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of dioxane in the United States

Yirde less than 3000 tons anoually.

acrured in the castern and southern
the United States and shipped pri-

i rail and truck in bottles, cans, and

Contact with high concentra-
e is most likely ax job sites

exposed to it a3 2 result of accidents or spills
duripg shipping. Some consumer products
make use of dioxane, most notably Hol-
comb’s Window Cleaner.

Although dioxane has not been ncluded in
federal and state surveys of drinking watsr,
it has been reported 1o ocour in both sur-
face water and groundwater. Distribution and
average concentrations of the chemical in wa-
tex are unknawn. No information on its oc-
currence in food or airappears to be available.

Health Effects

Dioxane is readily absorbed through the
skin, lungs, and gastrointestinal tract. Itis a
moderately acwte roxm, but symptoms of
overexposure may be delayed for hours fol-
lowing exposures that had erronecusly been
considered neghigible. It easily penetrates the
skin, and large amouncs spilled on the skin
or clothing can be life threatening. Dioxane
spilled on the skin can be irxitating. It can
also raake the skin dry with no other signs
of irritarion, but if it is allowed to remain on
the skin or clothing, smarting and reddening
of the skin may resnlt. Some people show an

allergic response when their skin comes into -

contact with dioxane.

The vapor can be ritating to the eyes,
nose, and throar. Inhaled vapors can cause a
slight smarting of the eyes or respiratory sys-
tern if the chemical is present at high con-
cenerations, Symptoms disappear when ex-
posure to the chemical stops. Overexposure
may also cause eye irritation and ¢an per-
manently injure the cornea. Dioxane can also
be inhaled in sufficient amounts to cause
systemic intoxicarion, narcosis, plmonary
edema, and even death, The kidney and Liver
can be damaged as a result of acute inhalanon
exposure to dioxane. Dioxane can also cause
kidney and liver damage if swallowed.

Chronic exposure to diozane is also haz-
ardous. Prolonged skin exposure can cause 2
rash or burn. Repeared exposure 1o Jevels that
do not cause overt symptoms cap lead W
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to liver and kidney damage. These symptoms
may be d yed because the chemical has a
tendency $o accumulate in body tissue. Di-
oxanehas_ en shown 1o cause liver and nasal
caucers iy laboratory rats and mice when
low dose: ¢ administered orally overalong
time. Epidemiological data indicating thaz di-
oxane 15 3 huma.‘u carcinogen aré not gvail-
sble ThefEPA has classified dioxane as a
probable Juman carcinogen (2 B, substance
according o the classification in ‘Table 5 of
Chaprer 3} Some evidence suggests that diox-
ane may s§ppress immunae system funcoon.
When {ioxane is present in’ chlorinated
water. 2 ighly toxic compeound is formed.
Ogne rescarcher found that chlarination of
dioxane idcreased its toxicity 1000 times.
Therefored never pour nnwanted diosanse

down the @rain.

iorsand Prevantion ‘
Dioxane i§ most likely to be encountered ax
the workplace. If solvents are used ar work,

be sure td learn the names of those used.
Wear pracécrive clothing when required, Re~
quest a iz! Safery Data Sheet (MSDS)
if solvents are parr of your workplace en-
vironment! Avoid buying window cleaners
that contgn dioxane. Should you inhale,
swallow, have skin contact wath, or spill
dioxane, medical attenfion immediazely.
Remembey that damage due to overexposure
may be dejayed by several hours.

tal fate of disxane can only
beesnma donthebnmsofthechmuals

om soil and surface warsr and
ily through soil. This property,
combined ith dioxane’s slow microbial deg-
radacion, guplies that spilled dioxane conld
pose 2 woxfe threar o groundwarer supplie
if concenthations were high encugh.

.D:oxancunbeexpe:tedta'

Heﬁulatory Status

Dioxane is listed as a bazardous air polixt-
ant in the 1990 Clean Air Act, requiring the
EPA 1o set emission standards. OSHA has
set standards ding maximum average
concentrations found in workplace air. Di-
oxane is subject ro community right-to-know
reporting.

Technical Information

Chemical formula: C H O,

Molecular weight: 88

Lowest reportad lethal dose for humang:
{oral): 500 mg/kg
({inkaled for one week): 470 ppm

Further Reading

Agency for Toxic Substances and Disease
try. 1988, Toxscolngical Profile for 1, 4—Dmane
w D. C.:U.S. Public Health Service,

5ax, N. 1 1988. p-Dioxane. Dasgerons Pro ?ﬂus
of Industrial Materizls Report, Jannary,

. ary, New York: Van Nostrand Reinhold,
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de can be analyzed by several

GO methodf involves the passage of air
through a sglid sorbent tube containing 2.
(benzylamingjethanol on Chromosorb 102
or XAD-2. The derivative, 2-benzyloxazoli-
dine, is desbried with isooctane and in-
jected mto $GC equoipped with an FID
(NIOSH 1984, Method 2502). Carbowax
20M or a fased-silica capillary columm is
suitable. Benzyloxazolidine peak is
sometimes njasked under the peaks, due to
the derivatizing agent or its decompgsition
and/or potvmeric products. The isoottane
solution of Xbenzyloxazolidine can readity
by GC/MS without any inter-
a capillary DB-5 column (Pai-

naik 1989)

Alternatifely, air is passed through 1-pm
FTFE memprane and 1% sodium bisulfite
solution. solution is treated with chro-
motropic agd sulfuric acid mixture. The
color develgpment due to formaldehyde is
measured by 2 visible spectrophotometer at

580 nm abserbance (NIOSH 1984, Method

% separated on a reversed-phase
dervatized with 3-meihyl2-
inone hydrazone, and detected

Fluorescgnce-based liquid-phase analy-
sis for seledtive determination of formalde-
hyde and ogher gases is raportad (Dong and
Dasgupta 1987; Dasgupta 1987). In this ana-
Ivtical met fluorescence of 3,5-diacetyl-
1,4-dihydralutidine formed upon reaction

of formaldehyde with ammoniwn acetate
and 2,4-pentanedione is monitored with a
filter fluorometer. Draeger tubes used to
montitor formaldehyde concentrations in air
can give excessively high results {(Balmat
1586).

5.3 ACETALDEHYDE

EFPA Classified Toxic Waste; RCRA Waste
Number U001; DOT Label: Flammable
Liguid, UUN 1089

Formula CH.CHO;
[75-07-0)

Strechire and functional group:

MW 44.05; CAS

)
H;C—C=0

contains an aldehvde carbonyl group
{(—CHO}

Synonyms: ethanal; acetic aldehyde; ethy]
aldehyde

Uses and Exposure Risk

Acetaldehyde is used in producing acetic
acid, acetic anhydride, cellulose acetate,
synthetic pyridine derivatives, pentaery-
thritol, terephthslic acid, and many other
rew matcrials. Release of acetaldehyde
from PET [poly(ethylene terephthalate)]
bottles into carbonated mineral waters has
been observed (Lorusso et al. 1983); 180
ppm was detected in samples kept for 6
months at 40°C.

Fhysical Properties -

Colorless mobile liquid; pungenmt odor,
fruity smell when diluted; bp 20.8°C; mp
=121°C; density 0.7846 at 15°C, vapots
heavier than air (vapor density 1.32); solu-
ble in water, alcohol, ether, acetone, and
henzene.

Health Harard
Acetaldehyde is moderately tmu;: through
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system depression, eye and skin bumns, end
dermatitis.]Large doses can be fatal. Be-
i® metabolic link to ethanol, its
% COnsEquences are similar to
those of cHronic ethano! intoxication.
Iphalati§n can produce irmtation of the
eyes, nosejand throat, and parcotic effects.
High concppirations CAn Cause headache,
gore throaf, and paralysis of respirstory
Protonged exposure can raise
sssure and cense a decrease in red

moleculeshre susceptible to —CHO attack.
Acetaldehde can therefore bind to liver

_ protein ag hemoglobin to form stable ad-

ducts. Sugh covalent binding probably al-

hemoglobln and thus contributes to its tox-
icity. Ratgsubjected to inbalation of acetal-
{21 days showed the presence of
dnd’* aldehyde adducts in their in-
medinm. A control experiment
wsed rats, however, showed simi-
lar adductk but at a low concentration. This
could propably have formed from trace al-
rénerated from intestinal microbial

et 2}, 198§). The study indicates that acetal-
dehyde i both cytotoxic and carcinogenic
fal mucosa of rats. Investigating
by of tobacco-Telated aldehydes in
man bronchial epithelial cells,

/ f Limits
A 180 mg/m?® (100 ppm) (ACGIH),
360 mg/rk® (200 ppm) (NIOSH); STEL 270

Aldehydes 97

Fire and Explosion Hozard

Acetaldehyde is highly flaspmable, flash
point (closed cup) —38°C (—36°F) (Merck
1989); autoignition temperature 175°C; va-
por pressure 750 torr at 13°C. Its low flash
point and autoignition temperature, cou-
pled with high vapor pressure, make it a
dangerous fire and explosion harard. Ex-
plosive limits of mixtures with air are 4—
60% by volume. Active sixfaces may ignite
and detonate fuels containing acetalde-
hyde. It is susceptible to forming peroxide,
which can catch fire or explade.

Hazardous Regotion Produsis
Acetaldehyde polymerizes on treatment
with mineral acids such as Ho80,, HCI, and
H,PQ, to form paraldehyde (toxic—causes
respiratory depression and cardipvascular
collapse) at ambient temperature, and met-
aldehyde (toxic to the intestine, kidmey,
and liver} at low temperature (subambient).
It forms ethyl acetate (irritant, narcotic)
with aluminum ethoxide catalyst; peracetic
acid (explodes at 110°C, corrosive) on oxt-
datiop. with or without a catalyst (cobalt
salt); glyoxal (explodes with air, irritant) on
oxidation with HNO; or selenious acid; ac-
etaldehyde ammonia (eye and mucous
membrane irritant) with NH; and H; in the
presence of Ni at 50°C; chlovoacetaldehyde
(highly corrosive and strong irritant) with
chiorine at room temperature and with
chioral (strong irritant) at RO-90°C; acetyl
chloride ¢highly corrosive, dangerous eye
jirritant, flammable and explosion hazard)
with chiorine in a gas-phase reaction; acetyl
bromide {eye irtitant, violent rezction with
water) on bromination; 1,1-dichlorocthane
(toxic—irritant) with PCls; and phosgene
(highly toxic, fatal at high concepirations)
with CCL in the presence of anhydrous
AlCL,. It decomposes above 400°C, forming
CO and methane.

Disposal/Destraction

Acetaldehyde is burned.in a chemical incio-
erator equipped with an afterburner and
scrubber. It may be disposed of in a drain
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(not recomnjended, highly voMe) in sroall
amounts, <100 g at a time, mixed with 100
volumes of vater, as it 1s hiodegradable.

In the

abjoratory it may be destroyed by

KMnO. ofidation {(National Research
Council 198%). To an aqusQus solation of
0.1 mol aldghyde, excess EMnO, solution
is added slofvly. The mixture is refluxed un-

til the purple color decolorizes. This is fol-
lowed by gddition of some more KMnO,
solution and heating. 1t is cooled and acidi-

fied with 6F H;SO.;.

(Concentrated H.80.

chould notfe mixed freely with KMnO, as
it forms ¥in,O.—explosion hazard.) So-
dium bisulite is added with stirring to re-
guce Mn td its divalent state. When the pur-

ple color
dissolves, fthe mixture is washed down the

isappears and the solid MnQ:

drain withjlarge amounts of water.

Analysis
Acetalde

L de is analyzed by GC or HPLC.

The acetdtdehyde level in blood and liver
can e egiimated by forming its derivative
with 2,4-fiinitrophbenylhydrazine and ana-

Tyzing
using

cal methd
mo! blag
2 4-dinitgophenylhydrazon
zone folfowed by polarography or papel
chromat§graphy. It can be tested by wet

Tation

byHPLC. A GC headspace method
11 is equalty suitable. Other analyti-
ds include colorimetry using thy-
.on silica gel, and derivatizing 10
¢ or semicatba-

methodsfsuch as reduction of Fehling's 50~

amd Tollens™ reagent; mercurimetrie

oxidariol; sodium pisulfitefipdometry; and

argentomerric titration. Its presence in air

can be & timated quantitatively by convert-
ing it tofits derivative, 2,4 dinitcophenylhy-

drazond, and apalyzing by HPLC using &

UV detector. Analysis in air by NIOSH

(1984}
L of 2

4.5 and
TP
170678 mg/m® (18-372 ppm).

Jonds et al. (1985) estimated the concen-
tration

dkethod 3507 involved bubbling 6-60
| through a Girard-T solution at pH
measuring the derivative at 245 nm

derector). The working range is

£ acetaldehyde in blood from analy-

sis in pbreath. The method is based on

.and Yanai 1086). Firefighters have a greatel

v

liquid—air partition coefficients of acetalde- e ysical Propert

hyde determined by GC-FID. Jones et al. tolorless  volati
(1986) reported a GC-headspace method for - ¥ g7eC; density
its analysis in wine. Habboush and co- f mble in water,
workers (1988) have reported the analysis P 5 ether.

of acetaldehyde and other low olecular .

weight aldehydes in automobile exhaust calth Hazard

gases by GC-FID. crolein is 2 hi

can severely dai
L tory System an
3 cap caus¢ acute

§ pulmonary cong

5.4 ACROLEIN

EPA priority pollutant; EPA Classified
Acute Hazardous Waste, RCRA Waste
Nomber P003; DOT Label: Flammable
Liquid and Poison, UN 1092 :

Formula C.H;CHO; MW 36.07; CAS Acroleip is a
1167-02-8) B 1250l irritant. D

Structure and functional group: yes may reselt

’ eornen. Inhalati
fahcm of the oy
ion of 0.5 ppm

g niolerable eye i

A expos o a

i crolein in air f

. Acrolein can
E5kin; the spillag

chemical burns

value, oral

T
CH=CH—C=0

__CHO {aldehyde carbonyl), simplest |
member of the class of unsaturated alde-
hydes
Synonyms: 2-propenal; 2-propen-1-ones alr -
Iyl aldehyde; acrylaldehyde; acralde- .

hyde; ethylene aldehyde; agualin; bio- ; ayed pulmonar
cide . ministeation of ;
m of fatty liv

Uses and Exposure Risk )
Acrolein iz used as an aptimicrobial agent .
to prevent the growth of microbes against ]
phgeing and corrosion, 10 coptrol the ‘8
aguatic weed and algae, in sime control in : S Based on the
paper manufacturing, as a tissue fixative, J of 6% ame
and in leather tanuning.

Because of its widespread use it ocours 1 b
in the environment—in air and water. After JEMERIOW 25 21 ppb n
formaldehyde it is the second most abup-

: water
dant aldehyde, constituting 5% of total al- diobe n
dehydes in air. Acrolein is one of the toxic thap are ¢

gases produced in a wood ar building fire of , aniline,
when polyethylene or other polymer sub- SEERCOMpounds (K
stances bwn (Morikawa 1988; Morikaw?- trouts, s

risk of exposure to this gas.




{ ahydrofitrang Solvent comtaining perox-
can explod§ when dried with caastic
o or caustig potash, or when evapo-
d; and mayjcateh fire in contact with
- m alemingm hydride or other metal
ides. Violegt reactions can occur when
ined with §tromg oxidizers.

is stored in alcool, dark, and well-venti-
4 mrea, seperated from heat sources
ot oxjdizing rhaterials. Ap inhibitor such
& butylated hydroxytoluene (~0.025%) is
ded to inhib#t peroxide formation. Dis-
d the unusgd solvent 2 months after
pening the cogftainer. It is shipped im cans,
drums, and tark cars.
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Toxic Waste, RCRA
U108; DOT Labe): Flam-
, UN 1165
; MW 88.12; CAS [123-

26.14 1,4-DI

/) (ACGTES
EL 250 pp

%
o]
' Synonyms: didhylene etber; 1,4-diethylene

doxide: 1M-dioxacyclohexane; glycol
ethylene etfer; p-dioxane

Uses and Expivare Rick

. 1,4-Dioxane ig used as a solvent for cellu-
Cl0se esters, oils, waxes, resins, rnd pugmers
. 005 orgaic xgd Inorganic substances, Jt is
"also used in gharings end as a stabilizer in
:chbﬁnalad siflvents. .

stible to
osed to

—yey v AULIOE & IHSUNTRCILL, ™

evagoration.

whep

goTous to violent reactions may occur
mixed with strong oxidizers. 1,4-Di-
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Physicol Propertics

Colorless Lquid with a faint ethereal odor; -
density 1.033 at 20°C; boils at 101°C; solidi-
fies betweon 10 and 12°C; miscible with wa-
ter and most organic solvemnts.

Health Hazrrd

The toxleity of §,4-dioxane is low in test
animals by all routes of exposure, How-
ever, in humans the toxicity of this eotn-
pound is severe. The target organs are the
liver, kidneys, lungs, skin, and eves_ Expo-
sure to its vapors &5 well as the absorprion
through the skin or ingestion can cause poi-
soning. the symptoms of which include
drowsiness, headache, respirntory dietress,
nausea, and vomiting. It causes depression
of central nérvous system. There are re-
ports of human deaths from subacute and
chroni¢c exposures to dioxane vapors at
concentration levels ranging between 300
and 1000 ppm. Serious hezlth hazards may
arise from fts injurious effects on the liver,
kidneys, and brain. Rabbits died of kidney
injury resulting from repeated inhsalation of
1,4-dioxane vapors for 30 days (Smyth
1958). It is an iritant to the eves, nose,
skin, and tungs: In humans, 3 I-minute ex-
posure to 5000-ppm vapots can ceuse lacri-
mation.

LCsp value, inhalation (rats): 13,000 ppm/
2hr -
EDy, value, oral (mice): 5700 mg/kg

t,4-Dioxsne is sn animal carcinogen of
low potentigl. Ingestion of high ¢oncentra-
tions of this compound a1 a kevel of 7000
18,000 ppm in drinking wpter for [4-23
months cansed nasel and liver- tumors i
rats (ACGIH 1986). Guinea pigs developed
lung tnmors.

Exposure Limirs

TLV-ITWA 25 ppm (—%) mg/m*) (ACGIH),
100 ppm (MSHA and OSHA); carcinoge-
picity: Anima! Sufficient Evidence (IARC).

iG

ACtiOn On (he ANIMAlS  SKL. :
tion on the toxicity of this compourd in h
mans 12 not koown.

The inhalation LCs value of 4-howr

oxage forms explosive complexes with per-
chicgates of many metals, such as silver
and jmercury. Reaction with hydrogen and
niclkel above 210°C is explosive {NFFA
1988).

exposure in rats is in the range of 20,0
mg/m?, and the oral LDs is 3000 m
NIOSH 1986).

Fire and Fxplosion Hazard
Highly Aammable liquid; flash point (op
cup) 2°C (35°F); vapor density 2.55 (eir
1); the vapor is beavier than mr and can)
travel a considerable distance to a source
ignition and flash back; fire-extinguishi
agent: dry chemical or COy; use waler
keap fre-exposed containers cool and
fingh ard dilute the spills.
1,3-Dioxolane vapors Fform explosi
mixiures with air; the flammability rangs
hoo mat hesn actahlichad. It is capable of

Stofage and Skipping

1,4Dioxane i3 s1ored in a flammable-liguids
cabjoet or storage room. jsolated Gom
conjbustible or oxidizing substances and
S0 5 of ignition. It is shipped in bottles,
cens, and matal drums,

-:'Z- psal! Destructlion
It & bumed in a chemical incinerator
amennad with ai afterburmer and scrubber.
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Firg and Explosion Hazard
Flappmable liquid; fiash point (closed cup)
12°¢ (54°F), (open cup) 18°C (65°F); vapor
pregsure 29 torr at 20°C; vapor density 3.0
{(air}= 1); the vapor is heavier than air and
can} travel a considerabie distance to a
sauyce of ignition and flash back; autoigni-
tiory temperature 180°C (356°F); fire-
extipguishing agent: dry chemieal, CO;, or
“‘al¢chol’” foam; nse water to keep fire-ex-
posed containers cool and to flush and di-
luted spills.

4-Dioxane vapors form explosive mix-
turgs with air within a relatively wide
range. The LEI. and UEL values are 2.0
and}22.0% by volume in ajr, respectively.
Under certain conditions, 1. 4-dioxane can
forth explosive peroxides, which may cause
explosion during distillation, drying, or
evaporation. )

igorous o violenr reactions may ooctr
whén mixed with strong oxidizers. 1,4-Di-
oxahe forms explosive complexes with per-
chlgratez of many metals, such as silver
andimersury. Reaction with hydrogen and
niclkel above 210°C is explosive (NFPA
193§).

Srogage and Shipping

1,4dioxane 13 stored in a flammable-liquids

cablnet or storage room isolated feom

corgbustible or oxidizing subsiances and

soufces of ignition. It is shipped in bottles,
n§, and metal drums.

D
It
equipped with an afterburner and scrubber.
Whagte solveni may be buried in a secure
landfill in jab packs.

seosal/Destruction

|5 1 3-DIOXOLANE
] Csﬂsoz_; MW

ture:
LT

26.
Fo

burmed in a chemical incinerator

74.09; CAS [646-

Synunyms 1,3-dioxacyclopentane; ethyl
ene plyeol formal; formal glveol

Uses and Exposure Risk

1,3-Dioxolane is used as an intermediate in

Organic synthesis.

Physical Properties

Colorlass liquid; density 1.061 at 20°C; 3
boils at 74°C; solidifies at —95°C; n:uscible
with water and organic solvents.

Health Hazard

The acute inhalation and oral toxicity of. 3
}.3-dioxolane is low in test animals. m

vapor js irritapt to eyes and respiratory

tract. Application of the liquid produced se-

vere irTitation in rabbits” eyes and mild
action on the amimals® skin. The informa-
tion, on the toxiciry of this compound in h-
mans is not known.

The inhalation LC. velue of 4-howr

exposure in rats is in the range of 20,0003

mg/m®, and the oral LDy s 3000 mgfkg
{NIOSH 1986).

Fire and Explosion Hazard
Highly flammable liquid; flash point (n

cup) 2°C (35°F); vapor density 2.55 (air =3

1); the vapor is beavier than air and cafy
travel a considerable distance 16 & source off

keep ﬂre:—expused containers cool and 4 %

flush and dilute the spills.
I,3-Dioxolane vapors form explo.si e

has not been established. It is capable

forming peroxides on prolonged storage ™
EXpOSUTE to air. Such peroxide formatlﬂ
may be inhibited with trace amounts of U3
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