levels might also cause liver damage.
2, Long-term Exposure: Prolonged or repeated skin con-
tact with chlorobenzene liquid may cause skin burns.
Prolonged or repeated exposure to this chemical might
also result in liver, kidney, or lung damage.

3. Reporting Signs and Symptoms: A physician should be
contacted if anyone develops any signs or symptoms

chlorobenzol;

on exposure, Persons with pre-existing skin disorders
may be more susceptible to the effects of this agent,

—Liver disease: Chlorobenzene is known as a liver
toxln in animals, 'I'he importance of this organ in the
biotransformation and detoxification of foreign sub-
stances should be considered before exposing persons
with impaired liver function.

—Kidney disease: Although chlorobenzene is not
Known as a kidney toxin in humans, the importance of
this organ in the elimination of toxic substances justifies
special consideration in those with impaired renal func-
tion,

—Chronic respiratory disease: In persons with im-
paired pulmonary function, especially those with ob.
structive airway diseases, the breathing of chloroben-
zene might cause exacerbetion of symptoms due 1o its
irritant properties.

2. Periodic Medical Examination: Any eniployee devel-
oping the above-listed conditions should be referred for
further medical examination.

¢ Summary of toxicology

Chlorobenzene vapor is a narcotic. Cats exposed to
8,000 ppm showed severe narcosis after % hour and
died 2 hours after removal from exposure, but 660 ppm
for 1 hour was tolerated. Exposed animals showed eye
and nose irritation, drowsiness, incoordination, and
coma followed by death from the most severe expo-
sures, Several species of animals exposed to 1,000 ppm
for 7 hours/day, 5 days/week over a period of 44 days
showed histopathologic changes in the lungs, liver, and
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These recommendations reflect good industrial hygiene and medical surveillance practices and their implemuntation will
assist in achieving an effactive occupational health program. However, they may not be sufficient to athieve compliance
with all requirements of OSHA regulations.

U.S. DEPARTMENT OF HEALTH AND HUMAN SERVICES U.S. DEPARTMENT OF LABOR

Public Health Service  Centers for Disease Control Occupational Safety and Health Administration .,{:‘1
National Institute for Occupational Salety and Mealth O
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kidneys, but at 475 ppm there was only slight liver
histopathology in guinea pigs. Toxicologic studies and
experience indicate that chlorobenzene does not cause
the type of blood chunges seen with benzene exposure.
In man, eye and nasal irritation begin to occur at 200
prm, and at that level the odor is pronounced and
uripleasant; industrisl experience indicates that occa-
siona! short exposures are not likely to result in more
than minor skin irritation, but prolonged or frequently
repeated contact may result in skin burns. in one case of
‘accidental poisoning from ingestion of the liquid by a
child there was pallor, cyanosis, and coma, followed by
complete recovery. Occupational intoxication has not
been reported.

CHEMICAL AND PHYSICAL PROPERTIES

o Physical data

1. Molecular weight: 112.5

2. Boiling point (760 mm Hg): 132 C 270 F)

3. Specific gravity (water = 1): 1.1

4, Vapor density (air = 1 at boiling point of chloro-
benzene): 3.9

5. Melting point: —44 C(-47 F)

6. Vupor pressure at 20 C (68 F): 8.8 mm Hg

7. Solubility in water, /100 g water at 20 C (68 F):
0.05

8. Evaporation ratc (butyl acctate = 1): 1
s Reactivity

1. Conditions contributing to instability: Heat

2. Incompatibilities: Contact 'with strong oxidizers
may cause fires and explosions. .

3, Hazardous decomposition products: Toxic gases
and vapors (such as hydrogen chloride, phosgene, and
carbon monoxide) may be released in a fire involving
chlorobenzene.

4, Special precautions: Liquid chlorobenzene will
attack some forms of plastics, rubber, and coatings.
+ Flammability

1. Flash point: 28.9 C (84 I) (closed cup)

2. Autoignition temperature: 638 C (1180 F)

3, Flammable limits in air, % by volume: Lower: 1.3;
Upper: 7.1

4, Extinguishant: Carbon dioxide; dry chemical,
foam
* Warning properties
According to both Deichmann and Gerarde and the
AIHA Hygienic Guide, the odor of chlorobenzene is
“barely perceptible” at 60 ppm, a concentration helow
that of the permissible exposure, Chlorobenzene is
considered to have good wat ning properties. It is un eye
irritant, as stated by Patty, but the exact concentrations
at which this irritation occurs are not mentioned.

MONITORING AND MEASUREMENT
PROCEDURES:

¢ General
Measurements to determine employee exposure are best
taken so that the average eight-hour exposure is based

Appendix A
2 Chlorobenzene
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on a single eight-hour sample or on two four-hour
samples. Several short-time interval samples (up to 30
minules) may also be used to determine the average
exposure level, Air samples should be taken in the
employee’s breathing zone (air that would most nearly
represent that inhaled by the employee).

* Method

Sampling and analyses may be performed by collection
of vapors using an adsorption tube with subsequent
desorption with carbon disulfide and gas chromatogra-
phic analysis, Also, detector tubes certified by NJOSH
under 42 CFR Part 84 or other direct-reading devices
calibrated to measure chiorobenzene may be used. An
analytical method for chlorobenzene is in the NIOSH
Manual of Analytical Methods, 2ud Ed., Vol. 2, 1977,
available from the Government Printing Office, Wash-
ington, D.C, 20402 (GPO No. 017-033-00260-6).

RESPIRATORS

* Good industrial hygiene practices recommend that
engineering coatrols be used to reduce environmental
concentrations to the permissible exposure level, How-
ever, there are some exceptions where respirators may
be used to control exposure. Respirators may be used
when engineering and work practice controls are not
techmcally feasible, when such controls are in the
process of being installed, or when they fail and need to
be supplemented. Respirators may also be used for
operations which require entry into tanks or closed
vessels, and in emergency situations, If the use of
respirators is necessary, the only respirators permitted
arc those that have been approved by the Mine Safety
and Health Administration (formerly Mining Enforce-
ment and Safety Administration) or by the National
Institute for Occupational Safety and Health,

* In addition to respirator sclection, # complete respira-
tory protection program should be instituted which
includes regular truining, maintenance, inspection,
cleaning, and evaluation,

PERSONAL PROTECTIVE EQUIPMENT

¢ Employees should be provided with and required to
use impervious clothing, gloves, face shields (cight-inch
minimum), and other appropriate protective clothing
necessary to prevent repeated or prolonged skin contact
with liquid chlorobenzene.

¢ Clothing wet with liquid chlorobenzene should be
placed in closed containers for storage until it can be
discurded or until provision is made for the removal of
chlorabenzene from the clothing, If the clothing is to be
laundered or otherwise cleaned to remove the chloro-
benzene, the person performing the operation should be
informed of chlorobenzence's hazardous properties.

* Any clothing which becomes wet with liquid chloro-
benzene should be removed immediately and not
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reworn until the chlorobenzene is removed from the
clothing.

» Employecs should be provided with and required to
use splash-proof safety goggles where hquid chloraben-
zene may contact the syes.

SANITATION

s Skin that becomes wet with liguid chlorobenzene
should be promptly washed or showered with soap or
mild detergent and water to remove any chlorobeazenz.

COMMON OPERATIONS AND CONTROLS

The following list includes some common operations in
which exposure to chlorobenzene may occur and con-
trol methods which may be effective in each case:

Operation Controls

Use in manufacture of
pheno! in synthesis of
poiymeric matetlais

Local exhaust
ventilation

Use as an intermediate Process enclosure
in manutacture of ortho- )
and para-nitiobenzenes

for use in dye

manufacture;

manufacture of DDT,

aniline, picric acid, beta-
chioroanthraquinone.

and other chernicals;

manufacture of rubber

adhesives and

adhesives

Local exhaust
ventilation

Use as fiber swelling
agent and dye carrier in
textile processing

Local exhaust
ventilation

Use as tar and grease
remover in cleaning and
dagreasing opcrations

Process enclosure;
local exhaust
ventilation; personal
protective equipment

Lise as solvent in
surface coatings and
surlace coating
removarg

Local exhaust
ventilgtion

Use as extractant in
manufacture of
diisocyanates, rubber,
perfumes, and
pharmaceuticals

EMERGENCY FIRST AID PROCEDURES

In the ¢veat uf an emergency, mnstitute first aid proce-
dures . J send for first aid or medical assistance,
¢ Eye Exposure

If chlorobenzene gets into the eyes, wash eyes immedi-
ately with large amounts of water, lifting the lower and
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upper lids occasionally. Get medical attention immedi-
ately. Contact lenses should not be worn when working
with this chemical.

» Skin Exposure

If chlorobenzene gets on the skin, promptly wash the
contaminated skin using soap or mild detergent and
water. If chlorobenzene soaks through the clothing,
remove the clothing immediately and wash the skin
using soap or mild detergent and water. If irritation
persists after washing, get medical attention,

¢ Breathing

If a person breathes in large amounts of chlorobenzene,
move the exposcd person to fresh air at once. If
breathing has stopped, perform artificial respiration.
Keep the affected person warm and at rest. Get medical
attention as soon as possible,

¢ Swallowing

If chlorobenzene has been swellowed, do not induce
vomiting, Get medical attention immediately.

+ Rescue

Move the affected person from the hazardous exposure
If the exposed person has been overcome, notify some-
one else and put into effect the established emnergency
rescue procedures. Do not become a casualty. Under-
stand the facility's emergency rescue procedures and
know the locations of rescue equipment before the need
arises.

SPILL, LEAK, AND DISPOSAL
PROCEDURES

* Persons not wearing protective equipment and ¢loth-
ing should be restricted from areas of spills or leaks until
cleanup has been completed.

¢ If chlorobenzene is spilled or leaked, the follo wing
steps should be taken:

1. Remove all ignition sources.

2. Ventilate arca ol spill or leak.

3. For small quantities, absorb on paper towels. Evapo-
rate in & safe place (such as a fume hood). Allow
sufficient time for evaporating vapors to completely
cleae the hood ductwork. Burn the paper in a suitable
location away from combustible materials. Laige quan-
tities can be reclaimed or collected and atomized in a
suitable combustion chamber equipped with an appro-
priate effluent gas cleaning device. Chlorobenzene
should not be allowed to enter a confined space, such as
a sewer, because of the possibility of an explosion
Scwers desigied to preclude the forma on of txplosive
concentranons of chlorobenzene vapors are permitied.
* Waste disposal method:

Chlorobenzene may be disposed of by atomizing in a
suitable combustion chamber equipped with an appro-
priate cfftuent gas cleaning device.

Chlorobenzene 3
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reworn until the chlorobenzene is removed from the

clothing.
s Employees should be provided with and required to

use splash-proof safety goggles where liquid chloroben-
zene may contact the eyes.

SANITATION

* Skin that becomes wet with liquid chlorobenzene
should be promptly washed or showered with soap or
mild detergent and water to remove any chlorobenzene.

COMMON OPERATIONS AND CONTROLS

The following list includes some common operations in
which exposure to chlorobenzene may occur and con-
trol methods which may be effective in each case:

Operation Controls
Use in manufacture of Local exhaust
phenol in synthesis of ventilation

polymeric materials

Use as an intermediate Process enclosure
in manufacture of ortho-
and para-nitrobenzenes
for use in dye
manufacture; i
manufacture of DDT,
aniline, picric acid, beta-
chloroanthraquinone,
and other chemicals;
manufacture of rubber
adhesives and
adhesives

Local exhaust
ventilation

Use as fiber swelling
agent and dye carrier in
textile processing

Use as tar and grease Local exhaust

remover in cleaning and
degreasing operations

Use as solvent in
surface coatings and
surface coating
removers

Use as extractant in
manufacture of
diisocyanates, rubber,
perfumes, and
pharmaceuticals

ventilation

Process enclosure;
local exhaust
ventilation; personal
protective equipment

Local exhaust
ventilation

EMERGENCY FIRST AID PROCEDURES

In the event of an emergency, institute first aid proce-
dures and send for first aid or medical assistance.
* Eye Exposure

If chlorobenzene gets into the eyes, wash eyes immedi-
ately with large amounts of water, lifting the lower and

Apppendix A
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upper lids occasionally. Get medical attention immedi-
ately. Contact lenses should not be worn when working
with this chemical.

* Skin Exposure

If chlorobenzene gets on the skin, promptly wash the
contaminated skin using soap or mild detergent and
water. If chlorobenzene soaks through the clothing,
remove the clothing immediately and wash the skin
using soap or mild detergent and water. If irritation
persists after washing, get medical attention.

* Breathing

If a person breathes in large amounts of chlorobenzene,
move the exposed person to .fresh air at once. If
breathing has stopped, perform artificial respiration.
Keep the affected person warm and at rest. Get medical
attention as soon as possible.

¢+ Swallowing

If chlorobenzene has been swallowed, do not induce
vomiting. Get medical attention immediately.

* Rescue

Move the affected person from ihe hazardous exposure.
If the exposed person has been overcome, notify some-
one else and put into effect the established emergency
rescue procedures. Do not become a casualty. Under-
stand the facility’s emergency rescue procedures and
know the locations of rescue equipment before the need
arises.

SPILL, LEAK, AND DISPOSAL
PROCEDURES

* Persons not wearing protective equipment and cloth-
ing should be restricted from areas of spills or leaks unti!
cleanup has been completed.

* If chlorobenzene is spilled or leaked, the following
steps should be taken:

I. Remove all ignition sources.

2. Ventilate area of spill or leak.

3. For small quantities, absorb on paper towels. Evapo-
rate in a safe place (such as a fume hood). Allow
sufficient time for evaporating vapors to completely
clear the hood ductwork. Burn the paper in a suitable
location away from combustible materials. Large quan- .
tities can be reclaimed or collected and atomized in a
suitable combustion chamber equipped with an appro-
priate effluent gas cleaning device. Chlorobenzene
should not be allowed to enter a confined space, such as
a sewer, because of the possibility of an explosion.
Sewers designed to preclude the formation of explosive
concentrations of chlorobenzene vapors are permitted.
* Waste disposal method:

Chlorobenzene may be disposed of by atomizing in a
suitable combustion chamber equipped with an appro-
priate effluent gas cleaning device.

Chlorobenzene 3
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Hygiene and Toxicology (2nd ed. rev.), Interscience,
New York, 1963.

» Sax, N. L.: Dangerous Properties of Industrial Materials
(3rd ed.), Van Nostrand Keinhold, New York, 1968,
* von Oettingen, W. F.. The Halogenuicd Aliphatic,
Olefinic, Cycliv, Aromatic, and Aliphatic-Aromatic Hy-
drocarbons Including the Halogenated Insecticides, Their
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AESPIRATORY PROTECTION FOR CHLOROBENZENE

Condition

Minimuin Respiratory Protection®*

Required Above 75 ppm

Vapor Concentration

1000 ppm or less
cartridge(s).

A chemical cartridge respirator with a full facepiece and an organic vapor

2400 ppm or less

A gas mask with a chin-style or a front- or back-rnounted organic vapor canister.

Any supplied-air respirator with a fu!l facepiece, helmet, or hood.

Any self-contained breathing apparatus with a full facepiece.

Greater than 2400 ppm or
entry and escape from
unknown concentrations

Self-contained breathing apparatus with a full faceplece operated in pressure-
demand or other positive pressure mode.

A combination respirator which includes a Type C supplied-air respirator with a
full facepiace operated in pressure-demand or other positive pressure or continu-
ous-flow mode and an auxiliary self-contained breathing apparatus operated in
pressure-demand or Other positive pressure mode.

Fire Fighting

Self-contained breathing apparatus with a full facepiece operated in pressure-

deman or other positive pressure mode.

Escape Any gas mask providing protection against organic vapors,

Any escape self-contained breathing apparatus.

*Only NIOSH-approved or MSHA-approved equipment should be usad.

Appendix A
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PCR

POTASSIUM

CHLORATE

ta--.- Sraonym
P—— Solid White Odoriems 6. FIRE HAZARDS $. WATER POLLUTION
Olorste of pruastive 8.1 Flash Point: Not Nemmable. bu may 81 Aquatic Toxicity: Data not avarlabl
Chlesvie of pormd Mines with wates. vause fire upan contact with ordinary 8.2 Walerfowl Yosielty: Data not avaluble
cumbutibles 83 Biological Oxygen Demand (8OD): Nunc
6.2 Flammable Limits in Al Not periyacn 8.4 Food Chain Concentration Potentis!:
Call fiee department. 6.3 Fire Extinguishing Agents: Waier on None
Keep peuple away. . adjucent fires
builate and remove discharged material X 4 10 be Used:
Nutity local health and pollution cunitul apencie. s ""N""""_""""‘ Agents Nol to be
ol pertinent
6.5 Specisi Hazardsof & tion P
Tonsc lumes are formed in fires
N 6.6 ‘ot In Fire: D when hot
ot flammabdle. h inc
ROl CAss ARE PROSOEEh WeriRe i e e
AR .
Fluud discharye area with wates 6.7 ignition Tempecature: Not pertinent 8. SELECTED MANUFACTURERS
Fire 8.8 Electrical Hazard: Not pertinenl b P,"m“" ¢ orporation
Chemicals Bivision
6.9 Burning Rate: Nol pertinent Three Parkway
Philadeiphic, Pa. 19102
2. Hooker Chemical Corporation
Speciaty Chemicals Division
Call fur medical aid. P. 0. Box M4
DUST 7. CHEMICAL REACTIVITY Niagara Falls, N. Y. 14302
Irritating (0 eyes, nose and throat. 7.1 RMesctivity with Water: No reaction 3. Mathinckrodt Chemical Works
Move victim fo fresh air. . Industrial Chemicals Division
? ) . 7.2 Resctivity with Common Materiale:
d Nush with 1y of water, ; p 4 S
I8 in eyes. hold eyelids open and fluth with plenty of water Cuntact with combustible material muy Second and Matlinckrodi Streets
soup cause fire. : OL Box ::39531(,0
1rritating to skin and eyes. 7.3 Stabliity During Traneport: Stable 1. Lous, Mo.
1f swallowed will cause nauses, vomiting or Joss of
Exposure conaciousnem. 7.4 Neutralizing Agents for Acids snd
:I‘rmoﬂ"ronlamimlrd c}:a;‘h'in; nn;l shoes. Causties: Not pertinent
ush affected areas wit niy ol wates,
1F IN EYES. hold eyelids open and flush with plenty of water. 7.5 Polymerizetion: Noi pertinent
IF SWALLOWED and victim is CONSCIOUS, have victim drink water 7.6 inhibitor of Polymerization: 10. SHIPPING INFORMATION
of milk and have victim induce vomilhx‘ : > o - Purity: ¢ el 99745
1F SWALLOWED and victim is UNCONSCIOUS OR HAVING CON- Noft pertinent - rades or Purlly: ( ommercial: .
VULSIONS. do nothing except heep victim warm, i Reagent; Purified
10.2  Storage Tempersture: Ambent
103 Inert p No rey
10.4 Venting: Open
Effect of Jow concentrations on aquatic life is unknown.
Water May be danperous if it enters wates lntakes.
Noufy tocal health and wildhfe officials.
Pollution Notify nperators of nearby water intakes.

(S0 ResPunss Moinegs Mandboos Ct

Ivwue warmng  usidizing mal
walet conlamnant

Restrict access

Disperse and Nush

1. RESPONSE 10 DISCHARGE

1 LABEL

G a4s-4)

terial.

1). HAZARD ASSESSMENT COOE
(500 HaI81¢ Assersmant Hangboou CO 448-))
8

3. CHEMICAL DESIGNATI

32 Ceest Guard Cempatibitity C
ot applabdle

33 Chemical Formula: AC1O,

Designetion: 4 | /14x¢

34 IMCO/United Nations Numerical

ONS 4. OBSERVABLE CHARACTERISTICS

31 Symonyme: Chlordice of potash. 4.1 Physical State (as shipped): Sohd
Churate of potassium: pincrate

4.2 Color: Whie

Isssification: 43 Odor: Nune

prevent contact with skin

5. HEALTH HAZARDS

51 Pursonsi Protective Equipment: Dust mash; rubber gloves, gugples. protective clothing to

LI r €

2 Inhalation of dust cen irrlste nose and throat, Contect with

ymp o
tves of skin cavses irritanion
collapee.

$ 10 Oder Threshold: Mut periinent

Ingestiom causes abdominal pain, Aausea. vOMILINE, CYanos,

53  Treatment for Exposure: | YES Nush with waler for at least 15 min. SKIN" wush with soap and
water INGFSTHON difute by drinking saaps or salty watet (o 1nduce vomiting; call phyvician,

$ 4 Tonichy by inhaletion (Threshold Limit Value): Dala not avuiluble
55 Shon-Term inhaletion Limite: [uats not availadle

56 Tonichy by Ingostion: (irade2, 1 D0 “105g/4y

57 LeteTesicity: 1data not availahle

58 ¥epor (Gas) Irant Chareclerietics: Date not uvmlable

59 Ligquid or Selid Irritant Cheracteristics: [iata nol avnlable

12, HAZARD CLASSIFICATIONS

12,1  Code of Feders! Reguistions:

Oxidizing malerial

12.2 NAS Hazard Rating for Bulk Water

Transporiation: Not hsted

12.3 NFPA Hazsrd Classifcations:
Category

Health Hazard (Blue) . . !

Flammabihis (Redy . 0

Reactinty (Y ellow? . 2

Classification

13. PHYSICAL AND CHEMICAL PROPERTIES
13.1  Physicsl State 81 15°C and 1 #im: Sohd
13.2 Molecular Welght: 122.6
133 Bolling Polnt st 1 atm: Nut peritnent

1decompusest
13.4  Freezing Point:
6B0°F = 1601°( = A33°R
13.5 Critical Temperature: Not pertinent
13.6 Critical Pressure: ol periment
13.7 Specific Gravity: 2 34 a1 20C (~ohdy
138 Ligquid Surtece Tension: Not pertinent
139 Liquid-Wster intertacial Tension:
Nout pertinem
13 10 Vapor (Gas) Specitic Gravity:
Not pertinent
13.11 Ratio of Specific Heats ot Vapor (Gas):
Naot pertinent
13.12 Lateni Heat of Vaporization:
Not pertinent
13.13 Hastof Combustion: Noi pertinent
13.14 Hest of Decomposition: — 176 By ‘Ik
= ~OKcalfp ™ —4 1 X 10" J/kp
1315 Haatof Solution: 147 Btu ‘1h
=¥l 9cal/p = 343X 10" ) rkp
1316 Hestof Polymerization: Nut pertinem

{Continued on pager Y and A1

NOTES

Chemical Hazards Response Information System (CHRIS)
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SDC

SODIUM CHLORATE

Common Srnonrme 6. FIRE HAZARDS 8. WATER POLLUTION
Chborase of iy Suld cvysiab ot powder Culorivn (o pale yellow Odorien ) ] .
6.1 Flash Point: N Nammabie but 8.1 Aquatic Yoxicity:
supparis combusting $1.,000 ppm /pcrch s threshold ity
Sunks and mares with waes, 6.2 Flsmmable Limits in Alr: Nin pertinent R ;""‘ ‘;"'"‘ . e oot
m/seonedomus thresholid toagg .
6.3 Fhe Extinguishing Agents: Waier {,T:h u:r:." srmu e !
64 Fire Extinguishing Agents Notto b 3 . f
A1op drcharpe i pussioh "l ": m:‘“‘:": 9 Agents Nottobe Used: | g5 watertow! Taxielty: 1310 not svailobls
AL0 cuntact with sulgd . N
Taskute and remave discharged material 65 s e dsotC 1o Prod 8.3 Bml::g'nl Oxypen Demand (BOD):
Notls hucal heahih and poliuiien cuntent agencves In fire situions axypen mas he o
*¥ . B.4 Food Chain Concaniration Potentis!:
hheraled and incicose the intenany N
ol the fire nm
Not Namemabie, 6.6 Behavior in Fire: Mclis, then decomposes
CONTAINERS MAY EXPLODE (N FIRE. to give o1y pen gas that increases the
May cawse fwe on contsct with combuntibles intensits of fire. Reacts expiovvely,
Combat adgscent fires from 2 wale distance or pratecied location cilher g~ i solid af a liyud, with ot 9. SELECTED MANUFACTURERS
Fire loud dicharge area with warer orgamic matter and some metals Vo RaeMeGee Chamical Corp
Cout expused containens with water Aerr-MoGen Hidp
Contimue couhing alter fire has been ertinguidied 6.7 lgnition Tamperature: Not perhinent Oklabima €y, Okla “3H02
. R » 2
6.8 Electricel Hazerd: Nut peruaem 2 Geadental Perroleuts Curp
6.9 Burning Rate: Not pertinent Hooker Chenteal Co
N Industnial Cherinals Iisisan
CALL ¥OR MEDNICAL ALD Niapars fult. N 3 14302
SoLID .
Trritating 10 shin and eyes. 1. CHEMICAL REACTIVITY 3 Pean-Olin Cheniest C o
" i bITed
':':‘":'" :::m"“ R 7.1 Resciivity with Water: No reaction Calvert Cits. hy 42020
ush affected areas with plenty of water,
1F IN EYES. hold eyelids open and flush with plenty of wates. 7.2 Reactivity with Commaon Materials:
IF S\VALli:)Wt‘uh:nd victim s CONSCIOUS, have viclim drink water Chlorates are powerful ondizing
or mith and have victim induce vometi s
IF SWALLOWLD ard victim is UNCONSCIBUS OR HAVING CON. Hpents und can cuune explomons when
YULSIONS. dn nothing except heep vietim warm. heated or rubhed with wood, nrpanie
Exposuf. matter, sullur, und many metah. Lven
Waler sowhons react i this way of
stronger than 30X, expectally when warm
7.3 Stability During Transport: Sturis w1 10. SHIPPING INFORMATION
ST2%F with evolus { " pas .
D«um"lI i::: :n.'.c:"r: \::f-\.f:..:;‘m" 109 Grades or Purity: Technical (9.8
po N ] £ mimmum), ticated (99 Y5 mrmmum)
. Orypen increases intensaty of fires
7.4 Neutralizing Agents for Acids and 10.2  Storage Temparsture: Ambient
Csustics: Nol pertineni 10.3  inerl Atmosphere: No requirement
Dangerous to aquatic Lle in high concentrations. 7.5 Polymerization: Not pertinent 104 Venling: Open
wat" May br dangrows if It enters wates intakes. 7.8 Inhiditor of Polymerization: Nt pertinent
Notly lucal beatth and wildlife officials
Po"ut'on Nolily apetaton of nesrby water intahes.
1. RESPONSE TO DISCHARGE 11. HAZARD ASSESSMENT CODE 13. PHYSICAL AND CHEMICAL PROPERTIES
1500 Retponee Methoot Mendboos. CO 446-4) 1500 Ha1578 Assessment Mandbook, GO 448-) 13.1  Physical State 8t 15°C and 1 sim: Sulid
Tssue warming  hiph Dammability sS 13.2  Moleculsr Weight: 106 4%
Shuould be remored 13.3  Boiling Point ot 1 stm: Decompuses
Diperse vnd Nush 134 Froezing Point:
B 'oint:
4TH°F = 24%°C = 521°K
12. HAZARD CLASSIFICATIONS 13.5 Criticsl Tempersture: Not periinent
12.1  Code of Feders! Reguistions: 136 Critical Pressure: Not pert 1
3. CHEMICAL DESIGNATIONS 4. OBSERVABLE CHARACTERISTICS Oridwzing material 137 Specific Gravity: ° 4: r\tlv:"(cn Ihd
L c Gr T 24981 157 (sohd)
31 Synonyms: C hlurste uf woda 4.1 Physicel State (se shipped): Solid 12.2  NAS Mazsrd Rating lor Bulk Water 138 Liquid Suriace Tension: At pertimcnt
32 Cosst Guard Compatibitity Clsssification: 4.2 Color Palcyellow 10 while Teansportation: Not heted ,3'9 Liquid-Water interfach ;T ! f'" "
B uid-Water interfacist Tension:
o apphcable 43 Oder Odoriew 123 NFPA Hazerd Classifications: o pertinent
3 Chemical Formula: NaC10, 1ansification” :
3 o Cstegory c 1310 Vapor (Gas) Specific Gravhy:
34 IMCO/United Netions Numericsl Health Mazard (81 ° Not pent
Designation: < 11495 »eu szard {Blue) 1 Not periinent
4 Flammatiiny (Red) LU 13.11 Ratio of Specific Heats of Yapor (Gas):
Reactivny {Yelluw) 2 2 Not perinent
LAY 0%y
? 3 1 .
*Fiest column refers 10 non-fire situation 312 L.;::' N:llull'lnporiulion.
periinen
13.13 Heat of Combustion: Not pertinent
5. HEALTH HAZARDS 13.14 Meat of Decompesition: Nut pertinent
51 Personal Protective Equipment: (ican work uothing {musl be wsshed well with wster 13.15 Meatof Solution: Nut pertanent
alter cach exposurel. rubber ploves and shues where dusty, gogples and s approved dust : . prrtine
tespiratar Do NOT e mis. preases. of prlective creame on vk 1316 Heatof Polymaerization: Not perlinent
52 Symptoms Following Exposure: Inpeviion of 4 toxic done (ut Jeant 172 07.) leads to severe
pastroenteric pain, vormung, and diatrhea Pusaihle respiratory difficulines, including Failure
of respisation Mdney and hves injury may aho be produced. The fethal vral dose fur an adult
n appraovimateldy 1S gm Contact with eyes causes mination.
53 Yreatment for Exposurs: INGENTION induce vomiling und foltow with gastric lavage. sahine
cathartus Auud therapy. and esspen FYES washthorouphly with water
54  TYoulchy by Inhalation (Threshold LImH Vaiue): Not periment
3% Shori-Term Inhalation LimHe: Nt pertinent (€ omtimurd on paye S ond 61
56 Torieity by Ingastion: (,radc 1.1 Dy St 10 MNImp/hy
57 ULasteToricity: Dara nur availshie NOTES
58 Vepor {Ge) Irritant Charscteristics: “Nan volatie
5.9 Liquid or Solid Irrltant Charscteristics: Protonped expunure 1o volid or dust mas iriitgie <hin
S 10 Odor Threshold: “ut pertinens

Chemical Hazards Response Information System (CHRIS)
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STY STYRENE

Gommon Svnonym 6. FIRE HAZARDS 8. WATER POLLUTION
Sayenl Watery liquid Colurless 1o light yellow  Sweel pleatant odor 6.9 FlashPoint: v HL v bt 81 Agqualic Toxicily:
:\:::m-hn 6.2 Flammable Limitsin Air: 1 1. 1. 22ppm b bluepild 1L fesh water
Fluats on water. F\ bk ing vapor i produced. 6.3 Fire Extinguishing Agenta: W ity 8.2 Waterfowl Toxicity: 111 nw v sahie

Ty foant, carnon diovde . ar dry chemicad 81 PBiologicel Oxygen Demsnd (BOD):
6.4 Fire Extinguishing Agents Not 1o be Used: 16 tiheur 1 412 das -

Avoud coniact with houid and prahe away Woater i heanellvting 8.4 Food Chain Concentralion Poten
Wear chemical protective i wilhs atie! hecathing apparatus - . ~None
Mtup dncharge o possibic 6.5 Special Hazards of Combustion Products: v
Call fire deparimen) Nt pornneni
late and remove dinchare & marere Lo .
Nohty Jaaal headth and palintisn connu syvnoms 6.6 Behaviorin Fire: Mapo o ot that
arrami s travel L onsaderamie
dinanee 1o g soaree o iminen and ash
FLAMMABLE hack A tes gtad temper atures such
CONTAINTRS MAY EXPLODE IN FIRE asn fire vondions, pelvmerization
Flahbuch shong malar Il may o6l g avs ay 2t place which s lead 1o 9. SELECTED MANUFACTURERS
. s . et contather ephosion I Amoco Chomats Corp

Wear chemival prutegtive suit with sei cuntained breathing spparstus

Fire Lambat fires trent e ditance ar protecied lecation ; . st Q10 Sauth Michian A
. Fxumngunh with drv chenmcal. foant. or catbun dronsde 6.7 lgnition Temperature: vi'l Chicape, 1 ptnins
Wearer may be ineltective on fin 6.8 FElectrics! Mazard: (tusa ! GioupD
3 nul exposet! containers with water 2 Dow Chemnal b o
6.9 Burning Rate: 5 2mm -min Audiand Mich dhidis
- . v 3 Manwantade
CALL FOR MEDICAL AIL. Munvanto Paisiers & Pettohemieais o
'vuon . 7. CHEMICAL REACTIVITY Xt¥ Narth Lindbergh Bhd
miating fo eves. nose and throst.
" inhaleld. will cause dizziness or loss of 7.1 Resctivity with Weter: Mo reaction St Louns. Mu blien
Mave tu fresh s 7.2 Reactivity with Common Materials:

If breathing has stupped. give artificial respirstion,
11 breathing is difficult. give oxygen, Nu redcnion

LIQUID 7.2 Stability During Transport: Niahic

Will burn skin and eves 7.4 Neutralizing Agents for Acids and

E Harmful if swallowed Causties: \u periine
XPOSUTe I Remuve cuntumunared cinthng and shoes. sustics: ol pertinent

Flush alfecied sreas with plenty uf water, 7 Polymarization: M ceut it heated above

tF IN EYES, hold evelids open and flush with plenty of water 5 ’( :'} * n: May «wf 1 heatid abung

1F S ALLOWED and victim in CONSCIOUS, have victim drink water 1SOTH € an caune rupture ol container

10. SHIPPING INFORMATION

or milk Mutal salts, pernades, ond strong sods
DO NOT INDUCE VOMITING . Mav ghve cass polymenizabion 101 Grades or Purity: 9y 4,
. 7.6 Inhibitor of Polymerization: Tcrtiars. 10.2 Storsge Tempersture: Anihicn:
hutslatechol 10-15 ppm 10.3 Inert Atmosphere: o requirement

10.4  Venting: Open (Name arresten

HARMFUL TO AQUATIC LIFE IN VERY LOW CONCENTRATIONS.
Water Fouling to shoreline.

May be dangerous if il enters waler intakes.

Pollution § Notify loest health and wildhife officists.

Notify operators of nesrby water intakes.

~
1. RESPONSE TO DISCHARGE 2. LABEL 11. HAZARD ASSESSMENT CODE 13. PHYSICAL AND CHEMICAL PROPERTIES
13es Raaponse Meinogs 7anobook CG 446-4, (Se Hazar 8 Assessmant HengDook GG 446.) 13.1  Physicsl State st 15°C and .9 aim:
. Bsugwarmng i cuntamrnan AT.U-2 Liyud
Mechanial cuntainmeny 132 Molecular Weight: 1053 t¢ \\
Should be reman ed 133 Bolling Point t 1 atm: -
Chemical and phyvicad treaiment WL w 1482 = dind N
12. HAZARD CLASSIFICATIONS 134 Freezing Point:
LR A L SER TN S IR E AN N
12.1  Code of Fedarsl Reguistions:
3. CHEMICAL DESIGNATIONS A. OBSERVABLE CHARACTERISTICS Flammable Liquid 135 Critical Tempersturs:
31 Synonyms: Phencthaiene, Phenslathaieny 4.1 Physical State (a3 shipped): Liguid 122 NAS Mazard Rating for Bulk Water VL m TR etk
Mytol. My rolene, Simdbensene 42 Color: Culorlea Transportation: 13.6 Criticsl Pressure:
32 Cosst Guard Compstibility Classification: | 43 Odor: Swcat i lww concentratione Category Rating MR W Arain s AN
Olehin Chatavtenstic punpent. \harp., Fare ' 137 Specific Gravity: 1 vv 1 207C thgunds
3.3 Chemical Formula: (.H.( 1i=¢ ¥y disaprecably Meatth 138 tiquid Surtace Tension:
AN ¢~ hd + gt
34 IMCO/United Nations Numerical Vapor lretant 2 253 dunes on = ODI2IA N ny s 10t
Designation: 1 1,208 Ligurd or Sohd Trimant 2 13.9  Liquid-Water interfacisl Tension:
Ponons 2 AN dunes om = OODWNIL N m ot 19
W ater Pollation 1310 Vapor (Gas) Specitic Gravity:
Human Touats 1 Not pertiaent
Ayuatie Tonwin ) 13 11 Ratlio of Specitic Heats of Vapor (Gas):
5. HEALTH HAZARDS Acsthiin et M [N r
5 * Personal Protective Equipment. Au ~urphed mask or approved s anistes, rubber of plastic Keations 1312 Latent Hest of Vaporizetion:
gloves. bools, popgivs ot e shigks thher Uhemoals 2 IS Hw the s~ gt p e Thax i ),
52 Symptoms Following Exposure: Moderatcirntaten o eves and -hin High vapar concemrations Woater [} 1313 Heat of Combustion: ..t tincrs
cause dizaness, drunbeancss and ancsihe Sl Keactmn 3 1314 W .
.14 Haal ition: N pernine
53 Trestment for Exposure: INHALATION remove totresh mir heep warm and quwt. use 123 NFPA Hazard Classificstlions: 3 ! of Decomposition periment
srnhciet respiration of aceded INGESTION do SOT induce vamiting. call phasician. no Category Classification 13.15 Mentof Solution: Nui periinent
known antdote SRENOR EYECONTACT Nush wih plenis of warer. for esves pet medical R 13.16 Heatof Polymerization: =177 Biu In
attennon Health Hagard (Blucs - &~ 1S calp e —6 48 X 10 S ky
Hammahihis (Red) 3
54 Toxichy by Inhalation (Threshold Limit Value): 100 ppm Keachnats (3 liow .

5.5 Short-Term Inhalation Limits: 100 ppen lor Y0 min
56 Toxicity by ingestion: Gorade 2. L D0 Sty by
57 LateToalety: Duta not svaslable

58  Vapor (Gas) eriant Charscteristies: \ apors wause moderate 14esation such that personnel will NOTES
find biph concentrgnons unplcssant The chivct s temporary
59 Liquid or Solid Irritant Charactenishics: {uuses smuariing ol thy sain and firsi-degree burns vn

SROILEAMIUIE, Mgy cause seeenidars burns on lung caposuty

510 Odor Threshold: (1 14 ppm

1Cumiimued vn poper Y ana 8.

Chemical Hazards Response Information System (CHRIS) REVISED 1978
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Occupational Health Guideline for
o Styrene

:1 iINTRODUCTION contacted if anyone develops any signs or symptoms
AT and suspects that they are caused by exposure to
,::,\"! This guideline is intended as a source of information for styrene,
:~"1 employees, employers, physicians, industrial hygienists, * Recommended medical surveillance
b - and other occupational health professionals who may The following medical procedures should be made
have a need for such information. It does not attempt to available to each employee who is exposed to styrene at
aho present all data; rather, it presents pertinent information potentially hazardous levels:
and data in summary form. 1. Initial Medical Screening: Employees should be
screened for history of certain medical conditions
SUBSTANCE IDENTIFICATION (listed below) which might place the employee at
o increased risk from styrene exposure.
\ * Formula: CHsCH=CH, ) . —Central nervous system disorders: Since exposure
e * Synonyms: Phenylethylene; vinylbenzee; cinna- to styrene vapor or liquid on the skin has been observed
o\ mene; styrene monomer to result in central nervous system depression and
‘ '*'_‘! * Appearance and odor: Colorless liquid with a sweet occasional abnormalities in the electroencephalogram,
w3 aromatic odor at low concentrations. Sharp, penetrat- persons with pre-existing disorders may be unusually
Bl ing, and disagrecable odor at higher concentrations. susceptible to these effects.
- ~—Chronic respiratory disease: In persons with im-
= PERMISSIBLE EXPOSURE LIMIT (PEL) paired pulmonary function, especially those with ob- EY.
"1 , structive airway diseases, the breathing of styrene might .:-'.}:
1 The current OSHA standard for styrene is 100 parts of cause exacerbation of symptoms due to its irritant i_'}."_'q
W styrene per million parts of air (ppm) averaged over an properties or psychic reflex bronchospasm, R
< eight-hour work shift, with a cciling level of 200 ppm —Skin disease: Styrene is a defatting agent and can N
v and an acceptable peak of 600 ppm for 5 minutes in any cause dermatitis on prolonged exposure. Persons with R
three-hour peviod. The American Conference of Gov- pre-existing skin disorders may be more susceptible to ‘
ernmental Industrial Hygienists has issued a Notice of the effects of this agent, -
Intended Changes of its recommended Threshold Limit —Kidney disease: Although styrene is not known as a :-:_'.';;
Value for styrene from 100 ppm to 50 ppm. kidney toxin in humans, the importance of this organ in S
the elimination of toxic substances justifies special con- »}}\:
HEALTH HAZARD INFORMATION sideration in those with possible impairment of renal S
' ' function. s,
* Routes of exposure e ) “~.. —Liver disease: Although styrene is not known as a EBON
" Styrene can affect thc.body if it is mhal_ed. is swallawed, \'Iivr,r toxin in humans, the importance of this argan in o
i or comes in contact with the eyes or skin. _ the Blotransformation and detoxification of foreign sub- it
A * Effects of overexposure “-.stances de be considered before exposing persons e
o 1. Short-term Exposure: Styrene may irritate the eyes, with impaired tver function. s
i nose, throat, and skin. High concentrations may cause a 2. Perindic Medicat-Fxamination: Any employee devel- -
g person 1o become sleepy or to become unconscious. oping thy above-listed yonditions should be referred for m
$'-:.' 2. Long-term Exposure: Repeated skin contact with sty- further medical examination. s M
, .‘:‘_J 1ene may produce a skin rash, * Summary of toxicology : t‘ \j
: :: 3 3. Reporiing Signs and Symptoms: A physician should be Exposure 10 concentrationts of styrene above 200 ppm \_Et_’
] ‘ o
2l These recommendations reflect good industrial hygiene and medical surveillance practices and their implementation wilt K 4
B assist in achieving an effective occupational health program, However, they may not be sulficient to achleve compliance @1«
~. with all requirements ot OSHA regulations. Nt
A wri
U.S. DEPARTMENT OF HEALTH AND HUMAN SERVICES U.S. DEPARTMENT OF LABOR :_-:_1
I Public Health Service  Centers ior Disease Control Occupational Satety and Health Administration o
4 National Institute tor Occupstion.! Galety and Health o
@i
oS
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causes irritation of the eyes and upper respiratory tract.
There is cracking and inflammation of the skin due to
defatting. Higher exposures depress the central nervous
system. Electroencephalographic changes have been
reported. Styrene is excreted fairly rapidly in the urine,
largely as hippuric acid.

CHEMICAL AND PHYSICAL PROPERTIES

* Physical data
1. Molecular weight: 104
. Boiling point (760 mm Hg): 145 C (293 F)
Specific gravity (water = 1):0.90
. Vapor density (air = | at boiling point of styrene):

oW

3.6

-

Melting point: —~30.6 C(—23 F)

6. Vapor pressure at 20 C (68 F): 4.5 mm Hg

. Solubility in water, g/100 g water at 20 C (68 F):
0.03

8. Evaporation rate (butyl acetate = 1): 0.49
* Reactivity

1. Conditions contributing to instability: Styrene is
stabilized by a polymerization inhibitor (often tert-
butylcatechol). If this is not present in adequate concen-
trations, styrene can polymerize and explode its con-
tainer. The polymerization is also speeded up by tem-
peratures above 66 C (150 F),

2, Incompatibilities: Avoid contact with oxidizing
agents and catalysts for vinyl polymerization, such as
peroxides, strong acids, and aluminum chloride.

3. Hazardous decomposition products: Toxic gases
and vapors (such as carbon monoxide) may be released
in a fire involving styrene. Styrene fumes are very acrid.

4. Special precautions: Styrene will corrode copper
and copper alloys and dissolve rubber.
¢ Flammability

1. Flash point: 32 C (90 F) (closed cup)

2. Autoignition temperature: 490 C (914 F)

3. Flammable limits in air, % by volume: Lower: 1.1;
Upper: 6.1

4, Extinguishant: Dry cemical, foam, or carbon diox-
ide
¢ Warning properties

1. Odor Threshold: May reports that the odor
threshold of styrene is 0.08 ppm.

2. Eye Irritation Level: The AIHA Hygienic Guide
reporis that *'styrene vapor at concentrations of 200 to
400 ppm was found to have transient irritant effects on
the eyes.”

4, Evaluation of Warning Properties: Since the odor
threshold of styrene is below the permissible exposure
limit, it is treated as a material with adequate warning
properties.

MONITORING AND MEASUREMENT
PROCEDURES

¢ Eight-Hour Exposure Evaluation
Measuremients to determine employee exposure are best

~J
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taken so that the averuge aight-hour eaposure s based
on a single eight-hour sample or on two four-hour
samples. Several short-time interval samples (up to 30
minutes) may zlso be used to determine the average
exposure level. Air samples should be taken in the
employee's breathing zone (air that would most nearly
represent that inhaled by the employee).

* Ceiling Evaluation

Measurements to determine employee ceiling exposure
are best taken during periods of maximum expected
airborne concentrations of styrene, Each measurement
should consist of a fifteen (15) minute sample or series of
consecutive samples totalling fifteen (15) minutes in the
employee's breathing zone (air that would most nearly
represent that inhaled by the employee). A minimum of
three (3) measurements should be taken on one work
shift and the highest of all measurements taken is an
estimate of the employee’s exposure.

s Peak Above Ceiling Evaluation

Measurements to determine employee peak exposure
should be taken during periods of maximum expected
airborne concentration of styrene. Each measurement
should consist of a 30-minute sample or a series of
consecutive samples totalling 30 minutes in the employ-
ee’s breathing zone (air that would most nearly repre-
sent that inhaled by the employee). A minimum of three
measurements should be taken on one work skift and
the highest of all measurements taken is an estimate of
the employee’s exposure,

* Method

Sampling and analyses may be performed by collection
of styrene vapors using an adsorption tube with subse-
queznt desorption with carbon disulfide and gas chroma-
tographic analysis. Also, detector tubes certified by
NIOSH under 42 CFR Part 84 or other direct-reading
devices calibrated to measure styrene may be used. An
analytical method for styrene is in the N/OSH Manual
of Analytical Methods, 2nd Ed., Vol. 2, 1977, available
from the Government Printing Office, Washington,
D.C. 20402 (GPO No. 017-033-00260-6).

RESPIRATORS

* Good industrial hygiene practices recommend that
engineering controls be used to reduce environmental
concentrations to the permissible exposure level. How-
ever, there are some exceptions where respirators may
be used to control exposure. Respirators may be used
when engineering and work practice controls are not
technically feasible, when such controls are in the
process of being installed, or when they fail and need to
be supplemented. Respirators may also be used for
operations which require entry into tanks or closed
vessels, and in emergency situations. If the use of
respirators is necessary, the only respirators permitted
are those that have been approved by the Mine Safety
and Hcalth Administration (formerly Mining Enforce-
ment and Safety Administration) or by the National
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Instituie for Oceupational Safety and Health,

¢+ In addition to respirator selection, a complete respira-
tory protection program should be instituted which
includes regular training, maintenance, inspect:on,
cleaning, and evaluation,

PERSONAL PROTECTIVE EQUIPMENT

» Employees should be provided with and required to
use impervious clothing, gloves, face shields (eight-inch
minimum), and other appropriate protective clothing
necessary to prevent repeated or prolonged skin contact
with liquid styrene.

* Clothing wet with liquid styrene should be placed in
closed containers for storage until it can be discarded or
unti! provision is made for the removal of styrene from
the clothing, If the clothing is to be laundered or
otherwise cleaned to remove the styrene, the person
performing the operation should be informed of styr-
ene’s hazardous properties.

¢ Non-impervious clothing which becomes contami-
nated with liguid styrene should be removed promptly
and not reworn until the styrene is removed from the
clothing,

¢ Any clothing which becomes wet with liquid styrene
should be removed immediately and not reworn until
the styrene is removed from the clothing,

* Employees should be provided with and required to
use splash-proof safety goggles where liquid styrenc
may contact the eyes.

SANITATION

¢ Skin that becomes contaminated with liquid styrene
should be promptly washed or showered with soap or
mild detergent and water to remove any styrene,

COMMON OPERATIONS AND CONTROLS

The following list includes some common operations in
which exposure to styrene may occur and control
methods which may be effective in cach case:

Operation Controls

l.ocal exhaust
ventilation; general
dilution ventilation;
personal protective
equipment

Liberation during spray-
up manufacture of glass
fiber, reinforced
styrene-polyester
articles

Process enclosure;
local exhaust
ventilation; persona!
protective equipment

Use during spray
application of styrene
polyester surface
coatings

Local exhaust
ventilation; general

{Jse during hand lay-up
of glass fibers,
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Operation
reinforced styrene -
polyester articles

Use during molding of
anticles or potting
electrical components
with polystyrene

Use during manufacture
of tires and other rubber
goods using styrene-
butadiene elastomers
(SBR)

Use in manutacture of
concrates

Use during bag lay-up
manutacture of glass
fiber, reinforced
styrene-polyester
articles; during use of
surface coatings
containing styrene-
butadiene copolymer
resins

Liberation during die
molding of articles
made from styrene-
polyester resins; during
brush application of
surface coatings

Use in process
operations for
production of
polystyrene,
acrylonitrite-butadiene
styreng (ABS), styrene-
acrylonitriie (SAN), and
styreng-butadiene
copolymers

Use In manufacture of
surface coatings; use in
miscellaneous
processes as an
elastomer, intermadiale,
or starting material; use
during manufasture of
lon-exchange resins
(styrene-divinylbenzene
copolymer)

Controls
dilution ventilation,
personal protective
equipment

Local exhaust
ventilation; general
dilution ventilation;
personal protective
equipment

General dilution
ventilation

General dilution
ventiiation; personal
protective equipment

Local exhaust
ventllation; general
dilution ventilation;
personal protective
oquipment

Local exhaust
ventilation; general
ditution ventilation;
parsonal protective
aquipment

Local exhaust
vantilation; personal
protective equipment

Local exhaust
ventilation; personal
protective equipment

Styrene 3



EMERGENCY FiRST AID PROCEDURES

In the event of an emergency, institute first aid proce-

durés and send for first aid or medical assistance,

s Eye Exposure

If styrene gets into the eyes, wash eyes immediately
with large amounts of water, lifting the lower and upper
lids occasionally. Get medical attention as soon as
possible. Contact lenses should not be worn when
working with this chemical,

* Skin Exposure

If styrene gets on the skin, promptly flush the contami-
nated skin with water. If styrene soaks through the
clothing, remove the clothing immediately and flush the
skin with water When there is skin irritation, get
medical attention.

¢ Breathing

If a person breathes in large amounts of styrene, move
the exposed person to fresh air at once. If breathing has
stopped, performn artificial respiration. Keep the affect-
ed person warm and at rest, Get medical attention as
soon as possible.

* Swallowing

If styrene has been swallowed, do not induce vomiting.
Get medical attention immediately,

* Rescue

Move the affected person from the hazardous exposure.
If the exposed person has been overcome, notify some-
one clse and put into effect the established emergency
rescue procedures. Do not become a casualty. Under-
stand the facility’s emergency rescue procedures and
know the locations of rescue equipment before the need
arises.

SPILL, LEAK, AND DISPOSAL
PROCEDURES

¢ Persons not wearing protective equipment and cloth-
ing should be restricted from areas of spills or leaks until
cleanup has been completed.

* If styrene is spilled or leaked, the following steps
should be taken:

1. Remove all ignition sources.

2. Ventilate area of spill or leak.

3. For small quantities, absorb on paper towels, Evapo-
rate in a safe place (such as a fume hood). Allow
sufficient time for evaporating vapors to completely
clear the hood ductwork. Burn the paper in a suitable
locasion away from combustible materials, Large quan-
tities can be collected and atomized in 2 suitable com-
bustion chamber. Combustion may be improved by
mixing with a more flammable liquid.

* Waste disposal methods:

Styrene may be disposed of:

1. By absorbing it in vermiculite, dry sand, earth or a
similar material and disposing in a secured sanitary
landfill.

Appendix A
4 Styrene

2. By atomizing in a suitable combustion chamber.
Combustion may be improved by mixing with a more
flammable liguid.
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RESPIRATORY PROTECTION FOR STYRENE
Condition Minimum Respiratory Protection*
Required Above 100 ppm
Vapor Concentration

400 ppm or iess

1000 ppm or less

Any chemical cartridge respirator with an organic vapor cartridge(s).**
Any supplied-air respirator.**

Any self-contained breathing apparatus

A chemical cartridge respirator with a full facepiece and an organic vapor
cartridge(s).

5000 ppm or less

A gas mask with a chin-style or a front- or back-mounted organic vapor cariister.
Any supplied-air respirator with a iull facepiece, helmet, or hood.

Any self-contained breathing apparatus with a full faceplece.

Greater than 5000 ppm or
antry and escape from
unknown concentrations

Self-contained breathing apparatus with a full facepiece operated in pressure-
demand or other positive pressure mode.

A combination respirator which inciudes a Type C supplied-air respirator with a
full tacepiece operated in pressure-demand or othar positive pressure or continu-
ous-flow mode and an auxiliary self-contained breathing apparatus operated in

pressure-demand or other positive pressure mode.

Fire Fighting Self-contained braathing apparatus with a full facepiece operated in pressure-
demand or other positive pressura mode.

Escape Any gas mask providing protection against organic vapors.

Any escape self-contained breathing apparatus.

*Only NIOSH-approved or MSHA-approved equipment should be used.

**If eye irritation occurs, full-tacepiece respiralory protective equipment should be used.
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> SULFUR (SULPHUR). &, Biefs.
I(:: (Flowers of Sulfur, Milk of Sulfur, Brimstone) '-;'.‘1:
o R
1o Specification No.: JAN-S-487

The specification covers five grades of ground S:

A, ground crude S used for black powder.

B, ground crude S used for pyrotechnies compositions,

C, ground crude S used for pyrotechnics compositions.

D, ground refined S used for nongascous powders and primer compo-
sitions.

E, ground crude S used for pyrotechnic compositions, The grades dif-
fer slightly in purity and in granulation,

Molecular Weight: 256,568
Crystalline Form: (a) rhombic, (8) monoclinie, (y) amorphous 1, 46
Color: vellow

Forms of Sulfur: Solid sulfur (S) exists in two crystalline forms, rhombic and | 46
monoelinic, and also as an elastomer. The rhombic form is stable at ordi.
nary temperatures, Above the transition temperature of 95.4°C and up to
the boiling point monoclinic S is the stable variety, Elastic S is prepared
by rapidly chilling liquid S which has been heated to elevated temperatures.
The infrared spectrum is identical with that of liquid S. On melting, S
becomes a straw-yellow transparent liquid, designated as A S. The liquid
may be supercooled in bulk far below its freezing point to room temperature
in the form of droplets which in time may solidify to a clear yellow glass.
At about 160°C, the liquid is dark brown, Its color deepens as the tempera-

rags

1o ture is raised, and above 250°C, it turns brownish-black. Apparently the
;}j structure of the liquid undergoes an abrupt change at about 160°, and this
N transformation is accompanied by the absorption of 2.751 cal./g. The sud-
}‘-.* den and enormous increase in viscosity which occurs at this temperature
is one indication of a structural alteration, Other properties show a marked
- discontinuity. Long chain polymers referred to as u S, in equilibrium with
3.:» rings of octatomic molecules, apparently exist in the liquid above 160°.
P Beyonrd 280° the viscosity decreases but the color remains dark up to the
o boiling point, 444.6°C. If S at the boiling point is cooled slowly, it passes
53, ! through the changes described above in the reverse order. 20V3
‘o “Flowers” of sulfur is a term applied to the mined molten § which is finely
ground, It is the type used for pyrotechnic purposes.
bl Density, g./ml.: (=olid) rhombic 2.07 1,46
W monoclinic 1.96
[0 anorphous 1,92
% Coefficient of Thermal Expansion: 46
i)
ﬁ Temp. °C Linear (rhombic) Cubic (rhombic)
e 0-13 4,667 % 10 13.70 x 10»
AT 13-50 7.433 x 10 22.30 % 10"
) 50-78 8.633 % 10 25,90 % 10 »
:,‘.2 78.-97 20.67 ¢ 10°® 6201 104
Y. 97-110 103.2 X 100 309.6 X 10
At
e
".'_-E Source: AMCP 706-187
-
f}'
¢
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Sulfur {Sulpbur) 8, (page 2)

Heat of Formation, Kcal./mole at 298K (gas) b53.25
Free Energy of Formation, Kcal./mole at 298°K : (gas) 43.57
Entropy, cal./deg./mole at 298“K: (rhombice)

7.62
{monoclinic) 7.78
See Tables a, b, ¢, d

Melting Point, °C: (o) 112.8 (8) 119,25 (y) about 120
Heat of Fusion, cal./g.: (rhombic) 11.9
_ (monoclini¢c) 9.2
Boiling Point, *C; 444.6
Heat of Vaporization, cal./mole at 717.75°K: 2300
Transition Point, °C:
(rhombic ~+ monoclinic) 95.4
(liquid = viscous) 159.9
Heat of Trunsition, cal./g.:
(rhombic to monoclinic) 2.992
(liquid to viscous) 2,751
Heat of Sublimation, cal,/mole at 298°K: Sy 24,350
5, 330,840
Heat Content or Enthalpy, cal./mole at 298°K : (solid) 1053

See Tables a, b, ¢, and d

a, HEAT CONTENT AND ENTROPY OF 8§ (¢, 1)
(Base, rh-crystals at 298.15°K)

T, °K Hy — Hupg,1n St~ Su s

cal./mole cal./deg.
mole
30 ........ 290 0.90
368.6 (rh).... 400 1.20
368.6 (mon) . . . 485 1.43
392 (mon) . ... 6380 1.82
32 My ...... 966 2.67
400 ........ 1080 2,88
50O ....... . 1940 4.85
600 ........ 2780 6.38
00 ........ 86560 7.72
7178 . ... ... 3810 7.95

Enthalpy: H: ~ Hyps,1n = 8.58T + 3.182()r<hl)().'°T’-' ~1348 (0.2 percent ; 298-368.6°K)
Heat Capacity : C, = 8.68 4 6.24 % 10 3T'; A Hygy o = 85
S (mon):
Enthalpy : Hy ~H g¢p, 11 = 8.20T - 1800 (0.1 percent ; 368.6-392°K)
Heat Capacity: C, ==86.20; A Hyp, (fusion) == 885
Enthalpy: Hy ~ Hapn 1n =8.78T - 24578( 3125 'percent ;1 392-717.8°K)
Heat Capacity: C, ==8.78

Source: AMCP 706-187
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Sulfur (Sulphur) S, (page 3)

b. HEAT CONTENT AND ENTROPY OF S (g) 4
(Base, ideal gas at 298.15°K)
T» OK H'r" Hunu,u S‘r - Smm.m T, OK H'r - “-:1».1:- S‘r - S'.'IM,I.‘.
cal./mole cal./deg, cal./mole cal./deg,

mole mole
400 ... .. 570 1.65 1900 .. ... 8320 9.79
500 , . ... 1120 2.88 2000 ... .. 8830 10.06
600 .. ... 1660 3.86 2200 ., ... 9850 10.54
00 ..... 2190 4,68 2400 , ., .. 10,875 10.99
800 ..... 2715 5.38 2600 ... .. 11,910 11.40
900 ..... 8235 5.99 2800 .. ... 12,950 11,79
1000 ... .. 3750 6.63 3000 ,.... 13,995 12.15
1100 ... .. 4260 7.02 3600 ...,.. 16,6560 12,96
1200 ..... 4770 7.46 4000 .. ... 19,340 13.68
1300 ..... 5280 7.87 4500 ., ... 22,066 14.32
1400 ... .. 5790 8.26 50OO , . ... 24,810 14,90
1500 ..... 6295 8.60 6000 ., ., ... 30,330 15.91
1600 ... .. 6800 3.92 7000 ..... 35,860 16.76
1760 ... .. 7305 9.23 8000 . .... 41,390 17.60
1800 ... .. 7816 9.62

S(g):

Enthalpy: Hr — Hagg, 15 == 5.26T - 0.06 X 10-*T2-0.36 X 10°T"! - 1443
(0.6 percent ; 298-2400°K)

Heat Capacity: C,==56.26 -~ 0,10 x 10-T - 0,36 X 103T2

Enthalpy : Hy — Hygg, 15 == 4.96T < 0.05 X 10-*T2-0.60 X 10%T"1 - 1282
(0.2 percent ; 2400-8000°K)

Heat Capacity: C, == 4.96 - 0,10 x 10°*T 4- 0.60 X 10"T"?

¢. HEAT CONTENT AND ENTROPY OF S;(g) 4
(Base, ideal gas at 298,156°K)
Tl OK ]{T - Hfmﬁ.lh ST - Sﬁﬂl.lb Tl OK H’!‘ - H'.WN.)J S'l‘ - SHM.N“
cal./mole cal./deg. cal./mole cal./deg.

mole mole

400 ... .. 810 2.4 1500 ... .. 10,430 18.79

500 ... .. 1640 4.18 1600 .. ... 11,326 14.87

600 . .... 24856 5.72 1700 .. ... 12,226 14.91

00 ..... 3345 7.05 1800 . ... . 13,126 15.48

800 ..... 4220 8.22 1900 .. ... 14,026 16.92

: 900 ..... 5095 9,26 2000 .. ... 14,925 16.38

A 1000 ..... 5976 10.17 2200 ..... 16,730 17.24

‘ ~§' 1100 ... .. 6865 11.01 2400 , . ... 18,645 18.03

; o 1200 . ..., 7746 11.79 2600 .. ... 20,360 18.76

4 ] 18¢0 ... .. 86856 12.50 2800 ..... 22,176 19.43

‘ 1400 . .. .. 9535 13.17 3000 ,.... 28,996 20.06
|
)
+

. 59 Source: AMCP 706-187

s
L |
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Sulfur (Sulphur) S, (page 4)

Su(g)
Enthﬂlp.‘y’l HT - Hmm’]n = 8.72’1‘ “‘}‘ 0-08 x 10 arI‘2 ‘+‘ 0-9() X 105'1"] - 2909
(0.3 percent ; 208-3000°K)

Heat Capacity: C,=8.72 4 0.16 X 10:3T - 0,90 x 105T *

d. HEAT CONTENT AND ENTROPY OF Sx(g) 4
. (Base, ideal gas at 298.15°K)
T, OK }'ll - I'l'.!llh.l.'n ST_ S'JIIH.I.'l Ty UK HT - I;l'.!uﬂ,lh S'I' = S‘.!Hh,].'n
cal./mole cal,/deg, eal./mole cal./deg,
mole _ mole
400 , ..., 3936 11,32 800 ..... 20,680 40,06
500 .., ... 7985 20.37 900 ..... 24,850 45,09
600 ..... 12,126 27.90 1000 . ..., 29,140 49,62
700 ... .. 16,330 34.39 o R
Se(g)
Enthalpy : Hy = Hygy, 1 == 42.64T 4 0.52 X 10 ¥T? - 5.04 % 1057 .- 14,420
(0.1 percent ; 298-1000°K)
Heat Capacity: C, = 42,54 4 1.04 X 10-3T - 5.04 % 10°T*
Decomposition Temperature: For DTA see Addnl, Ref. 5
Decomposition Products: ———
Vapor Pressure:
Press, mm, 1 10 40 100 400 760 MR
Temp, °C 1838 2438 2883 3272 3996 4446 1128
Form Range Equation ( Pin mm,, T in °K) 46
rhombic 20--80 log P — 11,664 - 2128
[ o
monoclinic 96-116 log P~ 11,884 - )2
liquid 25-74 log P = 8.70 - ﬂ’,f?é
120-825 log P = 14.7000 - 00622387 - 2411
225550 log P - 7.43287 - 3—29193
X-Ray Crystallographic Data: B
Atoms/
System Spuaee Group a b ¢ [Init Cell 46
rhombic Vi 10.37 12,845 21.369 128
(16 cight-membered
rings)
maonoclinie Ci, 10,90 10,96 11,02 48
(6 cight-membered
e _kings)
Hygroscopicity:
Spec. grade, ¢} gain at TOCF in 168 hr.! none at 40, b0, and 33

70% R.H.
0,01 at 90, R.H.

Source: AMCP 706-187
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Sulfur (Salphar) s, (page 5) i

Solubility Dt

In water: insoluble 20
In aleohol and ether: slightly soluble

In carbon disulphide, 70 £./100 g.: soluble

Inlight petroleum, hot benzene, tolucne and 46
benzyl chloride: soluble

Health Hazard: Believed to be nontoxic. Tank car shipments of molten sulfur | 93, 46
may accumulate poisonous H,S gas, which is also flammable and explosive,
In unloading operations suitable precautions should be taken.

Safety Classifications: R
OSM: not specified e
Probably class 2 as a pyrotechnic material. oy
1CC: not mentioned gt
U.N, an inflammable solid e
Coast Guard: hazardous E.., '

Fire and Explosion Hazard: When ignited, molten S will burn in air producing | 12, 14, 46, 75 A
acrid fumes of SO;, which are irritating, suffocating and lachrymatory, o
and inhalation should be avoided. Burning S can react vigorously with X
oxidizing materials. Sulfur when compounded with chlorates and some o
other oxidizing agents, forms sensitive explosive mixtures, When mixed
with carbon, lampblack, fats and oils, S forms mixtures which can ignite 1 ]
spontaneously. It should be stored away from oxidizing agents. To fight

fire use water.

Electrostatic Sensitivity: When rubbed with most substances it becomes nega-
tively charged, Oy
Minimum energy required for ignition by an e]i:ctric spark, millijoules: |26

5 .

Ignition Temperature, inair at atmospheric pressure,zc’fs: 261 46
closed cup: 405°F 75 1'-':'::
opencup: 440°F w3
Minimum Explosive Concentration of dust, mg./l.: :‘;%g 26 }’1
X, 22 ’.-4“.& B

~ Heat of Combustion, Keal./g. : (monoclinic) 2.240 1 ol

O (rhombic)  2.200 o
oo Additional References: o 3

3 1) “The Sulphur Data Book,” W. N. Tuller, £d,, McGraw-Hill Book Co., R
k New York (1954) Ry
NN 2) “The National Fire Codes, Vol. II, Combustible Solids, Dusts, Chemi-. e
0 cals and Explosives,” National Fire Protection Association, Inc., Bos- A 4
N ton, Mass. (1958) ot
j;;-"n 8) “The National Fire Codes, Vol. 11, The Prevention of Dust Explosions.” o
&N National Fire Protection Association, Inc., Boston, Mass, (1952) R
] 4) “Sulfur May Have Helical Structure,” C & EN, p. 44 (Sept. 5, 1960)
-:.:}\ 5) Trans. Faraday Soc. 55, No. 444, 2221 (1959) f-;;:-
61 1

:
-] Source: AMCP 706-187 e
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oL TOLUENE

Comman Seasavan 6. FIRE HAZARDS 8. WATER POLLUTION
——s— Wwatery Nquid Coloden Plessant odor 61 FashPolat: 407 <t HOU 81 Aqustic Toxicity:
athyesrsd 6.2 Flammabie Limits In Ak: 1 27 -, 1180 mp /s /96 bt jsunfish /Tl legsh water
Flosts on wa? . e produced 6.3 Fire Extinguishing Agents: ( arhun 8.2 Waterdowl Toxlcity: Dats ant available
" dwenrde ur dry hemial lor amatt firge 8.3 Biologicel Oxygen Demand (BOD):
wrdinars foam tor fatge fires (5., $ days. IV (thenr 3. N dass
Siop dncharge 1f puatible. Keep peopk swar 6.4 Fire Extinguishing Agents Not to be Used: 8.4 Food Chein Concentration Potential:
.s“-l olt l'n';l::\l.’m nnd call fire departinent W aler may bermachiccing None
A?:-:.c':'l-mu -..'n"u:ﬂ'-mi,.'.'.'. Anuck down” vapos 6.5 Specisl Hazsrde of Combustion Products:
l:»hl' and remove dicharyed material Nt pertinenl
et health Wyt
auty weal heahth and pullutin conmt apeneies 6.6 Sehavior in Fire: S apws s heavicr than
11 and may trasel @ considershle
FLAMNABLE distance 1o « suuree nl ignition and
Flashbach slong vapur il may occur flavh hack
Vapor mey explode if ignited in an encloaed ares 67 jon T ature: WT°F 3. SELECTED MANUFACTURERS
Wear gogales and well vuntained hreattuny apparstus i ’ 1 Eavon C hemcal o
— Eatingursh with drs chemecal. fuam. of carbon dinaide 6.8 Electrical Hazerd: Ulas | Group D . 5y
Fire Water may be incliective on fire MHouston, Tex TT01
—— Condl exprved containers with water 6.9 Burning Rate: 7 mm/min 2 Shell Chemmcal € o
Petrawhenticals Disision
Houston Ten 77001
1 SumOndu
CALL FOR MEDICAL AID St Davids Pa jun?
VAPOR
Nentatie te soet and threet. 7. CHEMICAL REACTIVITY
|{innl:rd. will couse asuses. vomiting. hesdeche. diztines, 7.1 Resctivily with Water: N reaction
afTacule be o loua of 7.2 Resciivity with Commeon Materists:
Mowe to fresh air. . . S reaction
1 breathing has stopped, give artificial respiration.
1f beeathing difficult, give onygen. 7.3 Stability During Transport: Nablc
uouip 74 Weutrahzing Agents for Acids and
Trritating o skin and eyes.
Exposur. 10 swaliowed, will couse nsuses, vomiting or loms of conecicusness. Caustics: “oi perincnt
Io'::w' co:l;mﬁmk‘ clothing and shoes. 7.5 Polymerizstion: ot pestinent
Flush sffected sreas with plenty of water. Polymeriaation:
IFIN EYES hokd eyeids open and fhah el penty of water 7.8 Inhibitor of : ot perttnent 10. SHIPPING INFORMATION
wetim N victim Jdrink
ormih ve victim drink wates 10.1  Gredes or Purity: Kewcarch. teapent
DO NOT INDUCE YOMITING Aration S Y9 K4y industnigd
. comains 94455 with Y viiene and vl
amounts ol benzenc and nondramati
hydrocarbons. %0, 120 Jess putcthan
sndusinal
Dangerous tic life in hiy
Water rm..:: ,::g‘;. e in high concratrations 102 Storage Temperature: Ambical
Pollution May be dangerous if st enters water lntakes. 103 Inert Atmosphere: “o requirement
Notify local health and wildlife officials.
Nutify operators of nearby water ulmhn 104 Venting: Opcn (flame arrenteriof
Pressure-vacuum
1. RESPONSE TO DISCHARGE 1 Laset 11. HAZARD ASSESSMENT CODE 13. PHYSICAL AND CHEMICAL PROPERTIES

1300 MA@ Assansman HoneDOOs CG 4s8-30 131 Physical Stste st 15°C ond 1 atm: Liguid
ATL 132 Moleculer Weight: 92 14
133  Dolling Point st 1 0im:
V1T w 1106 = 3KI AT
134 ¢ g Point:
-] w =Us0%C = 1R 2NN
135 Critical Tempersture:

1500 Response Meotnogs Hencoooh. CG 444-4)

losure warmng  high Rammabiily
By avvai area

12. HAZARD CLASSIFICATIONS
121 Ceode of Federsi Regulations:

3. CHEMICAL DESIGNATIONS 4. OBSERVABLE CHARACTEMISTICS Flammabic Inqusd AL aE LN RTC e TR
31 Synonyme: Muthslbensene 41 Phoysical State (ss shipped): Liqud 122 WAS Hezard Reting for Bulk Water 136 Critical Pressure:
Methibensnl 42 Coler Colurlen Transporiztion: 596 | pus = 40 $Satm = 4108 MN/m?
Toluwt 43 Odor Punget. atomain. bensene-like cat Rating 13.7 Speciic Gravity: 1 KaT a1 20°C (hyguids
3.2 Coast Guerd Competibllity Classification: ditinet. pleanant Fire N 13.8  Liquid Surtsce Tension:
Arumatic hydrocarbon . 39 Ddrinesim e HDOON m gt X C
Health
33 Chemicst Formula: C.HAH “‘.‘M —_— . 139  Liquid-Water intarfeciat Tension:
34 IMCO/United Nations Numerical Ligqusd or Sobd lrrnant [ W b dinesem w 001 N 240
Designstion: } 271294 Poruns M 13.10 Vapor {Gas) Specific Gravity:

Not pertinent
13.91 Ratio of Specific Hests of Vapor (Gas):

W ater Pultution

Human Touaty ]
Aquatn Toueny 3 § omv
. . 5. HEALTH HAZARDS Arsthets Lftect 2 13 12 Latent Hest of Yeporization:
51 Personstp q Arresupphed mash poggles of face shield plastic ploves Resctiviis 14 Blg th ke (aalp = VAP 0] e
82 ymp ing L2p @ N apare i ate sres anid UPPEE FESPITAION 1TaC. Catne dizaingss Other € hemisals ¥ 13 13 Heat of Combushon: — !~ 1%t P
hesdas hy anesthests, resmrators gorest | qusd HTILaLEs €y e a0d Causes drying wf sk 11 Woater m R R LY
~ 3 I 3 ;. distrees, Iv duv ek 1 .
asprated wauses cougheny. gagFIng disire and rapidis duseloping puimanars edema B Setl-Reaction o 137 14 HMestof Decomposition: ot pertnen.
Inpested Cavses vomlng, gropang. disrehea depressed tiapiration 123 NFPAM 4 Classifications:
53 Trestment tor Exposurs: INHALATION removelo fresh air. ive artificial respiration and Categary Classification 1315 Mestof Solution: Nut pertinent
vy gen of needed. call s docior INGESTION: do NOT induce vominng. valt adoctor EYES . 13 16 Hest of Polymerizstion: o pertinent
flush with water for at least 15 mn SKIN wipe oft. wash with soap and wutcr :"“h }1‘1’"":1“:;" . 3
amma*iis (Red
54 Toxicity by inhaiation (Threshold Limit Velue): 100 ppm Reactvits (Y ellas) 0
5% Short-Term Inhalation Limits: ~00 ppm Tor X0 min
56 TYoulehy by Ingestion: Grade 11 DeO S10tglhp \Comtinued on papet L and .
57 LsteYoulehy: hidncy and biver dumape mas Tullow 1ngestion
48  Vepor (Gas) Irritant Characteristics: \apurs cavica \lght smarting ul the eves ot (EspiranTy NOTES

wwatem of present 1o Righ cuncenfratiuns The effent 1s temporars
59 Liquid or Bolid Irriant Cheracterialics: Minimum hasard 11 uprited un clothing and allus cd
I‘ 10 1eMan. may cause smarnine end reddening uof the shan
510 Oder Theeshold: 0 17 ppm

Chemical Hazards Response Information System (CHRIS) REVISED 1978
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Occupational Health Guideline for
Toluene

INTRODUCTION

This guideline is intended as a source of information for
employees, employers, physicians, industrial hygienists,
and other occupational health professionals who may
have a need for such information. It does not attempt to
present all data; rather, it presents pertinent information
and data in sunimary form.

SUBSTANCE IDENTIFICATION

¢ Formula: C¢H:CH,

r Synonyms: Toluol; phenyimethane; methylbenzene
* Appearance and odor: Colorless liquid with an aro-
matic odor, like benzene,

PERMISSIBLE EXPOSURE LIMIT (PEL)

The current OSHA standard for toluene is 200 parts of
teluene per million parts of air (ppm) averaged over an
eight-hour work shift, and during any such work shift,
300 ppm toluene may not be exceeded except that a
peak of 300 ppm toluene is permitted for 10 minutes
during the cight-hour work shift. NIOSH has recom-
mended that the pearmissible exposure limit be redncad
to 100 ppm toluene averaged over an eight-hour work
shift with a ceiling level of 200 ppm averaged over a
ten-minute period. The NIOSH Criteria Document for
Toluene should be consulied for imore detailed informa-
tion,

HEALTH HAZARD INFORMATION

* Routes of exposure

Toluene can affect the body if it is inhaled, if it comes in
contact with the eyes or skin, or if it is swallowed. It
may enter the body through the skin.

o Effects of overexposure

1. Short-term Exposure; Toluene may cause irritation of
the eyes, respiratory tract, and skin. It may also cause
fatigue, weakness, confusion, headache, dizziness, and
drowsiness. Peculiar skin sensation may be produced

such as a "pins aud needles feeling” or numbness. Very
high concentrations may cause unconsciousuess and
death, The liquid splashed in the eye may cause irrita-
tion and temporary damage. Inhalation may also cause
difficulty in seeing in bright light. If liguid toluene is
splashed in the eyes, it will cause temporary irritation.
2. Long-term Exposure: Repeated or prolonged expo-
sure to liquid toluene may cause drying and cracking of
the skin.

3. Reporting Signs and Symptoms: A physician should be
contacted il anyone develops any signs or symptoms
and suspects that they are caused by exposure to
toluene.

* Recommended medical surveillance

The following medical procedures should be made
available to each employee who is exposed to toluene at
potentially hazardous levels;

1. Initiai Medical Examination:

—A complete history and physical examination: The
purpose is to detect pre-existing conditions that might
place the exposed employee at increased risk, and to
establish a baseline for future health monitoring. Exami.
nation of the central nervous system, liver and kidneys
should be stressed. The skin should be examined for
evidence of chronic disorders.

-—Urinalysis: Since proper kidney function is neces-
sary for biologic monitoring, a urinalysis should be
obtained to include at a minimum specific gravity,
albuniin, glucose, and & microscopic on centrifuged
sediment, The urine should be analyzed for hippuric
acid to obtain a background level,

2. Periodic Medical Examination: The aforementioned
medical examinations should be repeated on an annual
basis. Hippuric acid level in urine may be an indicator of
the level of toluene exposure.

¢ Summary of toxicology

Toluene vapor causes narcosis. Controlled exposure of
human subjects to 200 ppm for 8 hours produced mild
fatigue, weakness confusion, lacrimation, and paresthe-
sia; at 600 ppm for 8 hours there were also euphoria,
headache, dizziness, dilated pupils and nausea; at 800

These recommendations reflact good industrial hygiene and medical surveillance practices and their implemeniation will
assist in achieving an sffective uccupational health pregram. However, they may not be sulficient to achieve compliance
with all requiraments of OSHA regulations.

U.S. DEPARTMENT OF HEALTH AND HUMAN SERVICES
Public Health Service  Centers for Disease Control
National institute for Occupational Safety and Health

September 1078
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ppm Jor 8 hours, symptoms were more pronounced, and
after-effects included nervousness, muscular fatigue,
and insomnia persisting for several days. Severe but
reversible liver and kidney injury occurred in a person
who was a glue-sniffer for 3 years; the chief component
of the inhaled solvent was toluene (80% V/V); other
ingredients were nct listed. In workers exposed for
many years to concentrations in the range of 80 to 300
ppm, there was no clinical or labcratory evidence of
altered liver function. Toluene exposure does not result
in the hematopoietic effects caused by benzene; the
myelotoxic effects previously attributed to toluene are
judged by more recent investigations to be the result of
concurrent exposure to benzene present as a contatni-
nant in the commercial toluene used. Most of the
toluene absorbed from inhalation is metabolized to
benzoic acid, conjugated with glycine in the liver to
form hippuric acid, and excreted in the urine; the
average amount of hippuric acid excreted in the urine
by individuals not exposed to toluene is approximately
0.7 to 1.0 g/1 of urine. The liquid splashed in the eyes of
two workers caused transient corneal damage and con-
Jjunctival irritation; complete recovery occurred within
48 hours. Repeated or prolonged skin contact with
liquid toluene has a defatting action, causing drying,
fissuring, and dermatitis.

CHEMICAL AND PHYSICAL PROPERTIES

¢ Physical data

1. Molecular weight: 92.1

2. Boiling point (760 mm Hg): 111 C (231 F)

3. Specific gravity (water = 1): 0.86

4. Vapor density (air = 1 at boiling point of toluene):
3.14

5. Melting point: —-95C{—139F)

6. Vapor pressurc at 20 C (68 F): 22 mm Hg

7. Solubility in water, g/100 g water at 20 C (68 F):
0.05

8. Evaporation rate (butyl acetate = 1): 2,24
* Reactivity

1. Conditions contributing to instability: Containers
may burst at elevated temperatures,

2. Incompatibilities: Contact with strong oxidizers
may cause fires and explosions.

3. Hazardous decomposition products: Toxic gases
and vapors (such as carbon dioxide and carbon monox-
idde) may be released in a fire involving toluene.

4. Special precautions: Toluene will attack some
forms of plastics, rubber, and coatings.
¢ Flammability

1. Flash point: 4 C (40 F) (closed cup)

2. Autoignition temperature: 480 C (896 F)

3. Flammable limits in air, % by volume: Lower:
1.27; Upper: 7.1

4. Extinguishant: Carbon dioxide, dry chemical,
foam
* Warning properties

1. Odor Threshold: The American National Stand-

2 Toluene
Appenidx A

ards Insticute (ANSI]) states that “the odor of toluene 1s
detectable by most people at concentraiions in the range
of 1010 15 ppm. The odor has little value as a warning
property.”

Patty points out that olfactory fatigue occurs rapidly
upon exposure to toluene,

2. Eye Irritation Level: Grant states that “the vapors
of tcluene cause noticeable sensation of irritation to
human eyes at 300 to 400 ppm in air, but even at 800
ppm irritation is slight.”

ANSI reports that “irritation of eyes, mucous mem-
branes, and upper respiratory tract may occur while
workers are exposed to low concentrations of toluene.
There is a considerable range of variation (100 10 500
ppm) between individuals, some finding any concentra-
tion of toluene objectionable, Commercial grades of
toluene vary in irritant properties.”

3. Evaluation of Warning Properties: Because of its
irritant effects, toluene is judged to have good warning
properties.

MONITORING AND MEASUREMENT
PROCEDURES

¢ Eight-Hour Exposure Evaluation

Measurements to determine employee exposure are best
taken so that the average eight-hour exposure is based
on a single eight-hour sample or on two four-hour
samples. Several short-time interval samples (up to 30
minutes) may also be used to determine the average
exposure level. Air samples should be taken in the
employee's breathing zone (air that would most nearly
represent that inhaled by the employee).

¢ Celling Evaluation

Measurements to determine employee ceiling exposure
are best taken during periods of maximum expected
airborne concentrations of toluene. Each measurement
should consist of a ten (10) minute sample or series of
consecutive samples totalling ten (10) minutes in the
employee’s breathing zone (air that would most nearly
represent that inhaled by the employee). A minimum of
three (3) measurements should be taken on one work
shift and the highest of all measurements taken is an
cstimate of the employee's exposure.

* Peak Above Ceiling Evaluation

Measurements to determine employee peak exposure
should be taken during periods of maximum expected
airborne concentration of toluene. Each measurement
should consist of a 10-minute sample or a series of
consecutive samples totalling 10 minutes in the employ-
ee’s breathing zone (air that would most nearly repre-
sent that inhaled by the employee). A mirimum of three
measurements should be taken on one work shift and
the highest of all measurements taken is an estimate of'
the employee's exposure.

* Method

Sampling and analyses may be pertormed by collection
of vapors using an adsorption tube with a subsequent
desorption of toluene with carbon disulfide and gas
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chromatographic analysis. Also, detector tubes certified
by NIOSH under 42 CFR Part 84 or other direct-
reading devices calibrated to measure toluene may be
used. An analytical method for toluene is in the N/OSH
Manual of Analytical Methods, 2nd Ed., Vol. 3, 1977,
available from the Government Printing Office, Wash-
ington, D.C. 20402 (GPO No. 017-033-00261-4).

Methods for Set V' (order number PB 262 524)

RESPIRATORS

® Good industrial hygiene practices recommend that
engineering controls be used to reduce environmental
concentrations to the permissible exposure level. How-
ever, there are some exceptions where respirators may
be used to control exposure. Respirators may be used
when engineering and work practice controls are not
technically feasible, when such controls are in the
process of being installed, or when they fail and need to
be supplemented. Respirators may also be used for
operations which require entry into tanks or closed
vessels, and in emergency situations, If the use of
respirators is necessary, the only respirators permitted
are those that have been approved by the Mine Safety
and Health Administration (formerly Mining Enforce-
ment and Safety Administration) or by the National
Institute for Occupational Safety and Health.

* In addition to respirator selection, a complete respira-
tory protection program should be instituted which
includes regular training, maintenance, inspection,
cleaning, and evaluation.

PERSONAL PROTECTIVE EQUIPMENT

* Employees should be provided with and required to
use impervious clothing, gloves, face shields (eight-inch
minimum), and other appropriate protective clothing
necessary to prevent repeated or prolonged skin contact
with liquid toluene,

* Any clothing which becomes wet with liquid toluene
should be removed immediately and not reworn until
the toluene is removed from the clothing,

* Clothing wet with toluene should be placed in closed
containers for storage until it can be discarded or until
provision is made for the remova! of toluene from the
clothing. If the clothing is to be laundered or otherwise
cleaned to remove the toluene, the person performing
the operation should be informed of toluene’s hazardous
properties.

* Employees should be provided with and required to
use splash-proof safety goggles where liquid toluene
may contact the eyes,

¢ Where there is any possibility that employees’ eyes
may be exposed to toluene, an eye-wash fountain shoula
be provided within the immediate work area for emer-
geucy use,

September 1978
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SANITATION

* Skin that becomes wet with liquid toluene should be
promptly washed or showered with soap or mild deter-

gent and water to remove any toluene.

¢ Employees who handle liquid toluene should wash
their hands thoroughly with soap or mild detergent and

water before eating or smoking.

COMMON OPERATIONS AND CONTROLS

The following list includes some common operations in
which exposure to toluene may occur and control

methods which may be effective in each case:

Operation

Use as a solvent in
pharmacsutical,
chemical, rubber, and
plastics industries; as a
thinner for paints,
lacquer, coatings, and
dyes; as a paint
remover,; insecticides

Use as starting material
and intermediate in
organic chemical and
chemical synthesis
industries

Use in manufacture of
artificial leather; fabric
and paper coatings;
photogravure ink
production; spray
surface coating; as a
diluent (cellulose ester
lacquers)

Use as constituent in
formulation of
automotive and aviation
fuels

Controis

Process enclosure;
general dilution
ventilation; local
exhaust ventilation;
personal protective
equipment

Process enclosure;
general dilution
ventilation; local
exhaust ventilation:
personal protective
equipment

Process enclosure;
general dilution
ventilation; local
exhaust ventilation;
personal protective
equipment

Process enclosure;
general dilution
ventilation; local
exhaust ventilation;
personal proteclive
equipment

EMERGENCY FIRST AID PROCEDURES

In the event of an emergency, institute first aid proce-
dures and send for first aid or medical assistance.
* Eye Exposure

If liquid toluene gets into the eyes, wash eyes immedi-
ately with large amounts of water, lifting the lower and
upper lids occasionally. If irritation is present after
washing, get medical attention. Contact lenses should
not be worn when working with this chemical.

¢ Skin Exposure

If liquid toluene gets on the skin, promptly wash the
contaminated skin using soap or mild detergent and

Tolusne 3
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water. If liquid toluent soaks through the clothing,
remove the clothing immediately and wash the skin
using snap or mild detergent and water. If irritation
persists after washing, get medical attention.

s Breathing

If a person breathes in large amounts of toluene, move
the exposed person to fresh air at once. If breathing has
stopped, perform artificial respiration. Keep the affect-
ed person warm and at rest. Get medical attention as
soon as possible.

* Swaliowing

When toluene has been swallowed, get medical atten-
tion immediately. Do not atiempt to make the exposed
person vomit,

* Rescue

Move the affected person from the hazardous exposure,
If the exposed person has been overcome, notify some-
one else and put into effect the established emergency
rescue procedures, Do not become a casualty, Under-
stand the facility’s emergency rescue procedures and
know the locations of rescue equipment before the need
arises,

SPILL, LEAK, AND DISPOSAL
PROCEDURES

* Persons not wearing protective equipment and cloth-
ing should be restricted from areas of spills or leaks until
cleanup has been completed.

¢ If toluene is spilled or leaked, the following steps
should be taken:

1. Remove all ignition sources.

2. Ventilate area of spill or leak,

3. For smiall quantities, absorb on paper towels. Evapo-
rate in a safe place (such as a fume hood). Allow
sufficient time for evaporating vapors to completely
clear the hood ductwork. Burn the paper in a suitable
location away from combustible materials. Large quan-
tities can be reclaimed or collected and atomized in a
suitable combustion chamber. Toluene should not be
allowed to enter a confined space, such as a sewer,
because of the possibility of an explosion. Sewers de-
sighed to preclude the formation of explosive concen-
trations of toluene vapors are permitted.

s Waste disposal method:

Toluene may be disposed of by atomizing in a suitable
combustion chamber.

ADDITIONAL INFORMATION

To find additional information on toluene, look up
toluene in the following documents:

These documents are available through the NIOSH
Division of Technical Services, 4676 Columbia Park-
way, Cincinnati, Ohio 45226.

REFERENCES

s American Conference of Governmental Industrial
Hygienists: “Toluene,” Documentation of the Threshold
Limir Values' for Substances in Workroom Air (3rd ed.,
2nd printing), Cincinnati, 1974,
* American Industrial Hygiene Association: “To-
luene,” Hygienic Guide Series, Detroit, Michigan, 1957,
» 4dmerican National Standard Acceptable Concentra-
tions - Toluene: ANSi-Z37.12-1974, American National
Standards Institute, Inc., New York, 1974,
¢ American Petroleum Institute: “Toluene,” AP/ Texi-
cological Reviews, New York, 1960,
e Christensen, H. E., and Luginbyhl, T. L. (eds.):
NIOSH Toxic Substances List, 1974 Edition, HEW
Publication No. 74-134, 1974,
¢ Dow Chemical Conpuny: Material Safety Data Sheet
- Toluene, Midland, Michigan, 1972,
¢ Grant, W. M.: Toxicology of the Eye (2nd ed)), C. C.
Thomas, Springfield, Illinois, 1974,
¢ International Labour Dffice: Encyclopedia of Occupa-
tional Health and Safety, McGraw-Hill, New York,
1971,
* National Institute for Occupational Safety and
Health, U.S. Department of Health, Education, and
Welfare: Criteria for a Recommended Standard . . . .
Occupational Exposure to Toluene, HEW Publication
No. HSM 73-11023, GPO WNo. 017-033.00019, U.S,
Government Printing Office, Washington, D.C., 1973,
¢ “QOccupational Exposure to Toluene,” Federal Regis-
ter, 40:46206-46219, October 6, 1975,
¢ Patty, F. A, (ed.): Toxicology, Vol. 11 of Industrial
Hygiene and Toxicology (2nd ed. rev.), Interscience,
New York, 1963.
* Sax, N. 1.: Dangerous Properties of Industrial Materials
(3rd ed.), Van Nostrand Reinhold, New York, 1968,
¢ Union Carbide Corporation, Industrial Medicine and
Toxicology Department: Toxicology Studies - Toluene,
New York, 1970.

Y
\} ¢ Maedical Surveillance for Chemical Hazards
o * Respiratory Protection for Chemical Hazards
‘-:: ¢ Personal Protection and Sanitation for Chemical
] Hazards
oy s NIOSH Criteria Document for Toluene (July 1973)
.
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RESPIRATORY PROTECTION FOR TOLUENE

entry and escape from
unknown concentrations

Condition Minimum Reepiratory Protection®
lanuired scove 200 ppm
Vapor Concentration
500 ppm or less Any chemical cartridge respiretor with an organic vapor cartridge(s).
Any supplied-air respirator.
Any self-contained breathing apparatus.
1000 ppm or less A chemical cartridge respirator with a full facepiece and an organic vapor
cartridge(s).
2000 ppm or less A gas mask with a chin-style or a front- or back-mounted organic vapor canister.
Any supplied-air respirator with a full faceplece, helmet, or hood.
Any self-contained breathing apparatus with a full facepiece.
Greater than 2000 ppm or Self-contained breathing apparatus with a full facepiece operated in pressure-

demand or other positive pressure mode,

A combination respirator which includes a Type C supplied-air respirator with a
full faceplece operated in pressure-demand or other positive pressure or continu-
ous-flow mode and an auxiliary self-contained breathing apparatus operated in
pressure-demand or other positive pressura mode.

L Fire Fighting

Self-contained breathing apparatus with a full tacepiece operated In pressure-
demand or other positive pressure mode.

Escape

-
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Any gas mask providi ig protection against organic vapors.

Any escape self-contained breathing apparatus.
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*Only NIOSH-approved or MSHA-approved equipment should be used.
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The attached hazard assessment tree in Figure 2 dzpicts undesired events and the
effects which could result from accidental releases «f hazardous chemicals, These
events can be applied to statistical probabilities and indicate the singular or combination
occurrences required to produce undesired effects. It can be used to assess modes of
transportation and handling procedures and to evaluate accidental releases of colored
smoke mixes or their smoke by~products.
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APPENDIX C

- THE EFFECTS OF CLIMATIC AND GEOLOGICAL CONDITIONS ON
e DISPERSION CLOUDS
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The effects of weather, particularly wind speed and direction, and terrain
conditions are important factors to be considered in smoke operations. The movement of
smoke depends upon the speed and direction of the wind. Wind direction and velocity are ‘
important in estimating the amount of smoke required and the effects produced. Another

factor is atmospheric stability - temperature, humidity, precipitation, and cloud cover. 'L‘! .
N
l. Winds* S |

Transport (steering) winds have the greatest influence on smoke
operations. Transport of the smoke plume from a surface source may occur in one or

> r;r v
2T 27

more layers extending several hundred meters above the surface. Heat is released when ?
smoke is produced and the heat may cause somme of the smoke plume to rise to high -
levels. Accurate estimates of transport wind require measurements in these layers. L
Wy
The ovement of smoke depends on the speed and direction of the ;T.‘,-}:.

wind. These factors are important in determining the number of smoke-producing -
sources needed and the requirements for munitlons for a given smoke operation. e
Placement of smoke varies with windspeed. Difficulties are encountered with smoke el
generators if windspeed is outside the desired range (4-10 knots), Some smokes tend to RN
rise when the wind Is less than 4 knots and are torn apart by winds greater then 13 ;if‘
knots. Additlonal generators may be required to establish and maintain a colored smoke -

signal at high windspeeds. Windspeed also has a major influence on persistence and
duration of a screen, as well as on the distance of travel. The effects of wind direction

on smoke clouds are depicted in Figure 3, :,,u.
b3
Appropriate placement of smoke sources varies, depending on the wind :'
directicn encountered in the target area (Figure 3). :
TRy ?
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Figure 3. Effect of Prevailing Wind Direction
. *Data Included in this Climatic and Geological Conditions section was gathered trom the
- following sources.
N g 1. Smoke. an Obscuration Primer, Joint Technical Coordinating Group for Munitions ;'-:'.'_-
K _ Etfectiveness, 61 ITCG/ME-77-13, 13 March 1978 (UNCLASSIFIED). .
9 2. Rengers, E., Dugway Proving Ground, Utah, Personal Communications, May 1983.
b,
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2. Atmospheric Stability - Temperature.

The rate of vertical sprecad from a source on a stationary surface
depends on air stability. In unstable air, smoke will rise more quickly than in stable air.
Conditions of atmospheric stability that are of interest are inversion, neutral, and lapse;
these result from temperature differences of the air from the surface upward. From
these gradients, it can be predicted whether a smoke cloud will remain at a constant
altitude (inversion), rise at a moderate rate (neutral), or rise rapidly (lapse). The effect
of temperature on smoke is slight. The only effect is the relationship of temperature to
relative humidity and a warning of the smoke cloud due to solar radiation.

(a) Land Inversion.

An lnversion exists when there is an increase in air temperature
with an increase in height above the ground. During an inversion, smoke spreads and
diffuses slowly. These conditions are favorable for production of a smoke haze or area
screen (Figure 4) and occur on clear calm nights.
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Figure 4. Development of Smoke Cloud - Inversion
(b) Land Neutral,

Neutral conditions have characteristics between lapse and
inversion, since no temperature gradient exists, Neutral tending toward lapse is
favorable for smoke curtains; neutral tending toward inversion is favorable for area
screens (Figure 5). These conditions occur an hour or so before and after sunrise or
sunset.
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Figure 5. Development of Smoke Cloud - Neutral
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fc) Land Lapse. R
A lapse condition exists when there is a decrease in air I‘_'-;'..:
temperature with an increase in height above the ground. The air is unstable, with much D
air urbuience; smoke tends to rise and diffuse rapidly (Figure 6). The lupse condition is g
favorable for production of smoke curtains and is least favorable for smoke screens. It L
occurs on clear days when winds are light. w
o
ne
vl
NI
S
Figure 6. Development of Smoke Cloud - Lapse ',
(d) The Land-Alr Interface. oty
In the evening and at night following cooling of the earth, there is g‘i
a rapid cooling of alr close to the surface; therefore, the heavier, cooler air is heneath a e
warmer layer. This s the most stable condition. Over land, the lapse condition is most DY,
probable on clear sumrner days from about 2 hours after sunrise to about 2 hours before 37N
sunset; this results in an onshore breeze during the day. At night, warm air rislng from N
the water results in offshore breezes. e
nl
3. mmldlt!o h:";- )
P
Colored smoke particles absorb moisture and increase in size, thereby
Increasing their density and making the smoke more eifective. Therefore, high humiuity ::-";,;
Is a favorahle employment condition, o
Ll
o 4. Precipitation. Ry
‘-':'u :\:-'ru;
ot Rain and snow reduce visibility but will not adversely affect colored g
) smoke too much. Against a snowy background, the colors will he more visible, :2 .'."
.':‘ |\:\
i 5. Gloud Cover. , . 1,
:‘-.v"_
When the sky Is more than 70 parcent covered with clouds, a neutral __
temperature gradient prevalls. The atmosphere Is moderately stable, and conditions are )
generally favorable for smoke. o
v, Terralti. @
--'..j:: Since smoke is carried by the wind, it normally follows the earth's Z;::I;:'
) contours. ©On flat or unbroken terrain and over water, smoke streamers take longar ro N
g spread out and mix. On the other hand, trees and buildings tend to mix smoke streamers ..';::I:
= and Increase smoke coverage. Large hill masses and rugged terrain cause strong R
® crosscurrents which disperse smoke, causing holes and unevenness. @y
L) :4,"-: )
-‘..l -.‘.{“
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(@ Arctic.

Smoke operations in arctic regions or other cold weather areas
present special problems common to all types of units. Preventive maintenance for
individual equipment in cold climates is given in appropriate technical manuals. On clear
days, stable conditions exist over snowy surfaces and are strongest about sunrise. Smoke
tends to remain near the surface and may travel for long distances before dissipating. In
extremely cold, smoke clouds last longer than under rmore temperate conditions.

(b) Desert,

All deserts have certain characteristics in common -~ lack of
water, absence of vegetation, large areas of sand, extreme temperature ranges, and
brilliant sunlight. Desert sands absorb heat from the sun and cause appreciable
differences in horizontal temperature, which in turn may cause whirlwinds. The soil is
heated during the day to such an extent that smoke operations become extremely
difficult because of strong unstable conditions. Smoke tends to pillar because of rising
alr currents, High winds and dust storms occur throughout the year, Smoke is more

effective in early morning and late evening, or on an overcast day when neutral
atmospherlc conditlons exist.

() Mountaln.

Mountain operations are characterized by the diificulties
encountered due to terrain. Because of transportation difficulties and probable limited
resupply quantities, screening smokes are a problem. This Is not true with the smaller
quantities required for signaling and deployment using grenade launchers. Steep hills
split winds so they eddy around and over the hill. Thermally induced slope winds occur
throughout the day and night, These conditions make it extremely difficult to utilize

smoke signals, Wind currents, eddles, and turbulence must be continuously studied and
observed.

(d) Jungle.

Smoke used in dense vegetation tends to spread slowly downwind
and downslope and to follow creek beds and gullies. Jungle weather ls usually hot, humid,
and characterized by sudden changes. Windspeed in jungle areas normally does not
exceed 3 kilometers per hour.

Appendix C
112

S S P e et e - S - . . . Coa . . N ..

gt et AR L A Y IR S SN Y T PR R T S '] e ~‘-‘-'1"- DR e At et [ T N L U [ e
w e e v R TN P TR T ] . - . 0 [ . e ' P et .

W RNy e e . Pt a Ve e . DRI . T v oo, . et St t e

" [ A A B B ‘. . . L

.

STl e T e e e e R e e e e

et e G LR L LR ;'_ Y .,\., LT IR I v L . )
TR T Tl S i T T O O T T N P TP L) L'

.
1

o
ittt
e e ingepagnl )

VO,
-~ - l-l.l

| P Py
i

-.r_
P

;

s
s ¢ o

o s
R

o s
.
A o s

" T
t.‘l

TS s

P

e
™ x

et

,,,,
i

[ 4
&

50



e 1

L

e IR o M

P S

ey

o
” o

1

H.‘-‘ e
s .«

o - ¢

e
-

RS RN N‘.‘- ST e TR

il ¢ . CON - K
‘n-.-.-.'u-\-- e
s O £t

DISTRIBUTION LIST FOR CRDC REPORT - ARCSL~-EA-83010

Names
CHEMICAL SYSTEMS LABORATORY

DRSMC-CLB (A)
DRSMC-CLB-C (A)
DRSMC-CLB-P (A)
DRSMC~CLB-PS (A)
DRSMC~CLB-R (A)
DRSMC-CLB-T (A)
DRSMC-CLB-TE (A)
DRSMC-CLC-B (A)
DRSMC~CLC-C (A)
DRSMC-CLF (A)
DRSMC-CLJ-1IL (A)
DRSMC~CLJ~IR (A)
DRSMC~CLJ-M (A)
DRSMC-CLJ-P (A)
DRSMC~CLN (A)
DRSMO-CLN-S (A)
DRSMC-CLN-ST (A)
DRSMC-CLT (A)
DRSMC-CLT~I (A)
DRSMC-CLW-C (A)
DRSMC~CLY-A (A) (Pennsyle)
DRSMC-CLR-I (A)
DRSMC=CLY=R (A)

ATTN:
ATTN:
ATTN:
ATTN:
ATTN:
ATTNs
ATIN:
ATTN:
ATTN:
ATTN:
ATTN:
ATTN:
ATTN
ATTN:
ATTN:
ATTN:
ATTN3
ATTN:
ATTN
ATTN:
ATTN:
ATTN!
ATIN:

COPIES FOR AUTHOE(S)
DRSMC-CLT-I (A)
RECORD COPY: DRSMC-CLT=-A (A)

DEPARTMENT OF DEFENSE

Defense Technical Information Center
ATTN: DTIC-DDA-2

Cameron Station, Building 5
Alexandria, VA 22314

Director

De “ansa Intelligence Agency
ATIN: DB-4Gl

Washington, DC 20301

Deputy Upnder Secretary of Deferse for
Research and Engineering (R&AT)

ATTN:s Dr, Musa

ATIN: OOL Priday

ATTN: COL Winter

ATTNt Mr. Thomas Dashiell

Washington, DC 20301

A }
\ -"\Mf"u '-"‘- s "p\

"u, ~‘

e e e et et Bt b b et e e DD P s b et e s e S

= s

Copies

113

Names Copies
Office of the Director
Defense Research and Engineering
ATTN: Dr. T.C, Walsh, Rm 3D-1079 1

Washington, DC 20310

Defense Advanced Research Projects Agency

ATTN: Dr, Tegnelia
Washington, DC 20301

Advanced Research Projects Agency
1400 Wilson Boulevard
Arlington, VA 22209

DEPARTMENT OF THE ARMY

HQDA

ATTN: DAMO=NCC
ATIN: DAMI-FIT
WASH DC 20310

HQDA

Office of the Deputy Chief of Staff for
Research, Development & Acquisition

ATIN: DAMA-C3S~C

ATTN: DAMA-ARZ (Dr. Verdorame)

Washington, DC 20310

HQ Sixth US Army
ATTN: AFKC-OP-NBC
Presidio of San Francisco, CA 94129

Coxmander

DARCOM, STITEUR

ATTN: DRXST-STI

Box 48, APO New York 09710

Comaander

USASTCFEO

ATTN: MAJ Mikeworth
AP0 San Francisco 96328

HQ, 5th Infantry Div
ATTN: Div Cml Off
Ft Polk, VA 71459
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-':: US ARMY MATERIEL DEVELOPMENT AND e
Wy Army Research Office READINESS COMMAND S
b ATTN: DRXRO-CB (Dr. R. Ghirardelli) 1
Pin ATTN: DRXRO-GS 1 Commander :
(. ATTN: Dr. W. A. Flood 1  HQ, DARCOM )
b P.0. Box 12211 ATTN: DRCED-D (BG Robinson) 1 A
o Research Triangle Park, NC 27709 5001 Eisenliower Ave, 22\:
3 Alexandria, VA 22333 RGN
2 HQDA ODUSA (OR) R
A ATTN: Dr. H. Fallin | Commander e,
. Washingten, DC 20310 USA Materiel Development and me®
% Readiness Command
o HQDA (DAMD-FDD) ATTN: DRCDE-DM 1 N
N ATTN: MAJ C. Collat 1 ATTN: DROMT 1 oy
e Washington, DC 20310 ATTN: DRCSF-P 1 b
&5 ATTN: DRCSF-S 1 riln
. HQDA, OCE ATTN: DRCDL (Mr. N. Klein) 1
w ATTN: DAEN-RDM (Dr. Gomee) 1 ATTN: DRCDMD-ST (Mr. T. Shirata) 1 RN
! Massachusetts Ave, NW 5001 Eisenhower Ave
g Washington, DC 20314 Alexandria, VA 22333
ey \
3 Commander A
ek USA Foreign Science & Technology Center oz
W) ATTN: DRXST-MI3 1 N
o ATTN: DRXST-MT3 (Poleski) 1 RSN
\.\I 220 Seventh stc’ NE :::'.".: -
o\ OFFICE OF THE SURGEON GENERAL Charlottesville, VA 22901 ::.:Z:
AN ’ '..‘.
A Commander Director ™, F
Lt USA Medical Rasearch and Human Engineering Laboratory
: Development Command ATTN: DRXHE-IS 1 Yo
§ ATTN: SGRD~UBD-AL (Bldg 568) 1 Aberdeen Proving Ground, MD 21005 \,}
o ATTN: SGRD-UBG (Mr. Eaton) 1 N
v ATTN: SGRD-UBG-OT (CPT Bratt) 1 Comnander A
T ATTN: LIC Don Gansler 1 USA Natick Research and ;' L
. ;.'ﬁ Fort Detrick, MD 21701 Development Laboratories e
. ATTN: DRONA-ITF (Dr. Roy W. Roth) 1 b
{‘, Comnander Natick, MA 01760 e
USA Medical Bioengineering Research P}
and Development Laboratory Director
e ATTN: SGRD-UBD-AL, Bldg 568 1 DARCOM Field Safety Activity X
'_f,‘C'{ Fort Detrick, Frederick, MD 21701 ATIN: DRXOS-SE (Mr. Yutmeyer) 1 o
RN Charlestown, IN 47111 N
$is Commander e
A USA Medical Research Institute of PM Smoke/Obscurants N
L Chemical Defense ATTN: DRCPM-SMK-E (A, Van de Wal) 1 PN
S ATTN: SGRD-UV-L 1 ATTN: DRCPM-SMK-M 1 e
o Aberdeen Proving Ground, MD 21010 ATTN: DRCPM-SMK-T (Walter G. Klimek) 1 R
N Aberdeen Proving Ground, MD 21005 ::::__-
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Director

USA Materiel Systems Analysis Activity
ATTN: DRXSY-MP

ATTN: DRXSY-CR (Mr. Metz)

ATTN: DRXSY-FJ (J. O'Bryon)

ATTN: DRXSY-GP (Mr, Fred Campbell)
Aberdeen Proving Ground, MD 21005

USA AVIATION RESEARCH AND
DEVELOPMENT COMMAND

Director

Applied Technology Lab

USARTL (AVRADCOM)

ATTN: DAVDL-ATL-ASV

ATTN: DAVDL-ATL-ASW

ATTN: DAVDL-EV-MOS (Mr. Gilbert)
Ft. Eustis, VA 23604

Commander

USA Avionice RAD Activity
ATITN: DAVAA-E(M. E. Sonatag)
Ft. Monmouth, NJ 07703

USA MISSILE COMMAND

Commander

USA Missile Command

Director, Energy Directorate
ATIN: DRSMI-RHFT

ATTN: DRSMI-RMST

ATTN: DRSMI-YIA (N. C. Katos)
Redstona Arsenal, AL 35809

Commander

USA Missile Command

Redstone Scientific Information Center
ATTN: DRSHI-REO (Mr. Widenhofer)
ATTN: DRSMI-RGT (Mr. Matt Maddix)
ATTN: DRSMI-RKL (Dr. W. Wharton)
ATTN: DRDMI-CGA (Dr. B. Fowler)

ATTN: DRDMI-TE (Mr. H. Anderson)
Redstone Arsenal, AL 35809

Conmander

USA Missile Command

Redstone Scientific Information Center
ATTN: DRSMI-RPR (Documents)

Redstone Arsenal, AL 35809
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USA COMMUNICATIONS-ELECTRONICS COMMAND

Comnander

USA Communications~Electronics Command
ATTN: DRSEL-WL-S (Mr. J. Charlion)
ATTN: DRSEL-SS-ME (Mr. Chris Kemcik)
Ft. Monmouth, NJ 07703

Commander

USA Electronics Research and
Development Command

ATTN: DRDFL~-CCM (Dr. J. Scales)

ATTN: DELHD-RT-CB (Dr. Sztankay)

Adelphi, M 20783

Commander

Harry Dismond Laboratories

ATIN: DRXDO-RCB (Dr. Donald Wortmarn)
ATTN: DRXDO-RCB (Dr. Clyde Morrison)
ATTN: DRXDO-RDC (Mr. D. Giglio)
2800 Powder Mill Road

Adelphi, MD 20783

Comuander

USA Materials & Mechanics Research Center

ATTN: DRXMR-KA (Dr. Saul Isserow)
Watertown, MA 02172

Commander

USA Cold Region Rasearch Engineering Laboratory

ATIN: George Aitken
Hanover, NI 03755

Commander /Director

Combat Surveillance and Target
Acquisition Laboratory

ERADCOM

ATTN: DELCS-R (E. Frost)

Ft. Monmouth, NJ 07703

Director

Atmospheric Sciences Laboratory

ATTN: DELAS-AR (H. Holt)

ATIN: DELAS-AS (Dr. Charles Bruce)
ATTN: DELAS-AS~P (Mr. Tom Pries)
ATTN: DELAS-EO-EN (Dr. Donald Snider)
ATTN:
ATTN: DELAS-EO~ME (Dr, Frank Niles)
ATTN: DELAS-EU-ME (Dr. Ronald Pinnick)
ATTN: DELAS-EG-MO (Dr. Melvin Heaps)
ATTN: DELAS-EO-MD (Dr. R. Sutherland)
ATTN: DELAS-EO-S (Dr. Louis Duncan)
White Sands Missile Range, NM 88002

DELAS-EO-EN (Mr. James Gillespie)
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US ARMY ARMAMENT, MUNITIONS AND Commanding Officer

CHEMICAL COMMAND Armament Research and Development Center
USA AMCCOM
Commander ATTN: DRSMC-QAC-D (A) (Mr. Francis) 1
USA Armament, Mumnitions and ATTN: DRSMC-QAC-E (A) 1
Chemical Coumand Aberdeen Proving Ground, MD 21010
ATTN: DRSMC-ASN (R) 1
ATTN: DRSMC-IRI-A (R) 1 Commanding Officer .
ATTN: DRSMC-LEP-L (R) 1 Armament Research and Development Center (BRL) Lt
ATTN: DRSMC-SF (R) 1 USA AMCCOM % .
Rock Island, IL 61299 ATTN: DRSMC-BLB (A) 1 T
Am: DRSMC"TSB-S (A) l ‘x““‘b‘;'\ 1
Commander Aberdeen Proving Ground, MD 21005 ::\E':’ _
USA Dugway Proving Ground .:::;:"
ATTN: Technical Library (Docu Sect) 1 US ARMY TRAINING & DOCTRINE COMMAND Ao
Dugway, UT 84022 Q‘Z; o
Commandant
US ARMY ARMAMEN! RESEARCH AND ' USA Infantry School =
DEVELOPMENT CENTER ATTIN: CTDD, CSD, NBC Branch 1
Fort Benning, GA 31905
Comnander
Armsment Research and Development Center Commandant R
USA AMCCOM USA Missile & Munitions Center —
ATTN: DRSMC-LCA-L (D) 1 and School
ATTN: DRSMC-LCE (D) (Mr. Scott Morrow) 1  ATTN: ATSK~CM 1 RO
ATTN: DRSMC-LCE-C (D) 1 Redstone Arsenal, AL 35809 RS
ATTN: DRSMC-LOU=CE (D) 1 {-&'
AITN: DRSMC-PSE-EN (D) (Mr. N. Mergel) 1  Commander SR
ATTN: DRSMC-SCA-T (D) 1 USA Logistics Center el
ATTN: DRSMC-SCF (D) 1 ATTN: ATCL-MG 1 K
ATTN: DRSMC-SCP (D) 1 Fort Les, VA 23801 S
ATTN: DRSMC-SCS (D) 1 S
ATTNt DRSMC-TDC (D) (Dr. D. Gyorog) 1 Commandant v
ATTN: DRSMC-TSS (D) 2 USA Chemical School
ATTN: DRCPM~CAWS-AM (D) 1 ATTN: ATZN-CM-C 1 A
Dover, NJ 07801 ATTN: ATZN-CM=-AFL 2 N -
ATTN:  ATZN~CN~CDM (Dr. J. Scully) 1 Fav
Armament Research and Development Center Port McClellan, AL 36205 NN |
USA AMCCOM D
ATTNs DRSMC-TSE-OA (Robert Thresher) 1 Commandex R
National Space Technology Laboratories USAAVNC M!”
NSTL Station, M3 39529 ATTN: ATZQ-D-MS 1
Port Rucker, AL 36362 N
Requirements and Analysis Office R
Foreign Intelligence and Threat Commander g
Projection Division USA Combincd Arms Center and ho
ATTN: DRSMC-RAI-C (A) 1 Fort Leavenworth topie
Aberdeen Proving Ground, MD 21010 ATTN: ATZL-CAM-IM 1
Fort Leavenworth, KS 66027 :.:,:
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N 1" .
-: Conmander Commander IR
gy USA infantry Center Dugway Proving Ground S
'.gl ATTN: ATSH-CD-MS-C 1 ATTN: STEDP-MT (Dr. L. Solomon) 1
M ATTN:  ATSH-CD-MS-F 1 ATTN: STEDP-MI-DA-M (Mr. E. Rengers) 1
{ ATTN: ATZB-DPT~PO-NBC 1 Dugway, UT 84022 -~
Port Beming, GA 31905
3 DEPARTMENT OF THE NAVY ‘: .
- Commander R
' USA Training and Doctrine Command Cormander
ATTN: ATCD-N 1 Naval Research Laboratory PO
- ATTN: ATCD-TEC (Dr. M. Pastel) 1 ATTN: Code 5709 (Mr. W. E, Howell) 1 ey
3 ATTN: ATCD~Z 1 ATTN: Code 6532 (Mr. Curcio) 1 e
- Fort Monroe, VA 23651 ATTN: Code 6532 (Mr. Truaty) 1 o
";j ATTN: Code 6530~2 (Mr. Gordon Stamm) 1 :3::""_
3 Commander ATTN: Code 8320 (Dr. Lothar Ruhnke) 1 g
ﬁ USA Armor Center ATIN: Code 8326 (Dr. James Fitzgerald) 1 o,
N ATTN: ATLK-CD-MS 1 ATTN: Code 43202 (Dr. Hermann Gerber) 1
ﬁ ATTN: ATZR-PPT-PO-C 1 4555 Overlook Avenue, SW o
=) Fort Knox, KY 40121 Washington, DC 20375 Ct'}:
A Commander Chief, Bureau of Medicine & Surgery 3: ad
e USA TRADOC System Analysis Activity Department of the Navy N
N ATTN:  ATAA-SL 1 ATTN: MED 3C3) 1 ol
e ATTN: ATAA-TDB (L. Dominguez) 1 Washington, DC 20372 Dhan
White Sands Missile Range, NM 88002 :::»::.,
R Commander AR, .
» Commander Naval Air Systems Command ey
o USA Field Artillery School ATIN: Code AIR-301C (Dr. H. Rosenwasser) 1 ot
. ATTN: ATSF-GD-RA 1 ATIN: Code AIR=5363 (D. C. Caldwell) 1 broen
js Pt. 8il1, OK 73503 Washington, DC 20361 .,'_,,
W Director Commander e
A USA Concepts Analysis Agency Naval Sea Systems Command SRR
ATTN: MOCA-SMC (Hal Hock) 1 ATIN: SEA-62Y13 (LCDR Richard Gilbert) 1 N
8120 Woodmont Avenue ATTN: SEA-62Y21 (A. Ranterman) 1 g
- Bethesda, MD 20014 ATIN: SEA-62Y21 (LCDR W. Major) 1 L
L Washington, DC 20362 .;‘_
o US ARMY TEST & EVALUATION CUMMAND
j-’,'! Project Manager
o Commander Theatre Nuclear Warfare Project Office
USA Test & Evaluation Command ATTN: PM-23 (Dr. Patton) 1
i ATTS: DRSTE-Q¥-F 1 ATTN: TN-09C 1
‘3 ATTNS DRSTE-CI-T 1 Navy Department :-;:'_n_".
5{ ATTN: DRSTE-AD-M (Warren Baity) 1 Washington, DC 20360 A
s Aberdeen Proving Ground, MD 21005 et
Y. Commander LoRe
e Coamander Naval Surface Weapnns Center R
3 USA EPG Dshlgren Laboratory ™
® ATTN: STEEP-MH-I8 1 ATTN: Dx-21 1 Wy
o ATTN: STEEP-MI-DS (CPT Decker) 1 ATTN: Mr. R. L. Hudson 1 NIy
& Ft. Huachuca, AZ 85613 ATTN: F=56 (Mr. Douglas Marker) 1 ,‘»‘i
% ATTN: G~35 (Mr. William N. Wishard) 1 oy
Dahlgren, VA 22448 -y
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Commander

Naval Intelligence Suport Center
ATTN: Code 434 (H. P. St.Aubin)
4301 Suitland Road

Suitland, MD 20390

Commander

Naval Explosive Ordnance Disposal
Technology Center

ATTN: AC-3

Indian Head, MD 20640

Officer~in—Charge

Marine Corps Detachment

Naval Explosive Ordnance Disposal
Technology Center

Indian Head, MD 20640

Commander

Naval Air Development Center

ATIN: Code 2012 (Dr. Robert Helmbold)
Warminster, PA 18974

Commander N

Naval Weapons Center

Code 3893 (L. A. Mathews)
Code 3882 (Dr. C. E. Dinerman)
Code 3918 (Dr. Alex Shianta)
ATIN: Code 3263 (Mr. L. Josephson)
China Lake, CA 93555

1343

.

Comanding Officer
Naval Weapons Support Center
Applied Sciences Department

ATTN: Code 50C, Bldg 190
ATTN: Code 502 (Carl Lohkamp)
ATTN: Code 5063 (R. Farren)

Crane, IN 47522
US MARINE CORPS

Commanding General

Marine Corps Development and
Education Command

ATTN: Fire Power Division, D091

Quantico, VA 22134

DEPARTMENT OF THE AIR FORCE
Department of the Air Force
Headquarters Foreign Technology Division

ATTN: TQTR
Wright-Patterson AFB, OH 45433
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AFAMRL/TS
ATTN: COOL Johnson
Wright-Patterson AFB, OH 45433

AFWAL/FIEEC (Wendell Banks)
Wright-Patterson AFB, OH 45433

HQ AFSC/SDZ
ATTN: CPT D. Riediger
Andrews AFB, MD 20334

USREDCOM .
ATTN: RCJ3-0S (MAJ Holt)
MacDill AFB, FL 33603

USAF TAWC/THL
Eglin AFB, FL 32542

USAF SC

ATTN: AD/YQ (Dr. A. Vasiloff)
ATTN: AD/YQD (MAJ Owens)
Eglin AFB, FL 32542

AD/XRO
Eglin AFB, FL 32542

Coomander

Hanscom Air Force Base

ATTN: AFGL/LYC (Dr. Barnes)

ATTN: AFGL/POA (Dr. Frederick Volz)
Bedford, MA 01731

Headquarters

Tactical Air Command
ATIN: DRP

Langley AFB, VA 23665

AFOSR/NE
ATTN: MAJ H. Winsor
Bolling AFB, DC 20332

OUTSIDE AGENCIES

OSV Field Office
P.0. Box 1925
Eglin AFB, FL 32542

Battelle, Columbus Laboratories
ATTN: TACIEC

505 King Avenue

Columbus, OH 43201
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Toxicology Information Center, JH 652
National Research Council

2101 Constitution Ave., NW
Washington, DC 20418

Los Alamos National Laboratory
ATTN: T-DOT, MS B279 (S. Gerstl)
Los Alamos, NM 87545

Institute for Defense Analysis
1801 N. Beauregard Street
Alexandria, VA 22311

ADDITIONAL ADDRESSEES

Office of Missile Electronic Warfare
ATTN: DELEW-M-T-AC (Ms Arthur)
White Sands Missile Range, NM 88002

USA Mobility Equipment Research and
Development Center

ATTN: DROME-RT (Mr. 0. F. Kezer)

Fort Belvoir, VA 22060

Director
US Night Vision and EO Laboratories

ATIN: DRSEL-NV-VI (Dr. R. G. Buser)
ATIN: DRSEL-NV-VI (Mr. R. Bergemann)
ATTN: DELNV-VI (Luanne Obert)
ATTN: DELNV-L (D. N. Spector)

Fort Belvoir, VA 23651

Comnandant

Academy of Health Sciences, US Army
ATTN: HSHA-SSI

Fort Sam Houston, TX 78234

Science Applications Inc.

ATTN: Dr. Frederick G. Gebhardt
3 Preston Court

Bedford, MA 01730

Science Applications Inc.
ATIN: Mr, Robert E. Turner
1010 Woodman Drive, Suite 200
Dayton, OH 45432

Creative Optics

25 Washington St
Bedford, MA 01730
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McDonnell Douglas Astro Co
ATTN: John Adams (A-3-210,11-1)
5301 Bolsa Ave

Huntington Beach, CA 92647

BMD Program Office

ATTN: Dick McAtee, Rm. 7S14
5001 Eisenhower Ave
Alexandria, VA 22333

Dr. W. Michael Farmer, Assoc Prof, Physics
University of Tennessee Space Institute

Tullahoma, TN 37388

Commander

Tooelle AD

ATTN: SDSTE-AE (Dr. J.L. Bishop)
Tooele, UT 84074

ARNG

Operating Activity Center

ATTN: NGB-ARI-E/Bldg E6810
Aberdeen Proving Ground, MD 21010

Commander

USA Environmental Hyglene Agency
ATTN: HSHB-0 (B, Donovan)

ATTN: Ll!brarlan, Bldg 2100
Aberdeen Provling Ground, MD 21010



