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PREFACE

This is Volume No. 5 of a five-volume document, which is to provide a general
environmental assessment for the overall smoke/obscuration program. Volume No.
identifies oil smokes; Volume No. 2 provides pertinent information on red, whi!'.'" •nc.
plasticized white phosphorus; Volume No. 3 identifies IR smokes; and Volume N," "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 associated signaling
smokes will continue to be used until approved replacement materials become available.
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 documentation 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

I[. PURPOSE AND NEED

As a result of the 1973 Yom Kippur War, the Army has reaffirmed the •'
importance of both signaling and screening-smoke production as vital elements of its
defense posture. The colored signaling dyes are an important means of
communications. By pre-arrangement, 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 (reversib(ol,.,
nonincapacitating) toxicity to industrial personnel and the environment.

1I. 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.

I. 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 Ignited,
the mixtures burn and produce colored smoke clouds of red, violet green, and yellow,
which afford good visibility and unmistakable Identity.

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 munition3 now in use, the visual range varies from 3,000 feet (M22
rifle grenade) to 10,000 feet (MI1 grenade).

3. Duration.

On the basis of duration, colored smoke munitions may be divided into
two classes: fast-burning, which last about 1 minute, and slow-burning, which last about2 minutes.

Signaling smokes are produced by volatilizing and condensing a mixture
containing an organic dye. The heat produced by the fuel volatilizes the dye, which then
condenses outside the munition to form colored smoke. The burning time can be regulate
by adjusting the proportions of oxidant and combustible material, and by use of 49
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coolants. The fuel is either sulfur or sugar. The fuel-oxidizer mixture is
sulfur/potassium chlorate (KCIO 3) or sugar/KCLO 3. The fuel-oxidizer-coolant mixture is
sugar/KCIO 3 /magnesium carbonate (MgCO 3 ).

B. Background.

"Research studies indicate that some of the organic dyes presently used in
colored smoke pyrotechnic formulations pose potential serious health hazards to
occupationally exposed personnel. These component dyes include benzanthrone (7 H-benz
(de) anthracene 7-one), C.I. Vat Yellow 4 (dibenzo (b, def) chrysene-7-14-dione) and
Disperse Red 9 (0 - methylaminoanthraquinone). Benzanthrone causes dermatitis in man
and affects the liver and autonomic nervous system. Both benzanthrone and Vat Yellow
4 are potential carcinogens. Disperse Red 9 is a skin Irritant and sensitizer with possible
carcinogenic activity. Research conducted In 1980 by the Oak Ridge National ,
Laboratory revealed that all of the above dyes (yellow, green and red) and also 1, 4-

p. dlamino-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. Accordingly, two product Improvement

4', hu 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
performance.112

C. Modes of Dissemination and Munition Types,

The pyrotechnic mixes uf current colored smoke are put into cartridges
(smoke markers) and hand grenades. Canisters for use with projectiles such as the 105-
mm and 153-mm have been filled and stockpiled In the past, but no additional buys are
anticipated; therefore, these canisters will not be addressed In this assessment. Colored
smokes are used as point source devices for signaling and marking; therefore, payloads
and area coverage are magnitudes less than for screening smokes. Payload estimates and
dissemination characteristic.- are summarized In Table 1.

1. Smoke Markers.

Smoke cartridges (markers) are used to provide aerial indentification
and location of troops on the ground and are designed to be fired from 40-mm grenade
launchers. The cartridge consists of a cartridge case, projectile with pyrotechnic smoke

payload, and a pyrotechnic impact•fuze. The cartridge case is a dual-chamber aluminum
container housing a brass propellant cup. The propellant cup is held in the case by a

* .5 crimped base plug which provides a pressure type waterproof seal. The base plug houses
a percussion primer. The projectiles utilize a one-piece, aluminum ogtve and a steel
base. The payload consists of a pyrotechnic smoke mixture pressed into the body ogive.
The fuze Is cemented to the base of the projectile and protudes Into a cylindrical cavity
of the smoke mixture.

Upon firing, the primer ignites the propellant charge. In turn, the
projectile is accelerated down the launcher barrel where a spin of 3750 rpm is imparted

4 by the barrel rifling. A muzzle velocity of 250 fps Is attained. In addition to launching
4, the projectile, the propellant gases Ignite the first fire mixture of the fuze in the base of

the projectile. The first fire mixture ignites a high-temperature transfer mixture-- 5. .'1
contained In the steel cup. The transfer mixture burns during the first 15 meters of

-0. j,
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I.,

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
either end of the projectile. Typical weight of the munition Is 0.40 lb; length is 3.9]
inches; smoke mixture payload typically is 75 grams.

2. Smoke Grenades. N

Colored smoke grenades are used to mark or spot specific positions onU the ground. They are normally emplaced by hand and ignited manually. The average
soldier can throw a grenade 30 to 33 yards. Colored smoke is highly visible and would
likely draw enemy fire when used in small quantities. So, it should never be used as a
screening device.

The MIS smoke grenade is depicted in Figure I below. It Is a self-
contained unit filled (compacted) with a solid-fuel, smoke-producing agent by means of

hydraulic rams. At the top of the grenade, a small chamber contains a starter system*filled with a specially developed chemical composition. Additional Information on the

M•18 gren,,de can be found In the Operator's and Organization Maintenance Manual forGrenades. "

The grenades produce smoke by means of a reaction In which a
carbohydrate-based fuel, such as sucrose, is oxidized by potassium chlorate. The heat
liberated by this reaction serves to vaporize the dye, which Is then ejected Into the

atmosphke:re along with other vaporized combustion products and, upon condensation,
creates a ckloid with the color of the vaporized dye.

ITEM: M18 GRENADE

-. 1 TYPE: CORE BURNING

SCOLORS: RED, VIOLET, GREEN, YELLOW

SIZE: 2,5-INCH DIAMETER, 4.5 INCHES LONG

WEIGHT: (TOTAL) 1.07 LB

~L)(MIX) .73 LB
FUZE: M201A1 PYROTECHNIC FUZE

BURNING TIME: 50-90 SECONDS

Figure I. M I8 Colored Smoke Grenade

S .... *rhe starter mix is applied to the surface of the compacted smoke mix.

%.I . ,
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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- i
anthraquinone), benzanthrone dye (7-H-benz (de) anthracene-7-one), Vat Yellow 4
(dibenzo (b, def) chrysene-7-14-dione) and Violet dye (1, 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 4

Red Disperse Red 9 Sudan R (0-methoxy-phenyl-
0I -methylaminoanthraquinone) azo-B-naphthol)

,,g

G reen Solvent Green 3 (1, 4-dl-p- Solvent Green 3.2
to luldinoanthraqulnone)

* ,.%- .4% 4

Benzanthrone Dye (7 H-benz Solvent Green 3 (increased
Atk (de) anthracene-7-one) percentage)

I.Vat Yellow 4~ (dlbenzo Solvent Yellow 33 Dye (2-
(b, def) chirysene-7-14-dlone) (2-quindolyi) - 1, 3-indandione)

Yellow Vat Yellow 4 (same as above) Solvent Yellow 33 Dye (same as
S above)

Violet (1, 4-diamino -2, 3-dlhy- Solvent Violet 36
droanthraqulnone)

Disperse Red 9 Sudan R
(I-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

conducted to aild In determination of future red and violet dyes, while the yellow and
green dye-s have been tested and approved to star, manufacturing yellow and green
grenades. The green smoke will continue to use the standard Solvtn't Green 3 (at least
for tlr'e present). A yellow dye, 2-0(-quinolyl)-l, 3-indandione, has been 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. 11. The synonym used by the Edgewood PIP program Is Solvent Yellow 33.

Ingestion and Inhalation studies are underway by the US Army Medical Bioengincering
Research and Development Laboratory (SSAMBRDL), Fort Dietrick, Maryland.

17
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Where red and violet smokes are listed together and likewise yellow and
green are grouped together in the following tables, it is because of their similarity in
chemical ingredient formulatb,,ns. Benzanthrone and Vat Yellow 4 are not addressed in
the following sections because of their discontinued use.

N 1. Disperse Red 9 Dye.

1-Methylaminoanthraqulnone Is a disperse dye used by the Army to
impart a red color to smokes. It Is presently stockpiled for use but Is scheduled for
r~eplacemen. At current production rates, the Army Uses 100,000 lb of this dye per
year.This 13 approxilmately 12% of the civilian production capability.

(a) Alternate Names.

1-Methylaminoanthraquinone Is a disperse dye with the chemical
* structure shown below:

0
N ~ NHC~s

0

The molecular formula of this dye Is C H Il 1 NO. Its molecular weight is 237.26

gm/mole. Pertinent alternate names for 1-metfi lami noanthraqulnone are:

CAS Registry No. 82-38-2

Replaces CAS Registry No.(s) 12226-87-8

CA Name (9C1) 9,10-anthracenedlone, l-(methylamlno)

*CA Name (8C1)s anthraqulnone, I-(methylamino)N

WIswesser Line Notation L C666 BV IVJ DM1

Synonyms: Aipha-methyaminoanthraqulnone; C.I. 60503; C.I. Disperse Red 9;
C.I. Solvent Red IlI; Calco Oil Red ZMQ; Celanthrene Red Y; Celliton Pink R;
Diacelliton Fast Pink R; Duranol Red GN; Marcolex Red G; 1-methylamino-9-l0-
anthraqulnone; i-(methylamino) anthraqulnone; N-methyl- 1-anthraquinonylamine; I -(N-
methylamino) anthraquinone; Oil Red ZMQ; Serilene Fast Pink BT: Supracet Pink R;
Waxoline Red MAA: Waxoline Red MP

(b) Physical Properties.

Physical form @ 200C; solid

Color and crystalline form: yellow-red needles

MP: 170 0C

*Solubility: soluble In alcohol, benzene, chloroform, acetic acid,

acetone, and linseed oil. Slightly soluble In carbon tetrachloride.
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(c) 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 % +
sodium bicarbonate, 2 96+ 24 96 +potassium chlorate, 26 % •"25%7 •
sulfur 93%7o q 9 % 2

Violet Smoke Mix* MIL-D-3691B 42 %

*80+ 2% 1, 4 dlarmino-2, 3-dIhydroanthraquinone and 20+ 2% of Disperse Red 9.

(d) Product Improvement Program Actions.

The purpose of the program (PIP DAi-81-09-7320) is to replace
Disperse Red 9 (1-methyl-arinno-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
efficiency, 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

Pertinent alternate names for O-rnethoxyphenylazo-B-naphthol*
are:

;~~~~ 0 HN

The molecular formula of this compound is

CAS Registry No. 6410-20-4

C.h. 1215•0

Synonyms: Oil Red G, Solvent Red I •0

(b) Physica !!Properties.

Will be included as the data is obtained.
(c) Mix Formulations.' ,•

Table 4. Improved Red and Violet Formulations

"Red smoke Violet smoke
e cParts by Parts by

Chemical Ingredient Specification weight weight

;i• Dye, Sudan R MIL -,.
"Dy, udnR IL-This table is to be completed as

data becomes available. .,

Violet Smoke Mix MIL -

2
(d) Product Improvement Program Actions.

Included as part of the PIP will be the following actions:

The Improved smoke formulations will be tested to assure they are
safe and effective and meet the performance specifications. Hazards classifications will
be assigned.

*Other pertinent data will be included as it is developed.
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A medical evaluation program (MEP) is being initiated which will
completely assess the health effects of the substitute dye and the improved smoke
formulations.

The technical data package for the M18 grenade will be amended to • S
allow the production of red and violet smoke grenades with the substitute smoke
formulations.

3. Violet Dye Mix.

"A preblended mixture of 1, 4-diamino-2,3-dlhydroanthraquinone (80% + " .
2%) and Disperse Red 9 (20% + 2%) constitute the violet dye mix that Is used in smok"e
grenades to impart a violet color to the smoke. This dye is scheduled for replacement. 1
I he 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 civilian production
of the dye; current Army production Is 3,300 lb per year.

(a) Alternate Names.

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

0 NH 2

ob 4='..• '

This compound has a molecular formula of C1 ,H 12 N2 O, and a molecular weight of , -•
240.26 gm/mole. Pertinent alternate names for 1,4-dia~mno-2, 3-dlhydroanthraqulnone
are:

CAS Registry No. 31-63-0

CA Names (9CI) 9, 10-anthracenedioneI.4-dlamino-2, 3- ,
dlhydro-

CA Names (8CI) anthraquinone, I, 4-dlamino-2, 3-dihydro-

(b) Phy-sIcal Properties.

No physical properties of 1, 4-diamino-2,3-dlhydroanthraquinone ft.-.

were found in this search.

(c) Chemical Properties

1, 4-diamino-2, 3-d ihyd roan thraquinone Is easily oxidized to 1, 4-
diaminoanthraqulnone by either air or manganese dioxide.

0 NH 2
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In the environment this dye is expected to undergo photochemical decomposition. The
,rate of decomposition and the products formed will be dependent upon the surrounding

conditions.

(d) Product Improvement Program Actions.

The purpose of the project (PIP DAI-81-09-7320) Is to replace
Violet Dye Mix and Disperse Red 9 (0-methyl-amino-anthraquinone) by developing
substitute dyes. Specifically, areas targeted for investigation are:

I . Studies will continue to be conducted to derive violet smoke
formulations. Grenades will be loaded and tested to optimize thermal efficiency,
establish functional suitability, and verify the acceptability of colors.

.• ¶ 2. Military specifications for substitute dyes will be prepared
,' Including quality acceptance requirements.

3. Candidate substitute dyes will be identified and developed.

4. A Medical Evaluation Plan (MEP) will be initiated.

4. Solvent Green 3 Dye.

I, 4-dl-p-toluldInoanthraqulnone Is a green dye used In smoke
formulations to Impart green color to the smoke. Current production Is approximately
ý4,000O lb per year. Solvent Green dye has been used In conjunction with benzanthrone
dye and Vat Yellow 4 Dye to create green smoke.

Benzanthrone and Vat Yellow 4, both yellow dyes, have been discontinued
from use, and an engineering change proposal (eCP) to allow production of substitute

'•4• dyes (Solvent Yellow 33 and Increased percentages of Solvent Green 3) has been approved
by the Configuration Control Boards (CCB) of CRDC and AMCCOM.

(a) Alternate Names.

folwn, 4-di-p-toluidinoanthraquinone Is a green dye possessing the• • following chemical structure:

t..

.0 H

i=N \ /CHs

-0 H
I.',.m"

The molecular formula of this compound is C 22N2 2 and its molecular weight is
418.50 gm/mole. Pertinent alternate names for 4-di-p-toiuidinoanthraquinone are:

',4 CAS Registry No. 128-80-3
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CA Name (9CI) 9, 10-anthracenedione; 1, 4-bis((4-methylphenyl) amino)

CA Name (8C1) anthri, 1uinone, I,4-bis(p-toluidino) anthraquinone

Wiswesser Line Notation: L C666 BV IV3 DMR D& GMR D

Synonyms: Ahcoquinoe Cyanine Green Base; Alizarlne Cyanine Green
Base; Alizarine Cyanine Green G Fat Soluble; Alizarine Green G Base;
Amaplast Green OZ; Anthraquinone Green G Base; Ariosol Green B;
Arlosol Green BS; Arlosol Green BSS; l,4-bis(p-tolylamine)
anthraquinone; C-green 10; C.I. 61,65; C.I. Solvent Green 3; Cyanine .
Green G Base; D and C Green No. 6; 1, 4-bis(p-toluldhio)anthraquinone;
Fat Soluble Anthraquinon Green; 11091 Green; Green No. 202; Nitro
Fast Greeo GB; Organol Fast Green 3; Organol Green 3; Quinazarin
Green; Quinizarin Green SS; QuInlz-anine Green Base; Solvent Green 3;
Sudan Green 4B; Toyo Oriental Oil Blue G; Waxoline Green; Waxollne
Green G.

( Physical Properties.

Physical properties of 1, 4-di-p-toluidinoanthraqulnone (Hawley,
1977, Colour Index, 1956): '

Physical Form @ 20°C: solid

MP: 213 0 C

Solubility. Slightly soluble In acetone, ethyl acetate, mineral oil, olelc
acid, and stearlc acid. Soluble in benzene and toluene

Chemical Properties° ,'

I,4-di-p-tololdinoanthraquinone will undergo electrophilic
substitution on the toluldine rings. This substitution occurs ortho to the amino function. -

0 0

I I , %+.?,

•~~0 
4 i...,

I'C 5I!i 0 .i4 ,i,

s03 3

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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(c) 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 MI1 grenade. A
similar effort for the 40-mmn markers will be performed under PIP DAI-82-7324.)

,N 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. 11.

(a) Alternate Names. ,

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

0

N-t.

0

CAS Registry No. 83-08-9

Color Index No. 47000

"* 4 Synonyms: Chinoline yellow, quinoline yellow SS, C.I. Solvent
Yellow 33, D&C Yellow II

(b) Physical Properties. ®r

These properties will be incorporated when data becomes available.

(c) Mix Formulations.

The following comments are pertinent to the new mixes in Table 6
and are derived f rom performance testing with smoke gi iades.

1. Sulfur and sodium bicarbonate 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 unevenly and may explode. '.
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•'.S.



Table 5. Standard Yeliow and Green Smoke Mix Formulations

Yellow Smoke VI Green Smoke IV
Parts by Parts by

Chemical Ingredient Specification weight Tolerance weight Tolerance

Dye, Vat Yellow 4 MIL-D-0050029 14.0 +0.5 4.0 +0.5

Dye, benzanthrone MIL-D-0050074 24.5 +,1.0 8.0 +0.5

Dye, Solvent Green 3 MIL-D-003277 - - 28.0 +1.0

Potassium chlorate MiL-P-150, 20.0 +2.0 27.0 +2.0
Grade B,
Class 7

Sodium bicarbonate 0-5-576 33.0 +2.0 22.6 +2.0

Sulfur MIL-S-487, 8.5 +1.0 10.4 j+.0
Grade E

Table 6. Improved Yellow and Green Smoke Mix Formulations

Yellow Smoke XII Green Smoke Vil
Parts by Parts by

Chemical ingredient Specification weight Tolerance weight Tolerance

Dye, Solvent Yellow DOD-D-51485 42.0 +1.0 12.5 +0.5
)3

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

Potassium chlorate MIL- P-150, 22.0 + 1.5 24.5 +I.5
Grade B,
Class 7

Magnesium carbonate MIL-M- 1136 1, 21.0 +2.0 17.0 +2.0
Grade N

Powdered sugar JjJ-S-791, 15.0 +1.0 116.5 +1.0
• Type 1,

"" ~Class (d)

NOTE: All proportions of. potassium chlorate and sugar to other ingredients may be varied to yield the
" required burn time, but the ratio of potassium chlorate to sugar must be maintained in the proportions
specificied In the table.
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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 oxidlzer-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 nonhygroscopic, yellow smoke grenades
Incorporating lactose burned unevenly and several green smoke grenades 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* varies from lot to lot. ,,w

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
Sgrenade, was produced by a 70 to 30 (by weight) mixture of Solvent Green 3 and Solvent

.•.•,•; Yellow 33. '"

"•44 (d) Product Improvement Program Actions.

Solvent Yellow 33 was assessed under MMT Project No. 5791403

and the details are contained in a report by Smith."

E. Impact Models (Environmental Fate).

%i The Environmental Technology Division of CRDC has access to an

environmental fate model which uses the fugacity (defined as escaping tendency) of a
chemical to predict the phases where a given chemical will concentrate. The phases are
soil, water, air, sediment, and blota. The model assumes a steady state between 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) k

amount released (moles) N,.

h',",. As an example of this model, I-methylaminoanthraqulnone (MAA) was
used. The molecular weight and temperature of MAA were known.

*Ioc octanol = log koc which is calculated In the model
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Estimates of water solubility and vapor pressure at 250 C was derived from
data that was generited 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 0 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 environmental fate predictions.

Table 7. En onment Fate Model for 1-Methylaminoanthraqulnone

Percent of MAA In each phase

Impact Air Water Soil Sediment Blota

Molecule weight 237.1 gm/mol

Tempet ature 25 0C
Water solubility 50 pg/I 32.6 39.6 1.4 6.4 < .1
Vapor pressure .0002 PA

log ow 3.00

Molecule weight 237.1 gm/mol

Temperature 250 C
Water solubility 50 pg/I 0.0 99.6 .07 .34 < .1

Vapor pressure .0002 PA

log ow 1.5

Anyone Interested in using such models for their own predictions may contact the
Environmental Technology Division, Ch'.nlccal Research and Development Center at ..
Aberdeen Proving Ground, MD 21010.

*The log kow partition coefficient expresses the equilibrium concentration ratio of an
organic chemical partitioned between n-octonal and water. O
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III. ENVIRONMENTAL LAWS AND REGULATIONS

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. Th'! 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 environmental regulations most likely to
Influence smoke operations during their life cycle. Specific applications will vary with
Individual ltem3 and should be addressed accordingly. . -

A. National 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 actions and alternatives be evaluated before
being undertaken. As currently amended, this act Is binding on 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
National Historic Preservation Act of 1966 and the Endangered Species Act of 1973. a,,^4

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

B. Resource Conservation 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:" (I) If specifically listed
by regulations, or (2) ii exhibiting any one of the characteristics of reactivity,
corrosivity, Ignitability, _xr EP toxicity (as defined in 40 CFR, 261.2). The present EPA
list includes approximately 400 chemicals and 85 process wastes. State and local
regulatory authorities may administer programs for hazardous waste management
provided that the programs are at least as stringent as the federal program. Therefore,
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" rtcord keeping requirements, Including a manifest 9ý
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 -
otherwiie classifiable as wastes - are recycled for other industrial purposes).
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The colored smokes/components are not listed by compound name as
hazardous wastes under RCRA. However pyrotechnic smokes are classified as hazardous
waste for disposal purposes, hence the colored dyes are pyrotechnic smokes. This
classification for pyrotechnics is provided by Title 49 CFR 173.53 (r), which includes
smoke generators and munitions filled with smoke and used in warfare as Class A

.4 explosive chemical ammunition. Title 40 CFR 2A1.23 (a) (8) states that Class A
explosives as defined by 49 CFR 173.53 are hazardous wastes when disposed of.

C. Toxic Substance Control Act.

The Toxic Substance Control Act (TSCA) of 1976 addresses the manufacture,
importation, distribution, and use of chemical substances. As amended (40 CFR, parts
704-710) this act authorizes the Environmental Protection Agency (EPA) to Inventory
commercial chemicals and, for chemicals listed after 31 December 1979, to require
sufficient data to estimate health and environmental hazards of production use.

The standard colored smokes used by the Army for testing and training are
listed on the initial TSCA Inventory list (45 CFR 50.5444p 29 July 80). These standard
dyes include Solvent Green 3t Disperse Red 9, Violet mix, benzanthrone, and Vat Yellow
4.

The new dyes, Sudan R and Solvent yellow 33, are also on the TSCA initial
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
the Initial inventory list.

D. Clean Air Act'. ,4.. 1
I **,~ ~

The Clean Air Act (CAA) of 1963 was created because of public concern
over health problems associated with air pollution. As currently amended (40 CFR, parts .
50-52), the CAA established National Ambient Air Quality Standards (NAAQS) for the
control of criteria air pollutants to prevent adverse effects to air resources, human
health, and the environment. NAAQS which may be affected by the smoke program are
presented In Table 8. However, it Is likely that an NAAQS would only be affected by
smoke generation if it occurred frequently, on a large scale, and In the same general
location. It is more feasible that smoke- generation exercises would exceed certain
emission standards/nuisance laws established by state and local regulatory agencies.
State and local municipalities may adopt standards that are more stringent than the
NAAQS and local standards should be evaluated for consistency with national standards.
Until recently, the emission of hydrocarbons was regulated by the NAAQS; however, on
30 December 1992,the hydrocarbon NAAQS was rescinded by the EPA. According to the
EPA, because no consistent quantitative relationships between concentrations of ambient
air ozone and hydrocarbon air quality levels exists, the original basis for the
hydrocarbons standard could not be justified.

Under the CAA, the country is divided into 247 air quality control regions
(AQCRs) to provide basic geographical units for air pollution control. States are required •: {g
to prepare State Implementation Plans (SiPs) to implement and enforce criteria pollutant-.77
standards In those regions. AQCRs that have attained the NAAQS for a criteria
pollutant are considered to be In "attainment" for that pollutant. AQCRs In violation of
NAAQS for a criteria pollutant are considered "non-attainment" for that pollutant. Most
standards specify two types of limitation - long term standards, which cannot be
exceeded on an annual average, and short term-exposures, which cannot be exceeded for
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Table 8. Federai Ambient Air Quality Standards for .,.
Certain Criteria Pollutants Relative to Colored Smokes ,.ý. .

Chemical National standards

Particulate matter (A) 75 og/m nnual geometric mean

(B) 260 p g/ m - maximum 24-hour concentration not to
to be exceeded more than once per year.

Ozone 0.12 ppm (235 Pg/m 3). The standard is attained when the
expected number of days per calendar year with maximum
hourly averpge concentrations above 0.12 parts per million
(235 p g/m Is equal to or less than 1.0.

Hydrocarbons EPA standard rescinded 'p..-

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 training site should be consulted to determine
whether a particular activity 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 W
Environment,

Policy and procedures for control of discharges of hazardous substances lntR
the environment are detailed In the Federal Water Pollution Control Act (FWPCA)
(PL95-576) and the Com rehensive 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,
adjoining shoreline, or the contiguous zone that may affect US natural resources.

EPA has promulgated 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,
the predominant aerosol product of KC smoke, is Included on the FWPCA hazardous
substance list.

An Installation Spill Prevention and Countermeasure Control (SPCC) Plan
and an Installation Spill Contingency Plan (ISCP) establishes procedures to prevent spills
and to ensure prompt reporting, containment, and cleanup of spills should they occur.

*FWPCA Is commonly known as the Clean Water Act.
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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 I pound, unless otherwise
specified in Section 311 of the FWPCA. The reportable quantity under CERCLA for zinc * r
chloride Is 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, poisonous
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
material 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
materials by hazard class with guidelines for safe packaging and shipping.

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

2. Military 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 55-355 regulates the movement of military cargo within the
United States by commerical vehicle.

•.•(b) Air Shiements,

•, Air shipments are regulated by the TM 38-250 for safe transport

of hazardous articles. X

.(c) Water Shipments.

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

(a) 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 Its0
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.

I. For ease of storing and handling, smokes are divided into chemical
groups. Classification is based on the action 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 details. ,

H. Other Considerations.

I. Regulations on endangered species 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 Training ::
Doctrine Cormamand (TRADOC) prohibit open burning of colored smoke filled munitions.
L)ARCOM policy as outlined In DARCOM Supplement I to AR 200-1, Chapter 4, para 4-
4f states that the open burning of hexachloroethane (HC), white phosphorus (WP), and
colored smokes Is prohibited. Requests for exception to this 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 Section I of this report. A review of the toxicology of colored smokes and
colored dyes is contained in a report by Owens and Ward. 6 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 wo~k<er and the environmental consequences of industrial waste and
fallout during training.' 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 review8 of the toxicity of D&C Yellow I i (Solvent

4.4, 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. The SRI report concluded that the available
data indicated the D&C Yellow I I is of ve;ý 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 '.7
commenced also. Additionally, mutagenicity testing was recently begun by Oak Ridge .

V ~Laboratory, Tennessee, under contract to USA MBRDL.

B. Disperse Red 9.

"1. Mammalian Toxicity.% 1 0 , 1 1 " 2

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

Female iats 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 th ontrols. From 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""I
Rubin et al.* characterized the combustion products of used smoke containing MAA.They fo-un'd that the Initial dye component was made up of 9896 MAA, 0.6% I-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 fractions.I!rhe work at Oak Ridge National Laboratory (ORNL) on combustionproducts 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 uncombuned RSM. The 2-AA has been found to be a mammalian
carcinogen In an NCI bioassay.

2. Ar~uatic Toxicity.

No aquatic toxicity Information was available on MAA. However, a
slmilaj compound, disperse blue 3, had a 96-hr LC50 In the father . minnow of I mg/l at

*Rubin, I. B., Buchanan, M. V., and Moneyhun, J. H. Chemical Characterization of
Combtjsted !nventory Red and Violet Smoke Mixes. Oak Ridge National Laboratory,
USAMBROL. Unpublished data. October 1982.
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C. Sudan R.

1. Mammalian Toxicity.

A literature search was conducted under contract to CRDC on the '"
mammalian toxicology of Sudan R. A report by Druckrey and Schmahl cited unpublished
data on a carcinogenlclty test of Sudan R in rats. The report stated that no tumors were
found In 147 rats given 0.3-6.0 gm of Sudan R over a 60- to 300-day period.

This same literature, search Indicated more reliable toxicity data on two
dyes which have a similar structure to Sudan R. Citrus Red No. 2 (2.5 -
Dimethoxyphenylazo-B-naphthol) caused fatty degeneration of the liver In female mice
which received 120 mg/kg/day in the diet for 80 weeks. A no effect levels was observed
at 36 mg/kg/day.

Sudan I (phenylazo-B-naphthol) was found to reduce the life span of
mice receiving 114-160 mg/kg/day In the diet for 12 months. From this data, It was
estimated that Sudan R would have a low toxicity to mammals. However, Information is
required In the following areas:

a. more detailed toxicological studies;

b. Identification of by-products In Sudan R;

c. Identification of combustion products.

2. Aqiuatic Toxicology of Sudan R.

No Information was found on the aquatic toxicity of Sudan R. This
compound Is reported as Insoluble In water.

The following Information is needed on:

a* chemical parameters, I.e., water solubility, vapor pressure, and
chemical characterizatlon of dye after use;

Sateruse; b. acute and chronic aquatic toxicity data for dyes and products
_.,•, ~after use; .•

c. bloaccumulation potential.

D. Violet Mix.

1. Mammalian ToxIcity.9,10,11

Mammalian toxicity data could not be found on 1,4-dlamino-2,3-"
dihydroanthraqulnone (DDA). However, a mutagenlclty study with five Salmonella
tyephlmurium tester strains revealed that DDA was weakly mutagenic In strain TA 1537
and nonmutagenlc In the other strains.

37 14
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Unpublished OR-NL data* stated that uncombusted violet smoke
contained 80 percent DDA and 20 percent MAA. Upon combustion the DDA was
quantitatively converted to 1,4 diaminoanthraquinone (DAA). The MAA was partially
converted to AA.

o A e In a Chemical Information System search In 1982, two toxicity studies

on DAA were found. They reported the following toxic effects.

Animal Administration Dose (mg/kg) Effect

rat oral 4920 LDLO
rat Intraperitoneal 1300 LD50

In addition, DAA was lethal to earthworms in 20 hours at a
concentration of 30 mg/l.

DAA was also estimated to be 10% degraded after 1 hours.

2. Aquatic Toxicity.

No Information was found on the aquatic toxicity of this violet dye mix.

The following Information Is needed:

a. chemical parameters, I.e., water solubility, vapor pressure, and
chemical characterization of dye after use; 0

b. acute and chronic aquatic toxicity data for dye and Its reaction '. '-
products after use; A

c. bloaccumulatlon potential;

et..d. environmental fate (biodegradation, hydrolysis, vaporization,
",", ~ ~etc.),.' '

E. Solvent Green 3.

I. Mammalian Toxicity.

Toxicity data for acute oral exposure to Solvent Green 3 (.l,4-di-p-
toluldlnoanthraqulnorie) Is presented in Table 12. The dye has a low acute oral toxicity In
mammals.

The results from several toxicity tests conducted at Hazelton
Laboratories In 1981 are summarized in Table 13. Two-year feeding studies were
conducted with rats and dogs. No effects were observed with 3% of the dye In the diet.

*Rubin, I. B., Buchanan, M. V., and Moneyhun, J. H. Chemical Characterization of
Combusted Inventory Red and Violet Smoke Mixes. Oak Ridge National Laboratory,
USAMBRDL. Unpublished data. October 1982.
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Table 12. Acute Oral Toxic~tv ;i Sol. ~reei,-3 8

Animal Dose gm/kg Effect

rat 3.06 LD50

rat 10 LD50

rat 15 LD50

rabbit 10 LD50

rabbit 6 Minimum lethal dose

JA-U. ,

Table 13. Lorng-Term Studies of Green Dyes*
(Conducted at H-azelton 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

C161565 dogs same mice - negative, 1%, 95 weeks
(Chemical Ab- 3.0% no ef fect level

stracts number)

rats teratology - rats - negative 150, 450, 1500 mg/kg/dav-gavage *
rats multigeneration - i0, 100, 300, 1000 mg/kg/day diet-negative

*Weimer- J. T. Status Report on CSL. Toxicity Studies With Trhree Dyes. 16 July
1981. Unpublished data.

39



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 kntraperitoneally 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: 4,..

"a. more detalled toxicological studies,

b. Identification of by-products,

c. Identification of combustion products.

2. Aguatic Toxicity.

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

F, Solvent Yellow 33/D&C Yellow 11.

1. Marnmalian Toxicit. 13

A literature review was conducteq in 1980 on the mammalian tocicity
of D&C Yellow i1 (2-(2-quinolyl)-l, 3-Indandlone).1 3 The toxic oral dose of D&C Yellow
I was reported to be greater than 10 gm/kg.

The results of chronic feedlng studies and dermal application of D&C
Yellow Ii are presented- In Table 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 i I.*

D&C yellow I l was also tested for dermal 'Loxicity and skin irritation In
rabbics. 1  In the dermal toxicity test, the rabbits were cxposed to 2 gm/kg of dye
pa:ate. No toxic signs were observed. In the skin irritation test, the Intact and abraded
"skin of rabbits was exposed to 500 mg of dye In 2.C ml of H2 0 for 24 hours. No effects
were ob served.

From the Information available, D&C Yellow I I (Solvent Yellow 33) has
a low toxicity In maromals; however, further toxicity tests have been recommended.
Also by-products and combustion products should be identified.

V.,

V"- *Weimer, 3. T. Status Reports on CSL Toxicity Studies With Three Dyes. 16 July 1981.

vi Unpublished data.
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Table 14. Long-Term Studies of Yellow Dyes*
(Conducted at Hazelton Laboratories)

Feeding Repeated dermal
IN Dye Species (Percent of dye In diet) (Percent of dye In solution)

SolventYellow 33
; Chlnoline Yellow "-

DC Yellow II rats 0.03, 0.1, 0.3, and 1.0% Rabbit - 0.1 & 1.0% 15 of 64
for I yr. Some pigment appli-ations. Negative. Micro-
in kidney and liver of all scopIc Indication of irritation

CI 47000 animals. Morphologic but not carcinogenesis.
alterations at 1% only.

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

*- *Weimer j. T. Stauts Report on CSL Toxicity Studies With Three Dyes. 16 July 1981. Unpublished
data. .%
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2. Aquatic Toxicity.

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

V. ENVIRONMENTAL IMPACTS - LIFE CYCLE

A. Research and Development.

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
proved to be satisfactory for use and is of low toxicity. Alternative action(s) which
should be considered for Implemnentation In addition to, or In lieu of, actions presently

(a) No Action. Continue to use the standard dyes.

(b) Continue PIP efforts. To replace the standard dyes that are
health hazards.

(c) Discontinue use of colored smoke. Delete all dyes from US

Inventories.

(d) Chamber Testing, Perform all R&D testing In an approved
chamber.

2. Environmental Impacts.

(a) No Action.

Continue to use the standard dyes. The materials used In the
standard munitlons present toxic and carcinogenic hazards to R&D personnel exposed to
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
environmnntal hazards from these sources. The Identification and evaluation of
combust ion by-products from the standard colored smokes are data gaps. Some testing
and evaluatlon of red and violet smokes have recently been conducted by the Oak Ridge
National Laboratory In Tennessee, but nothing on the other colors. The result's of red and
violet tests are as follows:

The Impact of the detonation on the red smok<e min was slight.
The single dye component, I-riethylaminoanthraquinone, was reduced from 98 percent of

the chloroform soluble poroion of the original mix to 89 percent In the combusted mix,
with apparent conversion to 1-aminoanthraquinone being the major factor In this change
(6 percent, which Is & tenfold increase from the original mix). The residue portion of the
combusted red smoke mix contained sodium and potassium :hlorides, elemental sulfur
arnd undifferentiated carbonaceous matter In contrast to only the carbonaceous matter
and some dye In the residue of the original mix.
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The constituents of the vapor phase of the combusted red smoke

"mix included primarily toluene, styrene, and chloromethylbenzene and smaller amounts
of aliphatic and aromatic hydrocarbons, substituted benzenes, and benzothiophene.

The violet smoke mix underwent a drastic change during
combustion, with the I, 4-dlamino-2,3-dihydroanthraquinone, which was the major
constituent of the original smoke mix, being quantitatively converted to 1,4-
dlaminoanthraquinone. Highly volatile constituents trapped during the combustion of the
violet smoke mix included carbon disulfide, aikyl 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.

(b) Continue Product Improvement Program Efforts to Replace theI' ~Standard Dyes.'i

This option is consistent with the directed actions of the Program
Managtr's Office for Smokes and Obscurants that attempt to circumvent the [V
toxicological problems encountered with standard smokes. The Chemical Research and
Development Center (CRDC) Is conducting the PIP actions utilizing the latest technology
in engineering and chemistry. Combustion studies and an assessment of toxicological risk %
should be performed to further justify their safe use.

(c) Discontlnue Use of Colored Smoke.
This alternative would reduce the Army's communications

capabi"!+v on the battle field and jeopardize Its defense posture. This option Is not
necessary since nontoxic, nonhazardous dyes can be substituted.

(d) Chamber Testingt.
w•,.Perform all R&D testing In ail 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.

3. Recomnc,,ided Mitigation.

Mitigation Is not required.

"B. Manufacturing and Production.

I . Alternatives Considered.

Alternative action(s) which should be evaluated for Implementation In
addition to, or- In lieu of, actions presently enforced Include:

(a) No Action. Continue to manufacture and load standard smoke
* ">, mixes.

'. (b) Continue PIP Action. To replace standard toxic smoke mixes.
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(c) Disrontinue colored smoke production. Delete all dyes from US
inventories.

(d) Chamber Testing. Perform all training/testing In an approved
chamber or controlled Inclusure.

2. Environmental Impacts.

All colored smoke constituents are shipped from US locations to Pine
Bluff Arsenal (PBA), Pine Bluff, Arkansas. The mission of PBA Includes the formulation
of mixes and the loading of all colored mixes in designed munitions. PBA has approved
faciltles for demilitarization and decontamination.

(a) No Action. Continue to manufacture and load standard smoke
-,.-

mixes. If this alternative Is included, unneeded risks to manufacturing personnel will
continue, although great strides have been made to vacuum clean the operations and
contain manufacturing/formulation materials with closed system techniques.

S (b) Continue Product Improvement Program Action to Replace
Standard Toxic Smoke Mi his option Is consistent with the directed actions from
t~e'Program Manager's Office for Smokes and Obscurants that attempt to circumvent
the standard toxicological problems encountered with standard smokes.

(c) Discontinue Colored Smoke Production. Delete all dyes from US
Inventories, This option is inconsistent with the US defense efforts. This option Is also
not necessary since nontoxic, nonhazardous dyes can be substituted.

(d) Chamber, Testing Perform all testing in an approved chamber. *,:,

This option is feasible and possibly desirable If testing during this life cycle phase is
performed other then at PBA. PBA SOP's already require =1chamber testing.

3. Recommend Mitigation.

For the recommended options mitigation Is not applicable (options (b)
and (d)).

C. Training and resting Deployment.

".1 1. Overview.

uThe Army has recently experienced a substantial revival of Interest In
u.ommunications on the battlefield. The USA Chemical School located at

Fort McClellan, Alabama, resumed training of personnel to support this program In
1980. This training provides experience In theory, generator operations, and practical
application under field conditions.

Since training and testing occur in much the same type of environment
and, In many cases, ranges serve both purposes, the Impacts addressed below will be
considered applicable to both situations, except as noted.

Training areas may be located adjacent to fishing ponds, hunting areas,

"areas leased for grazing beef and milk cattle, or off-post housing and cantonment areas.
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 variable amounts In a
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chemical dye. Some studies to fill these data gaps are being conducted by USAMBROL
and will be addressed as results become known.

It Is assumed that no future buys are scheduled or anticipated for the
M48 colored-smoke training grenade. Therefore, the concern that this Item could be a
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
training scenarios should be aware of this concern.

2. Alternatives Considered.

Alternative action(s) which should be evaluated for Implementation In
addition to, or In lieu of, actions presently enforced Include: 'V

(a) No Action. Continue to deploy standard, colored, signaling smoke. . .

(b Cease Signaling Smoke Deployment. Either stop all signaling
(communication) smoke, or use other means of communication. *

Wc Chamber Testing. Conduct all training/testing In an approved
chamber (or contro lled -areaZ.

(d Utilize PIP Actions. Use the Improved dyes depending on
resultant MED effect to deploy new dyes In open exercises or controlled chamber
conditions.

3. Environmental Imp~acts.

(a) No Action. Continue to deploy standard colored, signaling
smoke. This option wouid provide an unnecessary continuing health (carcinogen c) risk to
test and training personnel. In addition, red dye smoke mix Is known to be deleterious to
health and has resulted In Injuries such as dermatitis, temporary breathing Impairment,
and liver' damage. There is no threat to troop personnel because It Is not deployed over
and near troop areas In large amounts as a screening smoke.

Tests are normally conducted In areas dedicated to testing
military Items to avert any public health hazard. As with any smoke munition, Impact

'Nzones do not exceed 10 to 15 km downwind from the field test site, making the Impacts
local In nature. *.

(b Cease Signaling Smoke_ Deployment. Either stop all signaling
(communication) smoke, or use other means of communication. To discontinue the use of
smoke on the battlefield would seriously reduce the US combat capability. Past
deployment efforts have shown the value of smoke communications over more
conventional types such as radio. There are times and occasions when) the conventional
method of communications have proven to be Impossible, unavailable, and/or undesirable.I(c) Chmber Testing. Conduct all training/testing In an approved
chamber (or controlled aea).YThilsIsa feasible option If the expense of constructing and
maintaining a chamber could be Justified compared to the usage It would receive. Air to
ground training/observations would not be feasible In a chamber.

(d) Utilize PIP Actions. Continue the product Improvement studies
and medical e~valuation program to fully assess the substitution of safe dyes. This
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alternative Is consistent with directives of the US Army and the Office of the Project N
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 effective and to meet performance specifications.
The limited toxicity data collected to date shows all of the proposed dyes to be of low
toxicity.

(e) Environmental Effects.

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

(1) Effects on Plants,

Information could not be found In this area but is needed.

(2) Effects on Aquatic Organisms.

Combustion products (residue) can enter waters directly as
fallout from colored smoke deployment, leaching from soils, or runoff. Additional
aquatic data Is not available for most of the dyes (see toxicity section), 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 information Is
needed on these products and the amounts of fallout.

(4) Effects on Natural Populatlons.

Risks, while largely unavoidable for wildlife, may be
mitigated by the observation that wildlife tend to leave during field 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

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

(6) Effects from Wastes and/or Spillis.

Wastes generated will consist mostly of test or training
debtls, i.e., expanded rounds and/or packaging materials or munition duds. SOP's and test 0
plans which are required for each action shall ensure that all debris 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 contalnment and
cleanup of spills.
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(7) Effects on Air Quality.

The generation of smokes/obscurants Impacts directly on
local air quality. The quality of this air Is protected by federal, state, and local air
pollution control regulations as discussed earlier. The primary pollutants discharged by .
the generation of these smokes are particulates and hydrocarbons. Because the
deliberate generation of smokes/obscurants Is directly counterproductive to the air
pollution abatement and control efforts of the environmental regulatory agencies,
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 30-200 different hydrocarbons.
Many hydrocarbons are harmful only In high concentration. Probably the most significant
problem Is the role of 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 giant clouds of black .4 "'
smoke billowing from a smokestack, but such eml3sions are generally not as harmful as
Invisible forms of pollution.

4. Recommended Mitigation.

(a) Appropriate weather conditions shall be selected which will assure
that the smoke cloud will be confined to the military reservation/manuever area, while
paying special attention to assure that it does not obscure vision on highly traveled
roadways or cause damage to private property within the maneuver area. To avoid any
undesirable downwind trav•i4 of colored smoke, weather conditions must be monitored
before and during the exerdie, and the exercise should be halted or not Initiated should
weather conditions dictate.

(b) The Post Chemical Officer, or a designated person In Range
Control, should receive notification of smoke use In order to assure dispersion over time
and space. When a pattern of excessive usage appears, coordination with the unit '4'
commander should be sufficient 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 environmental change. This Implies that
there be some precise description of such areas before smoke use for a baseline
comparison. Regulations and training scenarios should a-dress proper maintenance of
deployment equipment to prevent contamination from improper usage and fire damage
from burning munitions.

(c) Before deployment of colored smokes, Range Control will
coordinate with or notify the appropriate Air Pollution Control Authority, Post Fire
Department, Post Forester airfield control tower, and other appropriate specified
agencies. Road guards should be provided as necessary during unit training to provide
warning of cloud limits along military-use roads. Some ground or air monitoring with
positive communication between headquarters and the operator;i 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

r.onditions, severe facial acne, or any active dermatitis should be cvaluated 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 environmental exposure guidance established by
'The Surgeon General as command policy.*,* "There are no specific known cases of
phyaical 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 Is, therefore, prudent to take .,
reasonable precautions in exposing personnel to field concentrations of smoke and to ,,,
Insure that respiratory protection (protective mask) Is readily available." These
guidelines as they may pertain to colored smokes are summarized as follows: v.-...

(1) Personnel will ja.ýV the protective mask when participating
in exercises which Include the use of smoke. '

(2) Personnel will mask when passing through or operating in
dense smoke such as smoke blankets and smoke curtains, or when operating in or passing 'Ii
through a smoke haze in which the duration of exposure will exceed 5 minutes, or
anytime exposure to smoke produces breathing difficulty or discomfort. Such f•,cts In

one Individual will serve as a signal for all slmllarlly exposed personnel to mask.

(3) Bathing and laundering of clothing following exercises will
eliminate the risk of skin Irritations after exposure to smoke.,,

(4) Further buys and use of the M48 grenade for riot control
training Is not anticipated or recommended. However, should this decision be rescinded ., ,,
for any reason, then control over the distribution and use of the M48 grenade must be
exercised by commanders to preclude undesired hazardous Impacts to troops and others
from training scenarios other than spotting or signaling.

(3) Special care must be taken when using smoke to ensuru that
appropriate protection Is provided to all personnel who are likely to be exposed. When"
planning the use of smoke in training, specific consideration must be given to weather
conditions and the potential downwind effects of the smoke. Positive controls
(observation, control points, communications) must be established to prevent exposure of
unprotected personnel.

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

(7) Females may particpate In training exercles* Involving

colored smoke subject to all of the above guidelines and masking provisions. >

*Letter, DRSTIE-ST, TECOM, 25 March 1981, subject: "Health Hazards-Chemical 5moke

Munitlons Usage nnd Demilitarization."

**Messages, DAMO-SSC, subject: Smoke Sa.ety, dated 281255Z Jul 8; DAMO-S(,
"- subject: Smoke Safety, dated 01?005Z Sep 78, and DAMO-NNC, subject: Safety

Considerations for Use of HC Smoke During 'training, dated 21 5i49Z rOb 80.
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e. Smoke training/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 reduction 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
boundaries 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 irrAning participants. MV

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

D. Tr ortatlon and StoraMe.

SP~A Colored smoke dyes are shipped from various sections of the United States

to PBA where the dyes are formulated Into mixes and loaded Into grenades and markers.

1. Transport;ation.

The tranportatlon and storage classifications and regulations are as
Sindicated in Section Il, paragraph F of this document.

a. Impa~cts of Activities.

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 to workers andlor Innocent bysto,,nders. For either emergency, first
aid procedures should be instituted and medical help sent for.

b. Recommended Mitigation.

(1) Signaling smokes are classifi.d as Chemical Group D agents
In accordom,,ce with DARCOM-R 38.1-100 paragraph 11-30. By definition these colored
smoke mixtures contain 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 areas, of leakage. The area of leakage should be
ventilated, especially in confined places. The Instailation leakage plar, :;houLd be
consulted for cleanup and disposal Instructions. .
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(3) Special Protective Equipment for Chemical Group D
Munitions.

Boxed and unboxed nonleaking munitions containing
Chemical Group D agents may be handled without special protective equipment, but It Is ,' "0
advisable to have respiratory protection available where Incendiary materials or
munitions items are Involved. Protective masks will be worn when exposed to burning
munitions or bulk chemicals.

(4) First Aid for Chemical Group D Munitions.

No unusual first aid 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 ohould be hospitalized. '

(5) Leaklng Chemical Group D Munitions.

Leaking Chemical Group D Munitions must be disposed of In
accordance with approved procedures. These procedures may be obtained from .

Commander, ARRCOM, ATTN: DRSAR-DSM, Under emergency situations, such as a
leaking smoke munition, general handling procedures should Include wearing thick
working gloves, safety goggles, and/or the universal gas mask. Appropriate clothing and
equipment should be worniused to prevent prolonged or repeated skin contact. The skin
shnuld be washed promptly with soap and water when It becomes contaminated.

(6) Fire In Magazines of Chemical Group D Munitions.

The primary efforts of fire lighters should be confined to
preventing the spread of the fire In magazines containing Chemical Group D munitions
(fire In igloo-type or Corbetta-type magazines will not be fought). Fires may be
smothered by spraying with dry chemical from portable fire extinguishers 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. 38-100o, colored signaling smoke mixes and associated munltion,, are
assigned Chemical Group D and Storage Compatibility Group G. A more detailed
breakdown of storage classification and requirements are Included In Section Ill,
paragraph G.

a. Impacts of Activities.
Hazards and/or area contamination from leakage or fire In storage

w11i produce the same type of Impacts Indicated for trinsportation.
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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. l.b, above should be followed.

',I E. Demllltarization/Disposal.
The technical manual 14  entitled, "General Instructions for

DemriItarIzatlon/Disposal of Conventional Munitions" provides ready references to
sources of Information, regulations, and technical expertise for the purpose of Insuring
that demilitarization/disposal activities Include the latest guidance and technical
knowledge.

As a result of a serious Incident whereby a cloud drifted off-post during
, demilitarization of smoke pots at Lexington-Blue Grass Depot, the following interim

occupational and environmental exposure guidance was established and distributed from
The Surgeon General for colored smoke. In disposal of colored smokes no open burning
Sshould be allowed, If other disposal optIons are undertaken, exposures of involved
persorpel to the dye components should be maintained below an 8-hot"' TWA of 0.2
mng/mr. Exposures to by-products of the disposal process or the other components of
these smokes should be maintained below permissible exposure limits established In 29
CFR 1910,1000.

,, Hazardous Waste Considerations.

The colored smokes, belng pyrotechnics, upon disposal display the
characteristic of reactivity (as defined by RCRA). This classification and guidance Is
contained In CFR 261.23 (a) (8) and 265.392. The Installation Environmental Quality
Control Coordinator (IEQCC) should be consulted for proper disposal procedures.

1. Alternatives Considered.
DemIlitarIzation/dIsposal procedures conside,'ed as approved

alternatives for Implementation durinn the various life cycle phases of smoke mix and/or
munitions include (a) open burning, (b) Explosive Ordnance Demoiltlons (EOD) disposal,
(c) Incineration, and (d) Defense Property Disposal Office (DPDO) storage.

:V, ., When demilitarization prior to disposal is a requirement for colored
smoke munitions, It shall be conducted In accordance with the provlsion,% of the Defense
Demilitarization Manual, DOD 4160. 21-M-I, 3uJy 1979.

~N..(a) Open Burning.

DARCOM Supplement I to AR 200-1, Chapter 4, para 4-4f, states
that the open-burnlng demilitarization of hexachloroethane (HC), white phosphorus (WP),
and colored smoke Is prohibited. Requests for exception to this policy should be
forwarded to Commander, DARCOM, ATTNI: DRCSG, with appropriate justification.
The moratorium on open burning was established by letter, DRSAR-MAD, 051400Z,
subject Open Air Demilitarization of WP, HC, CS, and Colored Smoke-Filled Munitions.
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"" (b) EOD Disposal

Munitions containing colored smoke mixes that have
malfunctioned/been damaged/declared excess and loose mix, which can 10e collected, will
be demilitarized by EOD personnel for disposal. This procedure I; 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
EOD procedures. Once demilitarized, disposal operatloni should be conducted only at
permitted hazardous waste facilities 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.

(c) Incineration.

i a i Disposal by Incineration is 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 scrubbing towers; the scrubbing 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 Storage.

"Storage of pyrotechnic/colored smoke waste at an installation
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 associated 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 incineration must be maintained
within the limits set forth by EPA, local, and state air quality standards. Controls are
enforced through Air Quality Standards, NPDES and RCRA requirements. All waste
remaining after dern!lltarization must be disposed of at controlled facilities.

3. Recommended Mitigation of Activities.

Mitigation Is contained In the above listed controls.

V1. AGENCIES AND PERSONS CONTACTED

1. Office of the Project Manager, Smoke/Obscurants, Aberdeen Proving is
T 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, Aberdeen Proving Ground,
MD 21010

Robert L. Dow, DRSMC-CLN-ST (A), Munitions Division
Charlet S. Ferrett, DRSMC-CLN-SE (A), Munitions Division

*-, Michael D. Smith, DRSMC-CLN-SE (A), Munitions Division
Ronald 0. Pennsyle. DRSMC-CLY-A (A), Systems Development Division
John T. Weimer, DRSMC-C..B-TE (A), Research Division
Janis D. Chase, DRSMC-CLT-I (A), Environmental Technology DivisionStever, R. Bennett, Ph.MD., CPTr, MSC, DRSMC-CLT-I (A), Environmental

Technclogy Division

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

Pennington, P. T ., DAC ATEN-S
Thomas E. Newkirk HQ TRADOC, DCSENGR
William 3. Weeks HQ TRADOC, ATDO-C
Maj Lewis R. Williams, Jr HQ TRADOC, STCD,.MA
ILT Sharon Wallgora HQ TRADOC, STF.N-FN
LTC Jimmy L. Young HQ T2.ADOC, STEN-FN
Stanley Wolford THREAT Dir., HQ

TRADOC
Chris E. O'Connor, Jr. HQ TRADOC, ATCD-FA
CPT 3amec R. King ODCST (ATTG-0) HQ

TRADOC
Jan M. Gray ATCD-MT
'David3. Shaughnessy THREAT DIR, HQ"-" ~TRADOC "

4. Training & Doctrine Command, Fort McClellan, NrC Defense School, AL

Ray Clark USACMLS, DCD
"E. Wayne Davis USACMLS, DCD ,"
CPT Michael Ward USACMLS, DCD
CPT Harry E. Sutton USACMLS, DOTD

5. Training & Doctrine Commanc- Fort Eustis

CPT Mckown ATSC, ATIC-DST-DL
Fort Eustis

Piers M. Wood DAART, USATSC (ATIC-
ART)

.4, 6. Smoke -nd Obscurant Test and Evaluation Center (TECOM), US Army,
Duvgxvy Frovinp Gruund, Dugway, UT 84022

0$ L, Dale King, STEDP-MT'-L, Environmental & Life Sciences Division,
Material Test Directorate
Edward Rengers, STEDP-MT-DA-Mo Meteorological and Test Division
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7. Headqcuarters, US A:my Armament, Munitions and Chemical Command

(AMCCOM), Rock L--'ncl, Illinois 61299

CPT Joseph A. 3akubowsl-I., MSC, DRSAR-SG, Acting Staff Surgeon
Stan L'we, DRSAR.-ISI2, Environmental Quality Division
Ronald T. ShinborU, DRSAR-ISE, Environmental Quality Division

S. US Arm v Medical Bioengineering Research and Developr.ment Laboratory,
(USAMBRDL), Fort Diefrick, MD 21701

Dr. Mary C. Henry, Ph.D., Environmental Protection Researci, Division

CP'T Gary Bratt, Environmental Protection Research Division

9. US Army Armament Research and Development Center (ARDC), Dover, ;.-New 3ersey 07901 Ole%

Frances 3. Grego, DRSMC-PSE.,EN (D), Environme.ntal Division IN
NlchvL~s 3. Mergel, DRSMC-PSE-EN (D), Ervlror.- cntal Coordinator

10. US Army Materiel Development and Readiness Command (USADARCOM),
Alexandria, Virgini 22333

James E. Tragesser, DRCIS-A, Environmental Quality Division
Robert L. Lingo, DRCGC-S, Attorney Advisor
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VI1. CONCLUSIONS AND DATA GAP IDENTIFICATIO.N

A. Conclusions.

1. It Is a recognized fact that some of the colored smoke mixes and their
combustion products may pose health hazards to manufacturing personnel and troops
during training and testing exeiLc.'sm~ as deta~iled In the toxicological section of this
report. Therefore, until the questionable' colored smokes can be ri-.laced. by approved
substitute mixes, control of their distribution and use should be conscientiously
enforced. Controlled use means adherence to safety aspects and regulations and the use
of suggested mitigation to minimize adverse Impacts to the quality of the human
environment. If operators of equipment take peopee pre,.autlons to pi'eclude Inhalvckon
aind topical exposures and perform their duties adhering to indust.rial hygienic procedures,
then health tiaimrd6 for operators or test petrsonnel can be eliminated. If toasts are
conducted Ini areas rotmrote from civilian dwellings or communities, then public health
hazards can be averted.

2. Testing and research should be lr'?tiaed to provide data for Identified
gaps so that bette~r guldellne: may bi est~blished or corrective .actions Implemtented to
assure automatic, controlled use of coloro-d srnoke formulations,

3. O~f the alternatives considered, the R&D 'Product Impro~vement P'rogram
and the possible use o! chambers to support some testing and training exeveiaes appear i~o
be feasible courses of o~ctio-,ns f rom the prospective of both health and cý)st, prtovided, of :.
coursa, the meteorological differences do not biter the results 11oo significantly.

4. The M48 colored training grenades presently stockpiled and the Disperse
Red 9 dye should be disposed of or damilitarizedt, but under no clrcurmtences should they
be used tinder thr-.ir present Mission defl,,ýItin of rHot control.

3. An Environmental Impact Statement is not recommended at this time
and a Finding of No Significant Impact will be published,

B. Data Gap Identification.

Thm following Information Is needed to eliminate the dalia gaps which
presently eyist.

I . Dyes must be characterized to determine If toxicity Is related to the
dye component or to an Impu~Aty. If the toxie-1ty Is directly related to the non-dye
fract~on, a de termlIna tion could bi- made as to whethý_ the Impurity could be removed; If
removal Is possible, a substantial, amount of timne/research dolldrs would he saved that
are currently being expended to find substitute de. USAPA11RDL Ia opetdsm

yes ia3 omletd om
toiiystudies on Irnventory ret:, violet, yellow, and green dyes, pincluding work on

mnixtures, frections, and pure components. A rough draft report 1,; avallable. The same
sequential tet~ang Is being done on candidate replacement dyj. starting with yellow and

* green. The rWa !:oncern Is that toxic tubstances might :)c prebent In small but variable
amounts In a chemnical substance such as the dyes.

2. The coovi~bustion products of the colored smvokes must b~e ideitifled and
quantified (percentages).

~.Toxicological and invironmental fate inforrmaklon are much needed for
all tl~ colored dye mixes and constittuents as wzli as for the by-pt oducts,

I5.
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CHEMICAL AND PHYSICAL PROPERTIES LX;X'i;,
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This appendix provides data sheets for the colored dyes, dye mix constituents and/or

known combustion products. Data sheets were not found for all items but for those items
that were found they are included within:

A. constituents

Dextrin (diluent In mix)

1-4, dlamIno-2, 3-Dihydroanthraqulnone (Violet)

l,4-di-p-Toluldinoanthraquinone (Solvent Green 3)

1-Methylaminoanthraquinone (Disperse Red 9) 14

B. Combustion Products

I-A minoanthraquinone

Sulfur

Potassium Chlorate

Sodium Chlorate

Benzene

Carbon Disulfide

Styrene P

Toiinene .%

Chlorobenzene e

I" W.k

"I4
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DEXTFRIN%
( Sturch Gimiu, Br~i-is Gtma,n Amy~lin. Gfomnmelhii. V'egetable Gum)

Dextrin or dextrines are obtained by treating starch in any one of a num- 1, 16, 23, 24,1
her of ways. These include controlled dlilute acid hydrolysis of wet starch, the 2) , 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 general chemical formula (C,:H:(,Or,) Hu 1IO. The n is, however,
much smaller than in the original starch. The various dextrinization treatments
of starch lead to complex mixtures resulting f romn three main types of reaction:

1 ) Hydrolytic cleavage, which yields smaller and more water soluble corn-
%*pounds, A

2) Transglucosidation, in which a 1-4 glucosidic bond between two CoHjoOr
units is broken and a 1-6 bond formed with a different CoH, 1 05Q unit,
with the formation~ of A branch point, This reaction produces branched

molecules and little change in molecular weight.
3) Some rlopolymerization-and condensation of smaller molecules,

treatments result in a mixture of the three main reactions, the products diff er A

in size, distribution of molecules, and in extent of branching, and thus have
Dexrin ar ditinuisedfrom starch by the violet and red colors thaL,

Dextinaareusullycharacterized by giving the source or kind of starch
use, te clorof he ryproducts, their solubility in water, and the viscosity

of their water dispersions, The following table gives the more common treat-
ments of Rtarch to produce dextrins, together with some properties of the result-
ing starches.

CLASSIFICATION OF DE±XTRINS 23
WhiteYellow or

Dextrins DextLarin Brilish Gums e

Manuf. Conditions I.

Usual catalyst HCI H-CI none or an
alkali

Temperature, OC 79-121 149-218 135-218

Time, hrs. 3-8 6-18 10-20

Product Characteristics
Clrwhite to bu.'f to buff to

light cream yellow or brwn dark brown
Solubility (dispersi-
bility), %1-98 90-400 1-100

Useful diln,, parts of water 2-5 1 or less 14-10 -

Source: Properties of Materials Used in Pyrotechnic Compos~itions,
Engineering Design Handbc-ok, AMCP 706-187.
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Dextrin (page 2)

Specification: JAN-D-2832
rThe specification covers two types of corn dextrin: Type 1-white, and
rType I1-yellow, These vary in composition as 5ndicated by a wide differ-
once in water solubility.

Molecular Weight: variable (appreciably
* 4 less than starch)

Color: white to dark brown
Density, g./ml.: 1.0384

* Melting Point: decomposes
Specific Heat, cal,/g,/OC at 90 0 C: 0.292
Hygroscopiclty: very deliquescent 20V3
Health Hazard: non toxic 93
Safety Cla-isificatlons:

OSM: not listed
ICC: no shipping label required

I Use in Pyrotechnics: fuel and binder
'Dextrins have strong adhesive properties and are used mainly as pastes.

Additional References:
1) B. Blrimhall, Ind, Eng. Chemn, ,86, 72 (1944) 6%

2) J. Geerdes et al,, J. Am. Chem. Suc, 79, 4209 (1957)
3) "Chemistry and Industry of Starch," R, W,'Xerr, Ed., Academic Press, %

Inc., New York (1950)
4) G. M. Christensen and F, Smith, J, Am. Chem, Soc, 19, 4492 (1957)

I, L''

"Source: AMOP 706-187
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1,4.DIAMINO.2.3.DIHYDROANTHRAQUINONE
(1-4,diamino-2,3-dihydra-9,1 0-dihydro-9,1 0-diketoanthracene,

Violet A 100)

Structural Formula: 82

0II NH 2

C14HI2O2N2 03 12
11 NH2
0

Specification No.: MIL-D-3668
Covers one grade with a minimum purity of 87%.

Molecular Weight: 240.26
Color: violet
Density, g./ml.: (apparent) 0.35 ± 0.10 Spec.
Solubility: soluble in 95 %, alcohol Spec.
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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--4"dip"TOLI3IDINOANTH1 RAQf IN ONE A" V,.
:(1,.4.diq-pt olyan inoa nth raqu i-jone, 92..I18A

D & C Green No. 6. Qiiinizarine
Green G Base, C.I. 61565. C.I. Solvent Green 3)

0. O11 N_ CH3

Formula: C,,sH 22 N202

II N-Q CH3

Specification No.: 0 H MIL-D-3277

Molecular Weight: 418.5

Crystalline Form: needles 88V14

Color: Green, from chlorobenzol-blue, 88V14
from glacial acetic acid-dark violet 88V14

Density, g./ml.
Apparent Density: (Spec.) 0.45 -+- 0.25

Temperature Coefficient:
Heat of Formation:
Free Energy of Formation:
Entropy:
Melting Point: 491-K (218 0 C) 88V14
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 alcohol (g./1.) at 60 OC: 34 Addnl. Ref. 1

In aniline: soluble with green color 88VN14
In concentrated HS0 4 : soluble with violet-blue

color or violet-red
In chloroform and in benzene: soluble

Health Hazard: unknown 92

Source: AMCP 706-187
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Safety Classification:
OSM: not listed
]CC: not listed

Fire and Explosion Hazard:
Electrostatic Sensitivity:

Use in Pyrotechnics: to color smoke mixtures
green

Additional References:

1) "The Dyeing Phenomena of Acetate Artificial Silk," V. Kartaschoff
and G , Farine, Helv. Chim. Acta 2,822 (1928) 

%.- *N

Source: A MCP 706-187 

,.•

N~.

". 
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Source:x A U 70668
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I-, < -NETHYLAMI1NOANTH R AQUI NONE Re fs. -

(1.N-inetlylaynino&anthraquixlone, Celliton Pink R, Duraniol Red GN, 84, 48A 'A,
=*. C.l. 60505, C.I. Disperse lied 9)

% 'ormula: CBHIIN02

0

NHCHs .,

Specification No.: MIL-D-3824
Spec. covers two grades differing in granulatiun.

Molecular Weight: 237.11
Crysta~ll-ne Form: needles 88V14
Color: yellow-red 84
Density, g./ml.:

Apparent Density: (Spec) 0.35 -± .15
Coefficient of Thermal Expansion: -'
Heat of Formation:
Fe'ee Energy of Formation:
Entropy:

SMelting Point: 4438K (170-C) 84
Spec. grade I, min.: 442-K (169 0C)

Heat of Fusion:
Boiling Point:
Heat of Vaporization, Kcal./mole At 250C and I atm.: 28.4 ± 0.7 Addnl. Ref. 8
Entropy of Vaporization, vapor at 1 5 0dR.,

.2.cal./mole/tC: 52.87:+ 0.30 Addnl. Ref. I '

Heat of Sublimation: Kcal./mwe: 30.85 Addnl. Ref. I
.IciHeA ContL ut or Enthalpy: -,

Heat Capacity: '-

Decomposition Temperatuko e:
For TGA see Ref. 80

Decompositioni Products• --

Vapor Pressure, log,,,P (cm ig) + b Addnl. Ref. 1 I-..

a =-6740; b =- 13.435 ±_ 0.036; T abs. temp.
Energy of Activation for Volatilization (97% purity), 80

Kcal./mole at 297-376OC: 19.6
X-Ray Crystallographic Daiaa:

Hygroscopicity:

"Source: AMCP 706-187
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"1 -.11c th ylanuinomnthul; r naqii ione ( pape 2)

Solubility Data:
In water, g./100 ml. at 2500: < .0002 Addr,1l. Ref. 5

at 801oC: 0.00055
In alcohol (abs.) at 60OC: 14.96 g./1. 92, 88V14 1,

84
In CHCI3, hot dil. HCI, glacial acetic acid: soluble
In benzene: soluble, red
In fuming H.SO4 : soluble, light yel!ow

Health Hazard: toxicity unknown 92, 93
Spec. requires each container be conspicuously labeled, "Caution-Avoid
Skin Contact or Breathing of Dust or Fum.,es. Use with Adequate Ventila-
tion,"

.16 Safety Classifications:.
OSM: not listed
ICC: not listed

Fire and Explosion Hazard:
Electrostatic Sensitivity:
Use in Pyrotechnics: to color smoke . ,mixtures redAdditional References: m u r

1) "Vapor Pressures of Some Dispersed Dyes," R.. S. Bradley et al., Nature
178, 998 (1956)

2) "The Dyeing Phenomena of Acetate Artificial Silk," V. Kartaschoff and
G. Farine, Helv. Chim. Acta. 11, 822 (1928)

3) "A Radioactive Ionization Gauge and Its Application to the Measure.,
ment of Latent Heat of Vaporization," J. -H. Benyon and G. R. Nichol.
son, J, Sci. Instruments 33,376 (1956) I...

4) For Absorption Spectra see Ref. 66
5) J. Soc. Dyers Colourists 70, 68-77 (1954)

ZC So.irce: AMCP 706-187
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I.A AIN)A NTH-IRA U1NONE. C, I411,,NO,
,.,( l -AmnilO-9, ]0-D ihlydi'.• 9,~ O.0I)iox,'mntlb I t(cei:c 4•.•

Fast Red Al; waAnthraquinonylamnine, C.I. 37275, Azoic Component 36) 1, 8., 48A

o N142

Structural Formul..

Specification No.: MI L-D-3698
Molecular Weight, 223.23
Crystalline Form - needles

Color: red 88V14
DensityT:
Coefficient of Thermal Expansion: -

Heat of Formation:
Free Energy of Forma~tion:
Entropy,,

Melting Point: 5250K (2520 C)
5260K (2530C) 84.

Heat of Fusion: M-s ,,,8...

Boitaling P oint : needles 1, '.'.'.

'Heat of Vaporization, Kcal./rnole at 298 0K
and I t.o 28.7 0.Addnl. Ref. I

Transition Point: ,-

Heat of Sublimation:
Heat Content or Enthalpy:anson

'Va
Heat Capacity:
Decomposition Temperature:

For WA and 2GA see Ref. 81
Decomposition Products:
jcVapor Pressure:

X-Ray Crystallographic Data:
For absorption spectra see Ref. 66 ' :

Hygroscopicity:
Solubility Data: Addnl. Ref. 2

In water, g./100 g. at 25C0: 0.00004 1, 28, 88V14
at 80 0C: 0.0009 and V17

In ether, chloroform, benzene: soluble
In glacial acetic acid, 11. at 21.50C: dissolves 3.3 g.

Source: A.CP 706--187

Appendix A 69
H%

?a"!. ' I I I I . .. . .. -



,-Aminoanilhraquinibne, ( 14HI)NO, (pjgE- 2)

I, 92-967% H2SO,: dissolves withyellow color

In oleurn, 20%, SO0: dissolves with
red color

In concentrated HC1: dissolves
Health Hazard:
Safety Classifications:

OSM: not listed
ICC: not hiated

Fire and Explosion Hazard:

--*';•': Electrostatic Sensitivity:
Use in Pyrotechnics: To color smoke mixtuý'es red. Used in orange smoke

mixtures.

Additional References:
1) "A Radioactive Ionization Gaugc and its Applicatitn to the Measure-

ment of Latent Heat of Vaporization," J. 14. Beynon and G. R. Nichol-
son, J. Sci. Instr. 88, 8?6 (1956)

2) J. Soc. Dyers Colouri3ts 70, 6E-77 (1954)

II

2<Source: AMOP 706-167
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IcellJ CARBON BISULFIDE
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Occupational Health Guideline for
Carbon Disulfide

INTRODUCTION liquid is trapped under clothing, it may cause a burn.
Swallowing carbon disulfide may cause loss of con-

This guideline is intended as a source of information for sciousness and convulsions, If small amounts are swal-
employees, employers, physicians, industrial hygienists, lowed, vomiting, diarrhea, and headache may occur.
and other occupational health professionals who may 2. Long-term Exposure: Prolonged or repeated exposure
S have a need for such information. It does not attempt to to carbon disulfide may damage the nervous system and
present all data; rather, it presents pertinent informationand data in summary form, cause muscle weakness, numbness, feelings of pins and

needles, unsteady walking, and difficulty in swallowing,

SUBSTANCE IDENTIFICATION Palsy, speech difficulty, and muscle spacticity may also %
occur. In addition, memory loss, headache, difficulty in

* Formula: CSx sleeping, nervousness, fatigue, irritability, depression,
* Synonyms: Carbon bisulfide suicidal tendencies, and psychosis may occur. Eye
* peaac and odor: Colorless to faintly yellowAppearance damage may occur with such symptoms as blind spots,
liquid with a strong, disagreeable or sweetish odor. narrowing of vision, and decreased ability to see in the

PERMISSIBLE EXPOSURE LIMIT (PEL) dark. Increased arteriosclerosis may occur which may ,.,

cause or increase damage to the heart and other organs,

The current OSHA standard for carbon disulfide is 20 High blood pressure, kidney damage, liver damage, and
parts of carbon disulfide per million parts of air (ppm) stomach problems may occur, Repeated or prolonged
averaged over an eight-hour work shift, with a ceiling exposure of the skin to carbon disulfide may cause a skin
level of 30 ppm, and an acceptable peak of 100 ppm for rash.
30 minutes in an eight-hour work shift, NIOSH has 3. Reporting Signs and Symptoms: A physician should be
recommended that the permissible exposure limit be contacted if anyone develops any signs or symptoms "
reduced to 1 ppm averaged over a work shift of up to 10 and suspects that they are caused by exposure to carbon
hours per day, 40 hours per week, with a ceiling of 10 disulfide,
ppm averaged over a 15-minute period. The NIOSH * Recommended medical survelilance
Criteria Document for Carbon Disulfide should be The following medical procedures should be made
consulted for more detailed information, available to each employee who is exposed to carbon

disulfide at potentially hazardous levels:
HEALTH HAZARD INFORMATION 1. Initial Medical Examination:

Routes of exposure -A complete history and physical examination: The
Carbon disulfide can affect the body if it is inhaled, if it purpose is to detect pre-existing conditions that might
comes in contact with the 'eyes or skin, or if it is place the exposed employee at increased risk, and to
swallowed, It may enter the body through the skin. establish a baseline for future health monitoring. Exami-
* Effects of overexposure nation of the central and peripheral nervous systems,
1. Short-term Exposure: Inhalation of carbon disulfide eyes, cardiovascular system, kidneys, and liver should
vapor may cause headache, nausea, drop in blood be stressed, The skin should be examined for evidence
pressure, dizziness, unconsciousness, and death. Liquid of chronic disorders,
carbon disulfide and high concentrations of the vapor -Urinalysis: Since kidney damage has been observed
may cause irritation of the skin, eyes, and nose. If the in humans exposed to carbon disulfide, a urinalysis k%,

These recommendations reflect good Industrial hygiene and medical surveillance practices and their implementation will
assist in achieving an effective occupational health program. However, they may not be sufficient to achieve 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 Salety and Health Administration ..

National Institute for Occupational Safety and Health ,',
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.. 4
should be obtained to include, at a minimum, specific carbon disulfidce has long been regarded as potentiallygravity, albumin, glucose, and a microscopic on centri- atherogenic for cerebral, renal, and coronary arteries;

fuged sediment, recent epidemiologic studies of viscose rayon workers
-- Liver function tests: Since liver damage has been have confirmed a 2.5- to 5-fold increase in risk of dcath

observed in humans exposed to carbon disulfide, a from coronary heart diseast as compared with the
profile of liver function should be obtained by using a experience of unexposed workers. Other cardiovascular lie
nnedically acceptable array of biochemical tests. effects observed in workers repeatedly exposed to

-An elcctrocardiogram: Carbon disulfide has caused carbon disulfide are bradycardia, tachycardia, arrhyth-
arrhythmias and electrocardiographic changes in mias, and electrocardiographic changes consistent with
humans, Periodic surveillance is indicated, both nonspecific and ischemic wave changes, Splashes

-Ophthalmic examination: Carbon disulfide has of the liquid in the eyes cause immediate and severe,
caused ocular changes in humans. An ophthalmic exam- irritation; dermatitis and vesiculation may result from
-ination should be performed, including visual acuity. skin contact with the vapor or the liquid. Although

-- Medical warning: Workers should be informed of ingestion is unlikely to occur, it may cause coma and
potential undesirable effects of exposure to carbon convulsions.
disulfide on reproduction (such as spermatic defi-
ciences, menstrual disordcrs, and spontaneous abor- CHEMICAL AND PHYSICAL PROPERTIES
tions).
2, Periodic Medical Examination: The aforementioned * Physical data
medical examinations should be repeated on an annual 1. Molecular weight: 76.1
basis. 2. Boiling point (760 mm Hg): 46,3 C (115 F) 1
o Summary of toxicology 3. Specific gravity (water = 1): 1.27
Carbon disulfide vapor causes narcosis at high concen- 4. Vapor density (air = I at boiling point of carbon
trations; repeated exposure to low concentrations disulfide): 2,6
causes damage to the central and peripheral nervous 5. Melting point: - 111,5 C (-169 F)systems and may accelerate the development of or 6. Vapor pressure at 20 C (68 F): 300 mm Hg
worsen coronary heart disease. Exposure of humans to 7. Solubility in water, g/100 g water at 20 C (68 F):
1150 ppm causes serious symptoms, and 4800 ppm for 0,2
30 minutes may be fatal. Carbon disulfide intoxication 8. Evaporation rate (butyl acetate = 1): 22,6
can involve all parts of the central and peripheral 0 Reactivity
nervous systems, including damage to the cranial nerves 1. Conditions contributing to instability: Containers
and development of polyneuritis with paresthesias and may burst when heated,
muscle weakness in the extremities, unsteady gait, and 2, Incompatibilities: Contact with strong oxidizers,
dysphagia. In extreme cases of intoxication, a Parkin- and chemically active metals (such as sodium, potas-
son-like syndrome may result, characterized by speech slum, and zinc), azides, and organic amines may cause
disturbances, muscle spasticity, tremor, memory loss, fires and explosions,
mental depression, and marked psychic symptoms; per- 3. Hazardous decomposition products: Toxic gases
manent disability is likely, Reproductive disorders and vapors (such as sulfur dioxide and carbon monox-
occur, such as aspermia, menstrual irregularities, and ida) may be released in a fire involving carbon disulfide,

"V spontaneous abortion. Psychosis and suicide are estab- 4, Special precautions: Liquid carbon disulfide will
lished risks of overexposure to carbon disulfide. Other attack some forms of plastics, rubber, and coatings.
reported effects of exposure to carbon disulfide are * Flammability e
ocular changes (retinal degeneration, corneal opacities, 1. Flash point: - 30 C (-22 F) (closed cup)

, disturbances of color vision, corneal anesthesia, dimin- 2. Autoignition temperature: 90 C (194 F)
-'J ished pupillary reflexes, microscopic aneurysms in the 3. Flammable limits in air, % by volume: Lower: 1.3; ..

retina), gastrointestinal disturbances (chronic gastritis Upper: 50
and achlorhydria), renal impairment (albuminurla, mi- 4. Extinguishant: Dry chemical, carbon dioxide for " ""1
crohematuria, elevated blood urea nitrogen, diastolic small fires
'hypertension), and liver damage. Effects commonly * Warning properties
caused by repeated exposuie to carbon disulfide vapor 1. Odor Threshold: The Handbook of Organic Indus-
are exemplified by a group of workers with a time- trial Solvents states that at less than 1 ppm, carbon
weighted average (TWA) exposure of 11.2 ppm (range disulfide has a disagreeable odor. Summer gives an odor
0.9 to 127 ppm) who complained of headaches and threshold of 7,7 ppm , and May gives 0.0011 ppm and
dizziness; in other workers with a TWA of 186 ppm 0.0081 ppm, The AIHA Hygienic Guide gives an odor
"(range 23 to 378 ppm) complaints also included sleep threshold of 1.2 ppm.
disturbances, fatigue, nervousness, anorexia, and weight 2. Eye Irritation Level: Carbon disulfide is not '
loss; the end-of-day exposure coefficient of the iodine known to be an eye irritant,
azide test on urine was a good indicator of workers who 3, Evaluation of Warning Properties: Since the odor
were or had been symptomatic. Overexposure to threshold of carbon disulfide is below the permissible
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exposure hinit, it is treated as a material with good technically feasible, when such controls art in the
warning properties. process of heing installed, or when they fail and need to

be supplemented. Respirators ,nay also be used for %
MONITORING AND MEASUREMENT operations which require entry into tanks or closed
"PROCEDURES vessels, and in emergency situations. If the use of
S* Eight-Hour Exposure Ewaleatlen respirators is necessary, the only respirators permitted

Measurements to determine employee exposure are best are those that have been approved by tb: Mine Safety

- taken so that the average eight-hour exposure is based and Health Administration (formerly Mining Enforce-
on a single eight-hour sample or on two four-hour ment and Safety Adminiatration) or by the National
samples, Several short-timn interval samples (up to 30 Institute for Occupational S-ifety and Health.

_* minutes) may also be used to determine the average" o In addition to respirator selection, a coamplete respira-
exposure level. Air samples should be taken in the tory protection program should be instituted which
employee's breathing zone (air that would most nearly includes regular traintig, maintenance, inspection,
represent that inhaled by the employee), cleaning, and evaluation.
* Ceiling Evaluation
Measurements to determine employee ceiling exposure PERSONAL PROTECTIVE EQUIPMENT
are best taken during periods of maximum expected P,
airborne concentrations of carbon disulfide. Each mea- * Employees should be provided with and required to
surement should conaist of a fifteen (15) minute sample use impervious clothing, gloves, face shields (eight-inch
or series of consecutive samples totalling fifteen (15) minimum), and other appropriate protective clothing
minutes in the employee's breathing zone (air that necessary to prevent skin contact with liquid carbon
would most nearly represent that inhaled by the em- disulfide, whore skin contact may occur. carbon

ployee). A minimum of three (3) measurements should
be taken on one work shift and the highest of all • Non-impervious clothing which becomes contami.-

measurements taken is an estimate of the employee's nated with carbon disulfide should be removed prompt-
""bexposure, ly and not reworn until the carbon disulfide is removed

Peak Above Ceiling Evaluation from the clothing.
Measurements to determine employee peak exposure ... ' Any clothing which becomes wet with liquid carbon
should be taken during periods of maximum expected disulfide should be removed immediately and not
airborne concentration of carbon disulfide. Each mea- reworn until the carbon disulfide is removed from the
surement should consist of a 30-minute sample or a clothing.
series of consecutive samples totalling 30 minutes in the * Clothing wet with liquid carbon disulfide should be
employee's breathing zone (air that would most nearly placed in closed containers for storage until it can be
represent that inhaled by the employee). A minimum of d' u.n p•1c r o d s li e r m t e cl t i g I h l th n sto•-•"three m easurem ents should be taken on one w ork shift discarded or until provision Is m ade for the rem oval of r . +

thre mesureent shold e tken n oe wok sift carbon disulfide from the clothing. If the clothing is toand the highest of all measurements taken is an estimate b do s evof the employee's exposure. be laundered or otherwise cleaned to remove the "
o Metheepoy' xcarbon disulfide, the person performing the operation
*Method

Sampling and analyses may be performed by collection should be informed of carbon disulfide's hazardous
of carbon disulfide vapors using an adsorption tube with properties,
subsequent desorption with benzene and gas chromato- • Employees should be provided with and required to
graphic analysis, Also, detector tubes certified by use splash-proof safety goggles where liquid carbon
NIOSH under 42 CFR Part 84 or other direct-reading disulfide may contact the eyes. .
devices calibrated to measure carbon disulfide may be Fml-
used. An analytical method for carbon disulfide is in the SANITATION
NIOSH Manual of Analytical Methods, 2nd Ed., Vol. 3, , ,.,

1977, available from the Government Printing Office, • Skin that becomes contaminated with carbon disul-
Washington, D.C. 20402 (GPO No, 017-033-00261-4). fide should be promptly washed or showered with soap

or mild detergent and water to remove any carbon,,• ~~disulfide. 7-"
RESPIRATORS diufie

" Good industrial hygiene practices recommend that COMMON OPERATIONS AND CONTROLS
engineering controls be used to seduce environmental The""•." ~~The following list includes some common operations i
concentrations to the permissible exposure level. How- l ie ns
ever, there are some exceptions where respirators may which exposure to carbon disulfide may occur and
be used to control exposure. Respirators may be used control methods which may be effective in each case:
when engineering and work practice controls are not

September 1978 Carbon Disulfide 3 -.
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V.

Operation Controls EMERGENCY FIRST AID PROCEDURES

Use in manufacture of Process enclosure; In the cvent of an emergency, institute first aid proce-
viscose rayon during local exhaust dures and send for firsi aid or medical assistance.

xanthation of cellulose ventilation; yenoral * Eye Exposure
and spinning and dilution ventilation; If liquid carbon disulfide gets into the eyes, wash eyes
cutting operations; use temperature control; immediately with large amounts of water, lifting the
as a xanthating agent in personal protective lower and upper lids occasionally. If irritation is present
manufacture of equipment after washing, get medical attention. Contact lenses
cellophane; use during should not be worn when working with this chemical.
manufacture of Skin Exposure
pesticides If liquid carbon disulfide gets on the skin, immediately

wash the contamiaated skin using soap or mild deter-
Use as a fumigant and Generai dilution gent and water. If liquid carbon disulfide soaks through
spray application on ventilation; temperature the clothing, remove the clothing immediately and
grains, and space control: personal wash the skin using soap or mild detergent and water.
fumigation of protective equipment Get medical attention promptly.
agricultural premises • Broathing

Use In synthesis of Process enclosure; If a pen,ron breathes in large amounts of carbon disul-
carbon tetrachloride local exhaust fide, move the exposed person to fresh air at once, Ifventilation; general breathing has stopped, perform artificial respiration.

dilution ventilation; Keep the affected person warm and at rest, Get medical

temperature control; attention as soon &i possible,
personal protective • Swallowing

equipment When liquid carbon disulfide has been swallowed and
the person is conacious, give the person large quantities

Use in synthesis of Process enclosure; of water immediately. After the water has been swal-
intermediates and local exhaust lowed, try to get the person to vomit by having- him
manufacture of dyes, ventilation; general touch the back of his throat with his finger. Do not
pharmaceuticals, rubber dilution ventilation; make an uncont-cious person vomit, Get medical atten-
chemicals, pesticides, temperature control; tion immediately.
and flotation agents personal protective e Rescue

equipment Move the affected person from the hazardous exposure,
If the exposed person has been overcome, notify some-

Liberation during Process enclosure; one else and put into effect the established emergency
destructive distillation of local exhaust rescue procedures. Do not become a casualty. Under.
coal in manufacture of ventilation; general stand the facility's emiergency rescue procedures and
coal gas and coal tar dilution ventilation; know the locations of rescue equipment before the need

temperature control; arises.
personal protective
equipment SPILL, LEAK, AND DISPOSAL

Use as a solvent in dry Process enclosure; PROCEDURES

spinning of polyvinyl local exhaust g Persons not wearing protective equipment and cloth-
chloride; as a solvent in ven~tilation; general ing should be restricted from areas of spills or leaks until
oil wello; use in dilution ventilation; cleanup has been completed.
manufacture of optical temperature control; * If carbon disulfide is spilled or leaked, the following
glass personal protective steps should be taken:

equipment I. Remove all ignition sources.

Use during rubber Process enclosure; 2. Ventilate area of spill or leak.

manufacture in cold local exhaust 3. For small quantities, absorb on paper towels, Evapo-

curing operations; ventilation; general rate in a safe place (such as a fume hood). Allow

during extraction dilution ventilation; sufficient time for evaporating vapors to completely

processing of oils, fats, temperature control; clear the hood ductwork. Burn the paper in a suitable

resins, and waxes; use personal protective location away from combustible materials. Large quan-

in manufacture of equipmont tities can be reclaimed or collected and atomized in a

matches suitable combustion chamber 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, becaiuse of the possibility of an explosion. nal of Industrial Mtdirine, 27:313-325, 1970.
Sewers designed to preclude the formation of explosive *International Labour Office: Encyclopedia of Occupa-
concentrations of carbon disulfide vapors are permitted, tiolial Health and Safety, McGraw-Hill, New York,

Waste disposal method: 1974.

Carbon disulfide may be disposed of by atomizing in a Lauwcrys, R.: "Biological Criteria fur Selected In-
suitable combustion chamber equipped with an appro- dustrial Toxic Chemicals: A Review," Scandinavian

priae efluet gs clanig deiceJournal of Work Environment and Health, 1:139, 151,
162-163, 168, 170-171, 197 5.h

REFEENCS *Lieben, J., et al.: "Cardiovascular Effects of CS.
* Amricn Cofernce f Gvernentl Inustial Exposure," Journal of Occupational Medicine, 16449-
*Ameica Conerece f Goernentl Inustial 453, 1974.

Hygienists: "Carbon Disulfide," Documentation of the *Mancuso, T. P., and Locke, B. Z.: "Carbon Disul-
Threshold Limtit Values for Substances In Work-room Air phide as a Cause of Suicide - Epidemiological Study of

(3rd ed,, 2nd printing), Cincinnati, 1974. Viscose Rayon Workcrs," Journal of Occupational
*American Industrial Hygiene Association: "Carbon Medicine, 14095-606, 1972,

Disulfide," Hygienic Guide Series, Detroit, Michigan, *Manufacturing Chemists Association, Inc,: Chemical "
1Q56, Safety Data Sheet SD-12, Carbon DlsutY1de. Washington, %*

American National Standard Acceptable Concen Ira- D.C., 1967, W
dons - Carbon Dlsutfldet ANSI-Z37.3-1968, American *May, J1.: "Solvent Odor Thresholds for the Evalua-

National Standards Institute, Inc., New York, 1968. tion of Solvent Odors in the Atinospbcre," Staub.
*brieger, H.! "Chronic Carbon Disulfide Poisoning," Reinha It, 26:9, 385-389, 1966.

Joural f Ocupaiona Me~cie, 1:12-124 192.# National Institute of Health: "Carbon Disulfide: Its
* Brwnig, ,: oxiityand etaolim o inustial Toxic~ity and Potential Dangers," Public Health Reports,

Solvents, Elsevier, New York, 1965. 56:5i4o58l Inttt941.cuaioa aft n
*Davidson, M., and Feinleib, M,: "Carbon Disulfide *Ntoa nttt o cuainlSft n

Poionigi Reiew" Aerian ear Jorna, 8: 10- Health, U.S, Department of Health, Education, and
Poisnin: ARevew, Amrica Hert oural,83:00- Welfare: Criteria for at Recommended Standard ...

114, mnn 1972.n erre H . Txcloyo Occupational E'xposure to Carbon .Disulfide, HEW Publi- ...

'4 * Drugshand WhemcaB, AanGrrdemi Pr.ss, Noecoow Yofk cation No, (NIOSH) 77-156, GPO No, 017-033-00216-9,
Drug an Chmicas, cadmicPres, Nw Yrk, U.S. Government Printing Office, Washington, D.C.,

1969. 1977,
* Diric D.,et l.: Iodne-AideTeston rineof a Patty, F. A. (ad.): Toxicology, Vol. 11 of Industrial

Persons Exposed t~o Carbon Disulphide," British Jour- HgeeadTxclg 2de.rv) neslne .\'

nal of Industrial Medicine. 22t321-323, 1965. e ok 93
it Gleason, M, NK, Gosselin, R, E., Hodge, H. C,, and Rosezisteel, R. E., et ala: "Occupational Health Case
Smith, R, P.: Clinical Toxicology c/'Commercial Products Report - No, I," Journal of Occupational Medicine,
(3rd ed.), Williams and Wilkins, Baltimore, 1969. 16:22-42, 1974.

*Grant, W. M.: Toxicology of the Fye (2nd ed.), C. C. *Sax, N. Ia.:.angerous Properties of Industrial Materials
Thomas, Springfield, Illinois, 1974. (3rd ed.), Van Nostrand Reinhcld, New York, 1968.

*Graovac-Leposavic, L,, et al.: "The Use of the *Summer, W.. Odor Pollution of Air.: Causes and Con-
Iodine-Azide Test for the Early Diagnosis of Carbon trol, L. Hill, London, 1975.
Disulphide Poisoning," In H. Brieger and 3. Teisinger * Thienes, C. H., and Holey, T. J.: Clinical Toxicology
(eds.), Toxicology of Carbon Disutlfde - Proceedings, (5th ed.), Lea and Febiger, Philadelphia, 1972.
Excerpta Medica Foundation, Amsterdam, 1967, pp. *Tolonen, M.: "Vascular Effects of Carbon Disulfide,
62-69. A Review," Scandinavian Journal of Work En~vironment J

I-andbook of Organic Industrial Solvents, Technical and Health, 11:63-77, 1975,.
Guide No, 6 (4th ed.), American Mutual Insurance *World Health Organization: Early Detection of Health
Aliace Ccg,17.Impairment I.: Ocrupational Exposure to Health Hazards,
, Hanninen, H,: "Psychological Picture of Manifest Technical Report Scries. No. 571, Geneva, 1975,

and Latent Carbon Disulfide Poisoning," British Jour- *Zent, C.: Occupational M',fdicine - Principles and
nal of Industrial Medicine. 28:374-381, 197 1. Prictlical Applicationis, Year Book Medical Publishers,

* 'Hernberg, S., et al,: "Coronary Heart Disease among Chicago, 1975.
Workers Exposed to Carbon Disulphide," British Jup.
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RESPIRATORY PROTECTION FOR CARBON DISULFIDE

Condition Minimum Respiratory Protection*
Required Above 20 ppm

Vapor Concentration

200 ppm or less Any chemical cartridge respirator with an organic vapor cartridge(s).

Any supplied-air respirator.

Any self-contained breathing apparatus.

500 ppm or less Any chemical cartridge respirator with a full faceplece and an organic vapor
cartridge(s).

A gas mask with a chin-style or a front- or back-mounted organic vapor canister,

Any supplied-air respirator with a full faceplecc, helmet, or hood,

Any self •contained breathing apparatus with a full facepiece.

A Type C supplied-air respirator operated in pressure-demand or other positive
pressure or continuous-flow mode,

Greater than 500 ppm or Self-contained breathing apparatus with a full facepiece operated in pressure-
Saentty and escape from demand or other positive pressure mode.

unknown concentrations

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 preasUre mode.

RA,,J Fire Fighting Self-contained breathing apparatus with a full faoepleo operated In pressure- %

demand 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 used.
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Occupational Health Guideline for
Chlorobenzene

INTRODUCTION and suspects that they are caused by exposure to
ochlorobenzene.

This guideline is intended as a source of information for • Recommended medical surveillance
employees, employers, physicians, industrial hygienists, The following medical procedures should be made
and other occupational health professionals who may available to each employee who is exposed to chloro- "°.4
have a need for such information. It does not attempt to benzene at potentially hazardous levels: '
present all data; rather, it presents pertinent information !, Initial Medical Screening: Employees should be
and data in summary form. screened for history of certain medical conditions

(listed below) which might place the employee at
SUBSTANCE IDENTIFICATION increased risk from chlorobenzene exposure.

-Skin disease: Chlorobenzene can cause dermatitis"* Formula: CHoCI on exposure. Persons with pre-existing skin disorders"• Synonyms: Monochlorobenzene; chlorobenzol; may be more susceptible to the effects of this agent.
phenyl chloride; MCB -Liver disease: Chlorobenzene is known as a liver
* Appearance and odor: Colorless liquid with a mild toxin in animals. The importance of this organ in the
aromatic odor, biotransformation and detoxification of foreign sub.
PERMISSIBLE EXPOSURE LIMIT (PEL) stances should be considered before exposing persons

with impaired liver function.

The current OSHA standard for chlorobenzene is 75 -Kidney disease: Although chlorobenzene is not
parts of chlorobenzene per million parts of air (ppm) known as a kidney toxin in humans, the importance of
averaged over an eight-hour work shift, This may also this organ in the elimination of toxic substances justifies
be expressed as 350 milligrams of chlorobenzene per special consideration in those with impaired renal rune-
cubic meter of air (mg/m'). tion.

-Chronic respiratory disease: In persons with im.
HEALTH HAZARD INFORMATION paired pulmonary function, especially those with ob.

structive airway diseases, the breathing of chloroben-
• Routes of exposure zone might cause exacerbationi of symptoms due to its 4.
Chlorobenzene can affect the body If it is inhaled or if it irritant properties, I
comes in contact with the eyes or skin. It can also affect 2. Periodic Medical Examination: Any employee devel-

.1,•. the body if it is swallowed, oping the above-listed conditions should be referred for '-'
* Effects of overexposure further medical examination,
1. Short-term Exposure: Chlorobenzene may cause • Summary of toxicology
drowsiness, incoordination, and unconsciousness, It Chlorobenzene vapor is a narcotic. Cats enposed to
"may also cause irritation of the eyes, nose, and skin, 8,000 ppm showed severe narcosis after 1/s hour and

- .,* Exposure to high levels might also cause liver damage. died 2 hours after removal from exposure, but 660 ppm
"2. Long-term Exposure: Prolonged or repeated skin con- for 1 hour was tolerated. Exposed animals showed eye
tact with chlorobenzene liquid may cause skin burns, and nose irritation, drowsiness, incoordination, and
Prolonged or repeated exposure to this chemical might coma followed by death from the most severe expo-
also result in liver, kidney, or lung damage, sures, Several species of animals exposed to 1,000 ppm', 3. Reporting Signs and Symptoms: A physician should be for 7 hours/day, 5 days/week over a period of 44 days
contacted if anyone develops any signs or symptoms showed histopathologic changes in the lungs, liver, and

These recommendations reflect good industrial hygiene and medical surveillance practices and their implementation will
assist In achieving an effoctive occupational health program, However, they may not be sufficient to aczhieve 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
National Institute for Occupational Safety and Health
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kidneys, but at 475 ppm there was only slight liver on a single eight-hour sample or on two four-hour
hi,.topathology in guinea pigs. Toxicologic studies and samples. Several short-time interval samples (tip to 30
experience indicate that chlorobenzene does not cause minutes) may also be used to determine the average
the type of blood changes seen with benzene exposure. exposure level, Air samples should be taken in the
In man, eye and nasal irritation begin to occur at 200 employee's breathing zone (air that would most nearly
ppm, and at that level the odor is pronounced and represent that inhaled by the employee). • '6
unpleasant; industrial experience indicates that occa- * Method
sional short exposures are not likely to result in more Sampling and ainalyses may be performed by collection
tlan minor skin irritation, but prolonged or frequently of vapors using an adsorption tube with subsequent
repeated contact may result in skin burns. In one case of desorption with carbon disulfide and gas chromatogra-
accidental poisoning from ingestion of the liquid by a phic analysis, Also, detector tubes certified by NIOS1--
c&nild there was pallor, cyanosis, and coma, followed by under 42 CFR Part 84 or other direct-reading devices
complete recovery. Occupational intoxication has not calibrated to measaure chlorobenzene may be used. An
been reported. analytical method for chlorobenzene is in the NIOSt I'

Manual of Analptical Methods•, 2nd Ed., Vol. 2, 1977,
(.CHEMICAL AND PHYSICAL PROPERTIES available from the Government Printing Office, Wash-

, Physical d ington, D.C. 20402 (GPO No. 017-033-00260-6).

1. Molecular weight: 112.5
2. Boiling point (760 mm Hg): 132 C (270 F),•, ,v.

3. Specific gravity (water = 1): 1.1 RESPIRATORS , -
4. Vapor density (air = ) at boiling point of chloro- b ora y

benzene): 3,9at Good industrial hygiene practices recommend that '•' •

5, Melting point: -44 C (-47 F) engineering controls be used to reduce environmental

6. Vapor pressure at 20 C (68 F): 8,8 mm Hg concentrations to the permissible exposure level, -low-
7. Solubility in water, g/100 g water at 20 C (68 F): ever, there are some exceptions where respirators may

0.05 be used to control exposure. Respirators may be used :'
8, Evaporation rate (butyl acetate = 1): 1 when engineering and work practice controls arc not
,9 Reaetivity technically feasible, when such controls are in the

1, Conditions contributing to instability: Hcat process of being installed, or when they fail and need to
2. Incompatibilities: Contact -with strong oxidizers be supplemented, Respirators may also be used fur , W

may cause fires and explosions,, operations which require entry Into tanks or closed
3. Hazardous dicomposition products: Toxic gases vessels, and in emergency situations, If the use of'

and vapors (such as hydrogen chloride, phosgene, and respirators is necessary, the only respirators permitted
carbon monoxide) may be released in a fire involving are those that have been approved by the Mine Safety ", ,
chlorobenzene. and health Administration (formerly Mining EnforLCe-

4. Special precautions: Liquid chlorobenzene will ment and Safety Administration) or by the National
attack some forms of plastics, rubber, and coatings. Institute for Occupationa&] Safety and Health.
* Flammability * In addition to respirator selection, a complete respira-

'1,Flash point: 28.9 C (4 F) (closed cup) tory protection progrrni should be instituted which
2, Autoignition temperature: 638 C (1180 F) includes regular training, maintenance, inspection, *',*',.

3, Flammable limits in air, % by volume' Lower: 1.3; cleaning, arid evaluation, *

Upper: 7.1
foam4 Extiaguishant: Carbon dioxide; dry chemical, PERSONAL PROTECTIVE EQUIPMENT

• * Warning properties * Employees should be provided with and required to r -' ,
According to both Deichmann and Gerarde and tha use impervious clothing, gloves, face shields (eight-inch
AIHA Hygienic Guide, the odor of chlorobenzene is i
"barely perceptible" at 60 ppm, a concentration below mimu)anote prraepoecvelthg"thatr tely permipsible exposure, chonenrationben low i necessary to prevent repeated or prolonged skin contact
that or the permissible exposure, Chlorobenzene is with liquid chlorobenzene.
considered to have good war ning properties. It is an eye Cis
irritant, as stated by Patty, but the exact concentrations
at which this irritation occurs are nor mentioned. placed in closed containers for storage until it can be

discarded or until provision is made for the removal of(
MONITORING AND MEASUREMENT chlorobenzene from the clothing. If the clothing is to he, ;-.

laundered or otherwise cleaned to remove the chloro-
PROCEDUREbezene, the person performing te operation should be
• General informed of' chlorobernzerie's harzardous properties,

Measurements to determine employee exposure are best • Any clothing which becomes wet with liquid chloro-
taken so that the average eight-hour exposure is bawed benzene should be removed immediately and not
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reworn until the chlorohcniicne is removed from the upper lids occasionally. Get mredical attention inimiedi-

clothing. ately. Contact lonscs should not be worn when working
*Employees should be provided wvith and required to with this chemical,

use splash-proof safety goggles where liquid chioroben- *Skin Exposure
zene may contact the --yes. If chlorobenizene gets on the skin, promptly wvash the

contaminated skin using soap or mild detergent and
SANITATION water. If chlorobenzene soaks through the clothing

* Skn tat ecoes et ith iaud clorbenene remove the clothing immediately and wash the skin
using soap or mild detergent and water. If irritation

should be promptly washed or showered with soap or prit fe ahngtmdclatnin
'4 ~mild detergent and water to remove any ehlorobenzenc. pesit Brafth rwsingtingalatnt

COMM N OERATONSAND ONTOLS If a person breathes in large amounts of chlorohenizenc,COMM N OERATONSAND ONTOLS move the exposed person to fresh air at once, If
The ollwin lit iclues sme ommn oe aion in breathing has stopped, perform artificial respiration.

*which exposure to chlorobenizene may occur and con- Keep the affected pErson warm and at rest. Get medical
trol methods which may be effective in each case: attention as soon as possible,

'.4,'OpertionContolso Swallowing
OpertionContolsIf chloroberizene has been swallowed, do not induce

Use n mnufatur of oca exhustvomiting, Get medical attention immediately,
phenl insyntesisof vntiltio Rescue
phenl i synhess o venilaionMove the affected person from thle hazardous exposure
poiyericmatrial Ifthe exp~osed person has been overcome, notify some-

Use as an intermediate Process enclosure one else and put into effect ilhe established emergency
In manufacture of ortho- .rescue procedures. Wo not become a casualty. Under-
and para-nitiobenzenes stand the facility's emergency rescue procedures and
for use in dye know the locations of rescue equipment before the need V
manufacture; arises.

0 manufacture of DDT,
aniline, picric acid, beta- SPLLA ,AND DISPOSAL

PROCEDURES
and other chemicals;
manufacture of rubber *Persons not wearing protective equipment and cloth-
adhesives and ing should be restricted from areas of spills or leaks until
adhesives cleanup has beecn completed.

*If chlorobenizene is spilled nir leaked, the follo .ving
Use as fiber swelling Local exhauststpshudbtkr:

agen ard de carie in ventlaton1. Remove all ignition sources,
textle pocesing2. Ventilate area of' spill or leak,

Use as tar and grease Local exhaust 3. For small quantities, absorb onl paper towels. Rvapo-
remover in cleaning and ventilation rate in a: safe place (such as a fumne hood). Allow
degreasing operations sufficient time for evaporating vapors to completely

> .5 clear the hoodi ductwork. Burn) the paper in a suitable
Use as solvent In Process enclosure; location away from combustible materials. Lai ge quan-
surface coatings and local exhadSt titics can be reclaimed or collected and atornized in a
surface coating ventilation; personal suitable combustion chambei equipped with anl ippro-

remoersproectie euipent priate effluent gas cleaning device. Chlorobenzcne

Use as extractant fir Local exhaust should not he allowed to enter a confined space, such as
: ,manufacture of ventilition it sewcr, because of the possibility of an e.xploniion

dilsocyanates, rubber, Seesdsge opreclude the t'orm:;.,Onl Of CAplOS\'e

pharmacatitlcals *Waste disposal method-.
A. Chlorobenizene may be disposed of by atomnizing, in a

EMERGENCY FIRST AID PROCEDURES suitable combustion chamrber equipped with an appro-
priate effluen't ga'; cleaning device.

In the cveat uf an emerogeucy, institute first aid proce-
dumes .. J send for first aid or medical assistans ,.
* Eye Exposure
If chlorobemtzene gets into the eyes, wash eyes immedi-

% ately with large amounts of water, lifting the tower and
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reworn until the chlorobenzene is removed from the upper lids occasionally. Get medical attention immedi-
clothing. ately. Contact lenses should not be worn when working
* Employees should be provided with and required to with this chemical.
use splash-proof safety goggles where liquid chloroben- * Skin Exposure
zene may contact the eyes. If chlorobenzene gets on the skin, promptly wash the

contaminated skin using soap or mild detergent and
SANITATION water. If chlorobenzene soaks through the clothing,

remove the clothing immediately and wash the skin* Skin that becomes wet with liquid chlorobenzene using soap or mild detergent and water. If irritation
should be promptly washed or showered with soap or persists after washing, get medical attention.
mild detergent and water to remove any chlorobenzene. * Breathing

If a person breathes in large amounts of chlorobenzene,
move the exposed person to fresh air at once. If

The following list includes some common operations in breathing has stopped,, perform artificial respiration.
which exposure to chlorobenzene may occur and con- Keep the affected person warm and at rest. Get medical
trol methods which may be effective in each case: attention as soon as possible.

- Swallowing
Operation Controls If chlorobenzene has been swallowed, do not induce

S Use in manufacture of Local exhaust vomiting. Get medical attention immediately.phenol in synthesis of ventilation * Rescuepolymeric materials Move the affected person from ihe hazardous exposure.If the exposed person has been overcome, notify some-
Use as an intermediate Process enclosure one else and put into effect the established emergency
in manufacture of ortho- rescue procedures. Do not become a casualty. Under-
and para-nitrobenzenes stand the facility's emergency rescue procedures and
for use in dye know the locations of rescue equipment before the need
manufacture; arises.
manufacture of DDT,
aniline, picric acid, beta- SPILL, LEAK, AND DISPOSAL
chlorodnthraquinone, PROCEDURES
and other chemicals;
manufacture of rubber * Persons not wearing protective equipment and cloth-
adhesives and ing should be restricted from areas of spills or leaks until
adhesives cleanup has been completed.I Use as fiber swelling Local exhaust If chlorobenzene is spilled or leaked, the following
agent and dye carrier in ventilation steps should be taken:textile processing I. Remove all ignition sources.

2. Ventilate area of spill or leak.

Use as tar and grease Local exhaust 3. For small quantities, absorb on paper towels. Evapo-
remover in cleaning and ventilation rate in a safe place (such as a fume hood). Allow
degreasing operations sufficient time for evaporating vapors to completely

clear the hood ductwork. Burn the paper in a suitable
Use as solvent in Process enclosure; location away from combustible materials. Large quan-

surface coatings ventloation; eh sol tities can be reclaimed or collected and atomized in asurface coating ventilation; personal suitable combustion chambei equipped with an appro-remove.rs protective equipment priate effluent gas cleaning device. Chlorobenzene

Use as extractant in Local exhaust should not be allowed to enter a confined space, such as
manufacture of ventilation a sewer, because of the possibility of an explosion.
diisocyanates, rubber, Sewers designed to preclude the formation of explosive
perfumes, and concentrations of chlorobenzene vapors are permitted.
pharmaceuticals • Waste disposal method:

Chlorobenzene may be disposed of by atomizing in a
EMERGENCY FIRST AID PROCEDURES suitable combustion chamber equipped with an appro-

priate effluent gas cleaning device.
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
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RESPIRATORY PROTECTION FOR CHLOROBENZENE

IN Condition Minimum Respiratory Protection,'
Required Above 75 ppm

Vapor Concentration

.41000 ppm or less A chemical cartridge respirator with a full facepiece and an organic vapor
cartridge(s).

2400 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 facepiece, helmet, or hood.

Any self-contained breathing apparatus with a full facepiece.

Greater than 24,00 ppm or Self-contained breathing apparatus with a full faceplece operated in pressure- %
entry and escape from demand or other positive pressure mode.

A combination respirator which Includes a Type C supplied-air respirator with a
full facepiece operated In pressure-demand or other positive pressure or continu-
ous-f low mode and an auxiliary self-contained breathing apparatus operated in
pressure-demand__ or 'other poiiepressure mode.

-- 4

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

*Escape Any gas mask providing protection against organic vapors.

Any escape sell-contained breathing apparatus.

'Only NIOSH-approved or MSHA-approved equipment should be used.
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San ht 6FO . FIRE HAZARDS 1. WATER POLLUTION
iseefwko61 ruash Point No: lmal~it ntima~.b.1 rrII Aqutic Toalcltf Data no' tat.t

of"P IA ws .1 ause rite urmon contnact with ordin.., 8.2 Waterfowl Toxicity. Oat. not ..nailable
c.enkithi~ihloe 6. Sll~leglaOsytionDsimanad(BOD): N'nct

6,2 Flammngable Limits in Air. Netfcrtimnen 6.4 Food Chain Concenltration Potential:

Call fits depalsurlae. 6.3 FIto.Ellosh Agents: % atoon %n
Knnp piroph away. adjacent five,

R.aiili local health sawd polksisaesscntrol speocwc N4 Fi e r Aens oetnbiU d

&5 Special Hazards of Comnbustion ProduftR
loitscluniebareInrmcd in rioti

6.6 Disbelief In Firs: Decompose, when hot
Not lailwablo wih cssiustbilesto form ncypen. which incteasc% %cevnrii

FloIodOJ GcASES ARE wi OUCE IN IRE 6.7 IgitinZ Tesipeo~arlae: Not perntnenet 9. SELECTED MANUFACTURERS

Fir* 6.6 IeteeiecalHazard: Not pertinent I. Pennual (.orporaiiton
6.6 ntlg Re.; ot prtientChemical$ Division

Philadrtph... Pa. 19102
2. Hooker Chemical Corporation

Specialty Chemicals Division
Call toe mwedial aid. F. 0. Ro. 344

DU.ST 7. CHEMICAL REAC71VITY Nlag,.r Fail,, N. Y. 14302

"Intatingt teyes.s"aeund thiciat. 7.1 F*Stsa ft~ ywitfWateor Noreacltion 3. Mallittcktodt ChneuicaltWork%
Montwrs o ti Innirschai. 72IMttas nd.,(triat Chemicals Dmivison
If in eyft. hold teyeids open and fluk with plenty of -tiff. 7e.on Reandit withckd Streetstrils

Contact with combustitble tnater;&l may Ston an alic39 hSiot

SOLID cause fire. P .lts53

tunllathcg to suns aW eya. 7.3 Stability Ouing ?rsneotit Stahltt.ri,,M. 36

Ifosri swrallowedwitcuenan.nrtllja ot 7.4 fNeutraffaing Agents for Ac~d. and

~A5ISUIU Reman.~ contaminated clothing end ibuft. Cauitic,;: Not perttnntn_________________
flash affected Otno~ with Filstty of sitir.
IF IN EYES, hold tryrlids open and flusk with pleny of waitn. 7.5 Polymerdttlzslln: Not pertinent 1.SIPN NOMTO
IF SWALLOWED sod victim ii CONSCIOUS. kave vietirm drink water 10 6HPPN INFORMATIONuion

semilk and kant icuim induc nomiti.
IF SWALLOWED and victim es UNCONSCIOUS OR HAVING CON. Not perti nen 70.1 Grad.. torPuritr t onincecial99 7+'.

VULSIONIS. do nothing ritcept eetir iclint wantm. Reagent; purified
10? StOesgalsnerst~oute: Anmhient

10.3 InerttAimoephete: No retotlcremett

10.4 Venting: Open

W tr Effect orfe c. oncentrati~onson siuqoatic life is usnknown.
Water Mayhe dangerosi if ittaotena water Intakes.

Polluion u:::. hicwal health and wildlif~e 01`16.11,

1. RESPONSE 10 DISCHARGE ftLBE I HAZARD ASSESSMENT CODE 13. PHYSICAL AND CHEMICAL PROPERTIES
is...ais a iwiia. owmot CG -is.aaoaaanronan co.. ~ 13.1 Phyicalca Stlet at I1S*C and I atm: Soli~d

toot wann tdtnittira.'>SS 13.2 llilaotcotar Weight: 122.t.
wtater contiinerntnntIIIE13 SotrgPitaltm Ntpeint

Rectrtct 
13 oiig onca am ,, 

cr~e

DtP11rct and flunkh ~~n~.~ide-pyoc.
14Freeznlg Perint

12. HAZARD CLASSIFICATIONS 690'F - lltli - h~l * K

3. CHEMICAL DESIGNATIONS .OBEALE HRCEISCS12.1 Code of PsetorlRegulations: 135 Critical Temperature: Nit, pe-reten
4.OSEVBLtdAATEITIS0,chng mateianl 136 Critical Pr**0tessm Not perti.en

31 Byysonyow Cht"'lon f oP.1ta11. 4.1 PhysialceStake (soshipped): Solid 112.2 HAS HazardRating for BlklhWater 13+7 Specific Gravity. 2 34 at 2(t'C notid
Chl~ttoaeferatm puitcratr 4.2 Color. Wh ite .Trasnportation: Not listnd 136 Liquid Surfatcas Thsion: Not pertinent

32 Ce.,taoGard CompatiblittyClassification: 4 3 Odor. None 123 NFPA Hazard Cis..Iftatio-& 139 Liquid.Wator tntorftciat Tension:

33 Nhot 1`1#y"loatrta 10 Category Ctaisaitication Not mtirentn

334 IC~ltnhca Nationsia Humetic HeAlth Ilalid Ion Il. . 1 13 10 Vapor (Gas) Specific Grantltr.

t/t409Flanmmahhii, IRed) I Nut pertinent
R ncteovtt 0 chow: 13 11 Raticsof Spectfic Hosta oftVapor (Gas):

O~~S Nit pertinent
13.12 Lalont Heat of Vaplortzation:

Not pertinent

S. 14EALTH HAZARDS 13 13 Mosttof Combiostiorr Noi pecrtinent

5i fetaentldl Protective Eqalponenli. Dast mask; rubber glover poppgle,. protective clothinf lto 13,14 HMat 01 ofcompostitiotc: - t ltiu Rio t

P-rtien contct with khtn - -9ht cat/f - -4 1 x lit. Jhk

5 ; Sy~~rs~twn o w Inhalation otldust van irritaten o~rcand ihoint. Contact with 13 15 Hoato01Solution: 14714lto ii
net' ot chin caucecrritation lIrtyrnit caacecabdomiinal pain, nau-a vomiting. cinot, *tiecal/p -. 343X It t' S'S

Collapse, 13 16 Heat of Ptymieriittalotn: Nottpertcint
5i3 TrootmWn 0selopactteiw f YIS 11.0ochotn for at 15in lyun SJ th.ihsoaptnd

water 1N(itSTttt%, diluv te i,dtnitiny soaps or salts witeftoI induce vomirting. call phy~tcitin.

S4 leclkfybyInhWAttoe(ThesehoidLlntttVsiue); Dawicta n .-stlaht

5 5 SgulTem ysletetn Lfiniit: 0lat, -ut .n.,tatlet
56 Tenicity by Ingostietn fired, . .1 0.011- 5in p/kg
57 Late Tonttttr tat.. not anatahio fn~~d ~~i
So6 Visito (Gtas) Irritant Cttarieesttistl! 111lt noitaitIt

S9 Liquid oe Senid Ireitant Characteeistic.: ttatti nut artteNOTES
5 10 OdswThlesAolskttprtnn

Chemical Hazards Response TnFormation System (CHRIS)
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SCSODIUM CHLORATEJ

Suadcylil r a., C-otio - a, tl- Ouam6. FIRE HAZARDS 8. WATER POLLUTION
6 1 Fnash Pointi: Ma i, i....... hi., ha8 1 Aquatic Towiclfr.

Sox% W4 -%eoc ath Alawn, 6.2 FlammableLininlain Air: -- ti pCt,. inei -. ,ii:

6 3 FIt" Extinguishing Agents: Water 3 on

%o -. i Nev64 Fire E:111indstiiung Agents Not to be Used; a:2 Waterlowl To icity; D n. i~i

%.IIuI, secld mealth & pawcl..gr -.IWn,_ 6.5 Special Hlazardsof. Combustion Products:

iih,,,rud a nd ino c- the inf-ii, 11.4 Food. Ch.in Concentration Potential:

Ne fl. b,~l. 6.6 behanior In Fire: Mei.. then decuri~npiim
CON4TAINERS MAY EXLODL IN FIRE. i to. 9,1 crc pa.hal thrrae. b
May Cas- Iena Asalserwth Crainh-tibkns ci..I~,I of fi RCa.Inyoies .SLCE N5TO
r'imba &djacnnt fr- -a I -I' dill- &sawo Pnimintne l-f...tIrher,aii - a olloI quid, -oih J alLCElMNFCTRR

Fire Flsaw dearluor ama -. it.Sr yw adoo eah-b ~
Cnantian nil after rim far, twne rit~ogrnuin..d 6.7 Ignition Tomrperature- Nit erri nni OKerriii. -&e Hidr(~..I1

6.8 Electrical Hlliarsd: iNo m .. retOk~ I ,, Olkr ";iiil

6.9 Burning Role: Not perrincnl llItikr ( h--ii.l(i

CALL FOR 14EDICAL All) Ind--niI Clri-,.-,l) i.i.i...ii

SOLID N~a,.i lIlIf-. % I 14;0:

i.St.a tor sli td nc.7. CHEMICAL REACTIVITY 3. l~cnnOln Climn-i (a

Flail. affected i.- with plerty, of 7. 1ater.wifiaor oeal~

IIF IN EYES. beld trythld oprn and flush with plenty af .,s, 7.2 Phiactivit, with Common Materials:
IF SlMALLOWELI -nd -cwtren % CO.-SCIOU.S. haC -6t.O drink .. t. Chlorid.t i am pirisnir .. iidiny
I n tlL .nd lumo viCli, inducei nornitingaptlsnrn ucepiiin.bn

IF SW ALLOIiD owl 'ictini iu UNCONSCIOUJS OR HAVING CON. hcetand ci lblnil- ic slt o~iioid iiihiii
V11LIMONS. dit, no thing nncnpt krrp lefit.m ..an, llo .hd-h-odp

E xposure claim,,urrlfur. and Thanv nilial, I "

w ait, tuion~ll, rtad in Il, hi,ý oif

wlonitci than 3(n'0. ciyncoiaii whn bo arri

7.3 Sobiliity~uring~ranspot't: Stirisal I0. SHIPPING INFORMATION
De7rF -jib cnu..n of inbe -n pa 10 1 Grade~sn Puriyl leelbn-ira 9l

Osi'PCn inclcalc, inimnsilso ri.lic -- niiimn. iicaid 1" 0i; nirninul

7.4 Neutcalizing Agents for Acids etnd 1012 StonageTsnmerpoature: Aronibirn

Caustics: Nol purlincni 10,31 Intelt Atrnosphote: Nii rnquinirn~rn
D.aceaIno to.sa-ie il kIn n lash cemnrgoo7.5 Polymenvlealhon: N.1 p-neriinn 10 4 Venting: Orini

Water May or dasrifiro if It entrin xiltintake%..nllo t oynnzlo: ii~rinn
So mil.1- hlor h iatti d ilidlsl, ofr.L, . nibtroiPlmrztin o nr nn

Pollution Niot I oprtr Y-In---1 mitsb wnr~ ater wnmei

1. RESPONSE TO DISCHARGE 2I LAEL 11. HAZARD ASSESSMENT CODE 13. PHYSICAL AND CHEMICAL PROPERTIES
son emmmm. ... mo.. rns.. C~us~ai is~nuiu..~iq.mno..ýýco aa3I 13.1 Physical State at15'Cand I atm: '-I'id

lneaniyhitb (Ia.naiiiinj S~L >'S 13.2 Molecular Weight: lob 45
Drtmimaid hrcnmc SJIZE 13.3 Boilinmg Point all I am: l _r~r~i ,iie

Dm~ierin ad fush~'ii.% %,~//'13.4 Freezing Point

_____________________________12. HAARD CLASSIFICAT'IONS 13.5 CritCIclTempacltsuntt Noii yneitncni

3. CHEMICAL DESIGNATIONS 4. OBSERVABLE CHARACTERISTICS 12. C deiofiFedealReguatin. 13.6 pCritic Oalleasure 249a1 15( sli

31 Synonryms! ( hIncainminda 4.1 Physical State iaashipped): Saiii 1. N0-izadfnletrrwalgoruker 13.7 LqlSpecificGraityo'. ! i9ipn15 ii1nen!

3 2 Case Guard Competlbltlty Classlifcation: 4.2 Color. Pai ycllio. In while Transportationm: Noti mind 1, iudSraeTrto:%lm%,
%oIappicale13.6 Liquidl-Watee Interfacial Tension:

33ii alICIO iUIl:%,IOab . 41 OderI OduIcs 12.3 MFPA Hoalerd Cl ... ficaltlonc Niii perl-inn

34INC/UtldNaimiNueiclColsatgry classification 13 10 Vapor (Gas) Specific Gnanltyi
tDesignation Maln Numerica HCalif, Haad Stu 11- . ... 013 Io 'iipliNOn

Dalnaln: il4~flaialii-nr~~t IRedi ) 0 0 13 11 Ratio OfSpecific Haats ofVapor (Gas):

13.12 Latoent Meet of Vaponi~ieahnn
No. prndieni

5. HEALTH H4AZARDS 13.14 Heal of DCompos~tion: Nnil prouinni

5 1 PottionalProrfeclilv Equipment: 1(kin Mosti Ofihnpm~ he isanhed cr11 cub calm:

-- l oe, e,,du~l. ad anpp-rd lu~t13.1S Heat ofSolution: Niot Iwfilicni

nrriiiDii Sh4ll a,, nil. jir,.- ii, tmuciuecai kol 1316 Heal ofPolymerization: Noufm p niinn

52 SyniptOme Fll 6119419gEIpoauwe f tnuminelan.mcine 11C eA 1l- 1/2 01.)lead. I,-irni
paiiinninuitc p.ain. omoiniiinp and daijirua Piasnihite n~psnaoiy dfrulliculmn. nciudmnY jlaulmi

Kod- inpiimnI ndssm lucci in, ut) nmapalf- iei hroduidcd. The lethal oral d-ns lui an adult
ii pproiinimmlchl S pn I onnie wit sob se su-e -nation.

03 Treatment for Eerpoinsrr 1%NSI N ,Vl' nd-i vounnlunX and roeini. -ih -,-ii ia-atc. iai,nc

5 4 Toicit b h nnaflori lThreshold Lim"i Value): NeirInsitoont
5Sb Sheel.Tar Inhalation imes:t Ni, m ... nrelo

56 Tovithiybyt1.ingeslon: limrk 1. 1 it. iitI Mill id~mpthp

67 LAI, To.ircity: ii ii ,,im NOTES
58 Vapor bate) Irritant Churractlaletco: 'iN-m iaiml

5.8 Llqnldo Solld Irritant Chanactanitsta: niinrenuiiieididainanmmae.n

510 OdorThreshold, Nommm pniin
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STY STYRENEj

6-in ' FIRE HAZARDS 8. WATER POLLUTION
SaiiWuiey liquid Culitrtec 1lin ghi 0n1-' SerI pleasant tit.r 6 1 FlashilPoint'' "I (It -nI 1 6 1 Aquatic Toxicity:

Pwa"ih' 1.ku 6.2 Flammable i..mits In Airl: .3 :2 pp' ii '- h'. i.Il I I !,-

..otonmI.. Fbi-iummalde fi~ntuti sutpruducd. 63 FireKxtisguiahin9Aganta.: 8, 62 Waterlowl Toxicity: l,..., .:I:.'
1,,, 1-n n, .:d. -, ,, 0---1i~ 8 63 Btiological Oxygen Demand (600):

6,4 Fire Exrtinguishing Agent. N~ot to be Used: ItK. I Ih-:. 1.412 .. ,

Asam niniast wilt. liquid aut ni.. . -'s~ w,0.13:.'tii ''iA Food Chain Concentration Potential:
0

ar, titemisu .iitota Sutwtt'l-..'ti. wuiingutiuau 6 5 Special Hauarda of Combustion Products:

L.ll limnde, s ex N',: ......t..
Irtilate uwi reetr d-s h-jix Il nit...

Solsluultrit .4an p.i~i..:..'. .....'uv.. on 66 Behavior is Fire: .'.*:., 1i3

FLAMMABAILE ha.il S cc ol'ci
CONtAINERS MlAY IXPLOItE IN FIRE d ., r o-i-li... p1.n,crai,

kIsiln. ain apr- tril ma, aIe, pl, ~ .- hdia 9ii. SELECTED MANUFACTURERS
'Sepia ninpttoi ign'ite is.. a -4 sttearea

Neat1.1 chm-lyttexsith withseleunatnd t.ixahui.pp a..irau I.,i30o p...... I Anu-. < hoi:::..i0("
Fire iolnilintaoi'v trti~o~eniod taxies 67 IgnItion Tempeature I'iI~il'lliil l~hc. .

- hair, mI Infisrtooe n Alu 6.8 Electrica Hazand: ( I-. 1 1)~u i~p: I
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Occupational Health Guideline for
"Styrene

INTRODUCTION contacted if anyone develops any signs or symptoms
and suspects that they are caused by exposure to

This guideline is intended as a source of information for styrene,
employees, employers, physicians, industrial hygienists, * Recommended medical surveillance
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
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
Formula: CEHsCH=Cl- 2  increased risk from styrene exposure,

-Central nervous system disorders: Since exposure
* Synonyms: Phenylethylene; vinylbenzene; cinna- to styrene vapor or liquid on the skin has been observed
mene; styrene monomer to result in central nervous system depression and
• Appearance and odor: Colorless liquid with a sweet occasional abnormalities in the electroencephalogram,
aromatic odor at low concentrations, Sharp, penetrat- persons with pre-existing disorders may be unusually
ing, and disagreeable 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-

structive airway diseases, the breathing of styrene might
The current OSHA standard for styrene is 100 parts of cause exacerbation of symptoms due to its irritantstyrene per million parts of air (ppm) averaged over an properties or psychic reflex bronchospasm, .:.•
eight-hour work shift, with a ceiling level of 200 ppm -Skin disease: Styrene is a defatting agent and can
and an acceptable peak of 600 ppm for 5 minutes in any cause dermatitis on prolonged exposure, Persons with ,.'.

three-hour period, 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 "• •

the elimination of toxic substances justifies special con-
HEALTH HAZARD INFORMATION sideration in those with possible impairment of renal

Rote of...our function.

• Routes of exposure bodys -- Liver disease: Although styrene is not known as a
Styrene can affect thebody fit isinhaled, isswallowed, ""
or comes in contact with eyes or skin lir toxin in humans, the importance of this organ in

the e the &lrstfansformation and detoxification of foreign sub- ., ,.
eEffects of overexposure ancs d be considered before exposing persons

1. Short-term Exposure: Styrene may irritate the eyes, , ithimpaired'h4,er function. 4

nose, throat, and skin, High concentrations may cause a 2. Per jic Medica 1lkamination: Any employee devel-
person to become sleepy or to become unconscious, oping th% above-listed\xonditions should be referred for
;2. Long-term Exposure: Repeated skin contact with sty- further medical examination,
i ene may produce a skin rash. * Summary of toxicology
"3. Reporting Signs and Symptoms: A physician should be Exposure to concentratior'• of styrene above 200 ppm

These recommendations reflect good industrial hygiene and medical surveillance practices and their implementation will - -

"assist in achieving an effective occupational health program. However, they may not be sufficient to achieve compliance
with all requirements of OSHA regulations,

U.S. DEPARTMENT OF HEALTH AND HUMAN SERVICES U.S. DEPARTMENT OF LABOR
Public Health Service Centers ior Disease Control Occupational Safety and Health Administration
National Institute for Occupationa,' 1afety and Health "..7

Is i

September 1976 1.
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causes irritation of the eyes and upper respiratory tract. taken so that the averape eight-hour exposure vý based

There is cracking and inflammation of the skin due to on a single eight-hour sample or on tWo foLur-hour

,,-A dsystemn. Higetroexphaosureadprsthi chantesale bnevu sminues. Seeay ashortbe indtodteraisn~pes tue toeag ..(1.
system. Eetrecpilgahccagshv en mnts a lob sdt eemn h vrg

* reported. Styrene is excreted fairly rapidly in the urine, exposure level. Air samples should be taken in the
largely as hippuric acid. employee's breathing zone (air that would most nearly

represent that inhaled by the employee),
CHEMICAL AND PHYSICAL PROPERTIES a Ceiling Evaluation

Measurements to determine employee ceiling exposure
* Physical data are best taken during periods of maximum expected

1. Molecular weight: 104 airborne concentrations of styrene, Each measurement
2. Boiling point (760 mm Hg): 145 C (293 F) should consist of a fifteen (15) minute sample or series of
3. Specific gravity (water = 1): 0,90 consecutive samples totalling fifteen (15) minutes in the '.
4. Vapor density (air = I at boiling point of styrene): employee's breathing zone (air that would most nearly
S.3M6 represent that inhaled by the employee). A minimum of
5. Melting point: - 30.6 C (- 23 F) three (3) measurements should be taken on one work
6. Vapor pressure at 20 C (68 F): 4.5 mm Hg shift and the highest of all measurements taken is an7, Solubility in water, g1100 g water at 20 C (68 F): estimate of the employee's exposure, ki

0,03 • Peak Above Ceiling Evaluation

"•8, Evaporation rate(butyl acetate = 1): 0.49 Measurements to determine employee peak exposure V.
, Reactivity should be taken during periods of maximum expected .¶ ,

1. Conditions contributing to instability: Styrene is airborne concentration of styrene. Each measurement
stabilized by a polymerization inhibitor (often tert- should consist of a 30-minute sample or a series of
butylcatechol). If this is not present in adequate concen- consecutive samples totalling 30 minutes in the employ-
trations, styrene can polymerize and explode its con- ce's breathing zone (air that would most nearly repre-

04* tatter, The polymerization is also speeded up by tem- sent that inhaled by the employee). A minimum of three

., peraturesabove66 C (150 F). measurements should be taken on one work shift and
,, 2, Incompatibilities: Avoid contact with oxidizing the highest of all measurements taken is an estimate of

agents and catalysts for vinyl polymerization, such as the employee's exposure.•,•jperoxides, strong acids, and aluminum chloride. Method3. Hazardous decomposition products: Toxic gases Sampling and analyses may be performed by collection

and vapors (such as carbon monoxide) may be released of styrene vapors using an adsorption tube with subse-
in a fire involving styrene. Styrene fumes are very acrid, quint desorption with carbon disulfide and gas chroma-

4. Special precautions: Styrene will corrode copper tographic analysis, Also, detector tubes certified by %
and copper alloys and dissolve rubber, NIOSH under 42 CFR Part 84 or other direct-reading

Flammability devices calibrated to measure styrene may be used, An
1. Flash point: 32 C (90 F) (closed cup) analytical method for styrene is in the NIOSII Manual
2. Autoignition temperature: 490 C (914 F) o',Analytical Methods, 2nd Ed,, Vol. 2, 1977, available
3. Flammable limits in air, % by volume: Lower: 1.i; from the Government Printing Office, Washington.

Upper: 6.1 D.C. 20402 (GPO No. 017-033..00260-6).
4. Extinguishant: Dry cemical, foam, or carbon diox-,. .•

ide
* Warning properties RESPIRATORS

1. Odor Threshold: May reports that the odor
threshold of styrene is 0,08 ppm. • Good industrial hygiene practices recommend that

2. Eye Irritation Level: The AIHA ttygienic Guide engineering controls be used to reduce environmental
reports that "styrene vapor at concentrations of 200 to concentrations to the permissible exposure level, How-
400 ppm was found to have transient irritant effects on ever, there are some exceptions where respirators may
the eyes." be used to control exposure. Respirators may be used

4. Evaluation of Warning Properties: Since the odor when engineering and work practice controls are not , ,
threshold oftstyrene is below the permissible exposure technically feasible, when such controls are in the

"*:• limit, it is treated as a material with adequate warning process of being installed, or when they fail and need to,
properties. be supplemented. Respirators may also be used for

operations which require entry into tanks or closed'N-,

MONITORING AND MEASUREMENT vessels, and in emergency situations. If the use of

PROCEDURES respirators is necessary, the only respirators permitted
are those that have been approved by the Mine Safety "7%

* Eight-Hour Exposure Evaluation and Health Administration (formerly Mining Enforce-
Measurements to determine employee exposure are best ment and Safety Administration) or by the National ',
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Instituti for Occupational Safet> and tcalthh Operation Controls
In addition to respirator selection, a complete respi'i- reinforced styrene dilution ventilation,

tory protection program should be instituted which polyester articles personal protective
"e,* . includes regular training, main•enance, inspection, equipment

cleaning, and evaluation.
Use during molding of Local exhaust

PERSONAL PROTECTIVE EQUIPMENT articles or potting ventilation; general
electrical components dilution ventilation;

Employees should be provided with and required to with polystyrene personal protective

use impervious clothing, gloves, face shields (eight-inch n
minimum), and other appropriate protective clothing Use during manufacture General dilution
necessary to prevent repeated or prolonged skin contact of tires and other rubber ventilation
with liquid styrene. Goods using styrene.

Clothing wet with liquid styrene should be placed in butadiene elastomers
closed containers ror storage until it cart be discarded or (SBR)
until provision is made for the removal of styrene from Use in manufacture of General dilution
the clothing, If the clothing is to be laundered or concretes ventilation; personal
otherwise cleaned to remove the styrene, the person protective equipmentS~performing the operation should be, informed of styr-•'

eone's hazardous properties. Use during bag lay-up Local exhaust
Non-impervious clothing which becomes contami- manufacture of glass ventilation; general

nated with liquid styrene should be removed promptly fiber, reinforced dilution ventilation;
and not reworn until the styrene is removed from the styrene-polyester personal protective
clothing articles; during use of equipmentcl tin ,Surface coatings.. .
e Any clothing which becomes wet with liquid styrene containing styrene-
should be removed immediately and not reworn until butadiene copolymur
the styrene is removed from the clothing, resins

W. Employees should be provided wvith and required to
use splash-proof safety goggles where liquid styrene Liberation during die Local exhaust
may contact the eyes. molding of articles ventilation; general

made from styrene- dilution ventilation;

SANITATION polyester resins; during personal protective
brush application of equipment

- Skin that becomes contaminated with liquid styrene surface coatings

or h~ere wthsoa o Lse In process Local exhaustmild detergent and water to remove any styrene, operations for ventilation; personal 'r.1I

O A NO Oproduction of protective equipmentCOMMON OPERATIONS AND CONTROLS polystyrene, _

acrylonitrilebutadiene
,,The following list includes, soe common operations il styrene (ABS), styrene-S• ~~which exposure to styrene may occur and control..:•

an.cno acrylonitri;e (SAN), andmethods which may be effective in each case: strn-bSdenO•may asetstyrene-butadiene

Operation Controls copolymers

spray- Local exhaust Use In manufacture of Local exhaust
surface coatings; use in ventilation; personal

oi gassgenralmiscellaneous protective equipment
Sfiber, reinforced dilution ventilation;:• '• ~~proceosses as an ,'•
styrene-polyester personal protective prcsses as ean
articleselastomer, intermediate,equipment or starting material; use

Use during spray Process enclosure; during manufacture of
application of styrere local exhaust Ion-exchange resins
polyester surface ventilation; personal (styrene.divinylbenzene
coatings protective equipment copolymer) - -

'- lUse during hand lay-up Local exhaust

of glass fibers, ventilation; general
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EMERGENCY FIRST AID PROCEDURES 2. By atomizing in a suitable combustion chamber.
Combustion may be improved by mixing with a more

In the event of an emergency, intitute first aid proce- flammable liquid.
duris and send for first aid or medical assistance,

* Eye Exposure REFERENCES
If styrene gets into the eyes, wash eyes immediately
with large amounts of water, lifting the lower and upper * A,'ierican Industrial Hygiene Association: "Sty-

lids occasionally. Get medical attention as soon as rene," Hygienic Guide Series, Detroit, Michigan, 1968.

"possible, Contact lenses should not be worn when Browning, E.: Toxicity and Metabolism of Industrial

working with this chemical, Solvents, Elsevier, New York, 1965.

• Skin Exposure e Dutkiewicz, T., and Tyras, H,: Skin Absorption of

"If styrene gets on the skin, promptly flush the contami- Toluene, Styrene, and Xylene by Man," British Journal

nated skin with water. If styrene soaks through the of Industrial Medicine, 25:243, 1968.

clothing, remove the clothing immediately and flush the • Gleason, M. N,. Gosselin, R, E., Hodge, H, C., and

skin with water When there is skin irritation, get Smit h.. IK,: Clinical Toxicology of Commercial lroducts

medical attention. (3rd ed.), Williams and Wilkins, Baltimore, 1969.

Breathing ° Grant, W, M,: Toxicology of the Eye (2nd ed.), C. C.

If a person breathes in large amounts of styrene, move Thomas, Springfield, Illinois, 1974.

the exposed person to fresh air at once. If breathing has • International Labour Office: Encyclopedia of Occupa-

stopped, perform artificial respiration. Keep the affect- tional Health and Safety, McGraw-Hill, New York,

ed person warm and at rest, Get medical attention as 1971.

soon as possible. • May, J.: "Solvent Odor Thresholds for the Evalua-

0 Swallowing tion of Solvent Odors in the Atmosphere," Staub-

If styrene has been swallowed, do not induce vomiting. Reinhalt, 26:9, 385-389, 1966.

Get medical attention immediately, • Patty, F. A. (ed.): Toxicology, Vol. 11 of Industrial

* Rescue Hygiene and Toxicology (2nd ed, rev.), Interscience,

Move the affected person from the hazardous exposure. New York, 1963,

If the exposed person has been overcome, notify some- * Smyth, H, F,, and Carpenter, C, P.: "Chemical Burns

one else and put into effect the established emergency of the Rabbit Cornea," American Journal of Ophthalmol- .:

rescue procedures, Do not become a casualty. Under- ogy, 29:1363-1372, 1946, -S.

stand the facility'. emergency rescue procedures and e Survey of Compounds Which ltave Been Tested for
know the locations of rescue equipment before the need Carcinogenic Activity, U.S, Public Health Service Publi-

arises, cation No. 149, Original, Supplements I and 2, 1961-
1967, 1968-1969, and 1970-1971.

SPILL, LEAK, AND DISPOSAL * Wolf, M. A,, et al.: "Toxicological Studies of Certain

PROCEDURES Alkylated Benzenes and Benzene," Archives of Industri-
- ~ ~al Health, 14:4, 387-398, 1956.:;:

Id Persons not wearing protective equipment and cloth- • Zielhuis, R. I_: "Systemic Toxicity from Exposure to
ing should be restricted from areas of spills or leaks until Epoxy Resins, Hardeners, and Styrene," Journal of
cleanup has been completed. Occupational Medicine, 3:25-29, 1961.

If styrene 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
suffic'ent time for evaporating vapors to completely
clear the hood ductwork. Burn the paper in a suitable
locamion away from combustible materials, Large quan-
tities can be collected and atomized in a suitable com-
bustion chamber. Combustion may be improved by
mixing with a more flammable liquid,
. Waste disposal methods;
"Styrene may be disposed of:
"I. By absorbing it in vermiculite, dry sand, earth or a
similar material and disposing in a secured sanitary
landfill.
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RESPIRATORY PROTECTION FOR STYRENE

Condition Minimum Respiratory Protection*

Required Above 100 ppmO

Vapor Concentration

400 ppm or less Any chemical cartridge respirator 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).

5000 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 facepiece, helmet, or hood.

Any self-contained breathing apparatus with a full faceplece.

Greater than 5000 ppm or Self-contained breathing apparatus with a full facepleoce operated In pressure-
fintry and escape from demand or other positive pressure mode.
unknown concentrations

"A combination respirator which Includes a Type C supplied-air respirator with a
* full faceplece 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 breathing apparatus with a full faceplece operated In pressure-

demand or other positive pressure mode.

Escape Any gas mask providing protection against organic vapors.

Any escape self-contained breathing apparatus,

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

"If eye irritation occurs, full-facepiece respiratory protective equipment should be used.
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SULFUR (St LPIIR). S,
(FlowerP of Sulfur. Milk of S11l1fur., lh0imtione)

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 pyrotechnics compositions.
C, ground crude S used for pyrotechnics compositions.
D, ground refined S used for nongaseous 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: 256.53
Crystalline Form: (a) rhombic, (p) monoclinic, (y) amorphous 1,46NColor: y e I1owN
Forms of Sulfur: Solid sulfur (S) exists in two crystalline forms, rhombic and 46

monoclinic, and also as an elastomer. The rhombic form is stable at ordi.Z ~nary temperatures, Above the transition temperature of 95.4°1C 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 1600C, the liquid is dark brown, Its color deepens as the tempera-
ture is raised, and above 2500C, it turns brownish-black. Apparently the
structure of the liquid undergoes an abrupt change at about 1600, and this
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 y S, in equilibrium with
rings of octatomic molecules, apparently exist in the liquid above 160o.
Beyond 2300 the viscosity decreases but the color remains dark up to the
boiling point, 444.6CC. If S at the boiling point is cooled slowly, it passes ,: ,
through the changes described above in the reverse order. 20V3
"Flowers" of sulfur is a term applied to the mined molten S which is finely
ground. It is the type used for pyrotechnic purposes.

Density, g./ml.: (solid) rhombic 2.07 1, 46
monoclinic 1.96 .',,"amorphous 1.92

Coefficient of Thermal Expansion: 46

Temp. OC Linear (rhombic) Cubic (rhoinbir)

0-13 4.567 X 10- 13.70 X 10"
13-50 7.433 X 10 r 22.30 X 10'
50-78 8.633 X 10 6 25.90 X 10 n
78-97 20.67 X 10- 62.01 X 10 5
97--110 103.2 X 10"1 309.6 X 10 5.

04

Source, AMCP 706-187
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Sulfur ("'Illbp~r) Sý (page 2)

Heat of Formation, Kcal./mole at 298WK: (gas) 53.25 1.9
Free Energy of Formation, Kcal./moJp at 29•1K: (gas) 43.57 9 $"""

Entropy, cal./deg,/mole at 2981,K: (rhombic) 7.62 5. 9 1I,-
(monoclinic) 7.78 5, 9

"See Tables a, b, c, d
ý4 Melting Point, 0C: (a) 112.8 (/l) 119.25 (y) about 120 1

Heat of Fusion, cal./g.: (rhombic) 11.9 9
(monoclinic) 9.2

Boiling Point, O"C: 444,6 1, 46
lHeat of Vaporization, cal./mole at 717.750 K: 2300 5

Aw Transition Point, 0C:

(rhombic .-+ monoclinic) 95,4 46
(liquid --*viscous) 159.9 416

Heat of Transition, cal./g.:
(rhombic to monoclinic) 2.992 46
(liquid to viscous) 2,751

Heat of Sublimation, cal,/mole at 298OK: S8 24,350 5 ,'.,.
S2 330,840

Heat Content or Enthalpy, cal./mole at 2980K: (solid) 1058 5
____ See Tables a, b, c, and d

3. HEAT CONTENT AND ENTROPY OF S (c, 1) 4
(Base, rh-crystals at 298.15 0K) _.___

T, oN HT - HRIs.,S- ST S ,• 1.

cal ./mole eal./deg.
______________mole

850 ........ 290 0.90
368.6 (rh). 400 1.20
368.6 (lon) . . 485 1.43
392 (mno) . . . 630 1.82
392 (1) 965 2.67
400 ........ 1030 2.83
500 ........ 1940 4.85
600 ........ 2780 6,38
700 ........ 3650 7.72
717.8 ....... 3810 7.95

S (rh):
S.... •Enthalpy: HT - H 0.M. = 3.58T + 3.12 X 10aT-2 -1345 (0.2 percent; 298-368.6 0 K)

Heat Capacity: C, =3 .58 + 6.24 X 10 BT; A Hss,., = 85 %
S (mon):

.... ,. Enthalpy: HT-H 29s,A ='6.20T - 1800 (0.1 percent; 368.6-392°K)
Heat Capacity: C, =- 6.20; a Hj92 (fusion) 335

:¢'-'* ~S (1) :" -

Enthalpy: H,,- H•1,.,14=8.73T - 2457 (0.6 percent; 392-717.8'-K)
Heat Capacity: C, 8.73

Source: AMCP 706-187

• ,..÷,,
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Sul~fur (Suilphutr) S, ( page 3)1

b. HEAT CONTENT AND ENTROPY OF S (g) 4
(Base, ideal gas at 298,15 0K) _-,___,_

T, -K Hr - H 20,15+ ST - Sufbir, T, -K H,r ., Sr - ..

cal./mole cal./dog, ca]./mrole 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
700 ..... 2190 4.68 2400 ..... 10,875 10.99 O
800 ..... 2715 5.38 2600 ..... 11,910 11.40
900 ..... 3235 5.99 2800 ..... 12,950 11.79

1000 3750 6,53 3000 ..... 13,995 12.15
1100 4260 7,02 3500 ... 16,650 12.96
1200 .. . 4770 7,46 4000 19,340 13.68
1300 ..... 5280 7.87 4500 22,065 14.32
1400 ..... 5790 8,25 5000 24,810 14,90
1500 ..... 6295 8.60 6000 ..... 30,330 15.91
1600 ..... 6800 8.92 7000 ..... 35,860 16.76
1700 7305 9.23 8000 41,390 17.50
1800 ..... 7815 9.52

S (g):
Enthalpy: H, - H208.15 = 5.26T - 0.05 X 10,3T. - 0.36 X 105T-1 - 1443
Heat (0,6 percent; 298-2400 0 K)
Heat Capacity: C, ==-5.26 -0.10 >< 10-BT + 0.36 X 10IT"2  

I-...

Enthalpy: HT-H 2•,, 15 =4,96T + 0,05 X 10"BT 2-0.60 X 101T' - 1282(0.2 percent ; 2400-8000°'K),'' '' "

Heat Capacity: Co, = 4.96 + 0,10 X 10"T + 0.60 X 10ITT1

c. HEAT CONTENT AND ENTROPY OF S2 (g) 4
(Base, ideal gas at 298.15 0 K)

T, -K HT,- Hgogj,,, ST - S208.1 T, OK Hr. - H..,jp,).,. Sr - go
cal./mole cal./deg. cal./mole cal./deg,

mole mole ,"

400 ..... 810 2.34 1500 10,430 13.79
500 ..... 1640 4.18 1600 ..... 11,325 14.37
600 2485 5.72 1700 ..... 12,225 14.91
700 3345 7.05 1800 ..... 13,125 15.43
800 4220 8.22 1900 14,025 15.92
900 ..... 5095 9.25 2000 .... 14,925 16.38

1000 ..... 5975 10.17 2200 ..... 16,730 17.24

1100 ..... 6855 11.01 2400 ,... .. 18,545 18.03
1200 ..... 7745 11.79 2600 20,360 18.76
1300 8635 12.50 2800 ..... 22,175 19.43
1400 9535 13.17 3000 . 23,995 20.06.- J1
Source: AMCP 706-187%
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Sulfur (Sulphur) S, (page 4) ,

S2.(g)
Enthalpy: HT - 8.72T om 0.08x 10 3T1 4- 0.90 X 10T 1 - 2909

(0.3 percent; 298-3000'K )
Heat Capacity: C,, 8,72 + 0.16 X 103T-0.90 X I01T 2

d. HEAT CONTENT AND ENTROPY OF Sf(g) 4--
____ (Base, ideal gas at 298.15°K) _'"_"

T, -K l,, - I-, - ST. - S1,.,1U., T, "K HT - 1 20N ,1,, STr- ,
cal,/mole cal,/deg, cal./mole cal,/deg, ,k ,

mole mole
400 ..... 3935 11.32 800 ..... 20,580 40.06 ,.
500 7985 20.37 900 24,850 45.09
600 12,125 27.90 1000 29,140 49.62
700 16,330

sn (g) :
Enthalpy0: HT - H,,t 42.54T + 0.52 X 10 T2 + 5.04 X 101TV• - 14,420 ,'"

(0,1 percent; 298-10000 K)
Heat Capacity: C,--= 42.54 + 1.04 X 10"BT - 5,04 X 10T2 ..- '.,

Decomposition Temperature: For DTA see Addnl. Ref. 5
Decomposition Products: , ,
Vapor Pressure: ,_._.,__,

Press. mm , 1 10 40 100 400 760 M.P,.
-. Temp. OC 183.8 243.8 288.3 327.2 399.6 444.6 112.8

Form Range. Eq'uation (P in mam,, T in OK) 46

rhombic 20-.80 log P 11,664 - T

monoclinic 96-116 log P 7.. 11,364 5082
-T

"4055liquid 25-74 log P.-- 8.70 --. ,.
T•j ~54015,1.,,

120-325 log P1 14.7000 - .0062238T 540 T.

325-550 log P1 7.43287 32682
T ,

X.Ray Crystallographic Data: -_ _'_ _

A tom/,'
System Spare Group a b c Unit Cell ,46

rhombic VIA 10.37 12,845 2.1.369 128
(16 eight-memhbered

rings)F monioclin ic C~, 10.90 101.96 11.02 48
(6 vight-membered "

rings)
Ilygroseopicity: .

Spec. grade, I; gain at 70' F in 168 hr.: none at 40, 50, and 33

0,01 at 90'; RIt.

Source: AMCP 706-187
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Sti~~~~~~"i I i nIIiIm IPg

o:,,•%',' Solubility l);tta '.'

"11n water: insoluble 2V
In alcohol and ether: slightly soluble
In carbon disulphide, 70 g./100 g. : soluble
In light petroleum, hot benzene, toluene and .16
benzyl chloride: soluble

Health Hazard: Believed to be nontoxic. Tank car shipments of molten sulfur 93, 46
may accumulate poisonous 11,S gas, which is also flammable and explosive.
In unloading operations suitable precautions should be taken.

Safety Classifications: .
OSM: not specified

-,• -Probably class 2 as a pyrotechnic material. nteie
]CC: not mentioned
"U.N. an inflammable solid
Coast Guard: hazardous

Fire and Explosion Hazard: When ignited, molten S will burn in air producing 12, 14, 46, 75
acrid fumes of SO, which are irritating, suffocating and lachrymatory,
and inhalation should be avoided. Burning S can react vigorously with, oxidizing materials. Sulfur when compounded with chlorates and some

..... .... other oxidizing agents, forms sensitive explosive mixtures. When mixed
with carbon lampblack, fats and oils, S forms mixtures which can ignite
"spontaneously, It should be stored away from oxidizing agents, To fight
fire use water.

Electrostatic Sensitivity: When rubbed with most substances it becomes nega-4', tively charged,
Minimum energy required for ignition by an electric spark, millijoules: 26

15
Ignition Temperature, in air at atmospheric pressure, °C: 46

248-261
closed cup: 405OF 75
open cup: 440oF

Minimum Explosive Concentration of dust, mg./l.: 35 26
30 22

Heat of Combustion, Kcal./g.: (monoclinic) 2.240 1
".01ý., (rhombic) 2,200

Additional References:
1) "The Sulphur Data Book," W. N. Tuller, Ed,, McGraw-Hill Book Co.,

New York (1954)
2) "The National Fire Codes, Vol. II, Combustible Solids, Dusts, Chemi.

cals and Explosives," National Fire Protection Association, Inc., Bos.
ton, Mass. (1958)

3) "The National Fire Codes, Vol. II, The Prevention of Dust Explosions."
National Fire Protection Association, Inc., Boston, Mass. (1952)

4) "Sulfur May Have Helical Structure," C & EN, p. 44 (Sept. 5, 1960)
5) Trans. Faraday Soc. 55, No. 444, 2221 (1959)

.- e'-

- Source: AMCP 706-187
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Occupational Health Guideline for
Toluene

INTRODUCTION such as a "pins iaid needles feeling" or numbness. Very
h:gh concentrations may cause unconsciousness and

This guideline is intended as a source of information for death, The liquid splashed in the eye may cause irrita-
employees, employers, physicians, industrial hygienists, tion and temporary damage. Inhalation may also cause
and other occupational health professionals who may difficulty in seeing in bright light. If liquid toluene is
have a need for such information. It does not attempt to splashed in the eyes, it will cause temporary irritation.
present all data; rather, it presents pertinent information 2. Long-term Exposure: Rereated or prolonged expo-
and data in sunimary form. sure to liquid toluene may cause dryin,3 and cracking of

the skin,
SUBSTANCE IDENTIFICATION 3. Reporting Signs and Symptoms: A physician should be • '

Formula: CoH&CHa contacted if anyone develops any signs or symptoms" FormulaCa~aC~nand suspects that they are caused by exposure to 'i
Synonyms: Toluol; phenyimethane; methylbenzene atoluene. ••

* Appearance and odor: Colorless liquid with an aro- t Recommended medical s.rveillance
rmstic odor, like benzene., eomne edclsrelac

SThe following medical procedures should be made
PERMISSIBLE EXPOSURE LIMIT (PEL) available to each employee who is exposed to toluene at

potentially hazardous levels;
The current OSHA standard for toluene is 200 parts of 1. Initial Medical Examination:
toluene per million parts of air (ppm) averaged over an -A complete history and physical examination: The
eight-hour work shift, and during any such work shift, purpose is to detect pre-existing conditions that might
300 ppm toluene may not be exceeded except that a place the exposed employee at increased risk, and to
peak of 500 ppm toluene is permitted for 10 minutes estisblish a baseline for future health monitoring. Exami-
during the eight-hour work shift, NIOSH has recom- nation of the central nervous system, liver and kidneys
mended that the permissible exposure limit be reduced should be stressed. The skin should be examined for
to 100 ppm toluene averaged over an eight-hour work evidence of chronic disorders.
shift with a ceiling level of 200 ppm averaged over a -Urinalysiso Since proper kidney function is neces-
ten-minute period. The NIOSH Criteria Document for sary for biologic monitoring, a urinalysis should be
Toluene should be consulted for inore detailed informa- obtained to include at a minimum specific gravity,
:ion. abuniin, glucose, and a microscopic on centrifuged

sediment, The urine should be analyzed for hippuric
HEALTH HAZARD INFORMATION acid to obtain a background level,

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

Toluene can affect the body if it is inhale,:, if it comes in basis, Hippuric acid level in urine may be an indicator of
contact with the eyes or skin, o,' if it is swallowed, It the level of toluene exposure.
may enter the body through the skin. • Summary of toxicology
* Effects of overexposure Toluene vapor causes narcosis. Controlled exposure of
1 1. Short-term Exposure: Toluene may cause irritation of human subjects to 200 ppm for 8 hours produced mild
the eyes, respiratory tract, and skin. It may also cause fatigue, weakness confusion, lacrimation, and paresthe-
fatigue, weakness, confusion, headache, dizziness, and sia; at 600 ppm for 8 hours there were also euphoria, e
drowsiness. Peculiar skin sensation may be produced headache, dizziness, dilated pupils and nausea; at 800 '•.' .i

These recommendations reflect good industrial hygiene and medical surveillance practioes and their implementnlion will
assist In achieving an effective uccupational health prcgram. However, they may not be sufficient to achieve compliance

,with all requirements of OSHA regulations.

U.S. DEPARTMENT OF HEALTH AND HUMAN SkRVICES U.S. DEPARTMENT OF LABOR
Public Health Service Centers for Disease Control Occupational Salety and Hea;th Administration
National Institute for Occupational Safety and Health

September 1079 .,'."
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ppm or 8 hours, symptoms were more pronounced, and ards Institute (ANSI) states that "the odor of toluene is
., , after-effects included nervousness, muscular fatigue, detectable by most people at concentrahions in the range 77

and insomnia persisting for several days. Severe but of 10 to 15 ppm. The odor has little value as a warning
reversible liver and kidney injury occurred in a person property."
who was a glue-sniffer for 3 years; the chief component Patty points out that olfactory fatigue occurs rapidly
of the inhaled solvent wss toluene (80% V/V); other upon exposure to toluene,
ingredients were not listed. In workers exposed for 2. Eye Irritation Level: Grant states that "the vapors t.,
many years to concentrations in the range of 80 to 300 of toluene cause noticeable sensation of irritation to
ppm, there was no clinical or laboratory evidence of human eyes at 300 to 400 ppm in air, but even at 800
altered liver function. Toluene exposure does not result ppm irritation is slight."
in the hematopoictic effects caused by benzene; the ANSI reports that "irritation of eyes, mucous mem-
myelotoxic effects previously attributed to toluene are branes, and upper respiratory tract may occur while ;,'.' %
judged by more recent investigations to be the result of workers are exposed to low concentrations of toluene.
concurrent exposure to benzene present as a conLalni- There is a considerable range of variation (100 to 500
nant in the commercial toluene used, Most of the ppm) between individuals, some finding any concentra-
toluene absorbed from inhalation is metabolized to tion of toluene objectionable. Commercial grades of
benzoic acid, conjugated with glycine in the liver to toluene vary in irritant properties."
form hippuric acid, and excreted in the urine; the 3. Evaluation of Warning Properties: Because of its
average amount of hippuric acid excreted in the urine irritant effects, toluene is judged to have good warning
by individuals not exposed to toluene is approximately properties.r.
0.7 to 1.0 g/1 of urine. The liquid splashed in the eyes of
two workers caused transient corneal damage and con- MONITORING AND MEASUREMENT
junctival irritation; complete recovery occurred within PROCEDURES
48 hours. Repeated or prolonged skin contact with Eight-Hour Exposure Evaluation
liquid toluene has a defatting action, causing drying, Measurements to determine employee exposure are best
fissuring, and dermatitis.

taken so that the average eight-hour exposure is based
CHEMICAL AND PHYSICAL PROPERTIES on a single eight-hour sample or on two four-hour

samples. Several short-time interval samples (up to 30
Physical data minutes) may also be used to determine the average
1. Molecular weight; 92.1 exposure level. Air samples should be taken in the
2. Boiling point (760rmm Hg): Il1 C (231 F) employee's breathing zone (air that would most nearly

3. Specific gravity (water - 1): 0.86 represent that inhaled by the employee).
4. Vapor density (air = I at boiling point of toluene): * Ceiling Evaluation

3.14 Measurements to detertine employee ceiling exposure
5. Melting point: -95 C (- 139 F) are beat taken during periods of maximum expected
"6. Vapor pressure at 20 C (68 F): 22 mm Hg airborne concentrations of toluene. Each measurement
7, Solubility in water, g/100 g water at 20 C (68 F): should consist of a ten (10) minute sample or series of

0.05 consecutive samples totalling ten (10) minutes in the
8. Evaporation rate (butyl acetate - 1): 2.24 employee's breathing zone (air that would most nearly
Reactivity represent that inhaled by the employee). A minimum of
1, Conditions contributing to Instability: Containers three (3) measurements should be taken on one workmay burst at elevated temperatures. shift and the highest of all measurements taken is an...

2, Incompatibilities: Contact with strong oxidizers estimate of the employee's exposure.may cause fires and explosions. 0 Peak Above Ceiling Evaluation

3. Hazardous decomposition products: Toxic gases Measurements to determine employee peak exposureand vapors (such ais carbon dioxide and carbon monox- should be taken during periods of maximum expected .:

ide) may be released in a fire involving toluene. airborne concentration of toluene, Each measurement
4. Special precautions: Toluene will attack some should consist of a 10-minute sample or a series of

forms of plastics, rubber, and coatings. consecutive samples totalling 10 minutes in the employ-
Flammability ee's breathing zone (air that would most nearly repre.
1. Flash point: 4 C (40 F) (closed cup) sent that inhaled by the employee). A mirnimum of three
2. Autoignition temperature: 480 C (896 F) measurements should be taken on one work shift and
A3. Flammable limits in air, % by volume: Lower: the highest of all measurements taken is an estimate of'

1.27; Upper: 7.1 the employee's exposure.
4. Extinguishant: Carbon dioxide, dry chemical, * Method

foam Sampling and analyses may be performed by collection
* Warning proAnrtios of vapors using an adsorption tube with a subsequent

I. Odor Threshold: The American National Stand- desorption of toluene with carbon disulfide and gas

2 Toluene September 1978
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chromatographic analy%•I. A1.o, diclL [Or itlhcs certified SANITATION
by NIOSH under 42 CFR Part 84 or other direct-
reading devices calibrated to measure toluene may be * Skin that becomes wet with liquid toluene should be
used. An analytical method for toluene is in the NIOSI! promptly washed or showered with soap or mild deter-
"Manual of Analytical Methods, 2nd Ed., Vol. .3, 1977, gent and water to remove any toluene.
"available from the Government Printing Office, Wash. * Employees who handle liquid toluene should wash '"

"ington, D.C. 20402 (GPO No, 017-033-00261-4). their hands thoroughly with soap or mild detergent and

Methods for Set V" (order number PB 262 524). water before eating or smoking.

SRESPIRATORS COMMON OPERATIONS AND CONTROLS

The following list includes some common operations in
Good industrial hygiene practices recommend that which exposure to toluene may occur and control

engineering controls be used to reduce environmental methods which may b• effective in each case:
concentrations to the permissible exposure level. How. OC ,
ever, there are some exceptions where respirators may
be used to control exposure, Respirators may be used Use as a solvent In Process enclosure;
when engineering and work practice controls are not pharmaceutical, general dilution

A. technically feasible, when such controls are in the chemical, rubber, and ventilation; local
process of being installed, or when they fail and need to plastics industries; as a exhaust ventilation;,'-
be supplemented, Respirators may also be used for thinner for paints, personal protective
operationa which require entry into tanks or closed lacquer, coatings, and equipment
vessels, and in emergency situations, If the use of dyes; as a paint
respirators is necessary, the only respirators permitted remover; Insecticides
are those that have been approved by the Mine Safety Use as starting material Process enclosure;
and Health Administration (formerly Mining Enforce. and intermediate in general dilution
ment and Safety Administration) or by the National organic chemical and ventilation; local
Institute for Occupational Safety and Health, chemical synthesis exhaust ventilation;In addition to respirator selection, a complete respira. industries personal protective IAN.

tory protection program should be instituted which equipment
includes regular training, maintenance, inspection, Use In manufacture of Process enclosure;
cleaning, and evaluation, artificial leather; fabric general dilution

and paper coatings; ventilation; local
PERSONAL PROTECTIVE EQUIPMENT photogravure ink exhaust ventilation;

production; spray personal protective
• Employees should be provided with and required to surface coating; as a eauipment
use impervious clothing, gloves, face shields (eight-inch diluent (cellulose ester
minimum), and other appropriate protective clothing lacquers)
necessary to prevent repeated or prolonged skin contact Uwith lquid tlueneUse as constituent In Process enclosure;,,,.
with liquid toluene,

formulation of general dilution• Any clothing which becomes wet with liquid toluene automotive and aviation ventilation; local
should be removed immediately and not reworn until fuels exhaust ventilation; ,'
the toluene is removed from the clothing, personal protective

*• • Clothing wet with toluene should be placed in closed equipment
containers for storage until it can be discarded or until

* .~ provision is made for the removal of toluene from the EMERGENCY FIRST AID PROCEDURES
* clothing, If the clothing is to be laundered or otherwise

cleaned to remove the toluene, the person performing In the event of an emergency, institute first aid proce-
the operation should be informed of toluene's hazardous dures and send for first aid or medical assistance,
I properties, *Eye Exposurepropeloees, sIf liquid toluene gets into the eyes, wash eyes immedi-Ebaately with large amounts of water, lifting the lower and
use splash-proof safety goggles where liquid toluene upper lids occasionally. If irritation is present after
Smay contact the eyes. washing, get medical attention, Contact lenses should
* Where there is any possibility that employees' eyes not be worn when working with this chemical.
may be exposed to toluene, an eye-wash fountain should *Skin Exposure
be provided within the immediate work area for emer- If liquid toluene gets on the skin, promptly wash the
getacy use, contaminated skin using soap or mild detergent and

September 1978 Toluene 3
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%kaier. If liquid toluent: soaks through the clothing, 1These documrents are available through the NIOSH
remove the clothing immediately and wash the skin Division of Technical Services, 4676 Columbia Park-
using soap or mild deterpent and water. If irritation way, Cincinnati, Ohio 45226.
persists after washing, get medical attention.

Breathing REFERENCES
If a person breathes in large amounts of toluene, move
the exposed person to fresh air at once. If breathing has * American Conference of Governmental Industrial
stopped, perform artificial respiration. Keep the affect- Hygienists: "Toluene," Documentation of the Threshold
ed person warm and at rest. Get medical attention as Limit Values'for Substances in Workroom Air (3rd ed.,
soon as possible. 2nd printing), Cincinnati, 1974.

swallowing * American Industrial Hygiene Association: "To-
When toluene has been swallowed, get medical atten- luene," Hygienic Guide Series, Detroit, Michigan, 1957,
tion immediately. Do not attempt to make the exposed .raNtol an dAeae oct-':.• person vomit, a 4merican National Standard Acceptable Concentra- ,'
pRersonvomit. tions - Toluene: ANSi-Z37.12-1974, American National
'Rescue

Move the affected person from the hazardous exposure. Standard3 ltstitute, Inc., New York, 1974.
If the exposed person has been overcome, notify some- * American Petroleum Institute: "Toluene," API Text-
one else and put into effect the established emergency cological Reviews, New York, 1960.
rescue procedures, Do not become a casualty. Under- * Christensen, H. E., and Luginbyhl, T. L. (eds.):
stand the facility's emergency rescue procedures and NIOSH Toxic Substances List, 1974 Edition, HEW

* know the locations of rescue equipment before the need Publication No, 74-134, 1974,
arises. • Dow Chemical Company: Material Safety Data Sheet

- Toluene, Midlnnd, Michigan, 1972.
SPILLO LEAK, AND DISPOSAL Grant, W. M,: Toxicology of the Eye (2nd ed.), C. C.
SPROCEDURES Thomas, Springfield, Illinois, 1974,

* Persons not wearing protective equipment and cloth- * International Labour Office: Encyclopedia of Occupa.

ing should be restricted from areas of spills or leaks until tional Health and Safety, McGraw-Hill, New York,
"cleanup has been completed. 1971. * ,.

* If toluene is spilled or leaked, the following steps * National Institute for Occupational Safety and

should be taken: Health, U.S. Department of Health, Education, and
1, Remove all Ignition sources. Welfare: Criteria for a Recommended Standard ... .

2. Ventilate area of spill or leak, Occupational Exposure to Toluene, HEW Publication
"3. For small quantities, absorb on paper towels. Evapo- No. HSM 73-11023, GPO No. 017-033-00019, U.S.
rate in a safe place (such as a fume hood), Allow Government Printing Office, Washington, D.C., 1973. - -

sufficient time for evaporating vapors to completely s "Occupational Expocure to Toluene," Federal Regis.
clear the hood ductwork. Burn the paper in a suitable te.. 40420-629 Otbe , 95
location away from combustible materials. Large quan- t 40:46206-46219, October 6,1975 __

"tities can be reclaimed or collected and atomized in a * Patty, F. A. (ed.): Toxicology, Vol. II of Industrial
suitable combustion chamber. Toluene should not be Hygiene and Toxicology (2nd ed, rev,), Interscience,
allowed to enter a confined space, such as a sewer, New York, 1963.
because of the possibility of an explosion. Sewers de- • Sax, N. I.: Dangerous Properties of Industrial Materials '. ".
signed to preclude the formation of explosive concen- (3rd ed.), Van Nostrand Reinhold, New York, 1968,
trations of toluene vapors are permitted. * Union Carbide Corporation, Industrial Medicine and
* Waste disposal method: Toxicology Department: Toxicology Studies - Toluene,
Toluene may be disposed of by atomizing in a suitable New York, 1970.
combustion chamber.

ADDITIONAL INFORMATION

,, To find additional information on toluene, look up
toluene in the following documents:
, Medical Surveillance for Chemical Hazards
* Respiratory Protection for Chemical Hazards

"*7 * Personal Protection and Sanitation for Chemical
Hazards
a NIOSH Criteria Document for Toluene (July 1973)

4 Tolu.n, s.ptomb.r 1,7.
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RESPIRATORY PROTECTION FOR TOLUENE

Condition Mlnlmoini Roepiratory Protection*
0equlred A&.ove 2O ppm

Vapor Concentration I.

500 ppm or less Any chemical cartridge respirator 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 stipplied-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 faceplece operated in pressure-

entry and escape from demand or other positive pressure mode, .

unknown concentrations,.. .-

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 pressure mode.

Fire Fighting Self-contained breathing apparatus with a full faceplece operated in pressure-
demand or other positive pressure mode. 9

Escape Any gas mask providi ,g protection against organic vapors,,,

Any escape self-contained breathing apparatus.

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

"'*'4

V% J
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The attached hazard assessment tree in Figure 2 depicts undesired events and the";,..

Yeffects• which could result from accidental releases cf 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 hancdih~g procedures and to evaludte accidental releases of colored •= ,',
smoke mixes or their smoke by-products.,.;-.

4*="

.0%°

' r ,r•.o
t=.= 44 l

• ', .

2'V, '•' '

,•,,

' 9 . .4 .' -.

"• '1 1 I ' **1 *4



r -<WN

4j

Ln
ul

LV qL

!Lu
1ý,

AV

4K 

144

tt

N

106
Appendix B



11.

kZc.tic

APPENDIX C

THE EFFECTS OF CLIMATIC AND GEOLOGICAL CONDITIONS ON
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.

1. Winds*

Transport (steering) winds have the greatest influence on smoke k.'
operations. Transport of the smoke plume from a surface source may occur in one or
more layers extending several hundred meters above the surface. Heat Is released when ....
smoke is produced and the heat may cause some of the smoke plume to rise to high
levels. Accurate estimates of transport wind require measurements In these layers.

The avement of smoke depends on the speed and direction of the
wind. These factors are important in determining the number of smoke-producing
sources needed and the requirements for munitions for a given smoke operation.
Placement of smoke varies with windspeed. Difficulties are encountered with smoke
generators if windspeed is outside the desired range (4-10 knots). Some smokes tend to
rise when the wind Is less than 4 knots and are torn apart by winds greater then 13
knots. Additional 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.

Appropriate placement of smoke sources varies, depending on the wind 4A

direction encountered In the target area (Figure 3).

BASE .

.. A - - ' ,"NO . LINE ',i N
WIND

-WIND

BASE LINE

Figure 3. Effect of Prevailing Wind Direction 77-

*Data Included In this Climatic and Geological Conditions section was gathered from the

following sources.

1. Smoke.., an Obscuration Primer, Joint Technical Coordinating Group for Munitions
Effectiveness, 61 JTCG/ME-77-13, 13 March 1978 (UNCLASSIFIED). ..

ii 2. Rengers, E., Dugway Proving Ground, Utah, Personal Communications, May 1983.
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2. Atmospheric Stability - Temperature.

The rate )I vcrtical spread from a source on a stationary iurface
*, 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 Inversion 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.

WARMER ~

S_ _

- ---- INVERSION LAYER!

COOL!

..

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

%4, sunset.

iISOTH E MMAL. ______

.. - -- ______________ ==_ F,99

*l .. :, - ,,~,, > •

.......... . . .

"Figure 5. Development of Smoke Cloud - Neutral
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(c) Land Lapse.

"A lapse condition exists when there is a decrease in air
temperature with an increase in height above the ground. The air is unstable, with much
air tirbuience; smoke tends to rise and diffuse rapidly (Figure b). The lapse condition is
favorable for production of smoke curtains and Is least favorable for smoke screens. It 0
occurs on clear days when winds are light.

. t ., • _. -. .,

"Figure 6. Development of Smoke Cloud - Lapse

(d) The Land-Air Interface. "'

In the evening arid at night following cooling of the earth, there is
rapid cooling of air close to the surface; therefore, the heavier, cooler air is beneath a

warmer layer. This Is the most stable condition. Over land, the lapse condition is most
probable on clear summer days from about 2 hours after sunrise to about 2 hours before .. ,,

sunset; this results in an onshore breeze during the day. At night, warm air risn,•, from %..A%,

the water results In offshore breezes. %I

3. Humidity.
Colored smoke particles absorb moisture and Increase In size, theeb ,

increasing their density and making the smoke more effective. Therefore, high humidity
Is a favorable employment condition.

4. Precilptation.

smoe oomuh.Rain and snow reduce visibility but will not adversely affect colored
Ssmoke too much. Against a snowy background, the colors will be more visible.

5. Cloud Cover.

When the sky Is more than 70 percent covered with clouds, a neutral
temperature gradient prevails. The atmosphere Is moderate!y stable, and conditions are
generally favorable for smoke.

tý. Terrain~.

Since smoke is carried by the wind, It normally follows the earth's .. .

contours. On flat or unbroken terrain and over water, smoke strei.•\mers take longer to
spread out and mix. On the other hand, trees and buildings tend to rmix smoke streý,imlner ;
and Increase smoke coverage. Large hill masses and rugged terrain caUse strong,

* crosscurrents which disperse smoke, causing holes and unevenness,.
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(a) Arctic.

Smoke operations in arctic regions or other cold weather areas
present ,special problems common to all types of units. Preventive maintenance for ..IL.
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 more 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
air 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
atmospheric conditions exist.

(c) Mountain.

Mountain operations are characterized by the difficulties
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, eddies, 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. 3ungle weather Is usually hot, humid,
and characterized by sudden changes. Windspeed In jungle areas normally does not
exceed 3 kilometers per hour.
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