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1. SUMVARY

1.1. ldentity, physical and chemical properties, analytica

Thi s nonograph concerns only those chl orofl uorocarbons
(CFCs) that are derived fromthe conplete substitution of
the hydrogen atons in nmethane and ethane with both fl uor-

nmet hods



ine and chlorine atons. Mny of these conpounds are of
comerci al significance and sone of them are known to con-
tribute to ozone depletion. Conmpounds considered in this
report include: trichlorofluoromethane (CFC-11), dichl oro-

di fl uoronet hane (CFC-12), chlorotrifluoronethane (CFC- 13),
1,2-difluoro-1,1,2,2-tetrachl oroet hane (CFC-112), 1, 1-difl uoro-
1,2,2,2-tetrachl oroet hane (CFC-112a), 1,1,2-trichloro-1, 2, 2-
trifluoroethane (CFC-113), 1,1,1-trichloro-2,2,2-trifluoroeth-
ane (CFC-113a), 1,2-dichloro-1,1,2,2-tetrafl uoroethane (CFC
114), 1,1-dichloro-1,2,2,2-tetrafl uoroethane (CFC-114a), and
1-chloro-1,1, 2,2, 2-pent afl uoroet hane (CFC-115). Conpounds

not containing chlorine have not been considered. Those
compounds cont ai ni ng hydrogen will be reviewed in a sub-
sequent report.

Commercial chl orofl uorocarbons rank anong the hi ghest
purity organic chemicals available. They are wusually
characterized by high vapour pressure and density and | ow
viscosity, surface tension, refractive index, and sol u-
bility in water. The degree of fluorine substitution
greatly affects the physical properties and, in general
as fluorine substitution increases, the vapour pressure
i ncreases, and the boiling point, density, and solubility
in water decrease.

The chl orof | uorocarbons reviewed in this nonograph are
reasonably stable chemically and, in the absence of neta

catalysts, exhibit Ilow rates of hydrolysis. They are
highly resistant to attack by conventional oxidizing
agents at tenperatures below 200 °C. In general, chloro-

fluorocarbons show a high degree of thermal stability and
are extrenely resistant to alnost all chem cal reagents.
However, they wll interact violently wth chemcally
reactive netals.

Several analytical nethods are available for the de-
term nation of chlorofluorocarbons in various nmedia. These
i ncl ude spectrophotonetry, gas chromatography with severa

quantification met hods, and nass spectrometry. The
maj ority of nethods wutilize gas chromatography wth
various detection techniques, and detection limts are
often of the order of 1 part per trillion (ppt). Methods

for sanple collection have been nodified to achieve
greater selectivity and sensitivity.

1.2. Sources of human and environnental exposure

The chl orofluorocarbons discussed in this nonograph
are not known to occur naturally in the environnent, but
practically all chlorofluorocarbons, except those used as
chenmical internmediates, are released into the environnent.
The estimated world production of the inportant poten-
tially ozone-depleting chlorofluorocarbons (CFC-11, CFC-
12, CFC-113) in 1985 was at least a mllion tonnes. Manu-
facture is not linmted to mpjor industrial nations; it
occurs in at least 16 countries. Wth the inplenentation
of the Montreal Protocol, the present growh trend in the
production of these chlorofluorocarbons will probably be
reversed.

The nost inportant nethod for manufacturing the major
chl orofl uorocarbons is the catalytic displacenent of
chlorine from chlorocarbons with fluorine by reaction with



anhydrous hydrogen fluoride. Mdst release to the environ-
ment occurs during the disposal of waste refrigerant-
cont ai ni ng equi prment, and not during manufacture, storage,
or handling. The rel ease of propellant chlorofluorocarbons
has decreased as a result of legislative restrictions on
their wuse in many countries, and the release of blow ng
agents is small. Because of the high vapour pressure of
t hese conpounds at anbient tenperatures, alnobst all of the
anount released into the environment eventually accunu-
lates in the atnosphere. The estinated total annua
rel ease of about one nillion tonnes consisted in 1985
| argely of CFC-11 and CFC-12, and the cunulative release
of these chlorofluorocarbons from 1931 to 1985 was about
13.5 mllion tonnes.

The approximate world use pattern of chlorofl uorocar-
bons in 1985 was as follows: refrigerants, 15% foam
bl owi ng agents, 35% aerosol propellants, 31% m scel-
| aneous, 7% and unallocated, 12% In the USA, the aeroso
propel | ant use was nuch | ower because of restrictions.

1.3. Environnental transport, distribution, and transformation

The commercial chlorofluorocarbons are persistent in
the environnment because of their chemical stability. The
average residence tines in the atnosphere are estimated to
be 65, 110, 400, 90, 180, and 380 years for CFC-11, CFC
12, CFC-13, CFC-113, CFC-114, and CFC-115, respectively.

These 1long residence tinmes will ensure diffusion into the
strat osphere where, via photochemnically-produced chlorine
atonms, the chlorofluorocarbons will react wth the ozone
| ayer. Addi tionally, these conpounds will contribute to

the greenhouse effect.
1.4. Environnental |evels and human exposure

The global distribution of chlorofluorocarbons has
been reported by several investigators. Recent neasure-
ments of latitudinal variations of chlorofluorocarbon con-
centrations indicate little difference in CFC-11 and CFC-
12 concentrati ons between the northern and sout hern heni -
spheres. Also there is no significant variation with alti-
tude up to 6 km above the Earth's surface. The nmeasured
concentrations of chlorofluorocarbons in urban/suburban
air are higher than those in rural/renote areas because of
contributions from | ocal sources of em ssion.

At nospheric levels of CFC-11 and CFC-12 increased
steadily up to 1985, when comnbined |evels for these two
compounds in the USA were 9120 ng/n? in urban/suburban
areas and 2720 ng/m in rural/renmote areas for both com
pounds. From these data, human inhal ation intake has been
estimated at 182 and 54 ng/day in these tw types of
areas.

The nmean surface ocean concentrations of CFC-11 and
CFC-12, reported fromthree nutually distant |ocations,
were of the order of 0.2 ng/litre. However, 0.62 ng CFC- 11

per litre was neasured in the Geenland Sea in 1982 and
values of wup to 0.54 ng/litre have been nmeasured in
Japanese coastal waters. The hi ghest value for CFC-12

reported was 0.33 ng/litre in these sane coastal waters.
Much hi gher |evels have been neasured in fresh water in



Lake Ontario where 249 ng CFC-11 per litre and 572 ng CFC-
12 per litre have been recorded. Chlorofluorocarbons have
not been detected in drinking-water, but have been found
in snow and rain water in Al aska, in Lake Ontario, and in
the Niagara river. CFC-11 has been detected at |evels of
0.1-5 pg/ kg (ppb) (dry weight basis) in various organs of
fish and nolluscs. However, the presence of chlorofluoro-
carbons in processed food has not been docunented.

1.5. Kinetics and netabolism

Chl or of | uorocarbons may enter the human organi sm by
i nhal ation, ingestion, or dernal contact. I nhal ation is
the nost comon and inportant route of entry, and exha-
lation is the nost significant route of elimnation from
the body. Controlled studies with volunteer subjects and
experinmental animals have provided substantial data from
exposures to a nunber of the chlorofluorocarbons. These
data indicate that chl orofl uorocarbons:

* can be absorbed across the al veol ar nmenbrane, gastro-
intestinal tract, or the skin;

* are absorbed rapidly into the blood, follow ng inha-
I ati on;

* are absorbed into the blood at a decreasing rate as
bl ood concentration increases;

once in the blood, are absorbed by various tissues;

will reach a stable blood level if exposure is suf-
ficiently long, indicating an equilibrium between the
air cont ai ni ng the chl orofl uorocarbons and the

bl ood;

* are still absorbed by body tissue, after the initia
bl ood |evel stabilization, and continue to enter the
body.

Studies with animals indicate that chlorofluorocarbons
are rapidly absorbed after inhalation and are distributed
by blood into practically all tissues of the body. The
hi ghest concentrations are wusually found in fatty or
i pid-containing tissues. However, chl orofluorocarbons are
also found in organs with a good blood supply, e.g.
heart, |ung, kidney, nuscle.

Results from ani mal and human netabolic studies have
denmonstrated the resistance of chlorofluorocarbons to
breakdown or netabolic transformation in biological sys-
tems. These results suggest that chlorofluorocarbons, in
general, are netabolized to a very small degree, if at
all, follow ng exposure.

Regardl ess of the route of entry, chlorofluorocarbons
are elimnated al nost exclusively through the respiratory
tract via exhaled air. No significant recovery of chloro-
fluorocarbons or their netabolites has been reported in
studies attenpting to identify metabolic transformation
products via elimnation in urine or faeces.

1.6. Effects on the environnment
Certain chlorofluorocarbons, including CFC-11, 12,

113, 114, and 115, are extrenely stable under conditions
found in the |ower atnosphere. It is not until these



gases nmigrate into the high-energy radiation environnment
of the upper stratosphere that photol ytic processes split
the chlorine off fromthe chlorofluorocarbons. These
chlorine radicals catalytically destroy ozone. Strato-
spheric ozone absorbs solar ultra-violet radiation (UV-B
280-320 nm wavel ength) allowing only reduced UV-B radi-
ation to penetrate to the surface of the earth.

Experi mental evidence suggests that increased UV-B
irradiation at the Earth's surface, resulting from ozone
depl etion, would have deleterious effects on both terres-
trial and aquatic biota. Despite uncertainties resulting
from the conplexities of field experinents, the data cur-
rently available suggest that crop yields and forest pro-
ductivity are vulnerable to increased | evels of solar UV-B
radi ati on. Existing data al so suggest that increased UV-B
radiation wll nodify the distribution and abundance of
pl ants, and change ecosystem structure.

Vari ous studies of marine ecosystens have denonstrated
that UV-B radiation causes danmage to fish [arvae and juv-
eniles, shrinmp |larvae, crab |arvae, copepods, and plants
essential to the marine food web. These damagi ng effects
i nclude decreased fecundity, growth, and survival. Exper-
imental evidence suggests that even small increases in
anbi ent UV-B exposure could result in significant ecosys-
t em changes.

1.7. Effects on experinental animals and in vitro systens

The acute inhalation toxicity of chlorofluorocarbons
has been extensively studied. The chl orofl uorocarbons con-
sidered in this nonograph show | ow acute inhalation tox-
icity. The synptonmatol ogy of acute intoxication involves
CNS effects, secondary effects on the cardi ovascul ar sys-
tem and irritation of the respiratory tract. The limted
information available on the acute oral toxicity of
chl orof l uorocarbons indicates low toxicity. Wen applied
dermally in high doses, CFC-112, CFC-112a, and CFC 113
cause various degrees of irritation but no other signifi-
cant effects.

Short-term inhal ation studies have been reported for
CFC-11, CFC-12, CFC-112, CFC 113, CFC-114, and CFC-115.
The results showed low toxicity, and the effects observed
were related mainly to the CNS, respiratory tract, and the
l[iver. Oral toxicity studies have confirnmed the |ow tox-
icity.

In a long-terminhal ation study, rats were exposed to
CFC-113 at 0.2, 1, or 2% (15.3, 76.6, or 183 g/ n?) 6 h
per day, 5 days/week for up to 2 years. No histopathol ogi -
cal effects or changes in clinical |aboratory val ues were
observed. The only finding considered by the authors to
be treatnment-related was a reduction in body weight gain
in the groups exposed to the two hi ghest doses.

The available information indicates that the fully
hal ogenated chl orofl uorocarbons evaluated in this nono-
graph have little or no nmutagenic or carcinogenic poten-
tial. Negative results have been obtained in vitro using
bacteria and mmmualian cells with or wi thout netabolic
activation and in the dominant |ethal test.



Long-term carcinogenicity studies (by oral and inha-
[ation routes) with CFC-11 and CFC-12 in rats and mice
showed negative results. Although a tunorogenic response
in the nasal cavity was observed in rats wupon inhalation
of CFC-113, this response was considered equivocal. The
tumours were of various norphol ogies and the incidences
were not dose-rel ated.

O the eight chlorofluorocarbons reviewed in this
docunent devel opnent al toxicity studies have been
reported in the available scientific literature for CFC
11, CFC-12, and CFC-113. No evidence of enbryotoxicity,
fetotoxicity, or teratogenicity has been docunented for
any of these three chlorofluorocarbons.

1.8. Effects on hunmans

Controlled studies of volunteers using CFC-11 and
CFC-12 reveal ed no observable effects on clinical haena-
tol ogy and chenistry, EEG or neurol ogical parameters.

At hi gh concentrations, subjects experienced a
tingling sensation, humming in the ears, and apprehension
EEG changes were noted as well as slurred speech and de-
creased performance in psychol ogical tests. An exposure to
an 119 (545 g/ nd) concentration of CFC-12 for 11 nmin
caused a significant degree of cardiac arrythnm a, followed
by a decrease in consciousness with amesia after 10 m n.

Foll owi ng exposure to CFC-12 at a concentration of 1%
(50 g/ ) for 150 nin, a 7% decrease in psychonotor test
scores was noted, but no effects were observed at 0.1%
(5 g/ ne).

In a study in which 10 subjects were exposed to CFC
11, CFC-12, CFC-114, two mxtures of CFC-11 and CFC-12,
and a mixture of CFC-12 and CFC-114 (breathing concen-
trati ons between 16 and 150 g/ n?) for 15, 45, or 60 sec-
onds, significant acute reduction of wventilatory |ung
capacity (FEF50, FEF25) was reported in each case, as wel
as bradycardia and i ncreased variability in heart rate and
atrioventricul ar bl ock

Psychonot or performance was eval uated using CFC- 113 at
concentrations of 0.15% (12 g/n¥), 0.25% (19 g/ md),
0.35% (27 g/ m), or 0.45% (35 g/ n?) for 165 nmin. There
was no effect at the | owest concentration, but there was
difficulty in nmental concentration and sone decrease in
test scores beginning at 0.35% (27 g/ n?).

a Throughout this nonograph, percentages of chlorofl uorocarbons
in air are expressed as the volune of chlorofluorocarbon divided
by the volune of air

Limted studies indicate that individuals with a prior
hi story of skin reaction to deodorant sprays containing
CFC-11 or CFC-12 may becone sensitized to dermal appli-
cations of certain chlorofluorocarbons. The trachea
nmucociliary function in five non-snokers was not inpaired
by exposure to CFC-11



Two studi es suggest that normal occupational exposure

to CFC-113 does not pose a serious health hazard. No
adverse effects occurred at occupational |evels as high as
0.47% (36.7 g/ m), with an average level of 0.07%
(5.4 g/ nPd).

Al t hough chl orof | uorocarbons have been used for over
50 years, only one cohort study (539 exposed workers) is
available. No increase in total deaths or tumour deaths
was observed.

Significant acute reduction in the ventilatory |ung
capacity of hairdressers using chlorofluorocarbon-contain-
ing hairsprays was observed in several studies. Cases of
neurol ogi cal effects attributed to occupational exposure
to chlorofluorocarbons have been reported. One case of
neuropathy in a laundry worker, exposed to tetrachloro-
ethene and to undeterm ned | evels of CFC-113 for 6 years,
has been descri bed.

Non- occupati onal exposure and accidental or abusive
i nhal ati on of aerosols have al so been documented, the main
synptons being CNS depression and cardiovascul ar reac-
tions. Cardiac arrythm a, possibly aggravated by el evated
|l evel s of catecholanines due to stress or by noderate
hypercapnia, is suggested as the cause of these adverse
responses, which may |ead to death.

Increased UV-B radiation is expected to lead to pre-
domi nantly adverse effects on human health, but the state
of know edge varies greatly fromone effect to another
It is wvirtually undisputed that the incidence of non-

mel anoma skin cancers will increase. Projections based on
recent data indicate that the incidence of non-nelanoma
skin cancers will increase by 3% for every 1% depl etion of

ozone. On this basis, an ozone depletion by 5% woul d | ead,
after several decades, to about 240 000 additional new
cases of non-nel anoma skin cancer per year, worl dw de.

UV-B radi ation appears also to play a role in the for-
mati on of the nore dangerous cutaneous mnel anomas. However,
there is insufficient know edge to determ ne accurate
dose-response rel ati onshi ps.

The i mune systemis influenced by U/-B radiation in
various ways. Although the know edge available is insuf-
ficient to predict the consequences of ozone depletion for

human health, increased incidence of sone infectious dis-
eases m ght be one of the consequences.

The nost inportant effect for the human eye would be
an increase in the incidence of cataracts, a permanent
clouding of the eye lens which |eads, even at current
I evel s of UV-B radiation, to inpaired vision and blindness
i n many peopl e.

Increased UV-B radiation woul d be expected to increase
phot ochenmical snmpg, and this would aggravate the related
health problens in urban and industrialized areas.

1.09. Eval uati on of hunan health risks



The nost inportant direct effects on humans from ex-
posure to chlorofluorocarbons are caused by the excessive
concentrations resulting fromindustrial accidents or poor
occupational practices and from m suse or abuse of the
chem cals when used as solvents or as propellant gases.
Rel ease of chl orofl uorocarbons into the global environnent
during use, disposal of wastes, transport, and storage are
an increasing concern because of the potential inmpact such
uncontrolled releases may have on the future health of
manki nd, mainly through the depletion of stratospheric
ozone.

2. I DENTITY, PHYSICAL AND CHEM CAL PROPERTI ES, ANALYTI CAL METHODS
2.1. ldentity

The chl orofluorocarbons (CFCs) considered in this
nonogr aph are conpounds derived by the conplete substi-
tution of the hydrogen atoms in methane and ethane with
both fluorine and chlorine atons. Chlorofl uorocarbons con-
tai ni ng hydrogen (designated HCFC) will be reviewed in a
subsequent report. The chemnmical fornul ae, relative nol ecu-
| ar nmasses, conmon names, common synonyns, and CAS Regi s-
try nunbers of sone of the chlorofl uorocarbons reviewed
(CFCs 11, 12, 13, 112, 112a, 113, 113a, 114, 114a, 115)
are given in Table 1.

Chl or of  uorocarbons are marketed under many different
trade names, e.g., Algcon, Algofrene, Arcton, Eskinon,
Fl ugene, Forane, Freon, Frigen, Cenetron, |sceon, Gsotron,
Khl adon. The i ndividual chem cal substances are character-
i zed by code nunbers, as defined in DIN 89 62, which are
very wi dely adopted and uniformy used.

2.1.1. Technical product

Commercial chl orofl uorocarbons rank anong the hi ghest
purity organic chenmicals sold in the USA (Bower, 1973),
the purity of commercial CFC 11 and CFC-12 commonly ex-
ceeding 99.9% (Ham I ton, 1962). The predom nant isoners of
the ethane series (CFC-113, CFC-114) are the nore symetri -
cal ones (CC,F.CAF, and COF,. CClF,). CFC-113 usually
contains no nore than a few tenths of 1% of CFC-113a
(Ccd ;. CFy), while CFC-114 wusually contains no nore
than 7-10% CC ,F.CF;. Levels of other inpurities in the
four major CFCs (CFC-11, CFC-12, CFC-113, CFC-114) are:
nmoi sture, 10 ppm residue, a few ppm acids, nuch |ess
than 1 ppm and non-condensibles (i.e., air conponents)
100- 200 ppm in the liquid phase or 0.5-1.0% in the gas
phase (Ham Iton, 1962).

The commercial chlorofluorocarbons nmay al so be fornu-
lated with chemicals other than CFCs, such as actone,
et hanol , isopropanol, and nethylene chloride. In addition
ni tronethane or other stabilizers are sonetinmes added to
al cohol - based aerosols (0.3% by weight) (Du Pont, 1980a).

Table 1. ldentity and physical and chem cal properties of comrercially
significant fully hal ogenated chl orofl uorocarbons?@



Chenical formula

Rel ati ve nol ecul ar
nmass

Conmon nane

CAS registry nunber

Commmon synonyns
and trade nanes

Physi cal state
Col our

Gdour

Melting point (°C)
Boiling point (°C)

Fl ashpoi nt P

Density of saturated
vapour at boiling

point (g/litre)

Solubility in water
(25 °Q (wm %

Conversion factor

(ppn( v/ V) -> ny/ n¥)
(20 °0Q)

137. 37
trichl oro-

fl uoro-

nmet hane
75-69-4
CFC-11, F-11
Freon 11,

Frigen 11,
Arcton 9

[iquid at

t enper at ur es
< 23.7 °C
col ourl ess
fai nt etherea
-111

23.82

NF

5. 86

0.11

120. 92

di chl or odi o-
f1 uor net hane

75-71-8
CFC-12, F-12,
Freon 12,
Arcton, Frigen
Genetron 12,
Hal on, Osotron

gas

col ourl ess
nearly
odour | ess
- 158
-29.79

NF

6.33

0. 028

5.03

104. 46

chlorotri -
fl uor onet hane

75-72-9
CFC-13, F-13
12,

2

gas

col ourl ess
et herea
-181

-81.4

NF

7.01

0. 009

4.34

CC1,F. Cd ,F

203. 82

1, 2-di fl uoro-
1,1,2,2-tetra-
chl or oet hane

76-12-0

CFC- 112, F-112

solid

white
slightly
canphor-1ike
26

92.8

NF

7.02

0.012

Cd 4. ¢
203.
1, 1-
1, 2,
tetr
et ha

76-1

CFC-
F-11

sol i

40. 6

91.5

NF

(saturation pressure)

8. 47

Chenical formula

Rel ati ve nol ecul ar
mass

Common name

CAS registry nunber

Commmon synonyns
and trade nanes

Physi cal state

1,1,2-tri-
chloro-1, 2, 2-
trifluoro-

et hane

76-13-1

CFC- 113, F-113
Freon 113

liquid

1,1,1-tri-
chloro-2, 2, 2-
trifluoro-

et hane
354-58-5

CFC-113a

liquid

Ca F,. Cd F,

170. 92

1, 2-di chl or o-
1,1,2,2-tetra-
fl uor oet hane

76-14-2

CFC- 114,
F-114

gas

1, 1-di chl or o-
1,2,2,2-tetra-
fl uor oet hane

374-07-2

CFC- 114a,
F-114a

gas

76-1

CFC-
Freo

gas



Col our col ourl ess col ourl ess

Odour nearly nearly
odour | ess odour | ess

Melting point (°C) -35 14. 2 -94

Boiling point (°C) 47.57 45. 8 3.77

Fl ashpoi nt P NF NF NF

Density of saturated 7.38 7.83

vapour at boiling
point (g/litre)

Solubility in water 0.011 0. 009
(25 °C) (vt %

Conversion factor 7.79 7.79 7.11
(ppm(v/v) -> ngl/n¥)

(20 °Q

-94

.6

colo

- 106

- 39.

NF

8.37

0. 00

6.42

From Du Pont (1980b); Smart (1980); Hawl ey (1981); and W ndhol z (1983).

a
b NF: non-flammmabl e.
2.2. Physical and chem cal properties

Chl or of  uorocarbons are usually characterized by high
vapour pressure (low boiling point) and density and |ow
viscosity, surface tension, refractive index, and sol u-
bility in water. The common physical and chem cal proper-
ties of the commercially significant chlorofluorocarbons
are given in Table 1.

The degree of fluorine substitution greatly affects
the physical properties of chlorofluorocarbons. In gen-
eral, as the nunber of fluorine atons replacing chlorine
i ncreases, the vapour pressure also increases, but the
boiling point, density, and solubility in water decrease.
For example, in the chlorofluoroethane series, vapour
pressure increases with fluorination in the sequence:

CFC-112 < CFC-113 < CFC-114 < CFC-115 < CFC- 116

The solvent power of the chlorofluorocarbons ranges
frompoor for the highly fluorinated conpounds to fairly
good for the less fluorinated conpounds (Du Pont, 1980b).
Being typical non-polar liquids, they exhibit [ow water
solubility.

Apart fromtheir use as chenical internediates, the
chl or of | uor ocar bons revi ewed find applications t hat
reflect their chemical stability rather than chenica
reactivity. This chemical stability is a result of the
strength of the C-F bond (Bower, 1973).

Al t hough quite inert, chlorofluorocarbons do exhibit
sone chemical reactivity in sone applications. For
exanpl e, although they exhibit a lowrate of hydrolysis
conpared with other halogenated conpounds, the rate of
hydrolysis is greatly affected by tenperature, pressure,
the presence of netals, and the pH of the solution (Du
Pont, 1980a,b). Thus CFC-11 is considered unsuitable for



wat er - based products packaged in netal containers since
somre netals may catalyse the hydrolysis of CFC-11 with
liberation of acid. Sanders (1960) has denopbnstrated a
free-radi cal reaction bet ween CFC-11 and al cohol s
resulting in dichlorononofluoronmethane and small anounts
of tetrachlorodifluoroethane. The reaction is inhibited
by high concentrations of oxygen and, therefore, it is
unlikely that it wll occur in nature. In sonme cases
dechlorination by zinc (also by nagnesium and al um ni um
can occur in the presence of polar solvents:

Zn
FCl2C-CCF2 -> FC C=CF2 + ZnC?2
Al coho

Chl or of l uorocarbons are highly resistant to attack by
conventional oxidizing agents at tenperatures <200 °C
(Downi ng, 1966; Bower, 1973). 1In general, they exhibit a

high degree of thermal stability, but when pyrolysis
occurs in the presence of humdity the products usually
include hydrofluoric and hydrochloric acid and, in the
presence of either water or oxygen, phosgene.

The photolysis of chlorofluorocarbons is discussed in
section 4.2.3.

The carbon-fluorine bonds in chlorofluorocarbon com
pounds are extrenely resistant to alnpost all chemnica
reagents. Reduction with hydrogen does not occur unti
tenperatures are >830 °C, and often the C-C bond is also
cl eaved. Strong reducing agents such as |ithium al um nium
hydride wll not reduce the C-F bond. However, chlorofl u-
orocarbons react violently with alkali and al kaline earth
nmetals, such as sodium potassium and barium (Bower,
1973) .

2.3. Conversion factors

Conversion factors for the chlorofluorocarbons re-
viewed in this nonograph are given in Table 1.

2.4. Analytical nethods

Several analytical procedures used for the determ -
nati on of chlorofluorocarbons are sunmarized in Table 2.
Met hods used include spectrophotonetry, gas chromat ography
with several quantification procedures, and nass spec-
trometry. However, the majority of nmethods use gas
chromat ography with various detection techniques. Methods
for sanple collection have been developed to achieve
greater selectivity and sensitivity.

Table 2. Analytical nmethods for the determ nation of chlorofl uorocarbons

Sanpl e Sanpi ng et hod/ cl ean-up Anal yti cal method Det ecti on Ref e
type [imt
v/ v
Air nodi fied inlet with silicon 100 ppb Col
rubber nenbrane; Ule

mass spectrometry



gas chromat ography - el ectron
capture detection

gas chromat ography - electron
capture detection

gas chromat ography - el ectron
capture detection

gas chromat ography - electron
capture detection

gas chromat ography - el ectron
capture detection

gas chromat ography - el ectron
capture detection

gas chromat ography - el ectron
capture detection

gas chromat ogr aphy -

hi gh-resol uti on
mass spectronetry

50- 100 ppb

5-10 ppt

1 ppt

1 ppt

1 ppt

1 ppt

1 ppt

2.6 ppt

Col
al .

Love
al .

Su &
(197
et a

Paryj
al .

Rei ne
Baec

Rudo
(198

Si ng
(198

Maki
(198

Cresc
et a

Anal yti cal method

Det ecti on
limt
viv

Air

Air

Air sorption on cold (< -50 °C)
activated carbon

Air sorption on cold (< -50 °C)
Tenax- TA+ activated carbon

Air cryogeni c trapping i n porous
gl ass beads

Air sorption on cold (liquid
N2) SE-30/gl ass woo

Air sorption on cold (-40 °C)
Ov-101

Air sorption on cold (< -50 °C)
activated carbon

Table 2. (contd.)

Sanpl e Sanpi ng net hod/ cl ean- up

type

Air

Air sorption on Tenax GC/
activated carbon

Air

(occupational)

Sea water dynami c purge and trap

Bl ood head space

absorption spectronetry using
di ode | aser

capillary colum gas
chromat ography - el ectron
capture detection

spectrophotonetry of pyridine
conpl ex

gas chromat ography - el ectron
capture detection
gas chromat ography - el ectron

capture detection

7 ppm
0. 003 ng/
litre

0.01-0.01
ng/litre

Zasa
et a

Hana
(198

3.  SOURCES OF HUMAN AND ENVI RONVENTAL EXPOSURE

3.1. Natural occurrence

The chl orofl uorocarbons discussed in
are not known to occur in nature.
3.2. Man-nmmde sources

Al nost all chlorofl uorocarbons produced,

t hi s nonogr aph

except for



those wused as chenical internmediates, are eventually
rel eased into the environnment, whether during nmanufacture,
handling, wuse, or disposal. The significance of the
rel ease nechani snms discussed below should be eval uated
with this in m nd.

3.2.1. Production levels

The estimated world production of the three inportant
potentially ozone-depleting chlorofluorocarbons (CFC-11
CFC-12, and CFC-113) in 1985 was approximately one nillion
tonnes, about 30% being in the USA (SRI, 1986). Table 3
i ndicates sone of the mpjor world producers in 1985 (CMA,
1986; CMR, 1986; Rand, 1986; SRI, 1986).

The reported total demand for all chlorofl uorocarbons
in the USA in 1985 was 458 000 tonnes (CWVMR, 1986), a 26%
increase fromthe demand figure in 1980 (CMR, 1981). Pro-
duction figures for CFC-11, CFC-12, and CFC-113 in the USA
for 1974-1985 are given in Table 4. 1In 1984, these three
CFCs accounted for 83% of the total chlorofluorocarbons
produced in the USA (US ITC, 1985). Based on the 1980
demand and the strong market position in several appli-
cations, CMR (1986) projected that the demand for chl oro-
fluorocarbons in the USA would grow to 458 000 tonnes in
1985 and reach 590 000 tonnes by 1990, a positive growth
in this 5-year period of 5% per year. However, this was
before the Mntreal Protocol was signed in Septenber
1987.2 The demand for CFC-11, which is used nainly for

2 The Montreal Protocol on Substances that Deplete the
Ozone Layer, signed by 24 countries in September 1987,
requires a 20% reduction in use and production of the
chl orof  uorocarbons 11, 12, 113, 114, and 115 from 1
July 1993 and a further 30%reduction from1l July 1998.
It stipulates a nunber of stepw se inportation bans
bi ndi ng on signatories in order to achieve these
reductions (United Nations Environnent Programe.
Montreal Protocol on Substances that Deplete the Ozone
Layer, Final Act, Mntreal, 1987).

foam bl owi ng, was largely anticipated to follow the expan-
sion pattern of the construction industry. Demand for flu-
oropol yners made from CFC-113 (as well as from HCFCs 22
and 142b) is expected to grow at a rate of 10%or nore
because of electrical and electronic applications. The
demand for CFC-113 is also expected to grow because of its
use as a solvent in the sem -conductor industry and as a
repl acenent for chlorinated solvents wunder regulatory
pressure (CMR, 1986). Between 1964 and 1974, the pro-
duction of CFC-11 and CFC-12 increased at 8 and 9% per
year respectively. At that time, the hypothesis that
certain chlorofluorocarbons that accunulate in the upper
at nosphere could deplete the earth's ozone layer had a
maj or i npact on the fluorochem cal industry (Snart, 1980).

The US EPA (1978) ruled that nobst aerosol products con-
taining CFC-11 and CFC-12 propellants could not be manu-
factured in the USA after 15 Decenber, 1978. As a result,
the production of CFC-11 and CFC-12 fell sharply, stabil-
izing in 1980. However, with the entry into force of the
Montreal Protocol, which progressively Ilimted the pro-



ducti on

of CFCs-11, 12, 113, 114,

and 115, the rel ease of

all of these chlorofl uorocarbons should decline.

Tabl e 3.
in 1985a0b

Argentina

Australia

Br azi |

Canada

France

Cer many,
Feder al
Republ i c of
G eece

I ndi a

Italy

Japan

Mexi co

Net her | ands

Spai n

United
Ki ngdom

USA

Venezuel a

& From CMA (1986);
b Trade nanes are given in parentheses,

Some of the major world producers of chlorofl uorocarbons

Ducilo S. A (subsidiary of Du Pont de Nenours and Co.)

Paci fic Chem cal
Atochem S. A.);

I ndustries Pty. Ltd. (subsidiary of
Australian Fluorine Chemical Pty. Ltd.

Du Pont do Brasil S.A (subsidiary of Du Pont de Nenours
and Co.); Hoechst do Brasil Quimica e Farmacéutica S. A
(subsidiary of Hoechst A G)

Allied Canada, Inc.
Canada I nc.

(subsidiary of Allied Corp.); Du Pont

At ochem S. A.

Hoechst AG (Frigen); Kali-Cheme AG (Kaltron)

Soci été des Industries Chimques du Nord de la Gréce, S A
Navi n Fl uorine Industries

Mont efl uos S. p. A. (Al gofren)

Asahi dass Co., Ltd. (Asahiflon); Daikin Kogyo Co., Ltd.
(Daiflon); Du Pont Mtsui Fluorochem cal Co., Ltd. (Flon)
Showa Denko, K. K

Qui nol easi cos, S.A. (subsidiary of Allied Corp.);
Hal ocarburos S. A. (subsidiary of E.1. Du Pont de Nemours

and Co., Inc.)

Akzochem c B.V.; Du Pont de Nenours (Nederland) B.V.
(subsidiary of E.lI. Du Pont de Nemours and Co., |nc)
Ugimca S. A (subsidiary of Atochem S.A. ); Hoechst

| berica (subsidiary of Hoechst AGQ; Kali-Cheme S A

(subsidiary to Kali-Cheme AG

I mperial Chemnical Industries PLC (Arcton); 1.S.C
Chemicals Ltd. (Isecon)

Allied Corp.; E.I. Du Pont de Nemours and Co. Inc.; Essex
Chemical Corp.; Kaiser Al um num and Chem cal Corp.;

Pennwal t Cor p.

Produren (subsidiary to Atochem S.A.)

CVMR (1986); and SRI (1986).

wher e avai l abl e.

From Noble (1972) and Smart (1980).



Table 4. Production of the major chlorofluorocarbons
in the USA in thousands of tonnes?2

Year CFC- 11 CFC- 12 CFC-113P
1985 73.9b.c 127.9b.c 73 2c
1984 83.9 152. 7 65. 9d
1982 63.6 117.0 NA
1980 71.7 133.8 NA
1979 75.8 133.3 NA
1978 87.9 148. 4 NA
1977 96. 4 162.5 >23.1
1976 116. 2 178. 3 NA
1975 122.3 178. 3 NA
1974 154. 6 221.1 29.0

From US ITC (1975-85), unless otherw se specified.
From Smart (1980), US EPA (1980), and Rand (1986).
¢ It is assunmed that consunption was the sanme as
production vol une.
d Estimated val ue fromthe 1985 production data and
t he assunption that the 1984 production vol ume was
10% | ower (CMR, 1986).
NA = Not avail abl e.

3.2.2. Mnufacturing processes

The traditional nethod for manufacturing the fully
hal ogenat ed chl orof |l uorocarbons is the catal ytic displ ace-
ment of chlorine from chl orocarbons with fluorine by reac-
tion wth anhydrous hydrogen fluoride (Hamlton, 1962,
Smart, 1980). Carbon tetrachloride, and hexachl or oet hane
(or tetrachloroethylene plus chlorine) are conmonly used
starting materials for 1- and 2-carbon chlorofl uorocar-
bons. Carbon tetrachloride is normally used for producing
CFC-11, CFC-12, and CFC-113. The reaction can occur in
either liquid or vapour phases. The processes use antinony
pentafl uoride or an equivalent catalyst, in contact with
whi ch the chl orocarbon and hydrogen fluoride react. Excess
hydrogen fluoride may then be recovered and the chlorofl u-
orocarbon streamis neutralised to renove traces of acid
and dried. The chlorofluorocarbons are then separated in
a fractionating colum and sent to storage. An alternative
process for the production of the nethane-based chl orofl u-
orocarbons uses the direct reaction of nethane wth a
m xture of chlorine and hydrogen fluoride (Noble, 1972).
O her comercially inportant chlorine-fluorine-substituted
hydr ocar bons are manuf actured by simlar processes
(Lowenhei m & Moran, 1975).

The production processes described above give very
hi gh yields. Losses of chlorofluorocarbons are limted to
smal | mechani cal | eakage, small amounts |leaving with the
by- product hydrogen chloride, and m scell aneous venti ng.
The total material loss is estimated to be 1% at nost

(McCarthy, 1973) for the production operations excluding
transport and storage. Fuller et al. (1976) assumed a
total production loss of 1.5%for the comercially pro-
duced chl or of | uor ocar bons.



3.2.3. loss during disposal of wastes

The release of chlorofluorocarbons into the environ-
ment during their disposal arises mainly frompre-fabri-
cated refrigeration and air-conditioning equi pnent .
Envi r onnent al contam nation due to chlorofluorocarbon
di sposal results principally fromthe foll ow ng:

* Unreclaimed refrigerants in the cooling systens of
scrapped pre-fabricated-type refrigeration and air-
conditioning wunits. Disposal of these old appliances
is usually to scrap yards or waste dunps. Efforts are
made in sonme countries to renove chlorofluorocarbon
refrigerants before discardi ng equi pnent.

* Di scarding of vessels containing unused chl orofl uoro-
car bons.

* Ti me-rel ease of trapped blowing agents in rigid
urethane products. This is a mnor source of environ-
mental contami nation compared with that of scrapped
refrigerants.

Waste disposal streans resulting from manufacturing
operations are very mnor contam nation sources conpared
with scrapped refrigerants.

Because of the high vapour pressure of chlorofl uoro-
carbons at anbient tenperature, all rel eases pass eventu-
ally into the atnmosphere except in cases where the com
pounds have been chemically altered.

3.2.4. Release fromtransport, storage, and accidents
3.2.4.1 Transport and storage

The principal factor required for the transport and
storage of the nmmjor chlorofluorocarbons is adequate
design to neet the el evated pressures. The products are
shipped in a wide variety of pressure containers ranging
from23-litre druns to 91-n? tank cars.

The <containers are fitted with safety valves, rupture
discs, and fusible plugs according to US Interstate
Commerce Commission (1CC) specifications; also included
are requirenments for labelling and | eak pressure testing.

Loss of product during transport and storage is rela-
tively mnor because of the conpletely closed system used.
Losses are further controlled by monitoring discrepancies,

if any, between product billings and receipts. In
addition, the high cost of the products provides an incen-
tive to control |osses. The total industry-wide loss in
transport and storage is <1% of the total quantity pro-
duced.

3.2.4.2 Accidents

Data concerning accidental release are not readily
avail able. However, it is probable that quantities re-
| eased by accident are negligible conpared with quantities
rel eased by use and di sposal



3.3. Use patterns

3.3.1. Major uses

Chl or of  uor ocarbons are conmmercially inportant because
of their unique physical and chenical properties and rel a-
tively |ow physiological activity. They are nmaminly used
as refrigerants, solvents, blowi ng agents, sterilants,
aerosol propellants, and as internediates for plastics.

Table 5 lists the estimted use patterns of chlorofl uoro-
carbons in the USA for the years 1975, 1978, 1981, and
1985. The aerosol propellant market, which consuned hal f

of the total chlorofluorocarbon production in 1975, is
currently a mnor application because of governnental
restrictions.

Esti mated use patterns of CFC-11 and CFC-12 in the USA
and worldwi de (excluding eastern European countries) are
given in Tables 6 and 7, respectively (Rand, 1986). The
"unal | ocated" amounts represent the difference between
the ampunt of estinmated use and the total production data.
According to Rand (1986), part of the unall ocated use con-
sists of unreported food refrigeration use and |osses
during storage, packaging, and transport.

In countries that signed the Mntreal Protocol, the
use of these chlorofluorocarbons will decline.

3.3.2. Release fromuse: controlled or uncontrolled

The rel ease of CFC-11 and CFC-12 during use has caused the greatest
concern environnentally because of their inpact on ozone-depletion
During the mid-1970s, when aerosol propellant use was the nmjor
chl orof | uorocarbon application, aerosols accounted for 75% of the
i medi ate release of CFC-11 and CFC-12, while refrigerants and
bl owi ng agents accounted for 14% and 12% respectively (Snart,
1980). Table 8 shows the estimated rel ease of these two
chl orof l uorocarbons in 1965, 1970, 1975, 1980, and 1985. CMA (1986)
estimated that the total cunulative worl dw de (with the exception
of eastern European countries) release of CFC-11 and CFC-12 as a
result of their wuse since 1931 anmpunted to 13.6 million tonnes in
1985.

Table 5. Estinmated use patterns of chlorofluorocarbons
in the USA2 (% total production)

Application 1975 1978 1981 1985
Aerosol propellants 50 24 <1 2
Refri gerants 28 39 46 39
Foam bl owi ng agents b 12 20 17
Sol vent s 5 11 16 14
Pl astics and resins 10 b 7 14
Sterilant gas b b 2 2
Food freezant b b 1 1
M scel | aneous and export 7 14 7 11

a From CMR (1975, 1978, 1981, 1986).
b Included in mscellaneous category.

Table 6. Estimated use patterns of CFC-11 in the USA and worl dw de2
(excludi ng eastern European countries)



Bl owi ng agent 71% 58%
Refri geration 6% 3%
Aer osol 5% 31%
M scel | aneous 18% 8%

a From Rand (1986).

Table 7. Estimated use patterns of CFC-12 in the USA
and wor | dwi de? (excl udi ng eastern European countries)

Use USA world
Bl owi ng agent 11% 12%
Mobi | e air-conditioning 37% 20%
Retail food refrigeration 4% 3%
Chillers 1% 1%
Home refrigerators 2% 3%
Aer osol 4% 32%
M scel | aneous 10% 7%
Unal | ocat ed 31% 22%

a From Rand (1986).

Table 8. Worl dwi de production and rel ease of CFC-11 and CFC-12 during use
(thousands of tonnes)?

Year Producti on Refrigeration Refrigeration Bl owi ng agent O her Tot al
(hernetically- (non-hernetic) (closed-cell sour ces rel ease
seal ed) f oam onl y)

1965 312.9 0.8 44.9 5.7 232.1 283.5

1970 559. 2 1.2 68.5 16.3 420.7 506. 7

1975 695.1 1.8 103. 8 35. 4 574.0 715.0

1980 639. 8 2.6 156. 1 65.0 359.7 583. 4

1985 703.1 3.9 188. 2 99. 4 357.8 649. 3

a From CMA (1986).
4. ENVI RONVENTAL TRANSPORT, DI STRIBUTI ON, AND TRANSFORMATI ON

4.1. Transport between nedia

Because of the high vapour pressure of chlorofl uoro-
carbons, the mgjor transport nmediumis the atnosphere. For
exanpl e, Lovelock (1972) found that CFC-11 concentrations
in rural southern England and Ireland could be partly
attributed to sources on the continent of Europe.

CFC-11 and CFC-12 introduced into aquatic systens wil |
nost likely volatilize to the atnobsphere. Once in the
troposphere, they will eventually diffuse into the strato-
sphere or be carried back to the earth through precipi-
tation (Callahan et al., 1979).



Data pertaining to the adsorption of CFC-11 and CFC- 12
onto soils and sedinents are inconclusive (Callahan et

al ., 1979). However, the octanol/water partition coef-
ficients of CFGC11 (log P =2.53) and CFC-12 (log P =
2.16) (Hansch et al., 1975) indicate that adsorption onto

organi c particul ates may be possible. In cases of signifi-
cant sorption to soils, the volatilization of these com

pounds will be slower than in aquatic systenms, though vol-
atilization may still be the nmjor transport process from
soi |l s.

4.2. Environmental transformation and degradati on processes

4.2.1. Oxi dati on

No information is available concerning the oxidation
of CFC-11 or CFC-12 in the aquatic environment under anbi-
ent conditions. These two chl orofl uorocarbons are known to
be relatively stable with respect to attack by hydroxyl
radicals present in the troposphere (Lillian et al., 1975;
US EPA, 1975; Cox et al., 1976; Hanst, 1978).

4.2.2. Hydrol ysis

As a group, chlorofluorocarbons exhibit a |low rate of
hydrol ysis conpared with other hal ogenated conpounds, and
the rates of hydrolysis are greatly affected by tenpera-
ture, pressure, and the presence of catalytic materials
such as netals. Should hydrolysis of CFC-12 and possibly
ot her chlorofluorocarbons occur, it would proceed at a
negligible rate conpared with the rate of volatilization
and subsequent photodi ssoci ati on.

4.2.3. Photolysis

4.2.3.1 Photochem stry

At nospheric ozone prevents virtually all sunlight of
wavel engths less than 290 nmfrom reaching the earth's

surface. Since the wavel ength of sunlight at altitudes
below 50 kmis greater than 280 nm which is above the
wavel engt h absorbed by chl orof | uorocarbons (Doucet et al.
1973, 1974), there is no nechanismfor direct photoalter-
ation of these chemcals in the | ower atnosphere.

4.2.3.2 Environnmental transformation

CFC-11 and CFC-12 do not photodi ssociate in the tropo-
sphere, since they do not absorb radiati on at wavel engt hs
greater than 200 nm (Hanst, 1978). They eventual ly diffuse
into the stratosphere (NRC, 1976; Hanst, 1978) where they
are broken down by higher energy, shorter wavelength
ultraviolet radiation (Jayanty et al., 1975; Rebbert &
Ausl oos, 1975; US EPA, 1975; Hanst, 1978; |Isaksen &
Stordal, 1981).

The phot odi ssoci ati on of CFC-11 and CFC-12 each result
in the release of two chlorine atons, since |less energy is
required to cleave the C O bond than the C-F bond
(Rebbert & Ausl oos, 1975). According to Jayanty et al
(1975), the photolysis of CFC-11 in the presence of O, at

213.9 nmand 25 °C |l eads to the production of CFCIO and,



potentially, chlorine nolecules (Cl,), whil e the pho-

tolysis of CFC-12 under the same conditions leads to the
production of CF,O0 and Cl,. Chlorine atoms, released
by reactions such as these, are catalysts in the destruc-
tion of the stratospheric ozone layer (US EPA, 1975;
Hanst, 1978; Enber, 1986; Zurer, 1988).

| saksen & Stordal (1981) rationalized the ozone
depletion by way of a cycle involving the internediate
formati on of chlorine oxide (C1O. The net reaction for
each turn of the cycle is as follows:

a + O -> o+ O
ado+ o0 -> a + 0o
Net O+ O -> 20,

O her sequences involving ultraviolet radiation and rad-
i cal species have al so been proposed (Enmber, 1986).

4.2. 4. Bi odegr adati on

No information on the biodegradability of the comer-
cial chlorofluorocarbons is available (Su & Gol dberg,
1976; Callahan et al., 1979).

4.3. Interaction with other physical, chem cal, or biological factors

As indicated above, the conmercial chlorofluorocarbons
are relatively persistent in the environnment because of
their chemcal stability, although their degree of per-
sistence has not been determined wth accuracy. The

current best estimtes for the average residence tinmes in
the atnosphere are 65, 110, 400, 90, 180, and 380 years
for CFC-11, CFC- 12, CFC 13, CFC-113, CFC-114, and CFC
115, respectively (NASA, 1986).

Assum ng a troposphere-to-stratosphere turnover tine
(the tine taken for 63% of troposphere air to diffuse into
the stratosphere) of 30 years, tropospheric life-tinmes of
65 and 110 years, respectively, would result in about 86%
of tropospheric CFC-11 and CFC-12 eventually reaching the
stratosphere. The effect of the transport of CFC-11 and
CFC-12 fromtroposphere to stratosphere has been revi ewed
by NASA (1986). The addition of CFC-11 and CFC-12 to the
at nrosphere affects the climte in two ways. Firstly, these
conpounds have strong absorption bands in the atnospheric
"wi ndow' region, that is from7-13 um Therefore, both
CFC-11 and CFC-12 will induce a "greenhouse" war m ng
effect by direct absorption of terrestrial radiation. The
second effect is due to the depletion of the stratospheric
ozone layer. Mathematical nodelling has shown that chl oro-
fluorocarbons will reduce the ozone colum. For instance,
it has been calculated that a chlorofluorocarbon growth
rate of 3% per year would lead to a 10% ozone depl etion
within 70 years (NASA, 1986). Changes of that nagnitude,
or even snmaller ones, could have inportant biologica
consequences (sections 6 and 9.4). Additions of chloroflu-
orocarbons to the atnosphere are also predicted to nmodify
the vertical distribution within the ozone col um. As a
result of the unique regional neteorology and the presence



of chlorine radicals in the Antarctic stratosphere,
strat ospheric ozone reductions of 30-50% have been
recently observed there during the austral spring.

The reduction of stratospheric ozone affects the sur-
face in tw ways:

* directly by increasing the penetration of ultraviolet
B radi ati on (290-320 nm;

* indirectly by enhancing the gl obal warm ng effects and
altering climatic conditions.

4.4, Bi oconcentrati on and bi oaccumnul ati on

Dickson & Riley (1976) have found CFC-11 at |evels of
0.6-28 pg/kg (dry weight basis) in various organs of fish
and nolluscs. These |evels, however, do not necessarily
i ndicate a potential for bioaccunul ation.

Neely et al. (1974) suggested that bioaccurulation is
directly related to the octanol/water partition coef-
ficient (P) of the conpound. The experinentally detern ned
| og octanol /water partition coefficients (log P) of CFC-11
and CFC-12 (see section 4.1.1) indicate that the bioac-
curmul ation potential in organisns is |ow

5. ENVI RONMENTAL LEVELS AND HUMAN EXPOSURE
5.1. Environnental |evels
5.1.1. Air

Singh et al. (1979) collected in situ air sanples
aboard a US Coast Guard vessel that sailed the Pacific
Ocean from Gakl and, California, USA (37 °N) to Wellington,
New Zeal and (42 °S). Tyson et al. (1978) nmade neasurenents
at latitudes from74 °Nto 62 °S as part of a 1976 NASA
Latitude Survey M ssion between Al aska, USA, and New
Zeal and. The results of their nonitoring are summari zed
in Table 9.

Table 9. dobal distribution of chlorofluorocarbons in the troposphere (ng/m?)?2

Nort hern heni sphere

Sout hern heni sphere

Chl or o- Mean St andard Mean St andard

fl uorocar bon devi ati on devi ati on

CFC- 11 747.5 (113) 75.3 (13.4) 668.8 (119) 65.8 (11.7)
741.8 (132) 50.6 (9) 696.9 (124) 33.7 (6)

CFC- 12 1138.5 (230) 126.2 (25.5) 1039.5 (210) 124.2 (25.1)
1079.1 (218) 54.4 (11) 821.7 (166) 39.6 (8)

CFC- 113 145.9 (19) 26.8 (3.5) 138.1 (18) 23.8 (3.1)

CFC- 114 83.9 (12) 13.3 (1.9) 69.9 (10) 9.1 (1.3

& Figures in brackets are in parts per trillion (by volune).

The increased use of chlorofluorocarbons on a world-
wi de basis has resulted in an increase in the globa
| evel s of these conpounds. The two npbst abundant chl oro-



fluorocarbons in the atnosphere are CFC-11 and CFC-12
(CGuicherit & Schulting, 1985). The annual growh rates in
the 1980s appear to be slower than the growmh rates in the

1970s (Rasmussen et al., 1981). The annual rate of in-
crease in CFC-11 global levels during the period 1975-1980
was 8-12% (Rasnussen et al., 1981; Fraser et al., 1983;

Singh et al., 1983), whereas it was 6-7% during 1980-1981
(Brice et al., 1982; Cunnold et al., 1983b; Prinn et al.
1983; Rasnussen & Khalil, 1986). Simlarly, although the
average annual growh rate for global levels of CFC12
during 1975-1980 was 8-9% (Rasnussen et al., 1981; Singh
et al., 1983), it was only 6% in 1980 (Cunnold et al.
1983b; Prinn et al., 1983; Rasnussen & Khalil, 1986). Both
CFC-11 and CFC-12 showed an accunul ati ve increase of about
60% during the decade 1975-1985 (Rasnmussen & Khalil,
1986) .

Data on the atnospheric concentrations of chlorofluo-
rocarbons are shown in Table 10. Measur ement s of atnos-
pheric chl orofl uorocarbon concentrations up to an altitude
of 6 km did not reveal any significant concentration
changes with increasing altitude (Rasmussen & Khalil,
1982, 1983, 1986; Robinson et al., 1983). Hunter-Smith et
al. (1983), Rasnussen & Khalil (1983), and Singh et al
(1983) studied the latitudinal variation in chlorofl uoro-
carbon concentrations between the northern and southern
hem sphere and reported inter-hem spheric contrasts (ratio
of concentration between northern and southern hem-
spheres) of 1.08 for CFC-11, 1.07-1.08 for CFC-12,
1.10-1.25 for CFC-113, and 1.08 for CFC-114. Table 10
reveal s that the concentrations of chlorofluorocarbons are
hi gher in urban areas than in renote areas, this being the
result of |ocal em ssion sources. The urban concentrations
of chlorofluorocarbons (CFC-11 and CFC-12) in the People's
Republic of China, with the exception of Beijing, are the
same as background levels in the USA. This is probably due
to the less extensive use of these conpounds in urban
areas in China (Rasnmussen et al., 1982).

Medi an concentrations of the npst abundant conpounds,
CFC-11 and CFC-12, in several urban/suburban areas and
rural/renmpbte areas in the USA are reported in Table 10
(Brodzinsky & Singh, 1982). These neasurenents were nmde
from 1972 to 1980, the nmedi an year being 1975. Medi an con-
centration values of 1090 and 3420 ng/m® for CFC-11, and
1630 and 5700 ng/n? for CFC-12, in rural/renmpte and
ur ban/ suburban areas, respectively, were projected for
1985, assuming that the average annual growh rate for
bot h conpounds woul d be 5% (NASA, 1986). Assuning that an
individual inhales 20 n? air/day, the total inhalation
exposure (CFC-11 plus CFC-12) in 1985 would be 54 or
182 pg/day in rural/renmote or urban/suburban areas of the
USA, respectively. Using the 1985 data from Ragged Poi nt,
Bar bados, as a basis, the inhalation for conbined CFC 11
and CFC-12 in rural/renote areas in late 1985 would have
been 66 ug/ day.

Tabl e 10. Sonme worl dwi de neasurenents of the atnospheric
concentrations of chlorofluorocarbons
Concentration of
Locati on Year chl or of | uor ocar bons (ng/ n?) Ref er ence
CFC-11 CFC-12 CFC-113 CFC-114



Bar bados

Ragged Poi nt

Sanpa (Anerican)

Poi nt Matatul a

Table 10. (contd.)

1980

1985

1980

NR 1499 NR
1313 2012 NR
NR 1433 NR

NR

NR

NR

Concentration of

chl or of | uor ocar bons (ng/ ne)
CFC-11 CFC-12 CFC-113 CFC-114

United Ki ngdom

Har wel

Adrigole, Ireland
USA

Phoeni x, Arizona

Los Angel es,
California

OGakl and, California

USA rural /renote
(medi an concentration)

USA ur ban/ subur ban
(medi an concentration)

Paci fic Northwest
Nort hern hem sphere
Nort hern hem sphere
Sout hern heni sphere
Sout hern heni sphere
Arctic
Arctic haze
Sout h Pol e
Over Atlantic Ccean

d obal average

1979

1979

1979

1973-
1980

1972-
1980

1980

1978

1978

1978

1978

1982

1979

1980

1342 NR NR
NR 1564 NR
1423 NR 1192
2700 NR 2376
1365 NR 381
685 1911 241
1199 3521 1324
1073 1620 132
919 1378 101
1062 1534 179
845 1283 93
982 1418 164
1174 1780 175
1097 1633 NR
948 1428 86
1056 NR NR
959 NR NR

NR

NR

NR

NR

NR

64

199

NR

NR

100

NR

92

NR

NR

NR

Cunnol d et al. (1983b)
NASA (1986)

Cunnol d et al. (1983b)
Ref erence

Brice et al. (1982)
Cunnol d et al. (1983b)
Singh et al. (1981)
Singh et al. (1981)
Singh et al. (1981)

Br odzi nsky & Singh (1982

Brodzi nsky & Singh (1982

Rasmussen et al. (1981)

Rasnmussen & Khalil (1982
Singh et al. (1983)
Rasmussen & Khalil (1982
Singh et al. (1983)
Rasmussen & Khalil (1983
Khal il & Rasmussen (1983
Rasmussen et al. (1981)
Brice et al. (1982)

Fraser et al. (1983)

NR = not
5.1.2.

reported.
WAt er

Si ngh et al
trations in 1977 at
Ccean.

| ocations in the

(1979) neasured CFC-11 and CFC-12 concen-
vari ous
The average surface

Pacific
concentrati on of CFC-11 was



0.13 (£ 0.006) ng/litre, while the CFC-12 concentration

was 0.28 (£ 0.15) ng/litre. The average concentrations at
a depth of 300 mwere 0.06 and 0.21 ng/litre for CFC 11
and CFC-12, respectively. The concentrations of CFC-11 and
CFC-12 at various locations in the eastern Pacific Ocean
(surface waters) during 1979-1981 were 0.22 and 0.25

ng/litre (Singh et al., 1983), in Geenland Sea surface
water in 1982 were 0.61 and 0.21 ng/litre (Bullister &
Wi ss, 1983), and in Japanese coastal waters were

0.20-0.54 and 0.19-0.33 ng/litre, respectively (Tonita et
al ., 1983).

Sanpl es of water from Lake Ontario anal ysed for wvol-
atile halocarbon contaminants contained nean concen-
trations for CFC-11 and CFC-12 of 249 and 572 ng/litre,
respectively (Kaiser et al., 1983). An al luvial aquifer
in Southington, Connecticut, USA, adjacent to a solvent-
recovery operation was analysed in 1980 for volatile
organi ¢ conpounds, but CFC-12 was not detected (detection
limt not specified) in water obtained from various depths
(Hall, 1984). CFC-11 and CFC-12 have been detected in sur-
face snow and rai nwater in Alaska (Su & Goldberg, 1976).
The detection of chlorofluorocarbons in drinking-water has
not been reported.

5.1.3. Food and other edible products

Wth the exception of a few scattered reports (section
4.4), chlorofluorocarbons have not been neasured in food.

5.2. Cccupational exposure

Informati on on occupational exposure is sunmmarized in
section 9. 2.

6. ECOLOG CAL EFFECTS OF STRATOSPHERI C OZONE DEPLETI ON
6.1. I nt roducti on

Specul ation on the possibility of stratospheric ozone
reduction first appeared in the early 1970's and focused
on the consequences of large quantities of nitrogen oxides
being injected into the upper atnosphere by supersonic
aircraft flying at high altitudes. Oher sources of nitro-
gen oxides originating fromthe earth's surface were al so
consi der ed. These concerns gradual |y di mi ni shed, because
the quantities of nitrogen oxides likely to be involved
were insufficient to cause a serious threat to the ozone

| ayer. However, concern over halogen pollution of the
upper atnosphere arose during the md-1970s (section
4.2.3). The hal ogens of i mediate concern were chlorine

and brom ne. The main source for chlorine is chl orofl uoro-
carbons, which are rel eased worl dwi de from such sources as
aerosol spray cans, certain plastic foans, refrigerators,
and refrigerative air conditioners.

Many gases emitted as a result of industrial and agri-
cultural activities can accunulate in the Earth's atnos-
phere and ultimately contribute to alterations in the ver-
tical distribution and concentrations of stratospheric
ozone. Anmpbng the nost inportant are those trace gases that
have |ong residence tines in the atnosphere. This allows



accurmulation in the troposphere and a gradual upward
mgration of the gases into the stratosphere where they
contribute to depletion of stratospheric ozone. The atnos-
pheric and chemical processes involved are extremely
conpl ex (US EPA, 1987a). Trace gases of particul ar concern
include certain long-lived chlorofluorocarbons, such as
CFC-11, CFC-12, and CFC-113 (for atnospheric residence
times see section 4.3). Since the transport of these gases
to the stratosphere is slow, their residence tinmes there
are long, and the renoval processes are slow, any effect
on stratospheric ozone already seen is probably the result
of ant hropogeni c em ssions of these gases several decades
ago. Those gases already in the atnosphere will continue
to exert stratospheric ozone depletion effects well into
the next century.

The atnospheric nodels that predict future ozone
depletion are in a continual process of refinenent. Over
the years, predicted decreases in stratospheric ozone have
ranged from4 to 18% based on the stratospheric concen-
trations of chlorine expected fromthe 1974 | evels of CFC-
11 and CFC-12 enissions. However, it has gradually been
realized that other gases will influence colum ozone and
that the size and direction of the predicted change in
total ozone during the next century depend critically on
the assunption of the nmultiple trace-gas scenarios. Mny
of the npdelling scenarios tended to assune relatively
uniform rates of ozone |layer reduction widely distributed

above all regions of the Earth. However, areas of dis-
tinctly greater depletion (ranging from 15 to 40% in
recent vyears) have been identified over the South Polar
region during Septenber to Novenber of each year. The
evi dence suggests a likely gradual expansion of this
"Antarctic Ozone Hole" ultimately to extend beyond the
South Pol ar region, possibly comng to reach over nore
heavily popul ated areas of the Southern Hem sphere. Sim -
larly, it is considered likely that an anal ogous, though
l ess intense, zone of upper |evel ozone reduction wll
occur over the North Polar region and expand over popu-
| ated areas of the Northern Heni sphere.

Al t hough ozone constitutes a very small proportion of
the stratosphere, it plays a major role in protecting life
on this planet. The result of changes in the density of
the total ozone colum could, therefore, be far-reaching.
The natural distribution of ozone in the Earth's atnos-
phere, concentrated nost heavily in a diffuse layer in the
stratosphere, is crucial in helping to protect hunman
bei ngs, other biological systens, and man-made materials
from the harnful effects of certain wavelengths of sun-
l'ight. Stratospheric ozone exerts its beneficial effects
by absorbing ultraviolet radiation in the 200- to 320-nm
range, allowing only reduced amounts of UV-B radiation
(280- to 320-nm waveband) to penetrate to the Earth's
surface. In addition, the vertical distribution of strato-
spheric ozone and relative dryness of the air in the
stratosphere help to maintain the radiative bal ance of the
Eart h. Depletion of the stratospheric ozone |layer can,
therefore, be expected to lead to danmmging effects on
human health and the environnent (i) directly by increased
penetration of UV-B radiation to the Earth's surface and
(ii) indirectly through the influence of changes in the



vertical distribution of stratospheric ozone and water
vapour that contribute to global warmng effects and
altered climatic conditions. The possibility of increased
exposure to solar UV-B radiation is a particular cause for
concern because of its effect on humans, other animals,
pl ants, certain manufactured materials, and photochem cal
snog production. Mst of the known biol ogical effects of
UV-B radiation are damaging. Detailed discussions of
evol ving concern about stratospheric ozone depletion and
assessnment of the scientific base underlying such concern
can be found in several recent national and internationa
expert work group reports or synposia (e.g., US EPA
1987a; Schneider et al., 1989; WMJ Canada DOE, 1989). The
following sections summuarize key points from such sources
and discuss their inplications for the devel opnent of
effective international efforts to cope wth ozone |ayer
depl etion.

6.2. Terrestrial plants

Increased UV-B irradiation of the Earth's surface due
to ozone | ayer depletion can be expected to have a nega-
tive inpact on both terrestrial and aquatic biota. In as-
sessing the inpact of increased exposure to UV-B radiation
for crops and terrestrial ecosystens, it nust be recog-
ni zed that existing know edge is in many ways deficient.
The effects of enhanced | evels of UV-B radi ati on have been
studied in only a few representative species fromsone of
the major terrestrial ecosystenms. Mst know edge has been
derived from studies that focused upon agricultural crops
and were conducted at mid-latitudes. Despite uncertainties
resulting fromthe conplexities of field experinments, the
avail abl e data suggest that crop yields are vulnerable to
i ncreased |evels of solar UV-B radiation. Unlike drought
or other geographically isolated stresses, stratospheric
ozone depletion would affect all areas of the world,
i ncluding ecosystens whose UV-B sensitivity has not been
i nvesti gat ed.

Qut of nore than 200 species and cultivars screened
for UV tol erance, about two-thirds have been found to be
sensitive. Mdst tests were done in controlled environnments
with UV radiation fromartificial sources. The UV sensi-
tivity was usually exaggerated when conpared to results
obt ai ned by exposure to solar radiation in the field. The
nost sensitive plant groups include crops related to peas
and beans, nelons, nustard, and cabbage, but there are
| arge differences in sensitivity between the various crops
studied in the field (US EPA, 1987b). In general, UV radi-
ation causes reduced |l eaf and stemgrowth, [ower total dry
weight, and |ower photosynthetic activity in sensitive
cultivars (Tevini & lwanzik, 1986). These results were
corroborated in an experinment sinulating a 25% enhancenent
of solar UV-B radiation (equivalent to 12% ozone
reduction), where UV-B exposure was controlled by an arti-
ficial ozone filter at a high altitude and at a southern
latitude (Tevini et al., 1986). Menmbers of the grass
famly were generally less sensitive (with some notable
exceptions), possibly due to protective abilities such as
photorepair or production of screening pigments (Beggs et
al ., 1986).

The large variation in sensitivity that exists anong



cultivars wthin each crop species suggests that sone
degree of UV tolerance nust be present in the existing
gene pool. The genetic basis for differences in UV-B sen-
sitivity is not fully understood. However, it is possible
that selective crop breeding mght help mtigate some of
the potentially deleterious effects (Teranura, 1983).

In addition to other factors, the quality of crop
yield may be reduced by increased levels of UV-B radi-
ation. Changes in crop quality have not been specifically

exam ned in many studies, but reduced quality has been
noted in certain cultivars of tomato, potato, sugar beet,
and soybean. The protein and oil content of specific
cultivars of soybean seeds were reduced by up to 10% when
pl ants were exposed to UV | evel s equivalent to a 25% ozone
depl etion (US EPA, 1987h).

Increased levels of UV-B radiation may also affect
forest productivity. Only linmted data are available on
coni ferous species, but in studies by Sullivan & Teranura
(1988) about one-half of the species of seedlings were
adversely affected by UV-B radiation. 1In loblolly pine
seedl i ngs, growth and photosynthesis were reduced in field
studies sinmulating a 40%ozone reduction (Teramura &
Sul l'ivan, 1988). However, extrapolation fromthe results
of seedling studies to forested ecosystens is not poss-
ible, nor is interpolation of predicted results at ex-
posure levels simulating a | ower |evel of ozone reduction

The existing data also suggest that increased UV-B
radiation wll nodify the distribution and abundance of
plants, and potentially change ecosystemstructure as a
result of an alteration of the conpetitive bal ance between
different species. Even small changes in conpetitive bal-
ance over a period of tinme can result in |large changes in
comunity structure and conposition (Gold & Cal dwell
1983). The shift in conpetitive balance may occur in
response to subtle changes in plant growth, w thout |arge
changes in fundanental physiol ogical processes such as
phot osynt hesis (Beyschlag et al., 1988). The alteration
of the conpetitive bal ance of species is a dynam c process
affected by the conpeting species and their imediate
envi ronnent . Unfortunately, neither a quantitative nor a
qualitative prediction of how these ecosystens m ght be
altered can be deternmined from the current know edge
base.

6.3. Agquatic organisms

Various experinents have denpnstrated that UV-B radi -
ation causes damage to fish |arvae and juveniles, shrinp
| arvae, crab | arvae, copepods, and plants essential to the
mari ne food web. These damagi ng effects include decreased
fecundity, growh, survival, and other reduced functions
in these organisns (Wrrest, 1982; US EPA, 1987c). Evi-
dence indicates that anbient solar UV-B radiation
al t hough not nearly as inportant as light, tenperature, or
nutrient levels, is currently an inportant limting eco-
| ogical factor, and that even snmll increases in UV-B
exposure could result in significant ecosystem changes
(Dankaer, 1982).



Ef fects induced by solar UVv-B radiation have been
nmeasured to a depth of nore than 20 netres in clear waters
and nore than five netres in less clear water. The

euphotic zone (i.e. water depth with levels of light suf-
ficient for positive net photosynthesis) is frequently
taken as the water columm that reaches down to the depth
at which photosynthetically active radiation is reduced by
99% In marine ecosystens, UV-B radiation penetrates
approximately the upper 10% of the marine euphotic zone
before it is reduced by 99%of its surface irradiance.
Penetration of UV-B radiation into natural waters is a key
variable in assessing the potential inmpact of this radi-
ation on any aquatic ecosystem (US EPA, 1987c).

In marine plant communities a change in species conpo-
sition rather than a decrease in net production would be
the probable result of increased UV-B exposure (Wrrest,
1983). A change in comrunity conposition at the base of
food webs may produce instabilities within ecosystens that
could affect higher trophic levels (Kelly, 1986). The
generation time of marine phytoplankton is in the range of
hours to days, whereas the potential increase in anbient
| evel s of solar UV-B irradiance will occur over decades.
The question remains as to whether the gene pool wthin
species is capable of adapting during this relatively
gradual (relative to the generation tinme of the target
organi sns) change in exposure to UV-B radiation. There is
evi dence that a decrease in colum ozone abundance could
di m ni sh the near-surface season of invertebrate zoopl ank-
ton populations. For sone zoopl ankton, the tinme spent at
or near the surface is critical for food gathering and
breedi ng. Whether these populations could endure a sig-
nificant shortening of the surface season is unknown
(Dankaer et al., 1980).

The direct effect of UV-B radiation on edible fish
| arvae closely parallels the effect on invertebrate
zoopl ankt on. More information is required on seasona
abundances and vertical distributions of fish |arvae, ver-
tical mxing, and penetration of UV-B radiation into
appropriate water colums before effects of exposure to
solar UV-B radiation can be predicted. However, in one
study invol ving anchovy larvae, it was calculated that a
20% i ncrease in UV-B radiati on (which would acconpany a 9%
depl etion of total columm ozone) would result in the death
of about 8% of the annual larval population (Hunter et
al., 1982). This one study was perfornmed in the |abora-
tory, and even the control animals had significant nor-
tality at the end of the normal |arval period. This high-
lights the need for caution when trying to extrapolate
conclusions to natural conditions when those concl usions
are based on results from |l aboratory studies.

In many countries marine species supply nore than 50%
of the dietary protein, and in developing countries this
percentage is often higher. Research is needed to inprove
our understanding of how stratospheric ozone depletion

could influence the world food supply. However, effective
steps to mnimze stratospheric zone depletion cannot
await the outcone of such research



6.4. Research needs

Future work concerning UV-B effects on terrestria
ecosystens nmust proceed on a broad front. Sensitivity
screeni ngs and dose-response studies nust expand to
include representative species froma w der range of eco-
system types and a wi der range of plant types within eco-
systenms of particular interest. Know edge of species sen-
sitivities and their geographic ranges can then be com
bined with information on current and projected | evels of

UV-B in order to identify areas of greatest concern. An
understandi ng of how sensitivity to U/-Bis affected by
other environmental factors wll aid in this process.
Additional work at the biochemical I|evel is needed to

clarify interactions of UV-B radiation and plant netab-
olismas well as the nature of effects of UV-B radiation
on pests and pat hogens.

Utimately, the information gathered in field and | ab-
oratory studies must be put into the context of ecosystem
properties, including primary productivity, nutri ent
cycling, resistance to disturbance, and the capacity to
recover fromdisturbance. Efforts are clearly needed to
integrate what is known about the influences of elevated
UV-B irradi ance on plants with what is known about plant
stress associated with other human-i nduced changes in the
envi ronnent .

In order to quantify the effects on marine systens of
UV-B radi ati on on an ocean-w de basis, there is a need for
additional data on the penetration of UV-B radiation as a
function of water mass, concentration of particul ates, and
presence of plankton. These data nust be conbined with
accurate nmeasurenments of total incident radiation, as a
function of angle of incidence and tine, to arrive at
reliable estimtes of both total UV-B radiation dose and
dose rate.

There is a clear need to neasure fish-larval sensi-
tivity to UV-B radiation for many resource species, refine
the |I|inks between exposure of primary producers to UV-B
radiation and effects on fish, assess the inpact of food-
web changes on fish yield, and delineate the mtigating
mechani snms avai l able to the organi sm

St udi es on changes in popul ation size and diversity as
a result of stress would provide insights for predictions
of the effects of UV-B increases in a given ecologica
niche (Wrrest et al., 1978, 198l1a,b; Wrrest, 1983). Data
descri bing changes resulting from environnental stress,
such as contami nation fromtoxic substances or tenperature

change, could be conbined with data on the efficiency of
energy conversion between trophic | evels, upon which a re-
source species relies, to estimate the potential reduction
in fish catch. To narrow the reliability Iimts of such
predictions, field investigations into the resiliency of
af fected popul ati ons are required.

There is a paucity of information on the inpact of
UV-B radi ation on marine resource species. The fact that
dose-response sensitivity data exist for only a few
species greatly inpedes our ability to extrapolate to an



overall assessnment of the risk to marine fisheries. It is
important to be able to translate known intracellular
cause-and-effect relationships of UV danage to effects on
si npl e or single-celled organisns and to population
ef fects.

Knowl edge of adaptive or protective nechanisnms by
which rmarine organisns mnimze the effects of increased
UV-B radiation in the ocean's surface |layers is |[|acking.
No avoi dance nmechani sms specific to UV-B radiation have
been described for marine organisnms, although avoi dance
mechani sms to visible light my | essen the inpact of the
concurrent UV radiation. Wile pignmentation occurs exten-
sively in marine organisnms, the degree to which it con-
tributes to UV-B protection is unknown.

The time scale of adaptation or repair, conpared to
the time scale of increased UV-B radiation, is an inport-
ant factor. Are genetic nechanisns sufficient to obviate
the negative inpacts? Do they affect conpetitor species
over simlar time scales? What organi sns are pre-di sposed
to environnental (i.e. non-genetic) protective behaviour?
These questions nust be addressed as part of the framework
of risk assessnent.

7. KINETICS AND METABOLI SM
7.1. Absorption

Chl or of  uorocarbon propellants and solvents nmay pre-
sent a hazard for human beings by inhalation, ingestion
and dermal absorption. However, because of the physica
properties and uses of these conpounds, inhalation is the
nost common route of entry, and exhalation is the npst
significant route of elimnation

Informati on concerning chlorofluorocarbon absorption
has been obtained in two types of studies:

* chl orof | uorocarbon retention in the |ungs;
* chl orof | uorocarbon bl ood | evels after inhal ation

The relative amounts of CFC-11, CFC- 12, CFC- 113, and
CFC-114 absorbed by human bei ngs have been neasured in
br eat h- hol di ng studi es (Paul et & Chevrier, 1969; Mrgan
et al., 1972). Retenti on was neasured using radioi so-
topically marked chlorofluorocarbons by subtracting the
radi oactivity exhaled 30 min after inhalation fromthe

amount of radioactivity inhaled with a single breath. In
ternms of absorption the following order was obtained:
CFC-11 =~ CFC-113 > CFC-114 ~ CFC-12, with retentions

of 23% 19.8% 12.2% and 10.3% respectively. Shargel &
Koss (1972) exposed dogs to an equal weight mxture of
CFC- 11, CFC-12, CFC-113, and CFC-114, and obtained simlar
results.

In other studies, human volunteers (Aviado & M cozzi
1981) and dogs (Azar et al., 1973) were exposed to CFC-11
at a concentration of 5710 ng/n? (1000 ppm and for a
period of 8 h or 10 m n, respectively. The blood levels in
the human volunteers were 4.69 ug/m and in the dogs
6.5-10 pg/m . According to a mathemati cal nodel devel oped
for the description of the pharnmacokinetics, 77% of the



dose applied was absorbed.

Azar et al. (1973) deternmined the correspondi ng data
for CFC-12 in beagle dogs. After an exposure to 5030
mg/ m (1000 ppm) for a period of 10 min, 1.1 pg/m was
found in the arterial blood and 0.4 pg/m in the venous
system At higher concentrations, the arterial and venous
concentrations were simlar. Trochinowicz et al. (1974)
found, under similar conditions (1000 ppm 1 min inha-
| ation period), that the blood Ilevel in dogs for CFC- 113
was 2.7 pg/m  (arterial) and 1.9 pg/m  (venous), and for
CFC-114 0.4 pg/mmM and 0.2 pg/ m, respectively.

In a study by Angerer et al. (1985), three volunteers
were exposed to a CFC-11 concentration of 3750 ng/n? (657
ppm . The average val ue of pul monary retention was 18. 9%
CFC-11 levels in alveolar air and blood were 3066 mg/ ¥
(537 ppm and 2.8 pg/ m, respectively.

Further absorption and elimnation data from CFC 11
and CFC-12 atonizer adnministrations indicated that, while
CFC-11 is nmore readily absorbed by mammuals (including
humans) than CFC-12, the degree of preferential absorption
may vary anong individuals (Dollery et al., 1970; Allen &
Hanburys Ltd, 1971; Paterson et al., 1971; Shargel & Koss,
1972) . Simlar information on the different absorption
rates has been obtained from other studies. Chlorofl uoro-
carbons were adm nistered to dogs for 5 min at fixed con-
centrations between 0.3 and 10 vol % in the inspired air
The blood concentrations determined up to 60 min after
exposure indicated that CFC-11 is nore readily absorbed
than CFC-12 or CFC-114 (Clark & Tinston, 1972a).

The results of Adir et al. (1975) and Brugnone et al
(1984) provide additional evidence that CFC-11 is absorbed
to a greater extent than CFC-12 in dogs and rabbits. The
absorption data correlate well wth the liquid/gas par-
tition coefficients for these conpounds in whole bl ood,
serum and olive oil shown in Table 11

CFC-12 was absorbed 4 tines nore readily than CFC- 114
in a study by Rauws et al. (1973) in which rats were ex-
posed to a mxture of CFC- 11, CFC-12, and CFC-114 (wei ght
ratio of 1:2:1). A simlar pattern was also seen in
nmonkeys by Taylor et al. (1971). 1In each instance, the
ratio of CFC-12 to CFC-114 in arterial blood was higher
than the ratio of exposure concentrations, indicating that
CFC-12 was slightly nore readily absorbed than CFC-114.

The avail able data on chl orofl uorocarbon uptake indi-
cate that chlorofl uorocarbons can be absorbed across the
al veol ar nenbrane, gastro-intestinal tract, the skin, and
internal organs. Follow ng inhalation, they are absorbed
rapidly by the blood. Blood-tissue absorption is probably
the rate-limting step. After an initial, rapid blood
| evel stabilization, chlorofluorocarbons are still ab-
sorbed by body tissues and continue to enter the body.

Table 11. Partition coefficients of various chl orofl uorocarbons

Conmpound Whol e bl ood® Whol e bl ood? Serunf Aive
(rat) (human) (human) oil¢



CFC-11 1.4 0.87 0.9 27
CFC-12 0.2 0.15 0.2 3
CFC- 113 0.8 32
CFC- 114 0.15 0.2 5

From Allen & Hanburys, Ltd (1971).
b From Chiou & Niazi (1973).
¢ From Morgan et al. (1972).

7.2. Di stribution

Al len & Hanburys, Ltd. (1971) found in mce that both
CFC-11 and CFC-12 are taken up by heart, fat, and adrena
tissue after 5-min inhalation exposures. CFC-11 is concen-
trated from the blood to the greatest extent in the
adrenals followed by the fat, then the heart. A simlar
t hough | ess pronounced, pattern is evident for CFC- 12 but
CFC-11 is absorbed and concentrated in all of these tis-
sues to a nuch greater extent than CFC-12. Paulet et al
(1975) noted that both CFC-11 and CFC-12 are distributed
to the cerebrospinal fluid of dogs after inhalation
exposure.

Fol | owi ng i nhal ati on exposures |lasting 7-14 days,
Carter (1970) noted distribution patterns for CFC-113 in
rats that were qualitatively simlar to those noted for
CFC- 11 and CFC-12 by Allen & Hanburys, Ltd. (1971). The
maj or difference fromthe CFC-11 and CFC-12 results was
that al nmost all of the CFC-113 concentration occurred in
the fat, while adrenal levels were relatively |low and even
decreased as exposure continued (it should be enphasized
that the exposures to CFC-11 and CFC-12 were for only
5 mn). The other organ Ilevels did not change signifi-
cantly froma 7-day to a 14-day exposure, which is con-
sistent with the idea that such concentrations wll
stabilize as equilibria between anbient air concentration,
bl ood | evel, and tissue |levels are reached. In rats and
gui nea-pigs, shortly after exposure to CFC 113, Furuya
(1979) not ed the follow ng tissue distribution in
decreasing order: fat, brain, liver, kidney, heart, |ung,
nmuscl e, and bl ood.

In sunmary, chlorofluorocarbons are rapidly absorbed
after inhalation and are distributed by blood into practi -
cally all tissues. Rel atively high concentrations are
found in fat, but also in organs with good bl ood supply.

7.3. Metabolic transfornmation

Of the nine chlorofl uorocarbons reviewed in this docu-
ment, sone data regarding metabolismexists only for CFC
11, CFC-12, CFC-112a, and CFC-113a.

Cox et al. (1972a) found no evidence of reductive
dehal ogenation of CFC-11 in microsomal preparations from
rats, chickens, or other species. However, the reductive
dechlorination in vitro of CFC-11 to HCFC-21 by rat |iver
m crosones was reported by WIf et al. (1978). |In vitro
nmet aboli sm studies suggested that CFC-112a and CFC-113a
can be netabolized by reductive dechlorination and that
the reaction is catalyzed by cytochrone P-450 from rat
liver mcrosomes. However, no netabolites of either
conmpound were identified (Salnon et al., 1981, 1985;



Nast ai nczyk et al., 1982a,b).

Publ i shed studies on in vivo metabolismexist only for
CFC-11 and CFC-12. Eddy & Giiffith (1971) admnistered
14C-| abel | ed CFC-12 to rats by the oral route and
reported a small anpunt of netabolism About 2% of the
total dose was exhal ed as 14CO, and 0.5% was excreted in
urine. CFC-12 and/or its netabolites were no |onger
detectable in the body 30 h after adm nistration

Bl ake & Mergner (1974) exposed beagle dogs for 6-20
mnto CFC-11 (5710 to 28 550 ny/ ne; 1000 to 5000 ppm
v/iv) or CFC-12 (40 240 to 60 380 ny/ n?; 8000 to 12 000
ppm v/v) containing up to 180 pC of 14C-chlorofl uoro-
carbon. Virtually all the adm nistered chlorofl uorocarbon
was recovered in exhaled air within one hour wth either
material. Only traces of radioactivity were found in urine
or exhaled CO and may have represented unavoi dable
radi ol abel led inpurities rather than netabolites. The
aut hors concluded that |less than 1% of either CFC-11 or
CFC-12 is netabolized after inhalation. The preceding
results were essentially confirnmed in human vol unteers by
the same authors (Mergner et al., 1975). Radi ol abell ed
CFC-11 (571 ny/ n¥; 100 ppm} and CFC-12 (503 ng/ n?; 100
ppm were given by inhalation to one male and one fenale

vol unteer for 7-17 min. As was the case in dogs, little
or no biotransformation of either chlorofluorocarbon was
observed. Total netabolites were equal to, or |ess than,

0.2% of the adni ni stered dose.

The results of the precedi ng studi es suggest that CFC-
11 and CFC-12 are netabolized to a very small extent, if
at all, in mammals follow ng brief inhalation exposures.

7.4. Elimnation and excretion in expired air, faeces, and urine

Regardl ess of the route of entry, chlorofluorocarbons
appear to be elimnated al nost exclusively through the
repiratory tract. Little, if any, chlorofluorocarbon or
nmetabolite has ever been reported in urine or faeces
(Matsurmoto et al., 1963; Bl ake & Mergner, 1974; Mergner et
al ., 1975).

7.5. Retenti on and turnover

When exposure is termnated, the nore readily absorbed
conpounds are retained | onger. The retention of chloroflu-
orocarbons after inhalation follows the same order as the
anount absorbed during exposure:

CFC-11 =~ CFC-113 > CFC- 114 ~ CFC-12

In human studies designed to mmnc exposures to
chl orof | uorocarbons from atom zers, the initial blood
hal f-l1ives for CFC-11 were in the range of 6 seconds to
1 mn (Paterson et al., 1971).

In one study, volunteers exposed to CFC-11 at 3751
mg/ m? (657 ppm) for 150-210 nin showed half-lives for the
initial and second phases of elimnation fromvenous bl ood
of 11 min and 1 h, respectively (Angerer et al., 1985).
Half-lives for the initial and second phases of CFC-11



elimnation in alveolar air were 7 min and 1.8 h, respect-
ively (Angerer et al., 1985). Average pul nponary retention
at an apparent steady state after 1 h of exposure was
18. 2% Simlarly, the data of Brugnone et al. (1984)
i ndicate a pul nonary retention of 19% for CFC-11 and 18%
for CFC-12 in workers during occupational exposure.

Studies in which dogs were adm nistered CFC-11 or CFC
12 by intravenous infusion indicated that the elimnination
of CFC-11 and CFC-12 from venous blood was triphasic
(Niazi & Chiou, 1975, 1977). A 3-conmpartnent nodel was
proposed with initial, internediate, and term nal half-
lives of 3.2, 16, and 93 mn for CFC-11 and 1.47, 7.95,
and 58.50 min for CFC-12. Adir et al. (1975) also fitted
their venous blood elimnation data to a 3-conpartnent
nodel. Estimates of half-lives for the term nal phases of
CFC-11 elinm nation were 6.30 and 24.75 nin for two human
volunteers and 13.86-21 nin (nmean, 18.34) for four dogs.
For the term nal phases of CFC-12 elimnation, the half-
lives were 9.63 nmin for one human vol unteer and 8.45-11.35
mn (mean, 9.90) for three dogs.

In dogs exposed to CFC-11 by atom zers, the initia
and termnal half-lives in venous blood were at 0.6 and
4.03 min, respectively (McClure, 1972). The term nal half-
life of 80 min in dogs after exposures to anbient CFC11
concentrations of 2, 5, and 7.5% (Amn et al., 1979) is
close to the termnal half-lives reported by Niazi & Chiou
(1975).

Rei nhardt et al. (1971a) conducted retention studies
on CFC-113 in human volunteers over occupationally rel-
evant periods. They neasured the chlorofluorocarbon con-
centration in the expired air of volunteers exposed to
3835 ng/n?®  (0.05% or 7670 mg/m?  (0.19% for 3 hin the
norning and 3 h in the afternoon. Although there was no
i ndi cation of chlorofluorocarbon accurnul ati on, detectable
levels were retained overnight in four cases at 3835
mg/ n? and in 14 cases at 7670 ny/ n®. In one instance,
there was a detectable |Ievel on a Monday norning follow ng
a final exposure to 7670 ng/n? (0.1% on the previous
Fri day.

7.6. Reaction with body conponents

Lessard & Paulet (1985) concluded that sinple dissol-
ution of CFC-12 in the lipid |ayer of biological nmenbranes
with ensuing alteration of nenbrane configuration may
account for its anaesthetic effect and sone of its cardiac

ef fects. Young & Parker (1972), however, suggested that
CFC-12 is bound to the hydrophilic areas of various phos-
phol i pi ds and that potassium chloride my stop adrenaline-
i nduced arrhythmia in hearts sensitized by CFC-12 by dis-
pl aci ng the CFC-12 nol ecul e held by t he phospholi pi d.

CFC-11 has been shown to bind in vitro to liver micro-
somal protein and lipid (Uehleke et al., 1977; Cox et al.
1972a,b) and to cytochronme P-450 (Cox et al., 1972a,b;
Wlf et al., 1977, 1978). Vainio et al., (1980) also dem
onstrated binding of CFC-113 to cytochrome P-450. In view
of the very low Iliver toxicity potential of CFC-11 and
CFC- 113, the toxicological significance of the P-450



bi ndi ng i s unknown.

8. EFFECTS ON EXPERI MENTAL ANI MALS AND | N VI TRO TEST SYSTEMS

8.1. Single exposures

8.1.1. Acute inhalation toxicity

A nunmber of chlorofluoromethanes and chl orof | uor oet h-
anes have been tested for acute inhalation toxicity in
| aboratory animals. Because nmost of the information is of
limted inportance for a quantitative risk assessment, it
will not be discussed in detail. The data are presented
in Table 12.

O the fully hal ogenated chl orof | uor omet hanes, CFC-12
and CFC-13 show extrenely low acute inhalation toxicity.
CFC-11 also has |low acute inhalation toxicity, |letha

concentrations being in the range of 571-1427 g/ n?

(100 000-250 000 ppn).

Wthin the chlorofluoroethanes, CFC-114 and 115 seem
to be of an extrenely | ow acute toxicity, followed by CFC
113 and CFC 112.

The synptomatol ogy of acute intoxication is character-
ized by central nervous system effects and secondary
effects on the cardi ovascul ar and respiratory systens.

8.1.2. Acute oral toxicity

Very little information is available on the acute ora
toxicity of chlorofluorocarbons. The lethality data for
some chl orofl uorocarbons are summarized in Table 13. Wth
the exception of a slight increase in liver weight foll ow
i ng exposure to CFC-112 and CFC-112a at 25 000 nmg/kg, no
gross or histological abnornmalities were noted by Cl ayton
(1966) .

8.2. Short-term exposures
In this nmonograph, short-term exposures are defined as

those involving repeated daily exposure up to 90 days and
| ong-term studi es as those | onger than 90 days (see 8.4).

Tabl e 12. Acute inhalation toxicity of fully hal ogenated chl orofl uorocarbons

Nuckol I's (1933)

Schol z (1961)

Caujolle (1964)

Paul et (1969)

et al.

Compound Conc. @ Conc. b Exposure Effects observed

and peri od

speci es (mn)

CFC- 11

Qui nea-pig 22-25 125-143 120 trenor, dyspnoea
45-51 257-291 120 trenor, incipient

narcosi s

100 571 50 deep narcosis
250 1427 30 death (LGCgp)

Mouse 10 57 1440 no clinical signs

100 571 30 death (LCsp)

Quevauvi l l er
Paul et (1969)

(1963)



Rat 50
90
150
Hanst er 100
Cat 100
CFC- 12
Gui nea-pig 540
900
Mouse 320
Rat 200
300- 400
500
700- 800
800
Monkey, 200
Dog
CFC- 13

Qui nea-pig 600
Rat 600

Table 12 (contd.)

Ef fects observed

Conpound Conc. 2
and
speci es
CFC- 112
Rat 30
5-10
CFC- 113

Qui nea-pig 120

Mouse 90- 95
90

Rat 52.5
110

Rabbi t 59.5

CFC- 114

285
514
856
571

571

2716
4527

1610

1006
1509- 2012
2515
3521- 4024
4024

1006

254

42-85

935

701-740
701

409
857

463

120
30
30

240

60

30
30

30

30
30
30
30
360

420- 480

120

120

Exposure

peri od
(mn)

40- 60

1080

60

120
120

240
120

120

i nci pi ent
deep narcosis
death (LGgp)

death (LGp)

deat h

initial effect on
CNS narcosi s, but
no nortalities

initial effect

on CNS

no effect

trenor

reduced refl exes
deep narcosis, no
nortality

no nortality

i ncoor di nati on

no effect

no effect

| et hal (pul nonary
haenor r hage)
| et hal (pul nonary
haenor r hage)

mortality (LCgp)

death (LGgp)
death (LGCsg)

death (LGCgg)
death (LGCgg)

death (LGCsp)

nar cosi s

Schol z (1961)
Lester & Greenberg (1950)
Paul et (1969)
Tayl or & Drew (1974)

Schol z (1961)

Paul et (1969)

Paul et (1969)

Lester & Greenberg (1950)

Sayers et al. (1930)

Wei gand (1971)

Wei gand (1971)

Greenberg & Lester (1950)

Trockinowitz (1984)

Desoille et al. (1968)
Trocki nowi tz (1984)

Trockinowi tz (1984)

Trocki nowitz (1984)



Qui nea-pig 20-47 142- 334 120 dyspnoea Nuckol I's (1933)

400 2844 1440 i ncoordi nati on Schol z (1961)
Mouse 700 4977 30 no nortality Paul et (1969)
Rat 300 2133 120 i ncoordi nation Schol z (1961)

600 4266 120 deep narcosis

720 5119 30 no nortality Paul et (1969)
Rabbi t 750 5332 30 no nortality Paul et (1969)
CFC- 115
Qui nea-pig 600 3852 120 no effect Wei gand (1971)
Rat 600 3852 120 no effect Wei gand (1971)

& Concentration in parts per thousand.
b Concentration in g/ n?.
8.2.1. lInhalation exposure

The results of short-terminhalation studies are sum
mari zed in Table 14.

In the case of CFC-11, internmittent exposure to 143
g/ n? (25 000 ppm (3.5 h/day, 5 days/week for 4 weeks)
did not result in any adverse effects in rats and gui nea-
pigs (Scholz, 1962). Simlarly, no treatnment-related
effects occurred in rats, guinea-pigs, nonkeys, or dogs
after intermittent exposure to 58.5 g/n? (10 250 ppm
(8 h/iday, 5 days/week for 6 weeks) or continuous exposure
to 57.1 g/nd (10 000 ppm for 90 days (Jenkins et al.
1970). Leuschner et al. (1983) exposed groups of dogs to
28.5 g/ n? (5000 ppm) and rats to 57.1 g/ (10 000 ppm
for 6 h/day during 90 days and did not find any treatnent-
rel ated changes. The | owest reported effect l|evel for CFC
11 was 68.5 g/n® (12 000 ppm, above which pathol ogi ca
changes in the brain, liver, lung, and spleen of all the
rats were observed (Clayton, 1966).

Tabl e 13. Acute oral toxicity of various chlorofl uoroal kanes

to rats?@

Conmpound Approxi mate | ethal dose (ng/kg)
CFC- 11 3725P

CFC-12 >1000¢

CFC- 112 25 000

CFC- 1122 25 000

CFC- 113 45 000d

CFC- 114 >2250¢

Modi fied from Clayton (1966).
From Slater (1965).

¢ Maxi mum feasi bl e dose of chl orofl uorocarbon
di ssol ved in peanut oil

d LDy, = 43 000 ny/ kg.

The exposure of rats, cats, guinea-pigs, and dogs to
CFC-12 at 503 g/n? (100 000 ppm) (3.5 h/day, 5 days/week
for 4 weeks) caused no adverse effects (Scholz, 1962).



Fatty infiltration and necrosis in the |iver was observed
by Prendergast et al. (1967) after continuous (90-day)
exposure of guinea-pigs to CFC-12 at 4.02 g/n® (800 ppm
but not in rats, rabbits, dogs, or nobnkeys exposed to the
same dose reginen. Exposure to CFC-12 for 90 days
(6 h/day) of dogs at 25.1 g/n? (5000 ppm and rats at
50.3 g/ n? (10 000 ppm was wthout any toxic effect
(Leuschner et al., 1983).

In nost inhalation toxicity studies, CFC-113 caused no
adverse effects, even after a 90-day exposure of rats to
155 g/ nd (20 000 ppm (Trochinowi cz, 1984) and dogs to
40 g/ (5000 ppm (Leuschner et al., 1983). However,
Clayton (1966) reported effects in rats after 30 exposures
(each of 7 h) to 40 g/n? (5000 ppm and Vainio et al
(1980) found changes in |iver enzyne activities and pro-
liferation of the snmooth endoplasmic reticulum after
exposure of rats to 15.6-31.2 g/n? (2000- 4000 ppm

(6 h/iday for 7-14 days). Enlarged thyroids in nonkeys and
increased kidney weights in rats were described after
continuous exposure to 15.6 g/n? (2000 ppm for 14 days
(Carter et al., 1970), but these effects were mniml and
coul d not be reproduced under the same exposure conditions
(Trochi nowi cz, 1984).

CFC-114 caused no effects in nmice, rats, guinea-pigs,
cats, or dogs after intermittent exposure to concen-
trations as high as 711 g/n® (100 000 ppm). At higher
dose levels (995-1422 g/ n¥; 140 000- 200 000 ppm) signs
of intoxication were noted in guinea-pigs, dogs, rats, and
mce (see Table 13). Rats exposed to CFC-112 at 8470
mg/ n? (1000 ppm (6 h/day for 31 days) devel oped slight
liver changes. Exposure to the same concentration for 18
h/day during 16 days caused no toxic effects, whereas CNS
and respiratory signs occurred at higher concentrations
(25 410 ng/ n?; 3000 ppm) (Clayton, 1967). In contrast,
CFC-115 at 642 g/n? (100 000 ppm) was tolerated by rats,
mce, rabbits, and dogs for 90 days (6 h/day) wi thout any
toxic effect (Clayton, 1966).

In sunmary, it can be concluded that short-terminha-
lation toxicity is low. Toxic effects relate mainly to the
central nervous system the respiratory tract, and the
liver.

Table 14. Short-terminhal ati on exposures of various animals to chlorofl uorocarbons

Cl ayto

Schol z

Speci es and Exposur e Ef fects

nurber of g/ nea

ani mal s

CFC- 11

Rat (4) 68 (12 000), 4 h/day, 10 days pat hol ogi cal changes in |ung
liver, brain, and spleen

Rat (5) 143 (25 000), 3.5 h/day, no adverse effects

5 days/ week, 4 weeks

Dog (2) 71 (12 500 ppm 3.5 h/day, no adverse effects

5 days/ week, 4 weeks

Cat (2) 23 (4000), 6 h/day, 5 days/week no adverse effects

Schol z

Cl ayto



Rat (12)
Gui nea-pig (2)
Rabbit (1)

Rat (15)

Gui nea-pig (15)
Monkey (9)

Dog (2)

Rat (15)

Gui nea-pi g (15)
Monkey (9)

Dog (2)

Dog (6)

Rat (40)

CFC- 12

Cat (2)
Rat (5)
Gui nea-pig (3)
Dog (2)

28 exposures

58 (10 250), 8 h/day,
5 days/week, 6 weeks

5.7 (1008), 24 h/day,
90 days

28.5 (5000), 6 h/day,
90 days

57.1 (10 000), 6 h/day,
90 days

503 (100 000), 3.5 h/day,
5 days/ week

no conpound-rel ated effects

no conmpound-rel ated effects

no adverse effects

no adverse effects

no adverse effects

Jenkin
(1970)

Jenkin
(1970)

Leusch
(1983)

Leusch
(1983)

Schol z

Table 14. (contd.)

Speci es and
nunber of
ani mal s

Exposure
g/ mpa

Qui nea-pig (15)
Rat (15)

Dog (2)

Monkey (3)

Gui nea-pi g (15)
Rat (15)

Rabbit (3)

Dog (2)

Monkey (3)

Dog
Monkey
Dog (6)

Rat (40)

Rat

Rat, nouse,
gui nea- pi g,
rabbit

4.1 (810), 24 h/day,
90 days

4.1 (800), 8 h/day,
5 days/ week

1006 (200 000),
7-8 hi day

25 (5000), 6 h/day,
90 days

50 (10 000), 6 h/day,
90 days

8.5 (1000), 18 h/day,
16 days

25 (3000), 4 h/day,
10 days

8.5 (1000), 6 h/day,
31 days

fatty infiltration, necrosis
in the liver of guinea-pigs,
no treatnent-related effects

in other species

fatty infiltration,
necrosis in the liver

of gui nea-pigs, no
treatment-related effects
in other species

trenmor, ataxia, dispnoea,
salivation, lacrimation,
no hi stol ogi cal changes

no adverse effects

no adverse effects

no toxic effects
CNS and respiratory signs

slight liver changes

Pr ende
(1967)

Pr ende
(1967)

Sayers

Leusch
(1983)

Leusch
(1983)

Cl ayto
Cl ayto

Cl ayto



CFC- 113

changes in liver enzyme
activity, proliferation of
snmoot h endopl asm ¢ reticul um

Vai ni o
(1980)

Rat 16- 31 (2000-4000),
6 h/day, 7-14 days

Table 14. (contd.)

Speci es and Exposure

nunber of g/ nea

ani mal s

Rat, nouse,
dog, nonkey
Monkey, rat

Mouse, dog

Rat, guinea-pig

Dog

Rat, dog,
gui nea-pi g
Rat

Rat

Dog (6)

Rat (40)
CFC- 114

Cat, rat, dog,
gui nea-pi g

Gui nea-pig (6)

16 (2000), 24 h/day,
14 days

16 (2000), 24 h/day,
14 days

16 (2000), 24 h/day,
14 days

195 (25 000), 3.5 h/day,
20 exposures

97 (12 500), 3.5 h/day,
29 exposures

40 (5100), 6 h/day,
20 exposures

16-22 (2075-2850), 7 h/day,
30 exposures

up to 156 (20 000), 6 h/day,
5 days/week, 90 days

39 (5000), 6 h/day, 90 days

78 (10 000), 6 h/day,
90 days

711 (100 000), 3.5 h/day,
20 exposures

1002 (141 000), 8 h/day,
21 days

no adverse effects

enl arged thyroi ds (nonkey),

i ncreased ki dney wei ght (rat)

no adverse effects

no adverse effects

no adverse effects

no adverse effects

no adverse effects, reduced
rate of body wei ght gain, pale
di scoloration of the |iver

no adverse effects

no adverse effects

no adverse effects

no adverse effects

occasionally slight fatty
degeneration of the liver

Tr ochi
(1984)

Carter
(1970)

Carter
(1970)

Tr ochi
(1984)

Tr ocKki
(1984)

Tr ochi
(1984)
Clayto
Trochi
(1984)
Leusch
(1983)

Leusch
(1983)

Schol z

Table 14. (contd.)
Speci es and Exposur e
nunber of g/ nea

ani mal s

Gui nea-pig (6)

1422 (200 000), 8 h/day,
4 days

occasionally slight fatty
degeneration of the liver



Yant e

Yant e

Paul et
(1969)

Paul et
(1969)

Paul et
(1969)

Leusch
(1983)

Leusch
(1983)

Dog (3) 1002 (141 000), 8 h/day, at study start incoordination

3-21 days tremor, occasionally
convul sions; tolerance from
day 3-5 onwards

Dog (5) 1422 (200 000), 8 h/day, 100% nortality, tenors,

3-4 days convul si ons, inpaired body wei ght
gai n, haemat ol ogi cal changes,
congestion of all organs

Rat (10) 711 (100 000), 2.5 h/day, no adverse effects
Mouse (10) 5 days/week, 2 weeks
Rat (10) 1422 (200 000), 2.5 h/day, slight inpairnment of body
Mouse (10) 5 days/week, 2 weeks wei ght gain increased | ynphocyte
count, histopathol ogy: al veol ar
and bronchiol ar stasis
Rat (10) 71 (10 000), 2.5 h/day, no adverse effects
Mouse (10) 5 days/week, 2 weeks
Dog (6) 36 (5000), 6 h/day, no adverse effects
90 days
Rat (40) 71 (10 000), 6 h/days, no adverse effects
90 days
CFF- 115
Rat, nouse, 642 (100 000), 6 h/day, no adverse effects
dog, rabbit 90 days
8 Values in parentheses are exposure concentrations in parts per nillion

8.2.2. Oral toxicity

Repeated dose studies of

and CFC-115 and generally
t hese chl or of | uor ocar bons.

| ess than 90 days
have been reported for CFC-12, CFC-112, CFC-112a,
confirm the | ow

duration
CFC- 114,
toxicity of

In a study by Cayton (1967a), CFC-12 was given orally

to rats at a dose level ranging

from 160-379 ng/ kg per

day, as well as to dogs at doses of 84-95 ng/kg per day,

for approximately 12 weeks
effects related to nutritional, clinical
hi st opat hol ogi cal i ndices.

wi t hout significant
| aboratory, or

adver se

Greenberg & Lester (1950) dosed rats with both CFC-112
and CFC-112a at 2000 mg/kg for 23-33 days with no clinica

or histopathol ogi cal evidence of toxicity.

However, when

rats were given CFC-112 or CFC-112a at 5000 ng/ kg per day

for 10 days, Clayton et al. (1966) and Clayton
produced

found that both chlorofluorocarbons
inactivity, initial weight |oss, diarrhoea,
wei ght
changes in the liver.

Li ke CFC-112
verse effects in rats when adm ni stered at
2000 ng/ kg per day for

Clayton (1967a) al so reported no evi dence of
rats given CFC-114 at 1300 ng/ kg per day for

23- 33 days (Quevauviller,
toxicity in
10 days.

(1967b)

trenors,
a slight liver
i ncrease, and slight, reversibl e histopathol ogica

and CFC-112a, CFC-114 produced no ad-
doses of

1965) .



Clayton (1966, 1967a) fed CFC-115 to rats at doses of
140- 172 mg/ kg for 5 days/week for two weeks. No clinica
or histopathol ogical effects were seen immediately after
the | ast dose or two weeks | ater

8.2.3. Dermml toxicity

McNight & McGraw (1983) investigated the effects on
the livers of hairless mce of dermal application of CFC-
113. A pad saturated with CFC-113 was applied to an area
corresponding to 10% of the body surface for 5 min, twce
daily, for 10, 20, or 40 days. No changes occurred in the
group exposed for 10 days. Increased vacuolization of
liver endoplasmic reticulum was seen after 20 days ex-
posure, which was |ess pronounced after 40 days, whereas
swol |l en mitochondria were only found after 20 days exposure.

CFC-113 applied to rabbit skin at 5 g/ kg per day for 5
days caused gross and hi stol ogi cal damage to the skin as
wel |l as slight changes in the liver (C ayton, 1966). CFC
11, CFC-12, CFC-113, and CFC-114 at 40%in sesane oil were
sprayed onto shaved rabbit skin for 12 exposures wth no
effect (Scholz, 1962).

When applied to the skin of rabbits at 7.5 g/ kg, CFC
112 caused skin erythema but no systematic or histol ogica
effects. CFC-112a (11 g/ kg) caused histol ogical changes in
skin muscul ature and wei ght | oss (Clayton, 1966).

8.3. Skin and eye irritation; sensitization

Severe local irritation was produced after 5 days hy
CFC-113 kept occluded in liquified format 5 g/kg per day
on shaved rabbit skin (Waritz, 1971). Quevauviller et al
(1964) and Quevauviller (1965) applied CFC-11, CFC 12,
CFC- 114, and mi xtures of CFC-11 and CFC-12 and of CFC-11
and CFC-22 to the skin, tongue, soft palate, and auditory
canal of rats, 1-2 tines/day, 5 days/week, for 5-6 weeks.
The same conpounds were applied once a day, 5 days/week
for 1 nonth to the eye of rabbits. Slight irritation was
noted only in the skin of the rats and in the eye of the
rabbits. The healing rate of experinental burns on the
skin of rabbits, however, was noticeably retarded by al
of the conpounds.

When applied to the skin of rabbits, CFC-112 at 7.5
g/ kg caused erythema and CFC-112a at 11 g/ kg caused severe
skin irritation, while CFC-113 at 11 g/ kg produced only
local irritation. CFC-114 did not produce irritati on when
sprayed directly on the backs of guinea-pigs (Cl ayton
1966). CFC-112 produced mld irritation but no sensitiz-
ation when applied to the skin of guinea-pigs (Clayton et
al ., 1964).

8.4. Long-term exposures

8.4.1. Inhal ation toxicity

In long-terminhalation toxicity studies by Smth &
Case (1973), mce and dogs were exposed regularly for
brief periods to high levels of m xtures of CFC-11, CFC
12, CFC-114, and CFC-113 (25:49:25:1.1) and CFC-11, CFC-



12, CFC-114, and Span 85, an emulsifier, (24.5:50:25:0.5),
respectively. In this study 30 fermale nice were exposed by
i nhal ation 5 days/week at levels of 0 or 970 ng/ kg (cal cu-
|ated value) per day for 23 months. No signs of toxicity
wer e observed during the study and there was no evidence
of lung tunours after the 23 nonths of exposure. When
adult dogs (three of each sex) were exposed 7 days/week at
I evel s of 0 or 2240 ng/ kg (cal cul ated val ue) per day for
1 year, sone signs of toxicity, such as slight depression
or drowsiness, were observed in dogs imediately after
dosing but lasted only a few mnutes. Tissue sections of
the lungs did not show signs of toxicity or irritation
from inhalation. Al so, no changes were observed in haema-
tol ogy, blood chem stry, or urinalysis.

Trochinmowicz et al. (1988) perforned a 2-year inha-
lation toxicity and carcinogenicity study of CFC 113

(technical grade, purity 99.89% on Crl:CD(SD)BR rats
(Sprague Daw ey-derived). Groups of 100 males and 100
femal es were exposed to 0, 15.3, 76.6, or 153 g/n? (0,
0.2, 1, or 2%in air) 6 h/day, 5 days/week, for up to 2
years. Body wei ght, appearance and behavi our, and clinica
| aboratory values (haematology, clinical chemistry, and
urinalysis) were nonitored regularly. Conprehensive histo-
pat hol ogi cal exaninations were perforned on rats in the
control group and in those exposed to 153 g/ nv. The only
findings considered by the authors to be treatnent-rel ated
were decreases in nmean body weight and in body wei ght gain
anong fenal es exposed to 76.6 g/ nd and in both sexes
exposed to 153 g/ n?®, and a slight, transient increase in
serum gl ucose levels in mal es exposed to 153 g/ n?.

When rabbits and rats were exposed for a period of 2
years (2 h/day, 5 days per week) to a CFC-113 concen-
tration of about 93 g/n? (12 000 ppm, three out of six
rats died. In the exposed animals a slight dizziness was
observed. Body weight, growth, and haematol ogy val ues
remai ned unchanged. No conmpound-related effects on nor-
phol ogy were found which could be attributed to exposure
to CFC-113. Also, since three rats died in the contro
group and no treatnent-related signs were seen in the
surviving aninmals exposed to CFC-113, the deaths of the
exposed animals were probably not related to the exposure
(Desoille et al., 1968).

8.4.2. Oal toxicity

Long-term oral toxicity studies have been carried out
on CFC-11 and CFC-12. NCI (1978) conpleted a bioassay of
CFC-11, administered by gavage in corn oil, for possible
carcinogenicity in Osborne-Mendel rats and B6C3F; mnice.

The assay for carcinogenicity was negative for mce and
i nconclusive for rats. Tinme-weighted average doses were
488 and 977 ng/kg per day for male rats, 538 and 1077
ng/ kg per day for fermale rats, and 1962 and 3925 ng/ kg per
day for male and female nice. Al doses were adm nistered
5 days/ week. In both male and female rats, a significant
(P < 0.001) dose-related acceleration of nortality was
noted conpared with the vehicle control using the Tarone
test. This increase in nortality occurred as early as 4
weeks in the females receiving the higher dose. This



early nortality, however, could not be related to changes
in body weights, clinical signs, or non-tunour pathol ogy.
Low incidences (2-6% of pleuritis and pericarditis were
seen in the treated rats of both sexes at both dose |evels
but not in the control animals. Chronic nurine pneunonia
occurred in control and treated animals at incidences of

almbst 90% In mce, no statistically significant com
pound-rel ated effects were noted on weight gain, clinica
signs, or non-tunour pathology. |In fenale, but not male,

mce, a significant (P=0.009) dose-related increase in
nortality was noted conpared with the vehicle controls
usi ng the Tarone test.

Sherman (1974) conducted long-termoral studies of
CFC-12 on rats and dogs. As part of a nulti-generation
reproductive and chronic toxicity study, groups of 50 nmle
and 50 female Charles River rats of the Fq, gener ation

remained in the test for 2 years, with an interimkill at
1 year. Starting at 6 weeks of age, controls, |ow dose,
and high-dose groups were adm nistered CFC-12 in corn oi
or corn oil alone daily by gavage for 6 weeks and 5 tines
per week thereafter. Over the course of the study, actua
daily doses of CFC-12 for | ow dose nmales and fenales de-
clined from27 to 11 and 25 to 11 ng/ kg per day, respect-
ively, and, for the high-dose nmales and fenual es, declined
from 273 to 130 and 242 to 128 ng/kg per day, respect-
ively. Average doses were 15 ng/ kg per day for the |ow
dose groups and 150 ng/kg per day for the high-dose
groups. Body wei ght gain was depressed in the high-dose
groups, particularly anobng the females, and a slight
decline in food efficiency was noted in high-dose fenules,
relative to controls. No overt signs of toxicity were
seen, and there were no significant differences between
treated and control groups in survival, periodic neasure-
ments of haematological, clinical chem stry, and urinal-
ysis values, or in organ weights and histopathol ogi ca
findings. No evidence of carcinogenicity was seen.

In the same study, groups of four male and four fenale
beagl e dogs were orally adm nistered CFC-12 (in frozen dog
food) at measured doses of 0, 8, or 80 ng/kg per day for 2
years. None of the dogs died or showed signs of toxicity.
No significant differences between treated and contro
groups were found in food consunption, body weight, per-
iodic haematol ogy, clinical chem stry and urine testing,
organ weights, or histopathological findings. An adrena
function test (urinary 17-ketosteroid excretion) also re-
vealed no effects. There was no evidence of carcino-
genicity (Sherman, 1974).

8.5. Reproduction and devel opnental toxicity

8.5.1. Repr oducti on

Effects on reproductive paraneters have only been
reported for two chlorofluorocarbons, CFC-12 and CFC-113.

In a three-generation, oral gavage study in rats using
CFC-12 (in corn oil) at average doses of 15 and 150 ng/kg
per day, Sherman (1974) found no adverse effects on repro-
ductive <capability as nmeasured by the fertility index
(percentage of matings resulting in pregnancy), gestation
i ndex (percentage of pregnancies resulting in birth of
live litters), viability index (percentage of rats born



that survived four days), and |lactation index (percentage
of rats alive at 4 days that survived to be weaned at 21
days) .

In a limted one-generation reproduction study, groups
of male and female rats were exposed by inhalation
6 h/day, 5 days per week, for 10 weeks (nmales) or 3 weeks
(females) to CFC-113 at either 39 or 97 g/n? (5000 or
12 500 ppm). Each male rat was then paired wth two
females for 2 weeks during which tinme exposure was
6 h/day, 7 days/week. Fenales that showed positive signs
of mating continued to be exposed 6 h/day until day 20 of
gestation when they were allowed to give birth. The devel -
opment of their offspring was followed for up to 4 weeks.
There were no adverse effects on any of the standard
reproductive indices (US EPA, 1983).

8.5.2. Developnental toxicity

O the chlorofl uorocarbons reviewed in this document,
devel opnental toxicity studies have been reported for CFC
11, CFC-12, and CFC-113.

In a study of a m xture (10% CFC-11 and 90% CFC-12),
groups of rats and rabbits were exposed by inhalation on
days 4-16 (rats) or days 5-20 (rabbits) of gestation for
2 h/day at a concentration of 1558 g/n? (200 000 ppm.
No evidence of enbryotoxicity, fetotoxicity, or terato-
genicity was seen when rats and rabbits were sacrificed at
20 days (rats) or 30 days (rabbits) of gestation. In
addition, offspring of the dans that were allowed to
deliver naturally showed no evidence of toxicity relative
to survival or growth (US EPA, 1983).

In another study, groups of 25 to 27 pregnant Charles
River rats were given CFC-12 in corn oil by gavage at
doses of 16.6 or 179 ng/ kg per day on days 6-15 of ges-
tation. Neither dose induced any evidence of enbryotox-
icity or teratogenicity (Sherman, 1974).

Three unpublished studies on rats and rabbits were
carried out using CFC 113 and were reviewed by the US EPA
(1983). Groups of 24 pregnant rats were exposed 6 h/day
on days 6-15 of gestation to either 39, 97, or 195 g/ m¥
(5000, 12 500, or 25 000 ppm in air). Some evidence of
maternal toxicity (reduced weight gain, decreased food
i ntake) was seen at the highest exposure |evel. However,
there was no evidence of enbryotoxicity, fetotoxicity, or
teratogenicity at any exposure |evel.

Two studies using rabbits were judged to be inadequate
by the US EPA (1983) because of the small nunber of dans
and fetuses evaluated, the limted exposure time each day,
and excessive maternal toxicity. In the first study
(Hazl eton Laboratories, 1967a), groups of 12 rabbits were
exposed to CFC-113 at either 15.6 or 156 g/n? (2000 or
20 000 ppm in air) for 2 h/day on days 8-16 of gestation
Signs of maternal toxicity were seen at the highest
exposure | evel but there was no evidence of enbryotoxicity
or teratogenicity attributable to CFC- 113.

In the second rabbit study (Hazleton Laboratories,
1967b), groups of eight rabbits were given CFC-113 at



ei ther 1000 or 5000 ng/ kg per day by gavage on days 8-11
of gestation. No unusual skeletal or visceral abnormali-
ties were observed at either dose |level, but |ow pregnancy
rates and fetal deaths were seen in control and test
groups.

In conclusion, none of the three chlorofluorocarbons
tested (CFC-11, CFC-12, and CFC-113) show any evi dence of
reproductive or devel opnental toxicity. There is no sig-
nificant information on this subject for any of the other
chl orof  uor ocarbons evaluated in this nonograph

8.6. Miutagenicity and rel ated end-points

The nmnutagenic potential of the chlorofluorocarbons
reviewed in this nonograph has been evaluated, primarily
usi ng the Sal nonella assay (Uehl eke et al., 1977;
Longstaff et al., 1984) with negative results. Negative
results were also obtained for CFC-11, CFC-12, and CFC- 115
in a cell transformation assay (Longstaff et al., 1984)
and for CFC-11 and CFC-12 in a mammalian cell nutagenicity
test (Krahn et al., 1982). CFC-12 was also tested in a
plant assay using Tradescantia, and found to be negative
(Van't Hof & Schairer, 1982).

A dominant |ethal assay was performed as part of a
reproduction study on rats using CFC-12 at doses of 15 and
150 nmg/ kg per day (gavage) for several weeks (Sherman,

1974). Anot her domi nant | ethal assay was performed with
CFC-112 and CFC-113 on mice after single intraperitonea

i njections of 200 and 1000 ng/ kg (Epstein et al., 1972).
Negative results were obtained in both of these in vivo
assays. The nmutagenicity studies are summari zed in Table
15.

8.7. Carcinogenicity

Long-term oral carcinogenicity studies of CFC- 11 (NCl
1978) and CFC-12 (Sherman, 1974) gave negative results.
VWhen admi nistered by gavage to groups of 50 nmale and 50
femal e B6C3F1 nmice (see section 8.4.2), CFC-11 at 1962 or
3952 ny/ kg per day, 5 days/week, for 78 weeks, followed by
13 weeks of observation, produced no evidence of carcino-
genicity (NCI, 1978). Gavage administration of CFC-11 to
groups of 50 male and 50 fenmal e Gsborne-Mendel rats in the
same study al so produced no evidence of carcinogenicity,
but the results were considered to be inconclusive by the
NCI (1978) because the nunbers of rats surviving |ong
enough to be at risk fromlate-devel oping tunours were
i nsufficient. In this study, time-weighted average doses
of CFC-11 (488 and 977 ng/ kg per day for male rats and 538
and 1077 nmg/ kg per day for female rats) were adm nistered
5 days/week for 78 weeks, followed by 28-33 weeks of
observati on.

CFC-11 Reverse nutation? (L) S. typhinurium TA1535
CFC-11 Reverse nutation? (L) S. typhinurium TA1538
CFC- 11 Reverse nutation (Q S. typhimurium TA100

TA1535

CFC- 11 Forward nmutation (G CHO cells NA

yes
yes

no/ yes
no/ yes

no/ yes

negative
negative

negat i ved
negative

negative

Uehl «
et al

Long:
al . (

Kr ahn



(1982

CFC-11 Cell transformation (G BHK21 cells NA yes negative Longs

al . (

CFC- 12 Reverse nutation (G S. typhimurium TA100 no/ yes negati ved Long:

TAL1535 no/ yes negative al . (

CFC-12 Forward mutation (G CHO cel | s NA no/ yes negative Kr ahn

(1982

CFC- 12 Cell transformation (G BHK21 cells NA yes negative Longs

al . (

CFC-12 Forward mutation (G Trandescanti a Cl one NA negative Van' t

Bl ue | ocus hybri d 4430° Schai |

CFC- 12 Dom nant | et hal ratsb Charles NA negative Sherm
nmutation (g.i.) Ri ver CD NA negative

CFC- 13 Reverse nutation (G S. typhinurium TA100 no/ yes negat i ved Long:

TA1535 no/ yes negative al . (

Table 15. (contd.)

Compound Method or type of Or gani sns Strain Use of Resul ts Ref er
(code) assay (exposures) nmet abol i c
activating
system
CFC-112 Dom nant | et hal Swi ss miceb | CR/ Ha NA negative Epst ei
nmutation (i.p.) al . (
CFC- 113 Reverse nutation (G S. typhinmurium TA100 no/ yes negati ved Long:
TA1535 no/ yes negative al . (
CFC- 113 Dom nant | et hal Swi ss mi ceP | CR/ Ha NA negative Epst ei
nmutation (i.p.) al . (
CFC- 114 Reverse nutation (G S. typhinmurium TA15351 no/yes negati ved Long:
al . (
CFC- 115 Reverse nutation (G S. typhimurium TA1535 no/ yes negat i ved Long:
al . (
CFC- 115 Cell tranformation (Q BHK21 cells NA yes negative Longs
al . (

a Ames assay performed with pre-incubation for 60 nin in closed vials under nitrogen gas.
b See text for dose infornmation.
¢ Het er ozygous for blue | ocus.
d Longstaff et al. (1984) stated that all the fluorocarbons tested gave negative results
S. typhinurium TA1538 and TA98 in the absence or presence of a netabolic activating s
NA = not applicable; G = gas; L =1liquid; g.i. = gastric intubation; i.p. = intraperitonea
BHK21 = permanent cell |ine of baby hanster kidney fibroblasts; CHO = Chi nese hanmster ovar
HGPRT = hypoxant hi ne guani ne phosphori bosyl transferase.
CFC-12 administered by gavage at doses of 15 or 150
ng/ kg per day for 2 years to groups of 50 male and 50
female Charles River rats of the F;, generation in a

nmul ti-generation study (see section 8.4.2) produced no
evi dence of carcinogenicity (Sherman, 1974).



Dat a on the carcinogenicity of inhaled CFC- 11 and
CFC-12 by Sprague-Daw ey rats and Swiss mice have been
reported by Maltoni et al. (1988). Wen admnistered to
groups of 90 male and 90 female rats and 60 male and 60
femal e mice at concentrations of 1000 or 5000 ppm (57 or
285 g CFC- 11/ n¥; 49 or 247 g CFC-12/n¥), 4 h/day, 5
days/week, neither conpound was found to have induced
statistically significant differences in the incidence of
total benign or nmalignant tunours when conpared wth
groups of unexposed rats or nmice. The authors also stated
that the incidence of all tumours and of sone particularly
frequently occurring spontaneous tumours in mce showed a
tendency to increase in aninmls exposed to CFC-11 and CFC-
12 and that the increased incidence was wusually observed
in one sex and was not always dose related, possibly due
to a longer survival of the treated mice conpared wth
controls.

Trochinmowicz et al. (1988) conducted a 2-year inha-
lation toxicity and carcinogenicity study of CFC-113 in
Crl1:CD(SD)BR rats. In this study, groups of 100 nales and
100 femal es were exposed to CFC-113 (technical grade,
purity 99.89% at 0, 152, 760, or 1520 g/n? (0, 2000,
10 000, or 20 000 ppm, 6 h/day, 5 days/week, for up to 2
years. The toxic effects, which were mnimal, are revi ewed
in section 8.4.1. Primary nasal tunmours were found in one
male rat exposed to 1520 g/n? and in three male rats and
one femmle rat exposed to 760 g/nv. The five nasa
tumours were classified as an adenomm, an undifferentiated
sarcomm, an early carcinom, a carcinoid-Ilike neoplasm
and a papilloma. The authors noted that spontaneous nasa
tumours were rare in the control rats. Fenale rats exposed
to 1520 g/ m® showed a statistically significant increase,
relative to control females, in the incidence of pancre-
atic islet cell adenomas. The incidence of this tumour in
the femal es of the highest dose group was 5.8% Because
the nasal tumours found in the treated rats were of vari-
ous nor phol ogi cal types and the incidences were not dose
rel ated, the authors concluded that the occurrence of this
tumour was not related to CFC-113 exposure. However, as
indicated in section 8.3, CFC-113 is a local irritant at
hi gh concentrations. Thus the neoplasns found in the nasa
cavity may be the consequence of the local irritation
caused by CFC-113 in the peculiar anatom cal configuration
of this cavity in the rat. In addition, because the inci-
dence of pancreatic islet cell adenomas in the fenmales
exposed to 1520 g/ n? was "within the anticipated inci-
dence of this finding anong untreated Cr1:CD(SD)BR rats, "

the increased incidence in this group, relative to matched
controls, was not considered to be related to CFC- 113
exposur e.

CFC-112 and CFC-113, at a dose of 0.1 m 10% (v/v)
solution injected subcutaneously into the neck of neonata

nm ce, were not carcinogenic. However, when injected in
conj unction with a 5% (v/v) solution of piperonyl
but oxi de, hepatonmas were induced in nale mce. This was

particularly marked with CFC-113. The apparent synergistic
hepat ocarci nogenicity of these chlorofluorocarbons wth
pi peronyl butoxi de cannot be explained at present. The
i nvestigators speculated that piperonyl butoxide may



interfere with the netabolism of chl or of | uorocar bons
(Epstein et al., 1967a). The significance of this effect
is difficult to interpret because of the lack of follow up
studies in other species (Tomatis et al., 1973) and wth
ot her chl or of | uor ocar bons.

8.8. Special studies - cardiopul nonary effects

8.8.1. Cardiac sensitization in response to exogenous adrenaline-induced
arrhythni a

A variety of hydrocarbons, wth and w thout hal ogen
substitution, have |ong been known to sensitize the heart
to adrenaline-induced arrhythm as including ventricular
fibrillation (Hermann & Vial, 1935; Garb & Chenoweth,
1948; Hays, 1972; Reinhardt et al., 1973). At various con-
centrations, chl orof | uorocarbons have been shown to
produce this effect. Because this arrhythnogenic action
may be related to a variety of human health hazards, a
great deal of research has been stinmulated in this area
focused primarily on determ ning the m ni num concentration
of chl orofluorocarbons and adrenaline required to produce
arrhythm as in various mammals. The reader is referred to
Zakhair & Aviado (1982) for a review of the literature on
this subject.

Rei nhardt et al. (1971b) exposed dogs to varying con-
centrations of CFC-12 for periods of 0.5-10 nmin and found
that a mninmm concentration of CFC-12 in air of 250
g/ n? (5% was necessary to sensitize the heart to an
i ntravenous dose of adrenaline (8 pg/kg body wei ght) and
that increasing the period of exposure to |ower concen-
trations did not result in arrhythm as. However
i ncreasing the chlorofluorocarbon concentration resulted
in a reduction of the sensitizing concentration threshold
of exogenous adrenaline. In dogs exposed to nornmal oxygen-
ation and CFC-12 at 500 g/n? (10% (which resulted in
75 ug CFC-12/m in arterial blood), the exogenous adrena-
line concentration related to arrhythm a was 3 pg/ kg per
mn, while it was only 2.5 pg/kg per nmin at a CFC-12 con-
centration of 1000 g/nm? (209 (resulting in 155 pg CFC
12/mM in arterial blood) (Lessard et al., 1977b). For the

same CFC-12 concentration (1000 g/ n?, 20% resulting in

155 pg/ m in arterial blood), arrhythm as occurred in
rabbits only at the concentration of 8 pg/kg per mn of
exogenous adrenal i ne, t he arr hyt hnogeni c t hreshol d

depending also on the aninal species (Lessard et al.
1977a). For the nobst part, the conparative arrhythnogenic
potencies of chlorofluorocarbons are sinmlar to those
noted in standard inhalation studies: as fluorination
increases wi thin a honol ogous series, toxicity tends to
decrease. Thus, for the chlorofl uoronethanes, the arrhyth-
nogeni ¢ potency of CFC-11 seems to be greater than that of
CFC-12. A simlar pattern is seen in the fully hal ogenat ed
et hanes (CFC-113 > CCF-114 > CFC-115) (Reinhardt et al.
1971b, 1973; Clark & Tinston, 1972a,b; WIlls, 1972).

That a critical blood level of chlorofluorocarbon is
needed to cause sensitization indicates that differences
anong the chlorofluorocarbons may primarily reflect dif-
ferences in absorption characteristics rather than any
toxic mechanisms on the nolecular Ilevel (Jack, 1971



Taylor et al., 1971; Clark & Tinston, 1972a; Azar et al.
1973). The simlarities in |lowest venous blood concen-
trations associated wth cardiac sensitization in these
various studies suggest that these conmpounds act in a
simlar and perhaps non-specific manner in causing
arrhythm as. This type of speculation is at |east circum
stantially supported by the basic simlarities in cardiac
effects caused by these and ot her hal o-substituted hydro-
car bons.

8.8.2. Cardiac sensitization and asphyxia-induced arrhythm a

Studies by Taylor & Harris (1970a) indicated that
i nhal ed chl orofluorocarbons are toxic to the hearts of
m ce, as shown by the rapid onset of sinus bradycardia and
atrioventricular (AV) block induced by a degree of partia
asphyxia sufficient to cause tachycardia in unexposed
nce. However, four other groups of investigators (Azar
et al., 1971; Jack, 1971; Egle et al., 1972; MLure, 1972)
failed to confirmthese findings. They found that the
ef fects caused by chl orofl uorocarbons do not vary signifi-
cantly fromthose caused by nitrogen asphyxia controls.
These authors concluded that the bradycardia and AV bl ock
were actually due to asphyxia, not to chlorofluorocarbon
exposure. Al t hough the preceding controversy was never
resolved, it is inportant to note that no reports have
been found that confirmthe work of Taylor & Harris
(1970a) .

The nmechanism by which arrhythma is related to the
severity of asphyxia is at present unknown. However, it
may be related to the degree of adrenaline stinmnulation or
nmyocardi al depression associated wth a given |evel of
asphyxi a (Zakhair & Aviado, 1982). This nmechanismis also
probably related to the nature of the chlorofl uorocarbon

since induced changes in heart rate depend on chloroflu-
orocarbon concentrations and the animl species. For
exanpl e, inhalation of CFC-12 (concentrations of CFC-12 in
gas mxture are given in brackets; animls anaesthetized
unl ess stated otherwi se) has been reported to cause:

* bradycardia in mce (1006 and 2012 g/ n?, i.e. 20 and
40% (Aviado & Belej, 1974), rats (1006 g/ n?, 20%
(Doherty & Aviado, 1975), and dogs (concentration not
given) (Flowers & Horan, 1972);

* no change in cardiac rate in nonkeys (251 and 503

g/ n®, i.e. 5and 10% (Belej et al., 1974), rats
(from 0-2515 g/ n?, i.e. 0to 50% (Friedman et al.
1973), cats (1257 g/ n?, 25% (Harris et al., 1971),
or rats (503, 1006, and 2012 g/ n?, i.e. 10, 20, and
40% (Watanabe & Avi ado, 1975);

*  tachycardia in nonkeys (251-503 g/n?, i.e. 5-10%
(Aviado & Smith) and in wunanaesthetized rats (503,
1006, and 2012 g/ n?, i.e. 10, 20 and 40% (Watanabe

& Avi ado, 1975).

According to Lessard et al. (1977a), CFC-12 causes
tachycardia in anaesthetized rabbits at concentrations of
1006 g/ nm3 (20% or nore and in anaesthetized dogs at con-



centrations of 503 g/n? (10%9 or nore (Lessard et al.
1977b). After surgical renmpoval of baroreceptors in rabbits
and dogs, CFC-12 at any concentration causes bradycardi a.
Thus, the tachycardia is due to the baroreflex secondary
to the fall in arterial blood pressure (Lessard et al.
1978) .

Hypoxia is also known to potentiate the nyocardia
depression due to CFC-12 in isolated papillary nuscle of
rats (Kilen & Harris, 1972, 1976) and in the heart of
anaest heti zed rabbits (Taylor & Drew, 1974).

Hypoxi a associated with high concentrations of CFC-12
(4778 g/ n?, i.e. 95% in gas mixture or 1475 ug/ in
arterial Dblood) is needed to cause fatal arrhythma in
anaest heti zed dogs (Flowers & Horan, 1975).

8.8.3. Arrhythnma not associated with asphyxia or adrenaline

Sone chl orof | uorocarbons have been found to affect
cardiac function under conditions of adequate oxygenation
or in the absence of elevated adrenaline |evels. Arrhyth-
ma, in the absence of hypoxaem a or hypercarbia, has been
demonstrated in dogs (CFC 12, 3974 g/n?, i.e. 79% re-
sulting in 725 pg/m in arterial blood, Lessard et al.
1978; CFC-12 concentration not mentioned, Flowers & Horan
1972), nonkeys (CFC-12, 1509 g/ n¥, 30% + CFC-114, 453
g/m (9% : Taylor et al., 1971) and rabbits (79% CFC 12
resulting in 855 g/m in arterial blood: Lessard et al.

1978). However, Lessard et al. did not obtain arrhythm a
in either dogs or rabbits, exposed to the sane concen-
trations of CFC-12, after surgical renoval of barorecep-
tors, showing that these arrhythmas were related to
refl ex endogenous adrenaline delivery (Lessard et al.
1978).

8.9. Mechanisns of toxicity - node of action

Studies concerning cardiac arrhythmas caused by
chl orof l uorocarbons at high concentrations (see section
8.8) may be interpreted in two ways (Taylor et al., 1971).
Firstly, the chlorofluorocarbon gases nay be exerting sone
direct effect on the nmyocardium Secondly, they may have
sensitized the wventricular nyocardium to endogenous
catechol am nes (see Aviado & Belej, 1974). This latter
interpretation is consistent with the bl ocking of arrhyth-
m as by propranolol. The two interpretations are supported
by the nore recent results of Lessard et al. (1980),
Lessard & Paulet (1985), and Lessard & Paulet (1986). On
the basis of an electrophysiological analysis of the
action of CFC-12 on different types of cardiac cells from
rats and sheep, these authors conclude that:

* the cardiac depression observed during inhalation of
CFC- 12 (and many other volatile |iposol ubl e conmpounds)
is the consequence of a non-specific inpairnment of the
menbrane properties and notably the inhibition of
trans- nenbrane ionic currents;

* CFC-12 action on ionic currents is variable: at high
concentrations, depending on the type of cardiac cell
it can oppose or favour the action of adrenaline,



giving rise to many factors that lead to arrhythm a

In a reviewof the toxicity of chlorofluorocarbons,
Avi ado (1978) proposed a combination of mechanisnms for the
cardi opul ronary effects of fluorocarbons. Disintegration
of normal alveolar surfactant was inplicated in the death
of an adolescent after abuse of a chlorofluorocarbon-
propel | ed aerosol (Fagan et al., 1977).

Several investigators have attenpted to deternmine if
chl or of  uor ocar bons af f ect oxi dative phosphorylation
Giffin et al. (1972) showed that CFC-12 and CFC- 114 do
not mar kedly affect oxygen consunmption or oxidative
phosphorylation in mtochondria isolated from the |iver,
lung, brain, heart, or kidney of rats exposed to about
7.5% chl or of | uorocarbons prior to mtochondrial isolation
Further in vitro studies were conducted with |I|iver and
heart mitochondria in which neasurenents were taken during
exposure of the mitochondria to CFC-12 at 990 g/ n? (20%
(time of exposure not specified). No effects on either
oxi dation or phosphorylation were noted (Giffin et al.
1972) .

9. EFFECTS ON HUMANS
9.1. Controll ed studies with volunteers

The studies reported by Stewart et al. (1978) are
anong the nore conprehensive attenpts to characterize the
effects of CFC-11 and CFC-12 on human vol unteers under
controlled conditions. A nunber of biological end-points,
including clinical haematology and chemistry, ECG EEG
pul monary function, neurol ogi cal paraneters, and cognitive
tests were nonitored. Single exposures to CFC-11 or CFC-
12 at concentrations of 0.025% (CFC-11, 1.4 g/n?; CFC-
12, 1.2 g/ m), 0.05% (CFC-11, 2.8 g/n¥; CFC-12, 2.5
g/m), and 0.1% (CFC-11, 5.6 g/n? CFC- 12, 5 g/ nd),
for 1 minto 8 h, induced no observable effects. There was
a statistically-significant decrease in cognitive test
performance in subjects exposed to CFC-11 at 5.6 g/n®, 8
h/ day, 5 days/week, for 2-4 weeks, but not in subjects ex-
posed to CFC-12 at 5 g/n®. Al t hough the authors regarded
this effect as "spurious", the sinmilar effects observed
on acute exposures to CFC-12 (Kehoe, 1943; Azar et al.
1972) and CFC-113 (Stopps & MLaughlin, 1967), as well as
the behavioural effects of CFC-21 on baboons (Geller et
al ., 1977), suggest that psychonotor inpairnment may be a
general effect of fluorocarbons, which precedes signs of
definite toxic effects.

Kehoe (1943) exposed one subject to CFC-12 at concen-
trations of 198 g/nmd (4%, 297 g/ n? (69, 347 g/ m?
(7%, and 545 g/ nd (11% for periods of 80, 80, 35, and
11 min, respectively. A second subject was exposed to 198
g/ md for 14 min, inmediately followed by 99 g/m (2%
for 66 mn. At 198 g/ n?, the subject experienced a
tingling sensation, humming in the ears, and apprehension
EEG changes were noted as well as slurred speech and de-
creased performance in psychol ogical tests. In the subject
exposed to higher concentrations, these signs and synptons
became mpre pronounced with increases in concentration
An exposure to 545 g/n® for 11 min caused a significant



degree of cardiac arrhythnmia, followed by a decrease in
consci ousness with ammesia after 10 mn. At a concen-
tration of 50 g/nm® (1% for 150 min, Azar et al. (1972)
noted a 7% decrease in psychonotor test scores, but no
effect at 5 g/n? (0.1% over the sanme period. Valic et
al. (1977) exposed 10 subjects to CFC-11, CFC- 12, CFC-114,
two mixtures of CFC-11 and CFC-12, and a mi xture of CFC-12
and CFC-114 (breathing concentrations between 16 and 150
g/ n¥) for 15, 45, or 60 seconds, and found significant
acute reduction of wventilatory lung capacity (FEF50,
FEF25) on exposure to each chl orofl uorocarbon, as well as
bradycardia and increased variability in heart rate in
seven subjects, negative T-waves in two subjects (one was
exposed to CFC-11 and CFC-12), and atrioventricul ar bl ock
in 1 subject (CFC-114). M xtures exerted stronger respir-
atory effects than individual chlorofluorocarbon at the
same | evel of exposure

In another study, 11 subjects (7 being nmintenance
technicians of large cooling and refrigerating systens)
were exposed for 130 min to CFC-12 (weighted exposure

0.46, 49.9, and 87.7 g/n¥), HCFC-22 (0.71 and 18.9
g/ md), and CFC-502 (a mnixture of 4 g CFC-115/m and
1.4 g CFC-22/n? or of 23.4 g CFC-115/m? and 10.5 g CFC-
22/ md) . This led to acute reduction of ventilatory |ung

capacity only at the two highest CFC-12 concentrations,
under which conditions a significant decrease in the heart
frequency was al so observed (Valic et al., 1982).

CFC-113 has been tested on human subjects by Stopps &
McLaughlin (1967) and Reinhardt et al. (1971a). Psycho-
mot or performance was eval uated with exposures to 12 g/n?
(0.15%, 19 g/m? (0.25%, 27 g/m? (0.35%, and 35 g/n?
(0.45% for 165 mn (Stopps & McLaughlin, 1967). At the
|l owest level, no effect was noted, but at 19 g/ nd t here
was difficulty in concentrating and some decrease in test
scores. These effects were nore pronounced at 27 g/ n?,
and at 35 g/n? performance in various tasks was decreased
by between 10 and 30% These decreases coincided with sen-
sations of "heaviness" in the head, drowsiness, and a
slight |loss of orientation after shaking the head from
left to right. Reinhardt et al. (1971a) exposed four human
subjects to CFC-113 at concentrations of 8 g/n? (0.1%
and 4 g/n? (0.05% for 180-nin periods in the norning and
afternoon on 5 days. No decreases in psychonotor ability
were noted. No abnormal findings were noted during post-
exposure physical exam nation, haematol ogi cal and bl ood
chem stry tests (conducted 3 days after final exposure),
and steady-state neasurenents of diffusing capacity of
I ungs and fractional uptake of carbon nonoxide.

Skuric et al. (1975) exposed 17 volunteers for 2 mn
to 8 household sprays containing CFC-11 (19-54 g/n?),
CFC-12 (12-106 g/ n¥), or both. They observed significant
reductions in ventilatory lung capacity in each case
(relative reductions: FEV1, 3.3-7.4% FEF50, 5.3-11.2%
FEF25, 12.1-20.9% . However, the reductions on exposure
to sprays were greater than those nmeasured in separate
exposures to chlorofluorocarbons only (at corresponding
breat hing concentrations), suggesting that other spray
conponents were mainly responsible for the changes in ven-
tilatory function. Simlar findings of acute ventilatory



capacity reductions on exposure to hair-sprays were
descri bed by Zuskin et al. (1974, 1981) and Swift et al
(1979), but -exposure levels were not given in these
papers.

Graff-Lonnevig (1979) reported a study of the effects
of chl orofl uorocarbons on bronchiolar tone in asthmatic
chi | dren. Forced expiratory volume (FEV), a neasure of
bronchial tone, was nmeasured in 18 children with a history

of asthma, before and after inhaling aerosols of the R2-
receptor agonist, fenoterol, or a mxture of CFC 11, CFC
12, and CFC-114, and in the absence of treatnent. The
|l evel s of exposure were not reported. Exposure to the
chl orof l uorocarbon m xture significantly reduced FEV for
2 h, relative to "no treatment”, and for 8 h relative to
exposure to fenoterol (containing CFC-11 and CFC-12). The
results suggest that chlorofluorocarbons can decrease
bronchial tone in asthmatic patients, but that this effect
is transient and of a sufficiently snall magnitude to be
superseded by the dilating effects of fenoterol when both
fenoterol and chlorofl uorocarbon propellants are inhaled
t oget her.

Van Ketel (1976) reported allergic contact eczema in
patch tests perforned on three patients that had a prior
hi story of skin reactions to deodorant sprays. All three
patients showed strong positive reactions to 11 deodorant
sprays and mild to strong reactions to CFC-11. One patient
showed a mild reaction to CFC-12. Fifteen controls (wth-
out prior history of allergy to deodorants) showed no
response to either CFC-11 or CFC-12. These results suggest
that individuals nay beconme sensitized to certain chloro-
fluorocarbons applied repeatedly to the skin surface.

9.2. Cccupational exposure

Two studies (Inbus & Adkins, 1972; N OSH, 1980)
suggest that frequent occupational exposures to CFC-113 do
not pose a serious health hazard. No adverse effects
occurred at levels as high as 36.7 g/n? (0.478% and
averaging 5.4 g/n? (0.07%.

Significant acute reductions in the ventilatory |ung
capacity during a work shift of hairdressers using chloro-
fluorocarbon-containing hair-sprays were observed in sev-
eral studies (Zuskin & Bouhuys, 1974; Valic et al., 1974,
and Zuskin et al., 1974).

Several cases of accidental death attributed to occu-
pati onal exposure to chlorofl uorocarbons have been
reported. My & Blotzer (1984) described three cases of
death from exposure to CFC-113. In each case, the individ-
ual s succunbed to high concentrations of CFC-113 vapour
A level of 997 g/n? (128 000 ppn) was estimated in one
case and, in another, death occurred within 15 min after
exposure to an estimated 47-288 g/ n? (6000-37 000 ppm.

Cases of neurological effects attributed to occu-
pati onal exposure to chlorofluorocarbons have been re-
ported. Raffi & Violante (1981) described a case of neuro-
pathy in a laundry worker exposed to tetrachl oroethylene
for 6 years and to wundeterm ned levels of CFC-113 for



7 years prior to reporting synptonms. Both dermal and inha-
| ati on exposure probably occurred. The individual experi-
enced pain, paraesthesia and weakness of the legs, and
decr eased nmotor nerve conduction velocity. She was
instructed to avoid contact with CFC-113 and to rest; her
clinical condition inproved wthout treatnent in one
nont h.

A sinmilar case concerning a refrigerator repair worker
was reported by Campbell et al. (1986). Synptons included
pai n, paraesthesia, and weakness in the legs, and |ow
nerve conduction velocities. The case was subsequently
followed up wth a study of 27 refrigerator repair
wor kers. The refrigerator workers and a reference group of
14 pipe fitters and insulators were given a nedical exam
ination that included measurements of nerve conduction
velocities. The refrigerator workers reported a signifi-
cantly elevated incidence of "lightheadedness" and pal -
pitations, but no differences in nerve conduction vel-
ocities were observed.

In another study, 89 workers were exanined during
their work with refrigerant equi pnment. The refrigerants
used were mainly CFC-12 (in 56% of the cases) and HCFC- 22
(32%, the rest being CFC-11, CFC-500 (a m xture of CFC-12
and HCFC 152a), and CFC-502 (a mxture of CFC-115 and
HCFC 22). The nean exposure tinme was 10 nin. Chlorofl uoro-
carbon concentrations in the breathing zone were nmeasured
for each person individually. The l|evels exceeded 750 ppm
at |l east once (as one mnute nmean values) for 60 of the 89
i ndi vi dual s. Cardi ac arrhythm as were registered before,
during, and after the exposure by neans of a portable ECG
i nstrument connected to a tape recorder. No statistically
significant difference was found between exposed and non-
exposed periods, nor was there any dose-related trend for
di fferent individuals when grouped into different exposure
groups. In this study, possible effects on the centra
nervous system were al so studied by nmeans of sinple reac-
tion tinme measurenents before and after the exposure. No
i mpai rment was seen (Edling & Ohlson, 1988).

Szmidt et al. (1981) investigated death rates anong
539 workers exposed occupationally in constructing and
repairing refrigeration equi pnment. The chl orofl uorocarbons
used were CFC-12, HCFC-22, and CFC-502 (a m xture of CFC
115 and HCFC-22). No increase in total deaths (18 cases)
was seen anong those enpl oyed nore than 6 nonths, conpared
to the expected nunber (26 cases), nor was there any stat-
istically significant increase in total tunour deaths or
deat hs caused by |lung cancer or cardiovascul ar di seases.
When the study was restricted to those exposed for nore
than 3 or 10 years, still no significant increases were
seen. No data on exposure |evels were given.

Thomas (1965) reported that workers who spilled a
| arge volume of CFC-11 were exposed to high concentrations
and devel oped narcotic effects. In one case, unconscious-
ness occurred, and in another, potentiation of the endo-
genous adrenaline effect and tachycardi a.

Yonemitsu et al. (1983) reported an industrial acci-
dental death due to exposure to CFC-113 used as a sol vent



for cleaning a washer tub filter. A large quantity of
liquid CFC-113 was found at the bottom of the washer tub
in which the filter had been cl eaned. The concentration
of the CFC-113 was 935-1091 g/n? (12-14% . Death was
attributed to inhalation of the highly concentrated CFC
113 vapour in the washer room

The US National Institute for Occupational Safety and
Health (May & Blotzer, 1984) reported the deaths of
12 workers due to asphyxiation or cardiac arrhythma
resulting from excessive occupational exposure to CFC-113
while working in confined spaces or areas wth insuf-
ficient wventilation. Uncontrolled use of CFC-113 as a
solvent was reported as the primary cause for these
deaths. This report contains reconmendati ons for control -
ling exposure to CFC-113.

9.3. Non-occupational exposures

Only two cases of accidental ingestion of chloroflu-
orocarbons have been reported. Clayton (1966) reported
that 1 litre of CFC-113 was accidentally rel eased into the
stomach of an anaesthetized patient, causing transient
cyanosi s. For the next 3 days, the patient experienced
severe rectal irritation and diarrhoea.

A study by Marier et al. (1973) involved a group of 20
housewi ves who were given 13 househol d products contai ni ng
chl orof | uorocarbon propellant (CFC-11, CFC-12, and CFC
114) to be used during 4 weeks in conformty with a pre-

scribed protocol. The only effect noted was an increase
in |lactate dehydrogenase (LDH) during the exposure period,
whi ch nonet hel ess remained within normal limts.

Exposure to CFC-11 and CFC-12 has been associated with
the abusive inhalation of aerosols. Bass (1970) concl uded
that deaths associated wth abusive aerosol inhalation
were probably caused by cardiac arrhythma, possibly
aggravated by elevated |evels of catechol anmines due to
stress or by noderate hypercapnia. Thi s deducti on was
subsequently supported by a variety of investigators who
found that many chlorofluorocarbons can sensitize the
hearts of various mammals to adrenaline, resulting in
serious arrhythm as or death (section 8.8).

There are three possible explanations for deaths anopng
asthmatics after using anti-asthmatic drug aerosol fornu-
| ati ons contai ning chlorofluorocarbons as propellant:
i neffectiveness of the anti-asthmatic drug; drug overdose;
toxicity of CFC-11 and other chlorofl uorocarbon propel -
| ants. However, the anmount of chl orofl uorocarbon contai ned
in the inspired aerosols when used correctly for the

i ntended purpose is small conpared to that wused in the
ani mal experinments of Taylor & Harris (1970b), or under
conditions of severe abuse. This is supported by the

animal experinments on the dose-dependent relationship
between cardiotoxic effects of chlorofluorocarbons and
adrenal i ne described in section 8.8.1.

9.4. Health effects associated with stratospheric ozone depletion

There is undi sputed evidence that the atnospheric con-
centrations of chlorofluorocarbons deplete ozone in the



stratosphere. A reduction in ozone concentration wll
result in increased transm ssion of solar ultraviolet
radi ati on through the stratosphere. Many significant
adverse effects of such an increase in exposure to this
radi ati on have been identified.

The informati on summarized below indicates that
stratospheric ozone depletion has the potential to exert
very substantial effects on human health.

9.4.1. Skin cancer effects

One of the nost well-defined human health effects re-
sulting from stratospheric ozone depletion is an increase
in the frequency of skin cancer expected as a result of
even small increases in UV-B radiation (280-320 nn
reaching the earth's surface (US EPA, 1987a; Kripke, 1989;
van der Leun, 1988).

The nost definitive evidence 1inks the incidence of
non- mel anoma  basal and squanobus cell carcinomas to UV-B
radi ati on. These carci nomas occur nmost frequently on the
sun-exposed skin of |[|ight-skinned Caucasi an people and
their incidences increase with age. The geographical dis-
tribution data suggest a relationship to curmulative life-
time exposure to sunlight (Urbach, 1969). Increases in
skin cancers during the past few decades in the USA are
probably partly due to increasing exposure to natural and
artificial sources of UV-B radiation and partly to greater
I ongevity allowing for the appearance of such cancers
after long |latencies (several decades). Although this |ong
| atency makes it unlikely that the increases already ob-
served in skin cancer rates are due to the small decreases
in stratospheric ozone observed during the past decade,
there is extensive evidence for predictions of further
i ncreases in basal and squanobus cell skin cancer rates if
stratospheric ozone depletion continues. Such depl etion

will result in greater increases in UV-B radiation near to
280 nm rather than in the upper end of the affected wave-
length range (320 nm. Skin cancers are nostly induced by
WV radiation at around 300 nm as denonstrated by exper-
i mental animal studies. Tunmour incidence is a function of
the dose received regularly and the period over which
doses occur (frequently corresponding to age). There is no
evi dence of any threshold. A greater-than-linear growth of
cancer incidence rate can be predicted due to several fac-
tors including optical anplification and bioanplification
(van der Leun & Daniels, 1975).

The optical anplification factor indicates the per-
centage increase in the carcinogenically effective radi-
ation caused by a 1% decrease in total ozone colum. It
depends on the wavel engths involved in the induction of
skin cancer by UV radiati on because, when ozone | evel s de-
crease, the shorter wavel engths in the UV-B range increase
nore steeply than the | onger wavel engths. The optical am
plification also depends on the pathlength of the UV radi-
ation through the ozone layer. This nakes the optical am
plification to sone extent dependent on geographical lati-
tude, i.e. it increases fromthe equator to the poles.

The bi ol ogical anplification factor indicates the per-



centage increase in skin cancer incidence caused by a 1%
increase in the carcinogenically effective radiation. It
is not directly proportional to the UV-B radiation, but
follows a higher power of the radiation (Fears et al.
1977) .

On the basis of a recently determ ned acti on spectrum
for UV carcinogenesis in hairless mce (Slaper, 1987), it
can be calculated using both anmplification factors that
with a 1% decrease in total ozone colum, effective UV-B
radiation wll increase by 1.6% the incidence of basa
cell carcinomas by 2. 7% and of squanous cell carcinomas by
4.6% (van der Leun, 1989). In many registries, basal cel

carci nomas and squanmous cell carcinomas are still con-
sidered together, as non-nel anoma skin cancers. For a 1%
depletion of ozone, the overall incidence of non-nel anoma

skin cancer would increase on average by about 3% Wth a
5% decrease in stratospheric ozone, the incidence of basa
cell carcinoma would increase by 14% squanmous cell carci-
noma by 25% and non-nel anoma skin cancer in general by
16% The |ighter-skinned white popul ations of the world
would be nost affected, with 45 000 new cases of non-
mel anoma skin cancer per year (worldwi de) follow ng 1%
stratospheric ozone depletion and 240 000 new cases annu-
ally followi ng 5% ozone depletion (van der Leun, 1989).

The full inportance of such nunbers is difficult to
define at present. Non-nelanoma skin cancers, if detected
early, have a very high cure rate. The current death rate
is about 1% of known cases and reduced exposure (e.qg.

decreased everyday outdoor activities, decreased rec-
reati onal sun exposure, use of nore extensive protective
clothing by farmers or other outdoor workers) <could help
to reduce skin cancer increases due to ozone depletion.

Sufficient evidence exists to show that sunlight also
plays a role in the much nore dangerous (often fatal)
nmel anoma forms of skin cancer. A key uncertainty is the
extent to which UV-B radiation, versus other sunlight
conponents, may specifically contribute to the induction
of cutaneous nel anomas. The lack, until very recently, of
any viable experinental aninmal nmodel in which to study
t hese light-activated skin pigment cell cancers has
i npeded progress. However, UV-B radiati on has been shown
to increase nelanomas in two ani mal nodels (Setlow, 1988;
Ley, 1988), and Kripke (1989) has noted that nuch greater
growt h of nel anomas occurs when transplanted into the skin
of UV-irradiated ani mals, suggesting that UV radiation may
not only initiate nelanonmas but have pronoter effects as
wel | . Thus, it is prudent to consider nelanoma skin
cancers among potential health effects of ozone |ayer
depl etion (US EPA, 1987d).

9.4.2. | mmunot oxic effects

Anot her potential effect of stratospheric ozone de-
pletion is suppression of inmune function. UV-B radiation
appears to nodify immune function in irradiated mce in
di fferent ways both locally at the point of skin irradi-
ation and systemcally. Locally-induced effects include
i mpai rment of Langerhans cells and abnornmal endogenous
cancer cells (Kripke, 1989; Stingl et al., 1983). After



exposure to UV-B radiation, Langerhans cells no |onger
present antigens to the hel per T-1ynphocytes. Consequently
when contact allergens are applied to UV-B-exposed skin

no contact allergy ensues. Instead, suppressor |ynphocytes
are activated, which prevent any subsequent inmune re-
sponse to the sane antigen. Suppressor T-cell [|ynphocytes
are normally involved in regulating the nagnitude and
duration of immune responses. Their activation by UV-B
radi ati on prevents the developnment of natural inmune
responses against UV-B-induced skin cancers and thereby
contributes to their growh and spread to other parts of
the body (Daynes et al., 1986). |In addition, circulation
of UV-B-activated suppressor |ynphocytes throughout the
body, and an associ ated reduction in helper |ynphocytes,
results in a general, system c suppression of certain
i mune functions. Thus, UV-B-irradiated mce not only fai

to exhibit contact allergy responses to chem cals applied
to irradiated skin but they also have inpaired ability to
respond to chenmicals applied to non-irradiated skin. 1In
addition, they have decreased |ynphocyte-nedi ated i nmune
responses to foreign substances injected under the skin
(i.e. delayed hypersensitivity reactions) (Noonan et al.

1981). The system c suppression of inmune function due to

UV radi ati on has been denobnstrated to (a) occur in severa
ani mal species, (b) increase as a function of increasing
UV-B dosage, and (c) persist beyond the initial period of

W exposure (G annini, 1986; Howie et al., 1986; Kripke,

1988) . Two studies of infectious agents showed that UV-B
radiation resulted in suppressed i Mmune response in mce
to Herpes sinplex that lasted for several nonths (How e et
al., 1986) and that UV-B-irradiated mnice infected with

Lei shmania failed to exhibit the del ayed hypersensitivity
i mune responses that were induced in non-irradiated mce
(G annini, 1986). However, insufficient evidence exists to
make a quantitative estimation of the dependence of poten-
tial increases in the incidences of specific types of

i nfectious diseases in humans on stratospheric ozone
depl eti on.

9.4. 3. OCcul ar effects

Adverse occul ar effects resulting fromthe exposure to
UV-B radiation nmy also be the consequence of strato-
spheric ozone depletion (US EPA, 1987a; van der Leun
1988, 1989). One effect, "snowblindness", is typically
transient, lasting only a few days, but its possible
increase at higher (snowier) latitudes is of interest. O
much nore concern, however, is evidence that UV-B radi-
ation increases cataract formation (Pitts et al., 1986)
and the suggestion that 1% stratospheric ozone depletion
woul d i ncrease cataract preval ence by about 0.25 to 0.6%
(roughly equivalent to about 24 000 to 57 000 nore cases
in the USA per year at present popul ation |evels) (US EPA,
1987a) .

9.4.4. Effects on vitanin D synthesis

Skin exposure to UV-B radiation causes the formation

of vitam n Ds. It has been suggested that sone popu-
lation segments that suffer from vitamn D deficiency,
e.g., dark-skinned children in northern cities, children

in famlies with strict macrobiotic diets, elderly people



living mainly indoors (Aaron et al., 1974), and especially
children, might gain some benefit from increased UV-B
radiation resulting from stratospheric ozone depletion
Excess production of vitamn D3 in other groups would be
unexpected since its formation is self-limting (Holick
1981).

9.4.5. Exacerbation of photochenical snmog fornamtion and effects

Increased UV-B radiati on would be expected to facili -
tate tropospheric ozone formation and acid aerosol forma-
tion, the latter due to increased surface hydrogen per-
oxi de concentrations. The health effects associated with
both tropospheric ozone and acid aerosols would then be
expected to occur with greater frequency and severity (US
EPA, 1986; Lippmann, 1989; Grant, 1989).

10. EVALUATI ON OF HUVAN HEALTH RI SKS AND EFFECTS ON THE ENVI RONVENT
10.1. Evaluation of human health risks

10.1.1. Direct health effects resulting from exposure to fully hal ogenat ed

chl orof | uor ocar bons

The kinetics and netabolism of chlorofluorocarbons are
characterized by rapid pulnonary absorption and distri-
bution. There is no indication of any accumul ati on. Mt a-
bolic transformation of the chlorofl uorocarbons considered
in this nonograph is negligible, if it occurs at all.
Therefore, toxic effects of metabolites are very unlikely.
The acute toxicity of chlorofluorocarbons is very |ow, as
denonstrated in studies on various ani mal species and by
different routes of administration. It is characterized by
effects on the heart, the respiratory system and
occasionally the liver. The effects are in accordance with
the synptonmatol ogy observed in acute intoxications in
humans.

After repeated exposure, conparable clinical synptons
can be observed. Alterations in the liver and ki dney occur
occasionally. In humans, CNS, cardiovascul ar and respirat-
ory synptons occur in cases of severe abuse and in uncon-
trolled or accidental occupational exposure. Under con-
ditions of use involving short-termexposures of up to
1000 ppm no adverse health effects woul d be expected.

An evaluation of the animal studies indicates no car-
cinogenic risk to human beings. This is underlined by the
fact that the chlorofluorocarbons discussed in this nono-
graph are devoid of genotoxicity in different nutagenic
end-points and cell transformation. In a limted cohort
study with 539 exposed workers, neither increased deaths
nor increased tunmour ratios were reported. Studies on the
i nfluence of reproduction (fertility, enbryotoxicity,
fetotoxicity, teratology) and general effects on devel op-
ment al processes in experinental aninmals were consistently
negative. Effects on human reproduction, including intra-
uterine and post - natal devel opment, have not Dbeen
reported.

Mean concentrations in the anbient air in urban/sub-

urban areas of 3.4 pg/n? for CFC-11 and 6 pg/n? f or
CFC-12 have been neasured. In renpte/rural areas, the



corresponding levels were 1.0 pg/nd® for CFC-11 and
1.6 pg/ n® for CFC-12.

These exposure levels are considered negligible in
conmparison with the concentrations of 25 000 to 50 000 pg/n?
(=5000 to 10 000 ppm) that cause initial signs either of
functional or norphol ogi cal changes in | aboratory ani mals.
They are particularly negligible in conparison with the
very high exposure |levels that cause functional changes in
humans.

10.1.2. Health effects expected fromreduction of stratospheric ozone by
chl or of | uorocar bons

During the |ast decade, increasing concern has been
focused on the consequences of a reduction of ozone in the
upper atnosphere, with the conconitant increase of UV-B
radi ation at the surface of the earth. Mdel cal cul ations
predict, for the next 50 years, ozone depletions of
between 1 and 10% depending on the scenario used for the
rel ease of chlorofl uorocarbons and ot her trace gases.

Among the effects on hunman health, the induction of
non- mel anoma skin cancer has been investigated exten-
sively, both in human epidem ol ogy and in animl exper-
imental work. It is a generally accepted conclusion that
the incidence of non-nel anoma skin cancer will increase as
a result of ozone depletion. An estimation based on recent
data predicts that a decrease of atnospheric ozone by 1%
would Iead to an increase in the incidence of non-nel anoma
skin cancers by 3% An ozone depletion by 5% would lead to
an increase of the incidence by 16% This latter increase
woul d nmean a worldw de i ncrease of about 240 000
additional new patients wi th non-nel anoma skin cancer per
year, predom nantly light skinned people.

Indications are increasing that UV-B radiation also
plays a role in the induction and growh of cutaneous
nmel anomas, a nore dangerous type of skin cancer. Uncer -
tainty, however, especially with regard to the dose-effect
rel ati onship, nakes quantitative predictions very diffi-
cult. The possibility of an increase in cutaneous nel anonma
shoul d therefore be taken into consideration

The immune system of experinmental animals is sup-
pressed in specific ways by UV-B radiation. This results
in a decreased resistance to inplanted UV-B-induced
tumours and an increased growh of such tumours in nmice,
in the suppression of sensitization by contact allergens,
and the response to allergens in sensitized aninmals. It
also results in the inpairment of the imune response
agai nst certain infectious agents; this has been denon-
strated for Herpes sinplex and Leishmania sp. There are
indications that simlar suppression of the inmune re-
sponse by UV-B radiation may occur in humans. The anti gen-
presenting Langerhans cells in the skin are damged and
allergic responses are depressed. Although much still has
to be learned through further research, the possibility
that imune suppression effects and a consequent increase
in the incidence of sonme infectious diseases nmight occur
as a result of stratospheric ozone depletion should not be
i gnor ed.



There are indications that UV-B radiation increases
cat aract formation, an inportant cause of Dblindness
especially in areas with limted nmedical facilities.

10. 2. Ef fects on the environnent

Ot her than the theory that chlorofluorocarbons con-
tribute to the "greenhouse" effect, there is no evidence
avai l able of other direct ecological effects produced by
t he chl orof | uorocarbons di scussed in this nonograph

Studies addressing the effects of UV-B radiation on
pl ants have concentrated on crop plants and have wusually
been conducted at tenperate |atitudes. This represents
only a small portion of the major ecosystens of the world.
Al t hough there are many uncertainties resulting fromthe
conplexities of the experinents, the data now avail able
suggest that crop yields are potentially vulnerable to
i ncreased | evels of solar UV-B radiation. Qut of nore than
200 species and cultivars screened for UV tol erance, about
two-thirds have been found to be sensitive. The npbst sen-
sitive plant groups include crops related to peas and
beans, nelons, nustard, and cabbage. Menbers of the grass
famly are generally |l ess sensitive.

Experimental evidence indicates that there is sone
degree of tolerance to UV-B radiation in the gene pool
This is based on the high degree of variation in sensi-
tivity to UV radiation anpbng crop cultivars. The genetic
basis for the sensitivity has yet to be determ ned.

The effect of enhanced |l evels of UV-B radiation on the
quality of crops has been studied. The protein and oi
content of selected cultivars of soybean seeds were
reduced by up to 10% when plants were exposed to UV | evels
simul ati ng a 25% ozone depl etion

Studies regarding the effects of UV-B radiation on
forest productivity are limted. There are results only
for seedlings, and they are for |evels of exposure equiv-
alent to a 40% ozone reduction. These studies showed a
reduction in growh and photosynthesis following the
exposure of loblolly pine seedlings. There is experinmental
evidence that increased UV-B radiation |evels can cause
shifts in community structure.

Exposure to UV-B radiation has been shown to affect
both plant and aninmal conponents of marine ecosystens.
These effects include decreases in fecundity, growth, sur-
vival, and ot her paraneters.

10.3. Concl usions

The avail abl e toxicol ogical data on the fully hal ogen-
ated chl orof |l uorocarbons reviewed in this nmonograph show a
| ow acute and chronic toxicity and indicate no nutagenic
or carcinogenic potential. The human health risks are
mainly confined to occasional high exposures that may

occur when handling these substances. |In contrast, the
indirect effects on human beings fromthe accunul ati on of
these substances in the stratosphere may |ead to substan-
tial effects on human health, mainly due to the depletion



of stratospheric ozone resulting in an increase in effects
fromUV-B radi ati on. The projected increase in the inci-
dence of non-nmel anonma skin cancers, a possible increase in
mel anoma  skin cancers, and inmunotoxic and ocul ar effects
all lead to the conclusion that imediate and effective
international cooperation is necessary to reduce further
strat ospheric ozone depl etion

11. RECOMMENDATI ONS

1. The toxicity data base for some chl orofl uorocarbons,
especially those containing hydrogen, is inadequate for
gquantitative risk assessnment. Additional information on
the chronic toxicity, carcinogenicity, and teratogenicity/
reproductive effects of these conpounds, especially by
i nhal ati on exposure, is needed.

2. An assessnent of the effects of increased UV-B radi-
ation is summri zed in Table 16.

Tabl e 16. Potential effects of increased UV-B radiation
resulting from decreased stratospheric ozone?

Ef fects State of know edge Potenti al gl obal inpact
Ski n cancer Moderate to high Moder at e

| mune system Low Hi gh

Cat ar act s Moder at e Low?

Plant |ife€ Low Hi gh

Aquatic life€ Low Hi gh

Climte inmpacts® Mderate Moder at e

Anmbi ent ozone Mbder at e Low?

8 Modified from SAB-EC-87-025 Review of EPA's Assessnent of the Risks
of Stratospheric Mdification by the Stratospheric Ozone
Subconmi ttee, Science Advisory Board, US Environnmental Protection
Agency, March, 1987.

b A nore recent consideration of the influence of ozone depletion on
the incidence of catar-acts suggests that the inpact in this respect
may be nore serious (US EPA, Assessing the Risks of Trace Gases that
can nodify the Stratosphere, Chapter 10, Decenber 1987).

See section 6.

d Contribution of both stratospheric ozone depletion itself and gases
causi ng such depletion to climtic changes, including sea |evel rise.

€ Inpact could be high in selected urban or rural areas typified by
| ocal or regional scale surface-level ozone air pollution problens.

More research is needed in those areas where know edge
is lacking and the potential global inmpact is high. These
include the following eight specific areas of future
research and assessnent that are especially inportant for
under st andi ng and dealing with stratospheric ozone
depletion effects on human heal th:

* the investigation of nechanisnms of imunosuppression
in ani mal nodels and hunans;

* the identification of infectious diseases that include
a stage or process that could be worsened by exposure
to UV-B radiation, and the devel opment of nodels to
expl ain these diseases;



* the investigation of wavel ength dependence and the
devel opnent of dose-response information for humans
concerning the effects of UV-B exposure on the inci-
dence of infectious diseases;

* the determination of the inpact of UV-B i mmunosup-
pressi on on vacci nation efficacy;

* the clarification of the role of imunol ogi cal changes
in the induction of nelanoms and non-nel anoma skin
cancers by UV radiation;

* the determination of +the action spectra and dose-
effect relationships for the induction of the various
types of melanonma by UV radiation;

* the establishment of a better definition of the action
spectra for the induction of squanous cell carcinong,
and especially basal cell carcinoma, by UV radiation;

* the investigation of the biology and epidem ol ogy of
cataracts, and of methods to reduce the risk of eye
di seases.

3. The wuse of CFC-11 and CFC-12 as propellants for the
di sinsection of aircraft by aerosol sprays is still rec-
omended by sonme authorities. There is urgent need for a
new non- ozone-depl eting, non-flammbl e, safe, non-irritant
propellant for this use, since the older propellants are
al ready banned in many countries.

4. Effective international cooperation is necessary to
reduce future stratospheric ozone depletion, and for this
purpose cuts in the en ssion of ozone-depleting chloroflu-
orocarbons of at |east 80-90% are necessary. The first
priority is to find substitutes and the second to devise
adequat e di sposal procedures for existing waste chlorofl u-
orocar bons. It is recommended that all countries take
steps to reduce the use of chlorofluorocarbons wth high
strat ospheric ozone-depl etion potential

REFERENCES

ADIR, J., BLAKE, D.A., & MERGNER, G M (1975)
Phar macoki netics of fluorocarbon 11 and 12 in dogs and
humans. J. clin. Pharmacol., 15: 760-770.

ALLEN & HANBURYS, LTD (1971) An investigation of
possi bl e cardiotoxic effects of the aerosol propellants,
arctons 11 and 12, Vol. 1 (Unpublished report, courtesy

of D. Jack, Managing Director, Allen & Hanburys, Ltd).

AMN, Y.M, THOWSON, E.B., & CHOU WL. (1979)

Fl uor ocarbon aerosol propellants. XllI.Correlation of

bl ood | evel s of trichlorononofl uoromnethane to

cardi ovascul ar and respiratory responses in anesthetized
dogs. J. pharm Sci., 68(2): 160-163.

ANGERER, J., SCHROEDER, B., & HEINRICH R (1985)
Exposure to fluorotri-chlornethane (R-11). Int. Arch
occup. environ. Health, 56(1): 67-72.

AVI ADO, D.M (1978) Effects of fluorocarbons,



chlorinated solvents, and inosine on the cardiopul monary
system Environ. Health Perspect., 26: 207-215.

AVIADO, D.M & BELEJ, MA. (1974) Toxicity of
aerosol propellants on the respiratory and circulatory
systens. |. Cardiac arrhythma in the nouse.
Toxi col ogy, 2: 31-42.

AVIADO, D.M & MCOzZzZI, MS. (1981) Fluorine-containing
organi ¢ conmpounds in industrial hygiene and toxicology.
In: Clayton, GD. & Clayton, F.E., ed. Patty's

i ndustrial hygiene and toxicology, 3rd revised ed., New
York, John Wley and Sons, Vol. 2B, pp. 3071-3115.

AVIADOL DM & SMTH D .G (1975) Toxicity of
aerosol propellants in the respiratory and circulatory
systems. VIII. Respiration and circulation in
primates. Toxicol ogy, 3: 241-252.

AZAR, A., ZAPP, J. A, REINHARDT, C.F., & STOPPS, G J.
(1971) Cardiac tox-icity of aerosol propellants. J. Am
Med. Assoc., 215(9): 1501-1502.

AZAR, A., REINHARDT, C F., MAXFIELD, ME., SMTH,
P.E., Jr, & MILLIN L.S (1972) Experinental human
exposure to fluorocarbon (sic) 12 (dichl orodifl uoronethane).
Am Ind. Hyg. Assoc. J., 33(4): 207-216.

AZAR, A., TROCH MOWCZ, H.J., TERRILL, J.B., & MILLIN,
L.S.  (1973) Bl ood | evel s of fluorocarbon related to
cardi ac sensitization. Am Ind. Hyg. Assoc. J.,

34: 102-109.

BARTSCH, H, MALAVEI LLE, C., CAMUS, A -M,
MARTEL - PLANCHE, G., BRUN, G, HAUTEFEUI LLE, A,
SABADI E, N., BARBIN, A,  KURKXI, T., DREVON, C

PICCOLI, C, & MONTESANO, R (1980) Validation and
conparative studies on 180 chemicals with S typhinurium
strains and V79 Chinese hanster cells in the presence of
various netabolizing system Mitat. Res., 76: 1-50.

BASS, M (1970) Sudden sniffing death. J. Am Med.
Assoc., 212(12): 2075-2079.

BEGGS, C.J., SCHNEIDER-ZIEBERT, V., & MWELLMANN, E
(1986) UV-B radiation and adaptive mechanisnms in
plants. In: Wrrest, RC & Coldwell, MM, ed

Strat ospheric ozone reduction, solar UV radiation and
plant life, Heidelberg, Springer-Verlag, pp. 235-250.

BELEJ, MA., SMTH DG, & AVIADOL DM (1974)

Toxi col ogy of aerosol propellants in the respiratory and
circulatory systenms. |V. Cardiotoxicity in the nonkey.
Toxi col ogy, 2: 381-395.

BEYSCHLAG, W, BARNES, P.W, FLINT, S.D., &
CALDWELL, M M (1988) Enhanced UV-B irradiation has no
ef fect on photosynthesis characteristics of wheat
(Triticum aestivumlL.) and wld oat (Avena falva L.)
under greenhouse and field conditions. Photosynthetica, 22:
31- 37.

BLAKE, D.A. & MERGNER, G W (1974) I nhal ati on



studies on the biotrans-formation and elimnation of
14C-tri chl or of | uor onet hane and 14C-di chl or odi -
fluoromet hane in beagles. Toxicol. appl. Pharmacol., 30:
396-407.

BOVER, F.A (1973) Nomencl ature and chemi stry of
fl uorocarbon conpounds, Springfield, Virginia, US
Nati onal Technical Information Service, 9 pp (NTIS AD
Report No. 751423).

BRICE, K A, DERVWENT, R G, EGEETON, AEJ., &
PENKETT, S. A (1982) Measurenents of

trichl orofluoromet hane and tetrachl oromet hane at Harwel

over the period January 1975 - June 1981 and the

at mospheric lifetinme of trichloro-fluoromethane. Atnos.
Environ., 16(11): 2543-2554.

BRODZI NSKY, R & SINGH, H. B. (1982) Vol atile
organic chemcals in the atnosphere: an assessnent of
avai l abl e data, Research Triangle Park, North Carolina,

US Environnmental Protection Agency, Ofice of Research

and Devel op-ment, Environnmental Sciences Research

Laboratory (Final report on Contract No. 68-022-3452).

BRUGNONE, F., PERBELLINI, L., & APOSTOLI, P.
(1984) Bl ood concen-tration of solvents in industria
exposure. Collect. Méd. |ég. Toxicol. nméd., 125:

165- 168.

BRUNER, F., CRESCENTINI, G, & MANGANI, F. (1981)
Det erm nati on of halo-carbons in air by gas

chr omat ogr aph- hi gh-resol uti on nmass spectronetry. Anal
Chem , 53: 798-801

BULLI STER, J.L. & WEISS, R F. (1983) Ant hr opogeni c
chl orof | uoronmet hanes in the Greenl and and Norwegi an seas.
Sci ence, 221(4607): 265-268.

CALLAHAN, M A., SLIMAK, MW, GABEL, NW, MY, I.,
FOALER, C., FREED, R, JENNINGS, P., DURFEE, R

VWH TMORE, F., MAESTRI, B., MABEY, W, HOLT, B., &
GOULD, C. (1979) Water-related environnmental fate
of 129 priority pollutant. Il1. Hal ogenated aliphatic

conpounds, hal ogenated ethers, nonocyclic aromatics,
phthal ate esters, polycyclic aromatic hydrocarbons,
nitrosam nes, and niscellaneous conpounds, Washington,
DC, US Environnental Protection Agency (EPA-440/4-79-
029b) .

CALLIGHAN, J. A (1971) Thermal stability data on six
fluorocarbons. Heat. Piping air Cond., 43: 119-126.

CAMPBELL, D.D., LOCKEY, J.E., PETAJAN, J., GUNTER
B.J., & ROM WN. (1986) Heal th effects anobng
refrigerator repair workers exposed to fluorocarbons.

Br. J. ind. Med., 43: 107-111.

CARTER, V. L. (1970) Data given in discussion of
Carter et al. (1970), Springfield, Virginia, Nationa
Technical Information Service, p. 315 (NTIS AD Report No.
727523) .

CARTER, V.L., CHKGCs, P.M, MACEVEN, J.D., & BACK



K. C. (1970) Effects of inhalation of Freon 113 on

| aboratory animals, Springfield, Virginia, Nationa
Technical Information Service, 18 pp (NTIS AD Report No.
727523) .

CAUJOLLE, F. (1964) Conparative toxicity of
refrigerants. Bull. Inst. Intern. Froid, 1: 21-54.

CHOU WL. & NAZ, S (1973) A sinple and
ultra-sensitive head-space gas chromatographic nethod for

the assay of fluorocarbon propellants in blood. Res.
Commun. chem Pathol. Pharmacol., 6(2): 481-498.

CLARK, D.G & TINSTON, D.J. (1972a) The influence of

fluorocarbon propel-lants on the arrhythnogenic
activities of adrenaline and isoprenaline. Proc. Eur
Soc. Study Drug Toxicity, 13: 212-217.

CLARK, D.G & TINSTON, D.J. (1972b) Car di ac
effects of isoproterenol, hypoxia, hypercapnia, and
fluorocarbon propellants and their wuse in asthm
inhalers. Ann. Allergy, 30(9): 536-541.

CLAYTON, J. W, Jr (1962) The toxicity of fluorocarbons
with special refer-ence to chemical constitution. J.
occup. Med., 4(5): 262-273.

CLAYTON, J. W, Jr (1966) The mammmalian toxicol ogy
of organic conpounds containing fluorine. Handb. exp.
Phar makol ., 20: 459-500.

CLAYTON, J. W, Jr (1967a) Fl uorocarbon toxicity
and biological action. Fluorine chem Rev., 1(2): 197-252.

CLAYTON, J. W, Jr (1967h) Fl uor ocarbon toxicity: past,
present, future. J. Soc. Cosnet. Chem, 18: 333-350.

CLAYTON, J. W, Jr (1970) Highlights of fluorocarbon
t oxi col ogy. In: Sunderman, F.W, ed. Laboratory

di agnosi s of diseases caused by toxic agents, St. Louis,
M ssouri, Warren H Green, Inc., Chapter 21A, pp. 199-214.

CLAYTON, J. W, Jr, SHERMAN, H., MORRISON, S.D.
BARNES, J.R, & HOOD, D.B. (1964) Toxicity studies on
1, 2-di fluorotetrachl oroet hane (Freon-112) and 1, 1-
di fl uorotetrachl oroet hane (Freon-112A). Toxicol. appl

Phar macol ., 6: 342.

CLAYTON, J. W, Jr, HOOD, D.B., NICK, MS., & WARITZ,
R S. (1966) Inhal ation studi es on chl oropent afl uoroet hane.
Am Ind. Hyg. Assoc. J., 27: 234-238.

CVA  (1986) CMA news rel ease: production, sales,
and calculated release of CFC-11 and CFC-12 through
1985, Washington, DC, Chenical Mnufacturers

Associ ation, Fluorocarbon Program Panel

CVMR  (1975) Chenmical profile: fluorocarbons, New
York, Chem cal Marketing Reporter

CVR (1978) Chemi cal profile: fluorocarbons, New
York, Chem cal Marketing Reporter



CVMR  (1981) Chenical profile: fluorocarbons, New
York, Chem cal Marketing Reporter.

CMR  (1986) Chemical profile: fluorocarbons, New
York, Chem cal Marketing Reporter.

COATE, WB., RAPP, RW, ANDERSON, J., & CHARM J.
(1979) I nhal ation toxicity of nonochl or ononofl uor o-
met hane.  Toxicol. appl. Pharmacol., 48(A109): 79.

COLLI NS, G F., BARTLETT, F.E., TURK, A, EDMONDS,
SSM, & MRK, HL. (1965) A prelimnary eval uation
of gas air tracers. J. Air Pollut. Control Assoc., 15:
109.

COLLINS, G G & UTLEY, D. (1972) Sinple nmenbrane inlet
for direct sanpling of organic pollutants in the
at nosphere by mass spectronmetry. Chem Ind., 2: 84.

COX, P.J., KING L.J., & PARKE, D.V. (1972a) A study of
the possible nmetab-olismof trichlorofluoronethane.
Bi ochem J., 130(1): 13P-14P.

COX, P.J., KING L.J., & PARKE, D. V. (1972b) A
conparison of the interactions of trichlorofluoro-
nmet hane and carbon tetrachloride with hepatic cyto-
chrome P-450. Biochem J., 130: 87P.

COX, P.J., DERVENT, R G, EGGETON, A EJ., &
LOVELOCK, J.E. (1976) Photocheni cal oxidation of
hal ocarbons in the troposphere. Atnos. Environ., 10: 305-308.

CRESCENTINI, G & BRUNER, F. (1979) Evi dence for
the presence of Freon 21 in the atnosphere. Nature
(Lond.), 279: 311-312.

CRESCENTI NI, G, MANGANI , F., MASTROG ACOMO,

AR, CAPPI ELLO, A., & BRUNER, F. (1983) Fast

determination of sone halocarbons in the atnos-phere by

gas chromat ogr aphy- hi gh-resol uti on mass spectronetry. J.
Chromat ogr., 280(1): 146-151.

CULIK, R & SHERMAN, H. (1973) Teratogenic study in
rats with dichlorodifluoromethane (Freon 12), Newark,
Del awar e, Haskell Laboratories, 10 pp (Medical Research
Project No. 1388; Report No. 206-73) (Unpublished,

courtesy of Du Pont de Nermours & Co.).

CUNNOLD, D.M, PRINN, R G, RASMUSSEN, R A,

SI MMONDS, P., ALYEA, F., CARDELINO, C., CRAWORD,

A., FRASER, P., & RCSEN, R (1983a) The at nospheric
lifetime experinment. Il11. Lifetinme methodol ogy and

applications to 3 years of trichlorofluoronethane data. J.
geophys. Res., 88(13): 8379-8400.

CUNNOLD, D.M, PRI NN, R B., SI MMONDS, A,
RASMUSSEN, R, ALYEA, F., CARDELINO, C., & CRAWORD,
A, (1983b) The atnospheric lifetine exper-iment. [V.

Results for dichlorodifluoronethane based on three years
data. J. geophys. Res., 88(13): 8401-8414.

DAMKAER, D.M (1982) Possible influence of solar W
radiation in the evolution of marine zooplankton. In:



Calkins, J., ed. The role of solar ultraviolet radiation
in marine ecosystens, New York, London, Plenum Press, pp
701- 706.

DAMKAER, D.M, DEY, D M, HERON, GA. , & PRENTICE
E. F. (1980) Effects of UV-B radiation on near-surface
zoopl ankton of Puget Sound. COCecol ogia, 44: 149-158.

DANI ELS, S., PATON, WD.M, & SMTH, E.B. (1979) The
effects of sonme hydrophobic gases on the pul nonary
surfactant system Br. J. Pharmacol., 65(2): 229-235.

DESO LLE, H., TRUFFERT, L., BOURGUI GNON, A,
DELAVI ERRE, P., PHILBERT, M, & G RARD-WALLON, C

(1968) Experinental study on the toxicity of

trichlorotrifluoroethane (Freon 113). |I. Arch. Mal. prof.
Méd. Trav. Sécur. soc., 29(7-8): 381-388.

DI CKSON, A G & RILEY, J.P (1976) The

di stribution of short-chain halogenated aliphatic
hydrocarbons in sone nmarine organisns. Mar. Pollut.
Bull., 7(9): 167-169.

DOHERTY, R E. & AVIADO, D. M (1975) Toxicity of
aerosol propellants in the respiratory and circulatory
systenms. VI. Influence of cardiac and pul monary
vascul ar lesions in the rat. Toxicology, 3: 213-224.

DOLLERY, CT., DRAFFAN, G H., DAVI ES, D. S.

W LLI AMS, F.M, & CONOLLY, ME (1970) Bl ood
concentrations in mn of fluorinated hydrocarbons

after inhalation of pressurized aerosols. Lancet, 2(7684):
1164- 1166.

DOUCET, J., SAUVAGEAU, P., & SANDORFY, C. (1973)
Vacuum wultraviolet and photoelectron spectra of fluoro-
chloro derivatives of nethane. J. chem Phys., 58: 3708-3716.

DOUCET, J., SAUVAGEAU, P., & SANDORFY, C. (1974)
The photoelectron and far-ultraviolet absorption spectra
of chlorofluoro derivatives of ethane. J. chem Phys.,
62(2): 355-359.

DOMNING, R C. (1966) Fluorinated hydrocarbons. In:
Standen, A., ed. Kirk-Ohner encyclopedia of chenical
technol ogy, 2nd ed., New York, John WIley and Sons, Vol.
9, pp. 739-751.

DU PONT (1965) Toxicity studies wth 1,1,2-trichloro-

1,2,2-trifluoroethane, Wl mngton, Delaware, E. I. Du Pont
de Nenours & Co., pp. 1-12 (Freon Technical Bulletin No.
S-24).

DU PONT (1980a) Toxicity studies with 1,1,2-trichloro-
1,2,2-trifluoroethane, WI i ngton, Del aware, E. 1. Du
Pont Nemours & Co (Technical Bulletin No. S-24).

DU PONT (1980b) Freon fluorocarbons properties and
applications. B-2, WImngton, Delaware, E. 1. Du Pont de
Nemours & Co.

EDDY, C W & GRIFFITH, F.D. (1971) Met abol i sm of
di chl or odi fl uoronet hane-C'% by rats. Presented at the



Ameri can I ndustrial Hygi ene Associ ati on Conference,
Toronto, Canada, May 1971, New York, American Nationa
Standards Institute and Akron, Ohio, Anerican Industria
Hygi ene Associ ation

EDLING C & OLSON, C G (1988) [Health risks with
exposure to freons], Uppsala, Sweden, Departnent of
Occupational Medicine, University Hospital (in Swedish).

EGLE, J.L., BORZELLECA, J.F., & PUTNEY, J. W, Jr
(1972) Cardiac function in mce follow ng exposure to
hal oal kane propellants alone and in conbination with
bronchodilators. In: Proceedings of the 3rd Annua

Conf erence on Environment al Toxi col ogy, Fairborn,
Ohi o, 25-27 Cctober, Springfield, Virginia, Nationa
Technical Information Service, pp. 239-247 (NTIS AD
Report No. 773766; AMRL-TR-72-130; Paper No. 15).

EMBER, L.R, LAYMAN, P.L., LEPKOASKI, W, & ZURER
P.S. (1986) The changi ng at nosphere. Chem eng. News,
24 Novenber: 14-64.

EPSTEIN, S.S., JOSH, S., ANDREA, J., CLAPP, F., FALK,
H, & MANTEL, N. (1967a) Synergistic toxicity and

carcinogenicity of "freons" and piperonyl butoxide.
Nature (Lond.), 214(5087): 526-528.

EPSTEI N, S.S., ANDREA, J., CLAPP, P., MACKI NTCSH
D., & MANTEL, N. (1967b) Enhancenent by pi peronyl
but oxi de of acute toxicity due to freons,

benzo( al pha) pyr ene, and griseofulvin in infant mice.
Toxicol . appl. Pharmacol ., 11: 442-448.

EPSTEIN, S.S., ARNOLD, E., ANDREA, J., BASS, W, &
Bl SHOP, Y. (1972) Detection of chenmical nmutagens by

the dominant Ilethal assay in the nouse. Toxicol. appl
Phar macol ., 23: 288-325.

FAGAN, D.G, FORREST, J.B., ENHORNING G, LAMPREY,
M, & GQUY, J. (1977) Acute pulmnary toxicity of a
commerci al fluorocarbon-1ipid aerosol. Histopathol ogy,
1(3): 209-223.

FLONERS, N.C. & HORAN, L.H (1972) Effects of
respiratory acidosis on the cardiac response to aeroso
inhalation. Cin. Res., 20: 619.

FLONERS, N.C., HAND, R C., & HORAN, L.G (1975)

Concentrations of fluoro-alcanes associated wth

cardi ac conduction system toxicity. Arch. environ.
Heal th, 30(7): 353-360.

FOLTZ, V. C & FUERST, R. (1974) Mut at i on

studies with Drosophila nelanogaster exposed to four
fluorinated hydrocarbon gases. Environ. Res., 7: 275-285.

FRASER, P.J., HYSON, P., ENTING 1.G, & PEARMAN

Gl. (1983) G obal distribution and southern

hem spheric trends of atnospheric trichlorfluoro-nmethane.
Nature (Lond.), 302(5910): 692-695.

FRI EDMAN, S. A, CAMMARATO, M, & AVIADO, D.M (1973)
Toxicity of aerosol propellants on the respiratory



systems. |l. Respiratory and bronchopul nonary effects in
the rat. Toxicol ogy, 1: 345-355.

FULLER, B., HUSKON, J., KORNREICH, M, OUELLETTE

R, THOWAS, L., & WALKER, P. (1976) Prelimnary
scoring of selected organic air pollutants, Research
Triangle Park, North Carolina, US Environmental
Protecti on Agency, O fice of Air and Waste Managenent, pp.
4-39 (EPA-450/3-77-008a).

FURUYA, M (1979) [ Experinmenta
chl or of | uor ohydr ocar bon poi soning.] Tokyo Jikeikai |ka
Dai gaku Zasshi, 94(6): 1201-1214 (in Japanese).

GARB, S. & CHENOWETH, M B. (1948) Studies on
hydr ocar bon- epi nephrine induced ventricular fibrillation
J. Pharmacol. exp. Ther., 94: 12-18.

GARRETT, S. & FUERST, R (1974) Sex-linked
nmut ati ons in Drosophila after exposure to various m xtures
of gas atnospheres. Environ. Res., 7: 286-293.

GELBI COVA- RUZI CKOVA, J., NOVAK, J., & JANAK, J.
(1972) Application of the method chronat ographic
equilibriumto air pollution studies. The deter-mination
of mnute amunts of halothane in the atnosphere of an
operating theatre. J. Chromatogr., 64: 15-23.

GELLER, I., HARTMAN, R J., Jr, & MENDEZ, V.M (1977)
Eval uati on of performance inpairment by spacecraft
contam nants, San Antonio, Texas, Southwest Foundation
for Research and Education, 71 pp (Contract Report No.
NASA- CR- 151478) .

GOLD, N G & CALDWELL, MM (1983) The effects of
ultraviolet-B radiation on plant conpetition in
terrestrial ecosystems. Physiol. Plant., 58: 435-444.

GRAFF- LONNEVI G, V. (1979) Di urnal expiratory fl ow
after inhalation of Freons and Genoterol in childhood
asthma. J. Allergy clin. [Imunol., 64: 534-538.

GRANT, L.D. (1989) Health effects issues associated

with regional and global air pollution problens. In:
Proceedi ngs of the World Conference on the Changing
At nosphere, Toronto, June, Geneva, World Meteorol ogy

Organi zati on and Otawa, Canada Departnent of the

Envi ronnment, pp. 243-270.

GREEN, T. (1983) The metabolic activation of

di chl oromet hane and chloro-fluoronethane in a

bacterial nutation assay wusing Salnonella typhinmurium
Mut at. Res., 118(4): 277-288.

GREENBERG, L.A. & LESTER, D. (1950) Toxicity of the
tetrachl orodi fl uoro-ethanes. Arch. ind. Hyg. occup. Med.
2: 345-347.

GRIFFIN, T.B., BYARD, J.L., & COULSTON, F. (1972)
Toxi col ogi cal responses to hal ogenated hydrocarbons. In:
Apprai sal of hal ogenated fire extinguishing agents.
Proceedi ngs of a Synposium Washington, DC, 11-12 April,
Washi ngton, DC, US National Acadeny of Science, pp. 136-



147.

QU CHERIT, R & SCHULTING, F.L. (1985) The occurrence
of organic chenmicals in the atnosphere of the
Net herlands. Sci. total Environ., 43(3): 193-219.

HAJ, M, BURSTEIN, Z., HORN, E., & STAMER B

(1980) Perforation of the stomach due to

trichl orofluoronmethane (Freon 11) ingestion. Isr. J.
med. Sci., 16(5): 392-394.

HALL, D.W (1984) Vol atile organic contam nation in

an al luvial aquifer, Southington, Connecticut. Presented
at the National Conference and Exhibit on Hazardous
Wastes in Environnental Energencies: Mnagenent,
Prevention, Cl ean-up, and Control, pp. 190-197.

HAM LTON, J. M (1962) The organic fluorochen cal
industry. Adv. fluorine Chem, 3: 117-180.

HAMM TT, J.K (1986) Product uses and market trends
for potential ozone-depleting substances, 1985-2000,
Santa Monica, California, Rand Corporation (Report No.

R- 3386- EPA) .

HANAI , Y., KATQU, T., & I11ZUKA T. (1984)
[Automati c anal ysis of hal ogenated hydrocarbons in the
air.] Yokohama Kokuritsu Dai gaku Kankyo Kagaku Kenkyu
Senta Kiyo, 11(1): 17-27 (in Japanese).

HANSCH, C., VITTORIA, A, SILIPO C, & JON P.Y.C
(1975) Partition coefficients and the structure-activity
rel ati onship of the anesthetic gases. J. nmed. Chem,
18(6): 546-548.

HANST, P.L. (1978) Noxi ous trace gases in the air
Part Il. Halogenated pollutants. Chenistry, 51(2):
6-12.

HARRI S, WS. (1972) Cardiac effects of hal ogenated
hydrocarbons. In: Appraisal of hal ogenated fire

extingui shing agents. Proceedings of a Synposi um
Washi ngton, DC, 11-12 April, Washington, DC, US Nationa
Acadeny of Science, pp. 114-126.

HARRI S, WS. (1973) Aerosol propellants are toxic
to the heart. J. Am Med. Assoc., 223: 1508-1509.

HARRIS, WS., KILEN, S. M, TAYLOR, G J., & LEVITSKY

S. (1971) Evi dence from animals and man that freon
depresses nyocardial contractility. Circul ation, 44(Suppl
11): 119.

HAWLEY, G G, ed. (1981) The condensed cheni cal
dictionary, 10th ed., New York, Van Nostrand Reinhol d
Conpany, pp. 236, 229, 244, 335-336, 229, 471, 1006, 1042.

HAYS, H W (1972) Etiology of <cardiac arrhythmas. In
Proceedings of the 3rd Annual Conference on

Envi ronnental Toxicol ogy, Fairborn, Ohio, 25-27

Oct ober, Springfield, Virginia, National Technica
Informati on Service, pp. 173-183 (NTIS AD Report No.
7737166) .



HAZELTON  LABORATORI ES (1967a) Repr oducti on st udy
in rabbits, Vienna, Virginia, Hazelton Laboratories
(MRO-1962- 001, HLO 0258-67) (Unpublished data of E.l. Du
Pont de Nenours & Co.).

HAZELTON  LABORATORI ES (1967b) Teratol ogy study
in rabbits, Vienna, Virginia, Hazelton Laboratories
(MRO- 1015, HLO 242. Final report) (Unpublished data of
E.1. Du Pont de Nermours & Co.).

HERMANN, H. & VIAL, J. (1935) Nouvelles syncopes

cardi aques par association toxique de |'adrénaline et de
divers produits organiques volatiles. C. R Soc. Biol
(Paris), 119: 1316-1317.

HESTER, N.E., STEPHENS, E. R, & TAYLOR, OC. (1974)
Fl uorocarbons in the Los Angeles Basin. J. Air Pollut.
Control Assoc., 24(6): 591-595.

HOLICK, MF. (1981) The cutaneous photosynthesis of
pre-vitam n D3: a uni que photoendocrine system J. jnvest.
Dermatol ., 77(1): 51-58.

HORVATH, A.L. (1982) Hal ogenat ed hydrocarbons:
solubility-miscibility with water, New York, Marce
Dekker, p. 493.

HUNTER, J.R, KAUPP, S.E., & TAYLOR, J.H (1982)
Assessnent of the effects of UV radiation on marine fish
larvae. In: Calkins, J., ed. The role of solar

ultraviolet radiation in marine ecosystens, New York
London, Pl enum Press, pp. 459-497.

HUNTER-SM TH, R.J., BALLS, P.W, & LISS, P.S (1983)
Henry's Law constants and the air-sea exchange of
various | ow nol ecul ar-wei ght hal ocarbon gases. Tell us,
35B(3): 170-176.

HUSKINS, C. W, TARRANT, P., BRUESH, J.F., & PADBURY,
J.J. (1951) Ther mal dehydrohal ogenation of sone
chlorofluoroethanes. |Ind. eng. Chem, 43: 1253-1256.

IMBUS, H R & ADKINS, C. (1972) Physica

exam nations of workers exposed to
trichlorotrifluoroethane. Arch. environ. Health, 24(4):
257-261.

| SAKSEN, |1.S.A & STORDAL, F. (1981) The influence

of man on the ozone l|ayer: readjusting the estinates.

Anmbi o, 10(1): 9-17.

JACK, D. (1971) sniffing syndrome. Br. nmed. J., 2: 708-709.
JAYANTY, R K M, SIMONAITIS R, & HEICKLEN, J.

(1975) The photol y-sis of chlorofluoromethanes in the
presence of O, or O3 at 213.9 nmand their reactions

with O(1D). J. Photochem, 4: 381-398.

JENKINS, L.J., Jr, JONES, R A, COON, R A, & SIECEL

J. (1970) Repeated and continuous exposures of

| aboratory animals to trichlorofluoronethane. Toxicol
appl . Pharmacol ., 16: 133-142.



JOHNSON, WE., FRASER, J.H, 4GBsSON, WE., MODICA,
AP, & GROSSMAN, G (1972) Spray freezing,

decanting, and hydrolysis as related to secondary

refrigerant freezing, Springfield, Virginia, US
Departnment of the Interior, Ofice of Saline Water
National Technical Information Service, (Research and
Devel opnent Program Report No. 72-786; NTIS PB Report No.
215 036).

KAI SER, K.L.E., COVMBA, ME., & HUNEAULT, H

(1983) Vol atile hal o- carbon contam nants in the

Ni agara River and in Lake Ontario. J. Great Lakes Res.,
9(2): 212-223.

KEHOE, R A. (1943) Report on human exposure to
di chl orodi fl uoronmet hane in air, Cincinnati, Ohio,
Kettering Laboratory (Unpublished report).

KELLY, D. P., CULI K, R, TROCHI MOW CZ, HJ., &
FAYERWEATHER, WE. (1978) I nhal ation teratol ogy studies
on three fluorocarbons. Toxicol. appl. Pharnmacol., 45:
293.

KELLY, J.R  (1986) How m ght enhanced | evels of solar
UV-B radiation affect marine ecosystens? 1In: Titus,

J. G, ed. Ef fects of changes in stratospheric ozone
and gl obal climate, Washington, DC, US Environnenta
Protecti on Agency and Nairobi, United Nations Environnment
Programre, Vol. 2, pp. 237-251.

KHALIL, MA K & RASMUSSEN, R. A (1983) Gaseous
tracers of arctic haze. Environ. Sci. Technol., 17:
157-164.

KILEN, SSM & HARRIS, WS (1972) Direct

depression of myocardial con-tractility by t he

aerosol propellant gas, dichlorodifluoronethane. J.
Phar macol . exp. Ther., 183(2): 245-255.

KILEN, S M & HARRIS WS (1976) Effects of
hypoxia and Freon 12 on mechanics of cardiac
contractions. Am J. Physiol., 230(6): 1701-1707.

KRAHN, D.F., BARSKY, F.C., & MCCOCEY, K T. (1982)
CHO HGPRT nutation assay: evaluation of gases and
volatile liquids. Environ. Sci. Res., 25: 91-103.

KRIPKE, ML. (1989) Health effects of stratospheric
ozone depl eti on: an overview. In: Schneider, T., Lee,
S.D., Gant, L.D, & Wlters, G, ed. Atnospheric
ozone research and its policy inplications: Third
US-Dutch International Synposium Nijnmegen, The
Net herl ands, May 1988, Amst erdam Oxford, New York
El sevi er Sci ence Publishers, pp. 795-802.

LEE, I|.P. & SUZUKI, K. (1981) Studies on the
mal e reproductive tox-icity of Freon 22. Fundam appl
Toxicol ., 1(3): 266-270.

LESSARD, Y. & PAULET, G (1985) Mechani sm of
i posoluble drugs and general anesthetic's nmenbrane
action: action of difluoronethane (FC 12) on different



types of cardiac fibers isolated fromsheep hearts.
Cardi ovasc. Res., 19(8): 465-473.

LESSARD, Y. & PAULET, G (1986) A proposed nechani sm
for cardiac sensi-tisation: Electrophysiological study
of effects of difluorodichloronethane and adrenaline on
different types of cardiac preparations isolated from
sheep hearts. Cardiovasc. Res., 20: 807-815.

LESSARD, Y., DESBROUSSES, S., & PAULET, G (1977a)

Aryt hm e cardi aque chez |l e lapin sous |'action de

| "adrénaline et du difluorodichloronméthane (FC 12). C R
Soc. Biol. (Paris), 171(4): 883-895.

LESSARD, Y., DESBROUSSES, S., & PAULET, G (1977b)

Arythm e cardi aque chez I e chien sous |'action de

| "adrénaline et du difluorodichloromthane (FC 12). CR
Soc. Biol. (Paris), 171(6): 1270-1282.

LESSARD, Y., DESBROUSSES, S., & PAULET, G (1978)
R6l e de |'adrénaline endogéne dans | e décl enchenent de
|"arythm e cardi aque par |e difluorodichloro-méthane (FC
12) chez les manmiféres. C. R Soc. Biol. (Paris), 172(2):
337-347.

LESSARD, Y., CALLEE, J.J., & PAULET, G (1980)
Action du difluoro-dichlorométhane (FC 12) sur
|"activité électrique cardiaque du nmanmifere au niveau
cellulaire. C. R Soc. Biol., 174(1): 52-57.

LESTER, D. & GREENBERG, L. A (1950) Acute and
chronic toxicity of sone hal ogenated derivatives of
met hane and ethane. Arch. ind. Hyg. occup. Med., 2:
335-344.

LEUSCHNER, F., NEUMANN, B.W, & HUEBSCHER, F. (1983)
Report on subacute toxicological studies wth severa
fluorocarbons in rats and dogs by inhalation
Arzneinmittel forschung, 33(10): 1475-1476.

LEY, R D. (1988) Induction of cutaneous nel anomas by
UV-B radiation in the marsupial Mnodel phis donestica.
In: Proceedings of the 10th International Congress on
Phot obi ol ogy.

LI LLI AN, D., SINGH, H. B., APPLEBY, A., LOBBAN, L.
ARNTS, R, GUMPERT, R, HAGUE, R, TOOWEY, J.,
KAZAZI'S, J., ANTELL, M, HANSEN, D., & SCOIT, B.

(1975) Atnospheric fates of hal ogenated conpounds.
Environ. Sci. Technol., 9(12): 1042-1048.

LI PPMANN, M (1989) Ozone health effects and energing
issues in relation to standards setting. 1In: Schneider
T., Lee, S.D., Gant, L.D., & Wilters, G, ed.
At nospheric ozone research and its policy
implications: Third US-Dutch International Synposi um
Ni j megen, The Netherlands, My 1988, Amsterdam
Oxford, New York, Elsevier Science Publishers, pp. 21-33.

LONGSTAFF, E. & MCGREGOR, D.B. (1978)

Mut agenicity of a halocarbon refrigerant

nmonochl orodi f| uor onet hane (R-22) in Sal monell a
typhi murium Toxicol. Lett., 2(1): 1-4.



LONGSTAFF, E., ROBINSON, M, BRADBROOK, C., STYLES
J.A., & PURCHASE, |.F. H (1984) Genotoxicity and
carcinogenicity of fluorocarbons: assessnent by short-
term in vitro tests and chronic exposure in rats.

Toxicol. appl. Pharnmacol., 72(1): 15-31

LOPRI ENO, N. , BARALE, R, PRESCIUTTINI, S., ROSSI,
A M, SBRANA, |I., STRETTI, G, ZACCARO L.,
ABBONDANDOLO, A., BONATTI, S., & FIORIO R (1979)
Conparative data with different test systems using

m croorgani sms and mamalian cells on references and
environnental nutagens. Mutat. Res., 64: 119.

LOVELOCK, J.E (1972) At nospheric turbidity and
trichl orofl uoromet hane. Concentrations in rural southern
Engl and and southern Ireland. Atnmobs. Environ., 6: 915.

LOVELOCK, J.E., MAGGS, RJ., & WADE, R J. (1973)
Hal ogenat ed hydro-carbons in and over the Atlantic.
Nature (Lond.), 241: 194-196.

LOVENHEI M F. A. & MORAN, M K. (1975) Fai t h, Keyes,
and Clark's industrial chemicals, 4th ed., New York, John
W | ey and Sons, pp. 325-330.

LURE, A Z & PLESHKOVA Z.1. (1977) [Conparative

characteristics of the incidence of wupper respiratory

tract nucous nenbrane disease in workers of different

shops of a fluoroorganic production plant.] Zh. Ushn.
Nos. Gorl. Bolezn., 3: 47-50 (in Russian).

MCCARTHY, R L. (1973) Ecol ogy and toxicol ogy of
fl uorocarbons, WInngton, Delaware, E. 1. Du Pont de
Nenmours & Co. (Unpublished report).

MCCAUL, J. (1971) Mx with care. Environment, 13
(1): 39.

MCCLURE, D. A (1972) Failure of fluorocarbon
propellants to alter the electrocardi ogramof mce and
dogs. Toxicol. appl. Pharmacol., 22: 221-230.

MCKNI GHT, J.E. & MCGRAW J.L., Jr (1983)
Utrastructural study of the effects of
trichlorotrifluoroethane on the |liver of hai rl ess
mce. J. submicrosc. Cytol., 15(2): 447-451.

MAKI DE, Y., KANAI, VY., & TOMNGA T. (1980)
Background atnospheric con-centrations of hal ogenated
hydrocarbons in Japan. Bull. Chem Soc. Jpn, 53:
2681- 2682.

MALTONI, C., CILIBERTI, A, & CARRETTI, D. (1982)
Experimental contri-butions in identifying brain
potential carcinogens in the petrochem cal industry.
Ann. N. Y. Acad. Sci., 381: 216-249.

MALTONI , C., LEFEMNE, G, TOvOLl, D., & PERINO
G (1988) Long-term carcinogenicity bioassays on
three chlorofluorocarbons (trichlorofluoro-nethane, FC
11; dichl orodifl uoromet hane, FC-12; chlorodifl uoronethane,
FC-22) adm nistered by inhalation to Sprague-Daw ey rats



and Swiss mice. Ann. N Y. Acad. Sci., 534: 261-282.

MARI ER, G, MACFARLAND, G H., & DUSSAULT, P. (1973)

A study of Dblood fluorocarbon |evels follow ng

exposure to a variety of household aerosols. Household
pers. Prod. Ind., 10(12): 68, 70, 92, 99.

MATSUMOTO, T., PANI, K C, KOVARIC, J.J., & HAMT,
H. F. (1968) Aerosol tissue adhesive spray: fate of
freons and their acute topical and systemic toxicity.
Arch. Surg., 97(5): 727-735.

MAY, D.C. & BLOTZER, MJ. (1984) A report on
occupation deaths attributed to Fluorocarbon-113. Arch
environ. Health, 39: 352-354.

MERGNER, G W, BLAKE, D.A., & HELRICH, M (1975)
Biotransformation and elimination of 14C
trichlorofl uoromethane (FC-11) and 4C

di chl orodi fl uoro- met hane (FC-12) in man (Laboratory
Report). Anaest hesiol ogy, 42(3): 345-351

MORGAN, A., BLACK, A, WALSH, M, & BELCHER, D.R

(1972) The absorption and retention of inhaled

fluorinated hydrocarbon vapors. |Int. J. appl. Radiat.
| sot., 23: 285-291.

MORITA, M, MK, A, KAZAMA, H, & SAKATA M
(1977) Case reports of deaths caused by freon gas.
Forensic Sci., 10(3): 253-260.

NASA  (1986) Present state of know edge of the upper
at nosphere: an assessment report, Washington, DC
Nat i onal Aeronautics and Space Adm nistration (NASA
Ref erence Publication No. 1162).

NASTAI NCZYK, W, AHR, HJ., & ULLRICH V. (1982a)
The nmechani sm of the reproductive dehal ogenation of
pol yhal ogenated conpounds by m crosomal cyto-chrone
P-450. Adv. exp. Med. Biol., 136A: 799-808.

NASTAI NCZYK, W, AHR, H J., & ULLRICH, V. (1982b) The
reductive netabolism of hal ogenated al kanes by liver

m crosomal cytochrome P-450. Biochem Pharnmacol., 31(3):
391- 396.
NCI (1978) Bi oassay of trichlorofluoronmethane for

possi bl e carcinogenicity, Bethesda, Maryland, Nationa
Cancer Institute.

NEELEY, WB., BRANSON, D.R, & BLAU GE (1974)
Partition coefficient to nmeasure bioconcentration
potential of organic chemicals in fish. Environ. Sci
Technol ., 8(13): 1113-1115.

NILAZI, S & CHOU WL, (1975) Fl uor ocar bon
aerosol propellants. [|V. Pharmacokinetics of

trichl oronmonof | uoromet hane following single and multiple
dosing in dogs. J. pharm Sci., 64(5): 763-769.

NlAZI, S & CHOU WL. (1977) Fl uor ocar bon
aerosol propellants. Xl . Pharmacokinetics of
di chl orodi fl uoronethane in dogs following single and



mul tiple dosing. J. pharm Sci., 66: 49-53.

NI OSH (1980) Health hazard eval uation

determi nation, Cincinnati, GChio, US National Institute
for Occupational Safety and Health (Report No. 79-127-
644; NTI'S PB 80-169816) .

NOBLE, H.L. (1972) Fl uorocarbon industry review
and forecast, Chem cal Mrketing Research Associ ation
(Meeting May).

NRC (1976) Envi ronnental effects of chlorofl uoronet hane
rel ease, Washington, DC, National Research Council
Nati onal Acadeny of Sciences, 125 pp.

NUCKOLLS, A . H  (1933) The conparative life, fire,
and explosion hazards of common refrigerants, Chicago,
Ohi o, The Underwaters Laboratories, pp. 5-9, 24-26, 57-
61, 106-107 (M scel |l aneous Hazard No. 2375).

PARYJCZAK, T., BAL CZEWSKA, H., | GNACZAK, W,
KROL, A, & MAYTJEWSKI, P.  (1985) [Determination
of freons in air.] Bromatol. Chem Toksykol., 18(1):

69-73 (in Polish).

PATERSON, J. W, SUDLOW MF., & WALKER, S.R
(1971) Bl ood |evels of fluorinated hydrocarbons in
asthmatic patients after inhalation of pressurized
aerosols. Lancet, 2: 565-568.

PAULET, G (1969) De |'action des hydrocarbures
chl orof l uorés sur |'organisme. Labo-Pharma. Probl. Tech.
180: 74-78.

PAULET, G & CHEVRIER, R (1969) Mbdalités de
["élimnation par |'air expiré du fluorane 11 inhalé.
Etude chez |'home et chez |'animal. Arch. Mal. prof.
Méd. Trav. Sécur. soc., 30(4-5): 251-256.

PAULET, G & DESBROUSSES, S. (1969)
Di chl orotetrafl uoroet hane. Acut e and chronic toxicity.
Arch. Mal. prof. Méd. Trav. Sécur. soc., 30: 477-492.

PAULET, G, DESBROUSSES, S., & VIDAL, E. (1974)

Absence d'effet tératogéne des fluorocarbones chez
le rat et le lapin. Arch. Mal. prof. Méd. Trav. Sécur
soc., 35: 658.

PAULET, G, LANCE, J., THCS, A, TOULOUSE, P., &
DASSONVI LLE, J. (1975) Fate of fluorocarbons in the dog
and rabbit after inhalation. Toxicol. appl. Pharmacol.
34(2): 204-213.

PITTS, D.G, 2ZUuCLICH J.A, ZIGWN, S, ZIGER S,

VARMA, S.D., MOSS, E., LERMAN, S., CAMERON, L.L., &

JOSE, J. (in press) Optical radiation and cataracts.
In: Waxhler, M & Hitchins, V.M, ed. Optical radiation
and visual health, Boca Raton, Florida, CRC Press.

PRENDERGAST, J.A., JONES, R A, JENKINS, L.J., Jr, &
SI EGEL, J. (1967) Effects on experinental animals of

I ong-terminhalation of trichloroethylene, carbon
tetrachloride, 1,1,1-trichloroethane, dichlorodifluoro-



met hane, and 1, 1-di chl oroet hyl ene. Toxicol. appl. Pharmacol.

10(2): 270-289.

PRI NN, R G, SI MMONDS, P.G, RASMUSSEN, R A,
ROSEN, R, ALYEA, F., CARDELI NG, C., CRAWFORD,
A, CUNNCLD, D., FRASER, P., & LOVELOCK, J

(1983) The atnospheric lifetinme experinment. |I.
i ntroduction, instrumentation, and overview. J. geophys.
Res., 88(13): 8353-8367.

QUEVAWVI LLER, A (1965) Hygi éne et sécurité des
pul seurs pour aérosols nedi canenteux. Prod. Probl
pharm, 20(1): 14-29.

QUEVAWVI LLER, A., CHAIGNEAU, M, & SCHRENZEL, M
(1963) Etude expéri-nentale chez la souris de la
tol érance du pounon aux hydrocarbures chloro-fluorés.
Ann. pharm fr. 21(11): 727-734.

QUEVAWVI LLER, A., SCHRENZEL, M, & VU-NGOC, H
(1964) Tol érance locale (peau, mnuqueuses, plaies,
brdlures) chez |'animl aux hydrocarbures chloro-
fluorés. Thérapie, 19: 247-263.

RAFFI, G B. & VIOLANTE, F.S. (1981) |Is Freon 113
neurotoxic? A case report. Int. Arch. occup. environ
Heal th, 49: 125-127.

RAMSEY, J.D. & FLANAGAN, R.J. (1982) Det ecti on
and identification of volatile organic conpounds in

bl ood by headspace gas chromat ography as an aid to the
di agnosi s of solvent abuse. J. Chromatogr., 240(2):

423- 444.

RAND  (1986) Product uses and market trends for

potential ozone-depleting substances, 1985-2000, Santa
Moni ca, California, Rand Corporation (Report No. R-3386-
EPA) (Prepared for the US Environmental Protection
Agency) .

RASMUSSEN, R A & KHALIL, MA K (1982) Latitudina
distributions of trace gases in and above the boundary
| ayer. Chenosphere, 11(3): 227-235.

RASMUSSEN, R A & KHALIL, MA K (1983) Natural and
ant hropogenic trace gases in the | ower troposphere of the
Arctic. Chenosphere, 12(12): 371-375.

RASMUSSEN, R A & KHALIL, MA K (1986) At nospheric
trace gases: Trends and distributions over the past
decade. Science, 232: 1623-1624.

RASMUSSEN, R A, KHALIL, MA K, & DALLUGE, R W

(1981) At nospheric trace gases in Antarctica. Science,
211(4479): 285-287.

RASMUSSEN, R A., KHALIL, MA K, & CHANG J.S. (1982)
At nospheric trace gases over China. Environ. Sci
Technol ., 16(2): 124-126.

RAUWS, A .G, OLLING M, & WBOM, A E (1973)
Determ nation of fluoro-chlorocarbons in air and body

fluids. J. Pharm Pharmacol., 25: 718.



REBBERT, R E. & AUSLOCS, P.J. (1975)
Phot odeconposition of CFC , and CF,d,. J.

Phot ochem , 4: 419-434.

REI NEKE, F.J. & BAECHVANN, K. (1985) Gas
chromatographic  determnation of C,-GC; hydrocarbons

and hal ocarbons in ambient air by sinmul-taneous use of
three detectors. J. Chromatogr., 323(2): 323-329.

REI NHARDT, C F., MCLAUGHLI N, M, MAXFI ELD, M E.
MULLI N, L.S., &SMTH P.E, Jr (1971a) Human
exposures to fluorocarbon 113. Am Ind. Hyg. Assoc. J.,
32: 143-152.

REI NHARDT, C.F., AZAR, A, MAXFIELD, ME., SMTH
P.E., Jr, & MILLIN, L.S (1971b) Cardiac

arrhythm as and aerosol "sniffing". Arch. environ
Heal th, 22: 265-279.

REI NHARDT, C.F., MJLLIN, L.S., & MAXFIELD, M E. (1973)
Epi nephri ne-i nduced cardiac arrhythm a potential of

some common industrial solvents. J. occup. Med., 15
(12): 953-955.

ROBINSON, E., CRONN, D R, MENZIA, F., CLARK, D
LEGG R, & WATKINS, R (1983) Trace gas profiles
to 3000 m over Antarctica. Atnos. Environ., 17(5):
973-981.

RUDOLPH, J. & JEBSEN, C. (1983) The use of

phot oi oni zation, flane ionization, and electron capture
detectors in series for the determnation of |ow

nol ecul ar wei ght trace conponents in the non-urban

atmosphere. Int. J. environ. anal. Chem, 13(2):

129- 139.

SAKATA, M, KAZAMA, H., MKI, A, YOSH DA A
HAGA, M, & MORITA, M (1981) Acute toxicity of
fluorocarbon-22: toxic synptons, Ilethal concentration

and its fate in rabbit and nouse. Toxicol. appl
Phar macol ., 59(1): 64-70.

SALMON, A. G, JONES, R B., & MACKRODT, WC. (1981)

M crosonal dechlorination of chl oroet hanes:
structure-reactivity rel ati onshi ps. Xenobiotica, 11(11):
723-734.

SALMON, A G, NASH, J. A, WALKLIN, CM, &
FREEDVAN, R B. (1985) Dechlorination of hal ocarbons
by mcrosones and vesicular reconstituted cytochrone
P- 450 systens under reductive conditions. Br. J. ind.
Med., 42(5): 305-311.

SALTZMAN, B.E., COLEMAN, A l., & CLEMONS, C A

(1966) Hal ogenated conpounds as gaseous

nmet eorol ogi cal tracers: stability and ultra-sensitive
anal ysis by gas chromatography. Anal. Chem, 38: 753-758.

SANDERS, P.A. (1960) Corrosion of aerosol cans. Soap
Chem Spec., 36: 95-103.

SAYERS, R R, YANT, WP., CHORNYAK, J., & SHOAF,



H W (1930) Toxicity of dichlorofluoronmethane: A new
refrigerant, Washington, DC, Bureau of M nes,

Publications Distribution Section (Report of

I nvestigations No. 3013).

SCHNEIDER, T., LEE, S.D., GRANT, L.D., & WOLTERS

G, ed. (1989) Atnospheric ozone research and its
policy inmplications: Third US-Dutch Internationa
Synposi um  Nijmegen, The Netherlands, May 1988,

Anst erdam Oxford, New York, Elsevier Science Publishers,
1047 pp.

SCHOLZ, J. (1961) [ Progress i n biological aeroso
research ], Stuttgart, F.K  Schattaver Verlag (in
Ger man) .

SCHOLzZ, J. (1962) [ New t oxi col ogi cal investigations
on certain types of freon used as propellants.]
Fortschr. Biol. Aerosol-Forsch., 4: 420-429 (in Cernan).

SETLOW R B. (1988) A fish nodel for the induction of
nmel anomas by UV-B radiation. In:  Proceedings of

t he 10t h I nt er nati onal Congress of Phot obi ol ogy,
Tel Aviv, lsrael, 27 October - 4 Novenber, 1988,

Washi ngton, DC, Departnent of Energy (Foreign Trip Report
NTI S/ DE 89008098) .

SHARGEL, L. & KGCSS, R (1972) Det erm nation of
fluorinated hydrocarbon propellants in the blood of dogs

after aerosol administration. J. pharm Sci., 61(9):
1445-1449.
SHERMAN, H. (1974) Long-term feeding studies in

rats and dogs with dichlorodifluoronethane (freon 12
food freezant), Newark, Delaware, Haskell Laboratory
(Medi cal Research Project No. 1388; Report No. 24-74)
(Unpubl i shed, courtesy of Du Pont de Nenours Co.).

SILVERGLADE, A. (1971) Evaluation of reports of death
fromasthma. J. asthma Res., 8: 95.

SINGH, H.B., SALAS, L.J., SHIGEISH, H, & SCRI BNER
E. (1979) At nos- pheric hal ocarbons, hydrocarbons,
and sul fur hexafluoride: global distributions,

sources, and sinks. Science, 203: 899-903.

SINGH, H B., SALAS, L.J., SMTH, A J., & SH GEl SH
H. (1981) Measurenents of sonme potentially hazardous
organic chemi cals in urban environnents. Atnos. Environ.
15: 601-612.

SI NGH, H B., SALAS, L.J., & STILES, R E (1983)
Sel ect ed man- nade hal ogenated chemicals in the air and
oceanic environnent. J. geophys. Res., 88(C6): 3675-
3683.

SKURIC, Z., ZUSKIN, E., & VALIC, F. (1975) Effects
of aerosols in common use on the ventilatory capacity of
the lung. Int. Arch. Arbeitsmed., 34: 137-1409.

SLAPER, H. (1987) Skin cancer and UV exposure:
Investigations on the estimation of risks, Urecht,
Federal Republic of Germany, University of Utrecht (Ph.



D. Thesis).

SLATER, T.E. (1965) A note on the relative toxic
activities of tetrachloronethane and trichloro-
fl uoronet hane on the rat. Bi ochem Phar macol .,
14(2): 178-181.

SMART, B.E. (1980) Fluorinated aliphatic conpounds.
I n: Grayson, M & Eckroth, D., ed. Kirk-C hmer

encycl opedi a of chemical technol ogy, 3rd ed., New York,
John Wley and Sons, Vol. 10, pp. 856-870.

SMTH, J.K & CASE, MT. (1973) Subacute and chronic
toxicity studies of fluorocarbon propellants in nce,
rats, and dogs. Toxicol. appl. Pharmacol., 26(3): 438-443.

SPEI ZER, F.E., WEGWAN, D.H., & RAM REZ, A. (1975)

Pal pitation rates associated w th fluorocarbon
exposure in hospital setting. New Engl. J. Med., 292:
624.

SRI (1986) 1986 Directory of chem cal producers,

United States of America, Menlo Park, California,
Stanford Research Institute International, pp. 550, 554,
557, 586, 588, 1067.

STEINBERG, MB., BOLDT, RE, RENNE, R A, & MWEEKS

M H. (1969) Inhal ation toxicity of 1,1,2-trichloro-
1,2,2-trifluoroethane (TCTFE), Edgewood Arsenal

Maryl and, US Arny Environnental Hygi ene Agency (NTI'S AD

Report No. 854-705).

STEWART, R D., NEWION, P.E., BARETTA, E. D.

HERRMANN, A A, FORST, HV., &SOTO RJ. (1978)

Physi ol ogi cal response to aerosol propellants. Environ.
Heal th Perspect., 26: 275-285.

STOPPS, G J. & MCLAUGHLIN, M (1967)
Psychophysi ol ogi cal testing of human subjects exposed to
solvent vapors. Am Ind. Hyg. Assoc. J., 28: 43-50.

SU C W & GOLDBERG, E.D. (1973) Chl orofl uorocarbons
in the atmosphere. Nature (Lond.), 245: 27.

SU C W & GOLDBERG, E.D. (1976) Environnenta
concentrations and fluxes of sonme halocarbons. In:
Wndom HL & Due, RA, ed. Mrine pollutant

transfer, Lexington, Massachusetts, Lexington Books, DC,
Heal th and Conpany, pp. 353-374.

SULLI VAN, J. & TERAMURA, A H. (1988) Effects of UV-B
radi ati on on seedling growh in the Pinaceae. Am J. Bot.,
75: 225-230.

SWFT, D L., ZUSKIN E., & BOUHUYS, A (1979)
Respiratory deposition of hair spray aerosol and acute
lung function changes. Lung, 156: 149-158.

SZM DT, M, AXELSON, O, & EDLING C. (1981)
[ Cohort study of Freon-exposed workers.] Acta Soc. Med.
Svec. Hygiea, 90: 77-79 (in Swedish).

TAYLOR, G J. & DREW R T. (1974) Cardiovascul ar effects



of acute and chronic inhalations of fluorocarbon 12 in
rabbits. J. Pharmacol. exp. Ther., 192(1): 129-135.

TAYLOR, G J. & HARRIS, WS (1970a) Cardiac toxicity
of aerosol propellants. J. Am Med. Assoc., 214: 81

TAYLOR, G J. & HARRIS, WS (1970b) GQue sniffing
causes heart block in mice. Science, 170: 866.

TAYLOR, GJ., |V, HARRIS, WS., & BOGDONOFF, M D.
(1971) Ventricul ar arrhythm as induced in nonkeys by
the inhalation of aerosol propellants. J. clin. |nvest.,
50: 1546-1550.

TERAMURA, A H (1983) Effects of wultraviolet-B
radiation on the growh and yield of crop plants.
Physiol. Plant., 58: 415-427.

TERAMURA, A . H & SULLIVAN, J. (1988) Annual report
to the US Environnmental Protection Agency: The

effects of changing clinmate and stratospheric ozone

nmodi fication on plants, College Park, Maryland, University
of Maryl and.

TEVINI, M & IWANZIK, W (1986) Effects of UV-B
radiation on growh and devel opnent of cucunber

seedlings. In: Wrrest, RC & Caldwell, MM, ed
Strat ospheric ozone reduction, solar UV radiation and
plant |ife, Heidelberg, Springer-Verlag, pp. 271-285.

TEVINI, M, STEINMILLER, D., & IWANZIK, W (1986)
[ The effect of UV-B radiation, in conbination with other

stress factors, on the growh and function of usefu
plants ], Mnich, GSF (Report 6/86) (in German).

THOMAS, G (1965) Narcotic effects of acute exposure
to trichlorofluoro-nmethane (Freon 11). Trans. Assoc. |nd.
Med. OFf., 15(3): 105-106.

TOVATI S, L., PARTENSKY, C., & MONTESANO, R. (1973)
The predictive value of nouse liver tunor induction
in carcinogenicity testing: a literature survey. Int.
J. Cancer, 12: 1-20.

TOM TA, l., SAITQU, S., MEGURO M, & KANAMORI,

H. (1983) [Studies on the photolysis of
trichl orofl uoronmet hane and dichl orodifl uoronethane in
water. |11. Determ nation and dichlorodifluoronethane in
coastal water.] Eisei Kagaku, 29(2): 76-82 (in Japanese).

TROCHI MOW CZ, J. (1984) The toxicology of

Fl uorocarbon 113. Presented to the Swedi sh Board of
Occupational Safety and Health, Stockholm 19 January
1984 (Prepared by Haskell Laboratory for Toxicol ogy and
I ndustrial Medicine for E.J. du Pont de Nenours & Co.).

TROCH MOW CZ, H.J., AZAR, A, TERRILL, J.B., & MILLIN
L.S. (1974) Bl ood | evel s of fluorocarbon related to
cardiac sensitization: Part Il. J. Am |Ind. Hyg. Assoc.
35: 632.

TROCH MOWCZ, H.J., RUSCH, GM, CHU T., & WOOD
C. K (1988) Chronic inhalation toxicity/carcinogenicity



study in rats exposed to fluorocarbon 113 (FC-113).
Fundam appl. Toxicol., 11: 68-75.

TRUHAUT, R, BOUDENE, C., JOUANY, J.M, & BOUANT,

A. (1972) Experi-nmental study of the toxicity of a

fluoroal kene derivative, hexafl uorodichl oro-butene (HFCB).
Fl uori de, 5: 4.

TYRAS, H. (1981) Spectrophotonetric determ nation
of trichlorofluoro-nethane in air. Fresenius Z. anal
Chem, 309(5): 400.

TYSON, B.J., ARVESEN, J.C, & OHARA, D. (1978)
Interhem spheric gradients of CF,Cd, CFQ; CC,

and N,O.  Geophys. Res. Lett.,5: 535-538.

UEHLEKE, H., WERNER, T., GREIM H., & KRAMER, M
(1977) Metabolic acti-vation of hal oal kanes and tests
in vitro for nutagenicity. Xenobiotica , 7(7): 393-400.

URBACH, F., ed. (1969) The biological effects of
ultraviolet radiation: Wth enphasis on skin, Oxford, New
Yor k, Perganon Press.

US EPA (1975) Report on the problem of hal ogenated
air pollutants and stratospheric ozone, Research

Triangle Park, North Carolina, US Environmenta

Protection Agency, Ofice of Research and Devel opnent,

55 pp (EPA-600/9-75-008).

US EPA (1978) Toxi ¢ substance control act
clarification of 43 FR 11318: Ban, effective date
12/15/78. Fed. Reg., 43: 55241.

US EPA (1980) Conmput er printout of non-confidentia
production data from TSCA inventory, Washington, DC, US
Envi ronmental Protection Agency, Ofice of Pesticides
and Toxi c Substances, Chemi cal Information Division

US EPA (1983) Heal t h assessment docunent for 1,1, 2-
trichloro-1,2,2-trifluoroethane (chlorofluorocarbon
CFC-113), Cincinnati, Chio, US Environnental Protection

Agency, O fice of Health and Environmental Assessnent,

Environnmental Criteria and Assessment O fice (EPA-600/8-

82-002F; NTI'S PB 84-118843).

US EPA (1987a) Assessing the risks of trace gases
that can nmodify the stratosphere: v. [1-V, Washington
DC, US Environnental Protection Agency, Ofice of Ar
and Radi ati on (EPA Report No. 400/ 1-87/001A-E).

US EPA (1987b) Risks to crops and terrestria
ecosystens from enhanced UV-B radiation. In: Hoffman
J., ed. Assessing the risks of trace gases that can
nodi fy the stratosphere, Washington, DC, US
Environnental Protection Agency, Ofice of Air and
Radi ation, pp (11)1-31 (EPA Report No. 400/1-87/001C)

US EPA (1987c) An assessnment of the effects of
ultraviolet-B radiation on aquatic organisms. In:

Hof fman, J., ed. Assessing the risk of trace gases
that can nodify the stratosphere, Washington, DC, US
Envi ronnmental Protection Agency, Ofice of Air and



Radi ati on, pp. (12)1-33 (EPA Report No. 400/1-

87/ 001C) .

US EPA  (1987d) Utraviolet radiation and nel anons:
Wth special focus on assessing the risks of
stratospheric ozone depletion, Washi ngton, DC, US

Envi ronnental Protection Agency.

Us ITC (1975) Synthetic organic chenmical: United
St ates production and sales, 1973, Washington, DC, US

I nternati onal Trade
No. 728).
uUs |ITC (1976)

St ates production
I nternational Trade
No. 776).

US ITC (1977a)

States production
I nternational Trade
No. 833).

US ITC (1977b)

States production
I nternational Trade
No. 804).

Us ITC (1978)
St at es production

I nternati onal Trade
No. 920).
Us ITC (1979)

St at es production

I nternational Trade
No. 1001).
Us ITC (1980)

St at es production
I nternati onal Trade
No. 1099).

UsS ITC (1981)

St at es production
I nternational Trade
| TC Publication No.

Us ITC (1982)
St at es production

I nternational Trade
No. 1422).
Us ITC (1985)

St at es production

Commi ssion, p. 205 (US I TC Publication

Synthetic organic chemical: United
and sales, 1974, Washington, DC, US
Conmi ssion, p. 203 (US I TC Publication

Synthetic organic chenical: United
and sales, 1976, Washington, DC, US
Commi ssion, p. 302 (US I TC Publication

Synthetic organic chemical: United
and sales, 1975, Washington, DC, US
Conmmi ssion, p. 198 (US I TC Publication

Synthetic organic chemcal: United
and sales, 1977, Washington, DC, US
Commi ssion, p. 920 (US I TC Publication

Synthetic organic chemcal: United
and sales, 1978, Washington, DC, US
Conmmi ssion, p. 313 (US I TC Publication

Synthetic organic chemical: United
and sales, 1979, Washington, DC, US
Commi ssion, p. 267 (US I TC Publication

Synthetic organic chemcal: United
and sal es, 1980, Washington, DC, US
Commi ssi on, pp. 162, 265, 298 (US
1183).

Synthetic organic chemical: United
and sales, 1981, Washington, DC, US

Conmi ssion, p. 261 (US I TC Publication

Uni t ed
DC, US

Synt hetic organic chem cal:
and sal es, 1984, Washington,

I nternational Trade Comm ssion, p. 258 (US | TC Publi cation
No. 1745).

VAINNO, H., NCKELS, J., & HEINONEN, T. (1980)
Dose-rel at ed hepato-toxicity of 1,1,2-trichloro-1, 2, 2-
trifluoroethane in short-termintermittent inhalation
exposure in rats. Toxicol ogy, 18(1): 17-35.



VALIC, F., ZUSKIN, E., SKURIC, Z , & DENCH M

(1974) [Effects of aero-sols of comon use on the
ventilatory lung capacity. 1. Change in FEVL0 in

exposure to hair sprays.] Acta ned. Yugosl., 28: 231-246
(in Croatian wth English sumary).

VALIC, F., SKURIC, Z., BANTIC, Z , RUDAR, M, & HECEJ],
M (1977) Effects of fluorocarbon propellants on
respiratory flow and ECG  Br. J. ind. Med., 34: 130-136.

VALIC, F., SKURIC, Z., & ZUSKIN, E. (1982) [Experinmenta
exposure to freons 12, 22, and 502.] Rad Jazu
402(18): 229-243 (in Croatian wth English Summary).

VAN AUKEN, O W & WLSON, R H (1973) Hal ogenat ed
hydrocarbon induced reduction in coupling paraneters of
rabbit liver and nung bean mitochondria. Naturw ssenschaften,
60: 259.

VAN DER LEUN, J.C.  (1988) Effects of ozone depletion
UNEP scientific review of ozone |ayer nodification and
its inpact, Nairobi, United Nations Environment Progranme

(UNEP/ OZ. L. Sc. 1/ 5) .

VAN DER LEUN, J.C. (1989) Effects of increased UV-B
on human health. In: Schneider, T., Lee, S.D., Gant,
L.D., & Wlters, G, ed. At nospheric ozone research
and its policy inplications.: Third US-Dutch Internationa
Synposi um Ni jmegen, The Netherlands, My 1988,

Amst erdam  Oxford, New York, Elsevier Science

publi shers, pp. 803-812.

VAN KETEL, WG (1976) Allergic contact dermatitis
frompropellants in deodorant sprays in conbination
with ethyl chloride. Contact dermatitis, 2: 115-119.

VAN STEE, E.W & MCCONNELL, E. E. (1977) Studies of

the effects of chronic inhalation exposure of rabbits
to chlorodifluoronethane. Environ. Health Perspect., 20:
246- 247.

VAN T HOF, J. & SCHAIRER, L.A. (1982)
Tradescantia assay system for gaseous nutagens: A
report of the US Environnmental Protection Agency gene-
tox program Mitat. Res., 99(3): 303-315.

WARD, R (1983) E.l. Du Pont de Nenours and Conpany:
transmittal of summary of teratogenicity study of
1,1,2-trichloro-1,2,2-trifluoroethane in rats, Alderly

Par k, Macclesfield, Inperial Chemcal |Industries PLC,

Central Toxi-cology Laboratory (Report No. CTL/P/731).

WARI TZ, R 'S. (1971) Toxi col ogy of sone commercia
fl uorocarbons, Springfield, Virginia, National Technica
Informati on Service (NTIS AD Report No. 751429).

WATANABE, T. & AVIADO, D.M (1975) Toxicity of
aerosol propellants in the respiratory and circul atory
systens. 1V. Influence of pulnmonary enphysema and
anesthesia in the rat. Toxicol ogy, 3: 225-236.

VWEI GAND, W, von (1971) [lnvestigations on the
i nhal ation toxicity of flu-orine derivatives of nethane,



et hane and cyclobutane.] Zentralbl. Arbeitsned.
Ar bei t sschutz, 21(5): 149-156 (in German).

WLLS, J.H (1972) Sensitization of the heart to
cat echol am ne-induced arrhythma. 1In: Proceedings of the
3rd Annual Conference on Environnmental Toxicol ogy,
Fairborn, ©Ohio, 25-27 OCctober Springfield, Virginia,
Nati onal Technical Information Service, p. 249 (NTIS AD
Report No. 773766).

W NDHOLZ, M, ed. (1983) The Merck index, 10th ed.
Rahway, New Jersey, Merck and Conpany.

WWMO CANADA DOE (1989) Proceedings of the Wirld
Conference on the Changing Atnosphere, Toronto, Canada,
June 1988, Ceneva, World Meteorol ogy Organization and

O tawa, Canada Departnent of the Environment, 483 pp

WOLF, C. R, MANSUY, D., NASTAI NCZYK, W,
DEUT SCHVANN, G, & ULLRICH, V. (1977) The
reduction of polyhal ogenated nethanes by Iiver
m crosomal cytochrome P-450. Mbl. Pharnmacol ., 13(4):
698- 705.

WOLF, C.R, KING L.J., & PARKE, DV (1978) The
anaerobic dechlori-nation of trichlorofluoromethane by

rat liver preparations in vitro. Chem-biol. Interact.,
21(2-3): 277-288.

WOOD, C. K. (1985) Two-year inhalation toxicity study
with 1,1,2-trichloro-1,2,2-trifluoroethane in rats,
Newar k, Del aware, Haskell Laboratory, 63 pp (Medica
Research Project No. 3683-001; Report No. 488-84)
(Unpubl i shed, courtesy of Du Pont de Nenopurs & Co.).

WORREST, R. C. (1982) Review of |literature concerning
the inmpact of UV-B radiation wupon nmarine organisnms. |n:
Calkins, J., ed. The role of solar ultra-violet radiation

in marine ecosystens, New York, London, Plenum Press,
pp. 429-458.

WORREST, R C. (1983) |Inpact of solar ultraviolet-B (290-
320 nm) upon nmarine microalgae. Physiol. Plant., 58:
428-434.

WORREST, R C., VAN DYKE, H, & THOVSON, B.E. (1978)
| npact of enhanced sinmulated solar ultraviolet

radi ati on upon a marine comunity. Photochem
Phot obi ol ., 27: 471-478.

WORREST, R C., THOMSON, B.E., & VAN DYKE, H
(1981a) I npact of UV-B radiation upon estuarine
mi crocosms. Photochem Photobiol., 33: 223-227.

WORREST, R C., WOLNI AKOWSBKI , K. U, SCOTT,

J.D., BROCKER, D.L., THOMSON, B.E., & VAN DYKE, H

(1981b) Sensitivity of marine phytoplankton to UV-B
radi ati on (290-320 nm: inpact wupon a nodel ecosystem
Phot ochem Photobiol., 33: 223-227.

YANT, WP., SCHRENK, H H., & PATTY, F. A (1932)
Toxicity of dichlorotetra-fluoroethane, Washington, DC
US Bureau of M nes (Report No. R 1. 3185).



YOUNG, W & PARKER, J. A (1972) Ef fect of freons
on acetylcholinester-ase activity and some counter
measures. In:  Proceedings of the 3rd Annual Conference
on Environnmental Toxicology, Fairborn, Ohio, 25-27
October, Springfield, Virginia, National Technica
Information Service, p. 259 (NTIS AD Report No. 773766).

ZAKHARI, S. & AVIADO D. M (1982) Car di ovascul ar

t oxi col ogy of aerosol propellants, refrigerants, and

rel ated solvents. In: Van Stee, E. W, ed. Cardiovascular
t oxi col ogy, New York, Raven Press, pp. 281-314.

ZASAVI TSKI 1, l.1., KOSICHKIN, Y.V.,
NADEZHDI NSKI I,  A.1., STEPANOV, E.,  TISHCHENKO, A.,
KHATTATOV, V., & SHOTOV, A.  (1984) [Study of

absorption spectra for the detection of small
di chl orodi fl uoronet hane concen-trations wusing a diode
laser.] Zzh. Prikl. Spektrosk., 41(3): 396-401 (in Russian).

ZURER, P.S. (1988) Search intensifies for alternatives
to ozone-depleting hal ocarbons. Chem eng. News, 8
February: 17-20.

ZUSKIN, E. & BOUHUYS, A (1974) Acute airway responses
to hair-spray prep-arations. N. Engl. J. Med., 290: 660-663.

ZUSKIN, E., SKURIC, Z., & VALIC, F. (1974) [Effects
of aerosols of common use on the ventilatory |ung
capacity. Il1.] Acta ned. Yugosl., 28: 247-259 (in
Croatian with English summary).

ZUSKIN, E., LOKE, J., & BOUHUYS, A (1981) Helim
oxygen flow volume curves in detecting acute response to
hair spray. Int. Arch occup. environ, Health, 49: 41-44.

RESUME

1. ldentité, propriétés physiques et chim ques, nméthodes d'anal yse

La présente nonographie ne traite que des chlorofl uo-
rocarbures (CFC) obtenus par substitution de la totalité
des atones d' hydrogéne du nét hane et de |'éthane par des
atones de fluor et de chlore. Nonmbre de ces conposés ont
un intérét commercial et certains d entre eux contribuent

a la dimnution de la couche d'ozone. Les conposés
exam nés dans ce qui suit sont les suivants: le trichloro-
fluoronmét hane (CFC-11), le dichlorofluorométhane (CFC

12), le chlorotrifluorométhane (CFC- 13), le difluoro-1,2-tétra-
chloro-1,1,2,2-éthane (CFC-112), le difluoro-1,1-tétrachl oro-
1,2,2,2-éthane (CFC-112a), le trichloro-1,1,2-trifluoro-1, 2, 2-
ét hane (CFC-113), le trichloro-1,1,1-trifluoro-2,2,2-éthane
(CFC-113a), le dichloro-1,1,2,2-tétrafluoro-1, 1, 2, 2-ét hane
(CFC-114), le dichloro-1,1-tétrafluoro-1, 2,2, 2- éthane (CFC
114a) et le chloro-1-pentafluoro-1,1, 2,2, 2-éthane (CFC-115).
Les conposés qui ne contiennent pas de chlore (comme le
CFC-134a et |le CFC-116) ne sont pas exan nés. Quant aux
conposés qui contiennent de |'hydrogéne (conme |le chloro-

di f | uor omét hane), ils feront | " objet d'un rapport

ul térieur.

Les chlorofl uorocarbures du comrerce conptent parm
les produits organiques les plus purs qu'on pui sse



obtenir. Il's se caractérisent en général par une tension
de vapeur et une densité élevées ainsi que par une Vvis-
cosité, une tension superficielle, un indice de réfraction
et une solubilité dans |'eau faibles. Le degré de substi -
tution par le fluor nodifie fortenent |les propriétés
physiques et en général a mnmesure qu'il augnmente, la
tension de vapeur augnente et le point d'ébulition, Ila
densité et la solubilité dans |'eau di mi nuent.

Les chlorofl uorocarbures exam nés dans |la présente
nonogr aphi e sont assez stables chin quenent et, en
| " absence de catalyseur métallique, |eur vitesse d'hydro-
lyse est faible. |Ils sont trés résistants aux oxydants
classiques aux tenpératures inférieures a 200 °C En
général, les «chlorofluorocarbures présentent une grande
stabilité therm que et sont extrénenent résistants a |a
presque totalité des agents chim ques. Toutefois ils
réagi ssent violenment sur |les métaux de forte réactivité
chi m que

Pl usi eurs méthodes d'anal yse sont utilisables pour le
dosage des chl orofl uorocarbures dans divers mlieux. |
s'agit de |la spectrophotométrie, de |la chronmatographie en
phase gazeuse avec plusieurs variantes et de |la spectro-
métrie de masse. Dans la plupart des cas on utilise la
chronmat ogr aphi e en phase gazeuse avec différents nodes de
détection; dans ce cas, les linmtes de détection sont

généralement de |'ordre d'une partie par trillion (ppt).
Les méthodes de prélévenent des échantillons ont été
nodi fi ées pour obtenir une sélectivité et une sensibilité
accrues.

2. Sources d'exposition hunmaine et environnenentales

Les chlorofluorocarbures étudiés dans |a présente
nonographie n'existent pas a |'état naturel mais presque
tous, sauf <ceux qui sont wutilisés come intermédiaires
chi m ques, sont |ibérés dans |'environnenment. En 1985, on
estine que |la production nondial e des chl orofl uorocarbures
les plus inportants susceptibles de provoquer une di m nu-
tion de |la couche d' ozone (CFC-11, CFC-12, CFC-113) était
d au nmoins un mllion de tonnes. La production n'est pas
limtée aux grands pays industriels puisqu' au noins 16
pays en fabriquent. La mse en oeuvre du Protocole de
Montréal va probabl enent provoquer un renversenent de |a
tendance actuelle qui est a |'accroissement de la pro-
ducti on.

La méthode la plus inportante pour |a préparation des
princi paux chlorofluorocarbures consiste dans | e dépl ace-
ment catal yti que du chlore des chl orocarbures par le fluor
en preésence de gaz fluorhydrique anhydre. La plupart des
ém ssions dans |'environnenent se produisent lors de la
mse au rebut de matériel de réfrigération plutdt que
pendant |a fabrication, |e stockage ou | a manipul ati on de
ces produits. Les restrictions inposées par la loi a
["utilisation de ces produits dans de nonmbreux pays ont
réduit la libération dans |'atnosphére des chlorofl uoro-
car bures utilisés come gaz propul seurs; guant aux
ém ssions d'agents de soufflage, elles sont faibles. En
raison de la forte tension de vapeur de ces produits a la
tenpérature anbiante, presque toute |a masse |ibérée dans



| "environnenent finit par s'accumuler dans |'atnospheére.
On estinme qu'en 1985 Iles énmissions annuelles totales de
chl orof | uorocarbures, principalement du CFC 11 et du
CFC-12, atteignaient environ wun mllion de tonnes, les
ém ssions cunul ées de ces produits entre 1931 et 1985
s' élevant a environ 13,5 mllions de tonnes.

En 1985, les différentes wutilisations dans |e nonde
des chlorofluorocarbures se déconposaient comme suit:
réfrigérants 15% agents de soufflage 35% gaz propul seurs
pour aérosols 31% divers 7% sans utilisation définie
12% Aux Etats-Unis d Amérique, la proportion de chloro-
fl uorocarbures utilisés conme gaz propul seurs était
beaucoup plus faible en raison des restrictions inposées a
[ eur utilisation.

3. Transport, distibution et transformation dans |'environnnent

Les chlorofl uorocarbures du commerce persistent dans
" environnement en raison de leur stabilité chimque. La

dur ée noyenne de persistence dans |'atnosphere est estimée
a 65, 110, 400, 90, 180 et 380 ans pour le CFC 11, le
CFC-12, le CFC-13, le CFC-113, le CFC-114 et le CFC 115
respecti vement. Cette |ongue persistance pernet une
di ffusion dans | a stratosphére ou | es chlorofl uorocarbures
donnent nai ssance par voi e photochim que a des atones de
chl ore qui réagissent sur |a couche d' ozone. En outre, ces

conposés contribuent a |'effet de serre.
4. Niveaux dans |'environnenment et exposition humaine

Plusieurs chercheurs ont fait état de la distribution
nondi al e des chl orofl uorocarbures. Des nesures récentes
portant sur la variation en fonction de la latitude de |la
concentration en chl orofluorocarbures ont nontré qu'il n'y
a guére de différence entre |'hém sphére nord et |'hém s-
phére sud pour ce qui concerne le CFC-11 et le CFC- 12.
Il n'y a égalenent guere de variations en fonction de
["altitude jusqu'd 6 km au-dessus de |la surface terrestre.
Les concentrations mesurées dans |'air des villes et des
banl i eues sont plus élevées que celles qu' on observe dans
les régions rurales ou écartées en raison d' ém ssions
| ocal es.

Les concentrations atnosphériques de CFC-11 et CFC-12
ont augmenté réguliérenent jusqu'en 1985 ou | eurs concen-
trations globales aux Etats-Unis d' Angrique atteignaient
9120 ng/ n¥ dans | es zones urbaines et suburbaines, et
2720 ng/ n¥ dans les zones rurales ou écartées. A partir
de ces données, on estine que |'exposition humaine par
i nhal ati on dans ces deux types de secteur s'établissait
respectivement a 182 et 54 ny/jour.

A la surface des océans, |a concentration noyenne de
CFC-11 et de CFC-12 nesurée dans trois secteurs éloignés
s'est révelée de |'ordre de 0,2 ng/litre. Toutefois on a
nesuré des concentrations de 0,62 ng de CFC-11/litre dans
la Mer du Goenland en 1982 et des valeurs atteignant
0,54 ng/litre ont été observées dans |les eaux cOtieres du
Japon. En ce qui concerne le CFC-12, la plus forte concen-
tration dans ces ménes eaux était de 0,33 ng/litre. Des
val eurs beaucoup plus élevées ont été obtenues dans les



eaux douces du Lac Ontario ot on a nmesuré des concen-
trations de 249 ng de CFC-11 par litre et de 572 ng de
CFC-12 par litre. On n'a pas décel é de chlorofluorocar-
bures dans |'eau de boisson mais ils étaient présents dans
la neige et dans |'eau de pluie en Alaska, dans |e Lac
Ontario et dans le Niagara. Du CFC-11 a été décel é a des
concentrations de 0,1 a 5 pg/kg de poids a sec (parties
par mlliard) dans divers organes de poissons et de nol-
lusques. Toutefois I|a présence de chlorofluorocarbures
dans | es préparations alinmentaires n'est pas attestée.

5. Cinétique et métabolisne

Des chl or of  uor ocar bur es peuvent pénétrer dans
| "organi snme humain par inhalation, ingestion ou contact
cutané. Cest |'inhalation qui constitue |la voie de péné-
tration la plus fréquente et la plus inportante, la voie
d élimnation principale étant |'air exhalé. Des études
contrdél ées sur des volontaires et des animaux d' expérience
ont fourni des données substantielles relatives a |'expo-

sition a un certain nonbre de chlorofluorocarbures. Ces
données nontrent que | es chlorofluorocarbures:

* peuvent étre absorbés au niveau de | a nenbrane al véo-
laire, des voies digestives ou de | a peau;

* passent rapidenent dans |e sang aprés inhal ation;

* passent dans |le sang d' autant noins vite que |eur con-
centration y est plus él evée;

* une fois dans |l e sang, sont absorbés par divers tis-
sus;

* finissent par atteindre une concentration sanguine
stationnaire au bout d' une durée d'exposition suf-

fisante, ce qui indique qu un équilibre s'établit
entre |'air chargé de chlorofluorocarbures et |le
sang;

* continuent a étre absorbés par les tissus apres
stabilisation du taux sanguin initial et continuent de
pénétrer dans |'organisne.

L' expérimentation aninale nmontre que | es chlorofluoro-
carbures sont rapi denent absorbés aprés inhalation et sont
amenés par le sang a la presque totalité des tissus. C est
dans les tissus adi peux ou lipidiques qu'ils atteignent en
général les concentrations les plus élevées. Toutefois on
trouve égal enment des chl orofl uorocarbures dans | es organes
bien irrigués conme |e coeur, |es pounpbns, les reins et
| es muscl es.

Les reésultats fournis par des études netaboliques sur
["animal et sur |'honmre nmontrent que |es chlorofluorocar-
bures résistent a la dégradation ou a |a nétabolisation
par |es systénmes biologiques. En fait, apreés exposition
I es chl orof |l uorocarbures sont général ement trés peu ou pas
du tout métabolisés.

Quelle que soit la voie de pénétration, |es chloro-
fluorocarbures sont élimnés presque exclusivenment dans
["air expiré. Lors d' études visant a rechercher



d' éventuels produits de transformation nmétabolique dans
les wurines ou les matiéres fécales, on n'a pas récupéré
ces produits ou leurs nmétabolites en quantités notabl es.

6. Ef fets sur |'environnenent

Certains chlorofluorocarbures, notanment |les CFC-11
12, 113, 114 et 115 sont extrénmenment stables dans |es con-
ditions qui reéegnent dans |a basse atnosphére. Ce n'est
gqu' apres étre parvenus dans la haute atnosphere qu'ils
perdent des atones de chlore par photolyse sous |'influen-
ce des rayonnenents de haute énergie qui y pénetrent.
Ces radicaux chlore provoquent |a destruction catal ytique
de 1'ozone. L'ozone stratosphérique absorbe |e rayonne-
ment wultra-violet solaire (UV-B de 280-320 nm de | ongueur
d' onde), de sorte que seule une partie de ce rayonnenent
parvient jusqu'a la surface de la terre.

L' expérience nontre qu'un acroissenment du rayonnenent
UV-B a la surface de la terre par suite de la dimnution
de | a couche d' ozone aurait des effets délétéres sur |les
organi snes terrestres et aquatiques. Malgré les incerti-
tudes tenant a la conplexité de |'expérinentation sur le
terrain, |es données disponibles nontrent que |e rendenent
des récoltes et la productivité des foréts auraient a
souffrir d'un accroissenment du rayonnenent UV-B solaire.
Il senble égal ement que |'accroissement de ce rayonnenent
pui sse nodifier la répartition et |'abondance des végét aux
ainsi que la structure de |'écosystene.

Différentes études portant sur des écosysteénes marins
ont nontré que |l e rayonnenent UV-B pouvait étre nocif pour
les larves de poissons et les alevins, les larves de
crevettes et de crabes, |es copépodes ainsi que les
végétaux qui sont essentiels au réseau alinentaire marin.
Parm ces effets nocifs, on peut citer une réduction de |la
fécondité, de |la croissance et de |la survie. L'expérience
nmontre que nméne une faible augnentation de |'exposition au
rayonnenent UV-B anbiant pourrait entrainer une nodifi-
cation sensible de |'écosysteéne.

7. Effets sur les animaux d' expérience et |les systénes in vitro

On a largenent étudié l|a toxicité aigué des chloro-
fluorocarbures apres inhalation. Ceux qui sont envisagés
dans la présente nonographie sont faiblenment toxiques
lorsqu'ils sont inhal és. Les synptones d' une intoxication
aigué conportent des effets sur le systene nerveux
central, des effets cardiovasculaires secondaires ains
qu' une irritation des voies respiratoires. Le peu de
données dont on di spose au sujet de la toxicité ai gué par
voie orale des chlorofluorocarbures nontrent que celle-ci
est faible. Appliqués sur |a peau a hautes doses, le
CFC-112, le CFC-112a et |e CFC-113 provoquent une irri-
tation d'intensité variable nmais pas d autres effets
sensi bl es.

Des études d'inhalation de courte durée ont été
ef fectuées sur le CFC-11, le CFC-12, le CFC- 112, le CFC
113, le CFC-114 et |le CFC-115. Les résultats indiquent
gque la toxicité est faible, les effets observés s'exercant
princi pal ement au niveau du systéene nerveux central, des
voies respiratoires et du foie. Les études de toxicité par



voie orale confirnent la faible toxicité de ces produits.

Lors d'une étude d'inhalation a long terme, des rats
ont été exposés a du CFC-113 aux doses de 0,2, 1 ou 2%
(15,3, 76,6 ou 183 g/ mP) Ssi x heures par jour, cing jours
par semai ne pendant des périodes allant jusqu' a deux ans.
Aucune anommlie n'a été observée, ni sur le plan histo-
| ogique ni en ce qui concerne les résultats des analyses
bi ol ogi ques. La seule anomalie que |les auteurs ont inputée
a ce traitement était une réduction du gain de poids cor-
porel chez |les groupes exposés aux deux doses les plus
él evées.

Les données disponi bl es indiquent que |es chlorofl uo-
rocar bures conpl ét enent hal ogénés exani nés dans la
pr ésent e nonographi e ont une activité nutagéene ou cancéro-
géne faible ou nulle. A cet égard des résultats négatifs
ont été obtenus in vitro sur des bactéries et des cellules
manmal i ennes avec ou sans activation met abol i que.
L' épreuve de I|étalité domnante a égalenent donné des
résultats négatifs.

Des études de cancérogénicité a long terne (par voie
orale et par inhalation) effectuées avec du CFC-11 et du
CFC-12 sur des souris et des rats ont donné des résultats
négati fs. Chez les rats, on a observé une réaction
tunmori géne au niveau de la cavité nasale aprés inhalation
de CFC-113 mais cette réaction a été jugée douteuse. Les
tumeurs présentai ent une norphol ogi e diversifiée et
["incidence n'était pas liée a la dose. Bi en qu' on
utilise des chlorofluorocarbures depuis plus de 50 ans, i
n' existe qu'une seule étude de cohorte (539 travailleurs
exposés). Elle n'a pas révélé d augnentation de |a nor-

talité globale ni de la nortalité par cancer

Sur les huit chlorofluorocarbures exam nés dans le
présent docunent, seuls le CFC-11, le CFC-12 et |l e CFC-113
ont fait |'objet d' études de toxicité sur |e dével oppenent
publiées dans la littérature scientifique. Il n'existe de
preuve d'enbryotoxicité, de foetotoxicité ou de térato-
génicité pour aucun de ces trois produits.

8. Effets sur |'home

Des études contr6l ées sur des volontaires a qui |'on
avait administré du CFC-11 et du CFC-12 n'ont pas révélé
d' effets observables sur |es paranmetres hénmatol ogi ques et
bi ochi mi ques, |e tracé él ectrocardi ographi que et électro-
encéphal ographique, la fonction pulnmonaire ni |es para-
metres neurol ogi ques.

A forte concentration, les sujets ont ressenti des
pi cotements et des bourdonnenents d'oreille et ils ont
éprouvé de | ' appréhension. On a noté des nodifications du
tracé él ectroencéphal ographique en méne tenps que des
difficultés d'élocution et une réduction des performances
dans les tests psychol ogi ques. L'exposition a une concen-
tration de 11% (545 g/ nd) de CFC-12 pendant 11 m nutes?
a provoqué wune arythm e cardiaque notable suivie d' une
bai sse du niveau de conscience et d'une ammésie au bout de
10 m nutes.

Aprés exposition a du CFC-12 a la concentration de 1%



(50 g/ ) pendant 150 minutes, on a observé une réduc-
tion de 7% dans les résultats d' épreuves psychonotrices,
en revanche aucun effet n'a été noté a la dose de 0,1%
(5 g/ np).

Dans une étude au cours de laquelle 10 sujets ont été
exposés a du CFC-11, du CFC-12, du CFC-14, deux n#langes
de CFC-11 et de CFC-12 et ainsi qu'a un nélange de CFC-12
et de CFC-114 (concentrations dans |'air inspiré conprises
entre 16 et 150 gr/n?) pendant 15, 45 ou 60 secondes, on
a observé une réduction sensible de la capacité venti-
|atoire pul nonaire (FEF50, FEF25) dans chaque cas, ains
gu' une bradycardie, une irrégularité accrue du rythne
cardi aque et un bl oc auriculo-ventriculaire.

Apr es exposition & des concentrations de 0, 15%
(12 g/ md), 0, 25% (19 g/ n¥), 0, 35% (27 g/ n¥) et 0,45%
(35 g/ ) de CFC-113 pendant 165 minutes, on a procédé a
| ' éval uation des performances psychonotrices. Aucun effet
nN"a été constaté a la concentration la plus faible; en
revanche, les sujets éprouvaient une difficulté a se
concentrer et les résultats des tests ont été un peu npins
bons a partir de 0,35% (27 g/ md).

D aprés des études de portée limtée, il senblerait
gqgue les sujets ayant déja eu des réactions allergiques
cutanées aux déodorants en aérosol contenant du CFC-11 ou
du CFC-12, puissent étre sensibilisés a des applications
cut anées de certains chlorofluorocarbures. Chez cing non-
fumeurs, |'exposition a du CFC-11 n'a pas perturbé la
fonction nuco-ciliaire trachéenne.

D aprés deux études, il senblerait qu' une exposition
professionnelle normale au CFC-113 ne conporte aucun
ri sque sérieux pour la santé. Aucun effet indésirable n'a
été noté a des taux d' exposition professionnelle attei-
ghant 0, 47 (36,7 g/ ), l e taux noyen d'exposition
étant de 0,07% (5,4 g/ ).

a Tout au long de la présente nonographie, |es pourcentages de
chl orof l uorocarbures dans |'air sont exprimés au noyen du quotient du
vol ume de chl orofl uorocarbures par le volune d air

Pl usi eurs études ont fait état d' une dimnution
importante de |la capacité ventilatoire chez des coiffeurs
qui utilisaient des bonbes aérosol contenant des chloro-
fl uorocarbures. On a signalé des effets neurol ogi ques
apres exposition professionnelle a des chlorofluorocar-
bures. C est ainsi qu' on a décrit un cas de neuropathie
chez un enployé d une blanchisserie exposé a du tétra-
chl oroéthyl éne et a des concentrations indéterm nées de
CFC-113 pendant six ans.

Des cas d'exposition non-professionnelle accidentelle
ou abusive consécutive a |l'inhalation d'aérosols sont
égal ement attestés, les principaux synptdénes étant une
dépression du systéme nerveux central et des effets
cardi ovasculaires. Ces réactions indésirables, suscep-
tibles parfois de conduire a l|a nort, sont attribuées a



une arythmie cardiaque éventuell enent aggravée par une
él évation des catéchol am nes inputables au stress ou par
une hypercapni e nodér ée.

L' accroi ssenment du rayonnenment UV-B devrait entraflner
des effets essentiellenment nocifs pour la santé humaine
mais notre connaissance de ces divers effets est tres
vari able. Pratiquenent personne ne conteste que |'inci-
dence des cancers cutanés non-nel anomat eux augnenterait.
Des projections basées sur des données récentes nmontrent
qgue |'incidence de ces cancers augnenterait de 3% pour une
di m nution de 1% de | a couche d' ozone. Il s'ensuit qu'une
dim nution de 5% de |a couche d' ozone entrainerait chaque
année dans |e nonde, au bout de quelques décennies,
200 000 cas suppl énentaires de cancers cutanés non nel ano-
mat eux.

Le rayonnenent UV-B joue égalenent un r6le dans |a
formation des nelanonmes cutanés qui sont encore plus
danger eux. Toutefois on n'est pas encore en nesure de
dégager des rel ations dose-réponse préci ses.

Le rayonnenent UV-B peut influer de diverses mani éres
sur le systéne inmunitaire. Bien que, faute de connais-
sances suffisantes, on ne soit pas encore en nesure de
prévoir quelles seraient exactenent |es conséquences d' une
réduction de | a couche d' ozone pour |a santé hunaine, i

est probable qu'il s'en suivrait une augnentation de
| "incidence des nmmladies infectieuses. Au niveau de
|'oeil, |'effet e plus inportant serait un accroi ssement
de |'incidence des cataractes, une opacification pernma-

nente du cristallin qui, méme au niveau actuel de rayonne-
ment UV-B, entraine chez un grand nonbre de personnes une
réduction de |"'acuité visuelle, voire la cécité.

En outre, |'accroissenent du rayonnenment ultra-violet
favoriserait l|a formation du snog photochi m que, ce qui
aggraverait encore les problénes de santé qui lui sont

liés dans |es agglonérations urbaines et |es zones indus-
trielles.

9. Evaluation des risques pour |a santé humaine
Les effets directs les plus inportants pour |'home

d'une exposition a des chlorofluorocarbures provi ennent
des concentrations excessives qui résultent d' accidents

survenus dans |'industrie ou d une utilisation défectueuse
ou abusive de ces produits come solvants ou gaz propul -
seurs. La li bération de chl orof | uorocarbures dans

| " environnenment général lors du rejet de déchets ou au
cours du transport et du stockage est une source crois-
sante de préoccupation en raison des conséquences que ces
ém ssions incontrél ées pourraient avoir pour |'avenir de
" hurmani t é.

EVALUATI ON DES RI SQUES POUR LA SANTE HUMAI NE ET EFFETS SUR L' ENVI RONNEMENT

1. Evaluation des risques pour |a santé humaine

1.1 Effets directs sur la santé résultant d'une exposition a des
chl orof | uorocarbures conpl étenent hal ogénés

La cinétique et le métabolisnme des chlorofluorocar-



bures se caractérisent par wune résorption pulnonaire et
une distribution rapides. Rien n'indique qu'il y ait la
nmoi ndre accunul ation. Les chlorofl uorocarbures exam nés
dans | a présente nonographi e ne subi ssent qu' une netaboli -
sation négligeable, si tant est qu'elle se produise. En
conséquence, les effets toxiques d'éventuels métabolites
sont trés inprobables. Les chlorofluorocarbures ont une
trées faible toxicité aigué comme |le nontrent |es études
ef fectuées sur diverses espéces aninmales et par diverses
voies d administration. Cette toxicité se caractérise par
des effets sur |l e myocarde, sur le systéne respiratoire et
occasi onnellement, sur le foie. Ces effets correspondent
a la symptomatol ogi e observée lors d'intoxications ai gués
chez |' homme.

Des expositions répétées conduisent a des synptones
cliniques conparables. On observe parfois des anomalies
au niveau du foie et des reins. Chez |'homre, un sérieux
abus de ces substances ou une exposition incontrdlée ou
accidentelle d'origine professionnelle peuvent conduire a
des synptdnmes neur ol ogi ques centraux, cardiovascul aires et
respiratoires. Dans des conditions d enploi ou |'expo-
sition, de bréve durée, ne dépasse pas 1000 ppm il ne
devrait pas se produire d effets indésirables sur la
sant é.

D aprés |es études effectuées sur |'aninmal, on estine
gu'il n'existe pas de risque cancérogene pour |'home.
Cette conclusion est corroborée par le fait que les
chl orof  uorocarbures étudi és dans | a présente nonographie
sont dépourvus de génotoxicité ainsi que le nontre |'étude
des différents parametres de |la nutagénése et de la trans-
formation cellulaire. Lors d une étude de cohorte lintée
a 539 travailleurs exposés, on n'a pas constaté d'accrois-
sement de la nortalité ni de |la proportion des tuneurs.
Des études portant sur |'influence de ces produits sur |la
fonction de reproduction (féconditeée, enbryot oxi cité,
feototoxicité, tératogénicité) et sur les effets exercés
au niveau du dével oppenent en général, ont donné des
résultats systématiquenent négatifs. On n'a pas connais-
sance d'effets sur la reproduction hunaine, notanment
pendant la vie intra-utérine ou au cours du dével oppenent
post - nat al .

On a observé dans |'air anbiant de zones urbaines ou
subur bai nes des concentrations noyennes de |'ordre de
3,4 pg/ n? pour ce qui concerne le CFC-11 et de 6 ug/ e

pour e CFC-12. Dans les régions rurales ou écartées, les

val eurs correspondantes se situaient pour le CFC11 a
1,0 pg/n? et pour le CFC-112 a 1,6 ug/ nd.

Ces taux d'exposition sont considérés comre négligea-
bl es par rapport aux concentrations de 25 000 a
50 000 ug/ n? (équi valents a 5000 a 10 000 ppm néces-
saires pour faire apparaitre |es premers signes d'ano-
mal i es fonctionnelles ou norphol ogi ques chez |es ani maux
de | aboratoire.

1.2 Effets sur la santé découl ant d' une réduction de |'ozone
strat osphérique sous |'action des chlorofluorocarbures

Au cours de la derniére décennie, une inquiétude



croissante s'est manifestée quant aux conséquences d' une
réduction de la couche d' ozone dans la haute atnosphere,
qui entrainerait du méne coup un accroi ssenment du rayonne-
ment UV-B a la surface du gl obe. Selon |e scénario adopté
pour | es émi ssions de chlorofluorocarbures et d autres gaz
en traces, les nodéles utilisés pernettent de prévoir que
d'ici une cinquantaine d' années, l|la réduction de |a couche
d' ozone sera de 1 & 10%

Parm |es effets possibles sur |a santé humaine, on a
trés largenent étudi é |'induction de cancers cutanés non
meél anomat eux, tant du point de vue épidém ol ogi que chez
" horme qu'au |aboratoire sur |"aninmal. On adnet en
général que |'incidence des cancers non nelanomateux
augnentera par suite de |la réduction de | a couche d' ozone.
Sel on une estimation fondée sur des données récentes, on
prévoit qu'une réduction de |'ozone atnosphérique de 1%
conduirait a une augnentation de 3% de |'incidence des
cancers cutanés non mél anomat eux. Une réduction de 5% de
la couche d' ozone augnmenterait |'incidence de ces cancers
de 16% Cette derniére valeur signifie qu' au niveau
nondi al , on enregistrerait plus de 200 000 nouveaux cas de
cancer de ce type chaque année, principalenment chez les
i ndi vidus a peau claire.

On a de plus en plus de raisons de penser que le
rayonnenent UV-B joue égal enent un rdle dans |'induction
et le développenment des nelanones, un cancer cutané
beaucoup plus grave. Toutefois les incertitudes qu
subsistent quant a la relation dose-effet rendent treés
difficiles les prévisions quantitatives. |l faut en tout
cas prendre en conpte |la possibilité d' une augnmentation de
| a fréguence des nél anones.

Chez | "animal d'expérience, Ile rayonnenent UV-B
produit divers types d'immunosuppression. Celle-ci se
traduit: (a) par wune noindre résistance aux tumeurs
i npl antées induites par les U/-B et par un plus grand
dével oppenent de ces tunmeurs chez les souris; (b) par la
suppression de la sensibilisation par les allergenes de

contact et (c) par la suppression de l|la réaction aux
all ergénes chez |les aninmaux sensibilisés. On constate
égal ement une perturbation de I|a réponse imunitaire
contre certains agents infectieux, qu'on a pu nettre en
évidence dans le cas d' Herpes sinplex et de Leishmania
sp. On peut en déduire qu'une i mMmunosuppression du méne
type pourrait se produire chez |'home par suite d' expo-
sition au rayonnenent UV-B. Les cellules |angerhansiennes
cutanées qui présentent |'antigéne sont endomragées et i
s'ensuit une dépression des réponses allergiques. Bien
gu'on ait encore beaucoup a apprendre sur ces phénonenes,
il ne faut pas négliger la possibilité d' effets i mmunosup-
presseurs et, par voie de conséquence, une augnentation
dans |'incidence de certaines nmaladies infectieuses par
suite d'une dimnution de |'ozone stratosphérique.

On a des raisons de penser que |e rayonnement UV-B
favorise la formation de cataractes, une cause inportante
de cécité, en particulier dans les régions peu nedica-
lisées.

2. Effets sur |'environnement



A part la théorie selon laquelle Ies chlorofluorocar-
bures contribuent a |'effet de serre, on ne dispose
d' aucune preuve d'effets écol ogiques directs inputables
aux chlorofluorocarbures exam nés dans |la présente nono-
graphi e. Les études relatives aux effets du rayonnenent
UV-B sur |es végétaux sont essentiellenent consacrées aux
plantes cultivées et ont général enent été nenées sous des
| atitudes tenpérées. Ces régions ne représentent qu' une
faible part des grands écosystenes de la planete. Bien
qu'en raison de la conplexité des études expérinentales,
il subsiste un grand nonbre d'incertitudes a cet égard,
| es données qui sont d' ores et déja disponibles nontrent
gqgue |e rendenent des récoltes aurait a souffrir d'un
accroi ssenent du rayonnenent UV-B solaire. Sur plus de
200 espéces et vari étés dont on a étudié la tolérance au
rayonnenent ultra-violet, |les deux tiers environ s'y sont
révél és sensibles. Parm |les plantes |es plus sensibles
figurent les pois, les haricots, les nelons, la noutarde
et le chou. Les menbres de la famlle des gram nées sont
général ement noi ns sensi bl es.

On peut observer expérinentalenent qu'il existe une
certaine tolérance au rayonnenent UV-B dans |e patrinoine
génétique. Cette conclusion est tirée du fait qu'il existe

des variations inportantes dans |la sensibilité au rayonne-
ment UV parnmi |es diverses vari étés de plantes cultivées.
Les fondenments génétiques de cette sensibilité restent a
él uci der.

On a étudié |'effet d un accroissenent du rayonnenent
UV-B sur la qualité des récoltes. En exposant diverses
vari étés de soja a un rayonnenent UV qui résulterait d'une

réducti on de 25% de | a couche d' ozone, on a constaté que
la teneur en protéines et en huile des graines de soja
di mi nuait dans une proportion pouvant atteindre 10%

Les études relatives aux effets du rayonnenent UV-B
sur la production forestiére restent limtées. Les résul-
tats obtenus ne concernent que |les jeunes plants et cor-
respondent a des niveaux d'exposition qui résulteraient
d'une réduction de 40% de |a couche d' ozone. Ces travaux
font état d'une réduction de |la croissance et de | a photo-
synthése aprés exposition de plants de Pinus taeda. L'ex-
périence nontre qu'un accroissenment du rayonnenent UV-B
peut provoquer wune nodification dans la structure des
popul ati ons arboral es.

On a nontré que | e rayonnenent UV-B pouvait affecter
Il es constituants végétaux et aninmaux des écosysteéenes
marins. Ces effets se tradui sent par une réduction de |la
fécondité, de la croissance, de la survie et d autres
par anmetres.

3. Concl usions

Les données toxicol ogiques sur |es chlorofluorocar-
bures conpl étenent hal ogénés exam nées dans |a présente
nonogr aphie nontrent que ces produits n'ont qu' une faible
toxicité aigué et chronique et qu'ils sont dépourvus
d' activité nmutagéne ou cancérogéne. Les risques pour la
santé hunmmine sont lintés aux cas d' exposition occasion-



nelle a de fortes concentrations susceptibles de se
produire lors de la manipulation de ces produits. En
revanche, les effets indirects résultant de |'accunul ation

de

ces subst ances dans la stratosphére pourraient

entrainer des effets non négligeables sur |a santé humaine

dus

princi pal ement a |'accroi ssenent du rayonnenent UV-B

résultant de la réduction de |a couche d'ozone stratos-
phéri que. L' accroi ssenent prévisible de |'incidence des
cancers cutanés non nmelanomateux, la possibilité d' une
augnent ati on des mel anonmes ainsi que les effets i mmunosup-
presseurs et ophtal nol ogi ques, sont autant d'élénments qu

incitent a conclure ala nécessité d' une coopération
internationale imeédiate et efficace pour éviter que la
couche d' ozone ne se rédui se davant age.

RECOMVANDATI ONS

1

Tabl eau 16. Effets potentiels d' un accroissenent du rayonnenent UV-B

La base de données toxicol ogiques relative a certains
chl orof | uorocarbures, en particulier ceux qui contien-
nent de |'hydrogéne, est insuffisante pour pernettre

une évaluation quantitative du risque. |l faudrait
obtenir davantage de renseignenents sur la toxicité
chronique, |la cancérogénicité, les effets tératogenes

et les effets sur la fonction de reproduction de ces
conposés, en particulier par suite d'expositions par
i nhal ation.

On trouvera résumée au Tableau 16 une éval uation des
effets exercés par |'accroissement du rayonnenent
UV- B.

résultant d'une dimnution de |a couche d' ozone stratosphérique?

Effets Ni veau des | npact planétaire
connai ssances potentie

Cancers cutanés Moyen a él evé Moyen

Systéme i munitaire Fai bl e El evé

Cat ar act e Moyen Fai bl eP

Fl or e® Fai bl e | nport ant

Faune et flore aquatiques® Fai bl e | nport ant

| npact cli mat ol ogi qued Moyen Moyen

Ozone anbi an Moyen Fai bl e®

Tiré, avec des nodifications, de SAB-EC-87-025 Review of EPA's
Assessnent of the Risks of Stratospheric Mdification par le
Strat ospheric Ozone Subcommittee, Science Advisory Board, US
Envi ronnental Protection Agency, Mars 1987.

Une réflexion récente a propos de |'influence de |la réduction
de la couche d'ozone sur |'incidence de |la cataracte conduit a
considérer que |'inpact pourrait en étre plus grave (US EPA

Assessing the Risks of Trace Gases that can nodify the
Stratosphere, Chapitre 10, Decenbre 1987).

Voir section 6.

I nfluence de | a réduction de |'ozone stratosphérique elle-nméne
et des gaz qui sont a |l'origine de cette réduction sur le
climat, y conpris |'élévation du niveau des ners.

L'i npact pourrait étre inportant dans certains secteurs urbains
OU ruraux caractérisés par des probl énes de pollution par



| ' ozone au niveau du sol, a |'échelon régional ou | ocal

Il faut poursuivre les recherches dans |les secteurs ou
| es connai ssances restent insuffisantes et ou |'inpact
potentiel au niveau planétaire est inportant. Il s'agit
de huit secteurs ou une évaluation sera nécessaire dans
| "avenir et qui sont particuliérenent inportants pour |la
conpr éhension des effets dus a la réduction de |'ozone
at nosphérique et la conduite a tenir devant ces phénone-
nes; il faut donc:

* étudier |es mécanisnes de |'inmmunosuppression sur des
nodel es ani maux et chez |'homre;

* déterm ner quelles mal adi es infectieuses conportent un
stade ou un processus susceptibles d' étre aggravés par
une exposition au rayonnenment UV-B et nettre au point
des nodél es pour expliquer ces pathol ogi es;

* étudier les effets d' une exposition au rayonnenent
UV-B sur |'incidence des nal adies infectieuses et en
particulier exam ner dans quelle nesure elles dépen-
dent de la longueur d'onde et établir des relations
dose-r éponse chez |' home;

* déterminer |'inpact de |'imunosuppression par le
rayonnenent UV-B sur |'efficacité des vaccins;

* clarifier le réle des nodifications inmrmnologiques
dans | ' apparition des nél anomes et des cancers cutanés
non nel anomat eux sous |'action du rayonnenent ultra-
vi ol et;

* déterminer |e spectre d action et les relations dose-
effet dans le cas de |'induction de différents types
de neél anones par | e rayonnenent ultra-violet;

* nettre au point une neilleure définition des spectres
d action relatifs a |'induction des épithél omas spi no-
cellulaires et en particulier des épithélioms cutanés
baso-cel | ul aires par rayonnenent ultra-violet;

* étudier la biologie et |'épidéniologie de |a cataracte
et dével opper des méthodes pernettant de réduire le
ri sque d' affections ocul aires.

3. Certaines autorités reconmandent encore |'utilisation
du CFC-11 et du CFC-12 conme gaz propul seurs dans les
bonbes aérosol utilisées pour |a désinsectisation des
aéronefs. Il y a nécessité urgente a nettre au point
un gaz propul seur d un type nouveau, ininflammable,
sir, non irritant et qui se s'attaque pas a |la couche
d' ozone car |les anciens produits sont d ores et déja
interdits dans de nonmbreux pays.

4. Une coopération internationale efficace est nécessaire
pour éviter que la couche d'ozone stratosphérique ne

se rédui se davantage et pour cela, il faut réduire
d'au nmoins 80 & 90% | es ém ssions de chl orofl uorocar-
bures qui détruisent |'ozone. || faut en premer lieu
trouver des substituts a ces produits, aprés quoi |'on

devra imagi ner des nethodes qui pernettent d'élin ner
dans de bonnes conditions | es déchets de chl orofl uoro-



carbures existants. |l est recommandé a tous |es pays
de prendre des dispositions pour réduire |'utilisation
de chlorofluorocarbures ayant une forte tendance a
détruire |'ozone stratosphérique.

RESUMEN
1. ldentidad, propiedades fisicas y quim cas, y métodos analiticos

La presente nonografia trata so6lo de |os clorofluoro-
carbonos (CFC) derivados de la sustituci én conpleta de |os
atonos de hidroégeno del netano y el etano por atonos de
fldor y cloro. Miuchos de esos productos tienen inportancia
conercial y se sabe que al gunos de ellos contribuyen a |la
di smi nuci 6n del ozono. Los productos exam nados en e
presente inforne son |los siguientes: triclorofluoronetano
(CFC-11), diclorodifluoronetano (CFC-12), clorotrifluoro-
metano (CFC-13), 1,2-difluoro-1,1,2,2-tetracl oroetano (CFC
112), 1,1-difluoro-1,2,2,2-tetracloroetano (CFC-112a), 1,1, 2-
tricloro-1,2,2-trifluoroetano (CFC-113), 1,1,1-tricloro-2,2,2-
trifluoroetano (CFC-113a), 1,2-dicloro-1,1,2,2-tetrafl uoro-
etano (CFC-114), 1,1-dicloro-1,2,2,2-tetrafluoroetano (CFC
114a) y 1-cloro-1,1, 2,2, 2-pentafl uoroetano (CFC-115). No se
exam nan |os productos que no contienen cloro (com el
CFC-134a y el CFC-116). Los productos que contienen
hi dr 6geno (cono el clorodifluoronetano) se consideraréan en
un infornme ulterior

Los clorofluorocarbonos comerciales figuran entre | os
productos quim cos orgéani cos de mayor pureza disponi bl es.
Se caracterizan habitual mrente por una presi é6n de vapor vy
una densi dad el evadas y por val ores bajos de viscosidad,

tensi 6n superficial, indice de refraccién y solubilidad en
agua. El grado de sustituciodn por fldor influye grande-
mente en | as propi edades fisicas y, en general, a nedida

gue aunenta |la sustitucion por flldor, se eleva |la presioén
de vapor y dismnuyen el punto de ebullicidn, |a densidad
y la solubilidad en agua.

Los clorofluorocarbonos exam nados en l|a presente
nonografia son razonabl emente establ es desde el punto de
vista quimco y, en ausencia de catalizadores netalicos,
presentan bajas tasas de hidrélisis. Son nmuy resistentes
al ataque por |os agentes oxidantes convencionales en tem
peraturas inferiores a 200 °C. Por |o general, |os cloro-
fluorocarbonos presentan un el evado grado de estabilidad
térmca y son extremadanmente resistentes a casi todos |os
reactivos quimcos. Sin enbargo, reaccionan violentanmente
con | os metal es dotados de reactividad quimca

Se di spone de varios métodos analiticos para |a deter-
m naci 6n de | os cl orofluorocarbonos en distintos nedios.
Conmprenden |la espectrofotonetria, la cromatografia de
gases con varios nétodos de cuantificacién y |a espectro-
netria de masa. La nayor parte de | os nétodos enplean |a
cromatografia de gases con distintas técnicas de detec-
cién; los Iimtes de detecci6n suelen ser del orden de una
parte por billén (ppb). Se han nodificado | os métodos de
recogida de nuestras para aunentar su selectividad y sen-
si bi li dad.

2. Fuentes de exposici 6n hunmana y anbienta



Conforme a |los conocimentos actuales, [os cloroflu-
or ocar bonos exam nados en la presente nonografia no
aparecen naturalnmente en el nedio anbiente, pero cas
todos | os clorofluorocarbonos, excepto |os utilizados cono
productos internedios quimcos, pasan al nedio anbiente.
La producci 6n nundial estinmada de | os clorofl uorocarbonos
con posibilidades inportantes de reduccion del ozono
(CFC-11, CFC-12, CFC-113) en 1985 fue por |Io nenos de un
mllén de toneladas. La fabricaciodn no se halla |linitada
a |los principales paises industriales y se realiza por lo
nenos en 16 paises. Al aplicarse el Protocolo de Mntrea
probabl enente se invertira la actual tendencia al aunmento
en | a fabricaci 6n de esos clorofl uorocarbonos.

El método mAs i nportante de fabricaci 6n de |los princi-
pal es clorofluorocarbonos es el desplazamento catalitico
del cloro presente en | os clorocarbonos por fldor nediante
I a reacci 6n con fluoruro de hidrdgeno anhidro. La mayor
parte de la liberacion al nedio anbiente se produce
durante la elimnacio6n del equipo de desecho que contiene
refrigerante y no en el curso de la fabricacidn, e
al macenam ento ni |a mani pul aci 6n. La em si 6n de cl orof | u-
orocar bonos propul santes ha di sm nuido cono resultado de
las restricciones legislativas inpuestas a su uso en
nunmer osos paises, y la liberaci 6n de agentes de rell eno es
escasa. Dada | a el evada presi 6n de vapor de esos productos
en las tenperaturas anbientales, casi toda |a cantidad
i berada al nedio anmbiente se acunula en definitiva en la
atmosfera. La em sion anual estinmada en alrededor de wun
mllén de toneladas en 1985 consistié principalnente en
CFC-11 y CFC- 12, y la liberacio6n acunulativa de esos
cl orof l uorocarbonos de 1931 a 1985 fue de 13,5 m |l ones de
t onel adas aproxi nadanent e.

La distribuci6n nundial aproxi mada del uso de cloro-
fluorocarbonos en 1985 fue la siguiente: refrigerantes,
15% agentes de relleno de espuma, 35% inpul sores de
aerosoles, 31% varios, 7% y sin designar, 12% En |os
Estados Unidos de Angérica, el enpleo de inpulsores de
aerosoles fue nmuy inferior debido a |las restricciones
i mpuest as.

3. Transporte, distribucidén y transformaci én en el nedi o anbi ente

Los clorofluorocarbonos conerciales persisten en e
medi o amnbiente debido a su estabilidad quimca. Los
ti empos nedi os de presencia en la atmsfera se cal culan en
65, 110, 400, 90, 180 y 380 afilos para el CFC11, e
CFC-12, el CFC-13, el CFC- 113, el CFC-114 y el CFC- 115,
respecti vanente. Esos prol ongados periodos de presencia
aseguran la difusién a |a estratosfera, en donde |os
cl orof l uorocarbonos reaccionaran con |a capa de ozono por
medio de |os atonps de «cloro |liberados por un necani snp

fotoquim co. Ademds esos productos contribuiran al efecto
de invernadero.

4. Niveles anbientales y exposici 6n humana

Varios investigadores han sefial ado que 1os cloroflu-
orocarbonos presentan una distribucién nundial. Se han
nmedi do recientemente |as variaciones |latitudinales de |as
concentraci ones de clorofluorocarbonos y se han hallado



escasas diferencias en ||as concentraciones de CFC-11y
CFC-12 entre los henisferios septentrional y meridional
Tanmpoco hay una variaci 6n notable en relaci6n con la alti-
tud hasta 6 km por encima de |la superficie de la tierra.
Las concentraci ones nedi das de cl orofl uorocarbonos en e
aire de |las zonas urbanas-suburbanas son superiores a |as
regi stradas en las zonas rural es-renotas debido a | a con-
tribucion de las fuentes | ocal es de em si6n.

Las concentraciones atnosféricas de CFC-11 y CFC-12
aunentaron constantemente hasta 1985, afio en el que |os
ni vel es conbi nados de esos dos productos en |os Estados
Unidos de América eran de 9120 ng/n? en |las zonas
ur banas- suburbanas, y de 2720 ng/n? en |las zonas rural es-
renot as para anmbas sustancias. Partiendo de esos datos se
ha calculado que 1a inhalaci6n humana es de 182 y 54
ng/ dia en esos dos tipos de zonas.

Las concentraciones nedias en |la superficie oceanica
de CFC-11 y CFC 12, registradas en tres enplazani entos
di stantes entre si, eran del orden de Q2 ng/litro. Sin
enbargo, se mdieron valores de 0,62 ng de CFC-11 por
litro en el mr de Goenlandia en 1982 y hasta de
0,54 ng/litro en |las aguas costeras del Japén. En esas
m smas aguas se registré el valor maxino de CFC- 12:
0,33 ng/litro. Se han nedido niveles mucho mas altos en
| as aguas dulces del lago Ontario: 249 ng de CFC-11 por
litroy 572 ng de CFC-12 por litro. No se han detectado
| os cl orofl uorocarbonos en el agua de beber, pero se han
hall ado en |la nieve y el agua de Iluvia en Al aska, el |ago
Ontario y el rio Niagara. Se ha detectado |a presencia de
CFC-11 en concentraci ones de 0, 1-5 pg/kg (ppb) (peso en
seco) en distintos 6rganos de pescados y nmpoluscos. Sin
enbargo, no se ha probado |a presencia de clorofluorocar-
bonos en |l os alinmentos tratados.

5. Cinética y netabolisnp

Los clorofluorocarbonos pueden penetrar en el organ-
ismo humano por inhal aci 6n, ingestion o contacto cutaneo.
La inhalacio6n es la via de entrada mas corriente e inport-
ante, mentras que la espiracién es la forma de elimna-
cién del organisno mas significativa. Los estudi os con-
trol ados con voluntarios y ani mal es de experinentaci 6n han
proporci onado datos interesantes respecto a |la exposicion
a distintos clorofluorocarbonos. Esos datos indican que
| os cl orofl uorocarbonos:

* pueden absorberse por |a nenbrana al veolar, el tracto
gastrointestinal o la piel

* pasan con rapidez a |la sangre, después de la inhala-
ci on;
* pasan a | a sangre a una tasa decreciente al aunentar

I a concentraci 6n sangui nea;

* una vez presentes en I|a sangre, son absorbidos por
distintos tejidos;

* al canzan una concentraci 6n sanguinea estable si la
exposici6n es suficientenente larga, indicando la
exi stencia de un equilibrio entre el aire que contiene



cl orof l uorocarbonos y | a sangre;

* se absorben todavia por los tejidos orgéani cos después
de la estabilizacion inicial de la concentracio6n
sangui nea, y siguen penetrando en el organi sno.

Los estudi os efectuados en ani nal es nuestran que | os
cl orof l uorocarbonos se absorben con rapi dez después de la
i nhal aci 6n 'y se distribuyen a través de |a sangre en cas
todos |os tejidos del organisnp. Las mayores concentra-
ci ones se encuentran habitual mente en | os tejidos adi posos
0o que contienen |ipidos. Sin enbargo, |os clorofluorocar-
bonos se hallan tanmbi én en 6rganos bien irrigados, por
ejenmplo, el <corazén, los pulnones, los rifiones y la
nmuscul at ur a.

Los resultados de estudi os netabdlicos efectuados en
el honbre y | os animal es han denbstrado | a resistencia de
| os cl orof |l uorocarbonos a descomponerse o experinentar una
transformaci 6n nmetabolica en | os sistenas biol 6gi cos. Esos
resul tados perniten pensar que |os clorofluorocarbonos se
met abol i zan en general en cuantia escasa o incluso nula
después de | a exposici 6n

Cual qui era que sea |la via de entrada, |os clorofl uoro-
carbonos se elimnan casi exclusivamente por las vias
respiratorias en el aire espirado. No se ha sefial ado una
recuperaci 6n significativa de clorofluorocarbonos o de sus
net abolitos en | os estudi os que han tratado de identificar
productos de transformaci 6n netabdlica elimnados en la
orina o | as heces.

6 Efectos en el nedio anbiente

Ciertos clorofluorocarbonos, en particular |os CFC 11
12, 113, 114 y 115, son extremmdanente estables en |as
condi ciones reinantes en |a atnmdsfera baja. Los procesos
fotoliticos que separan el cloro de los clorofluorocar-
bonos no se producen hasta que esos gases em gran al nedio
de radiaciéon de alta energia de |la estratosfera superior

Entonces los radicales cloro destruyen el ozono por
catalisis. El ozono estratosférico absorbe |a radiacioén
ultravioleta solar (UV- B: 280-320 nm de longitud de
onda), permtiendo que penetre hasta |la superficie de la
tierra sélo una cantidad reducida de radiaci 6n UV-B

Los datos experinental es indican que un aunento de |a
irradiaci 6n UV-B en la superficie terrestre, resultante de
| a di smnuci 6n del ozono, ejerceria efectos nocivos en | os
biotas terrestres y acuaticos. Pese a las incertidunbres
resultantes del caracter conplejo de |os experinmentos
practicos, |los datos actualnente disponibles permten
pensar que el rendinmento de |as cosechas y la producti-
vidad de |los bosques son vulnerables al aunento de Ia
radiacion de UV-B solar. Los datos existentes indican
tanmbi én que el increnento de la radiaci én UV-B nodificara
la distribuciodn y abundancia de las plantas y canbiaréa la
estructura del ecosistemns.

Vari os estudios de |los ecosistenas mari nos han
denostrado que la radiaci6on UV-B produce dafios en |as
| arvas de | os peces y |os peces de poca edad, las |arvas



de camarones y cangrejos, |os copépodos y |as plantas
i ndi spensables para la red alinentaria marina. Entre |os
ef ect os dafi nos figuran el descenso de |la fecundidad, e

crecimento y la supervivencia. Los datos experinentales
i ndi can que incluso pequefios aumentos de la exposicién a
la radiacié6n UV-B anbiental pueden dar lugar a canbios
not abl es del ecosistenn.

7. Efectos en aninmales de experinmentacion y sistemas in vitro

Se ha estudiado anplianmente la toxicidad aguda por
i nhal aci 6n de cl orof | uorocarbonos. Los cl orofl uorocarbonos
exam nados en la presente nonografia presentan una escasa
toxi cidad aguda por inhalacién. La sintomatologia de |a
i nt oxi caci 6n aguda conprende efectos en el sistemn
nervioso central (SNC), efectos secundarios en el sistemn
cardiovascular e irritacion de las vias respiratorias.
Los |imtados datos disponibles sobre Ia toxicidad ora
aguda de Ilos clorofluorocarbonos nuestran que es baja.
Cuando se aplican en la piel en dosis altas, el CFC112,
el CFC-112a y el CFC-113 provocan distintos grados de
irritaci6on, pero ningun otro efecto notable.

Se han conmunicado estudios de inhalacidén a corto
pl azo del CFC-11, el CFC-12, el CFC-112, el CFC- 113, e
CFC-114 vy el CFC-115. Los resul tados nuestran wuna baja
t oxi ci dad y los efectos observados guardan relacién
principal nente con el SNC, las vias respiratorias y e
hi gado. Los estudi os de toxicidad oral han confirmado |a
reduci da toxici dad.

En un estudio de inhalacién a |argo plazo se expuso a
ratas al CFC-113 al 0,2, 1 6 2% (15,3, 76,6, 6 183 g/ ),

6 horas por dia, 5 dias por senmna, hasta 2 afios. No se
observaron efectos histopatol 6gicos ni nodificaci ones de
los valores de |aboratorio clinico. La uUnica observaci 6n
que |os autores consideraron relacionada con el trata-
mento fue la dismnucio6n del aumento de peso corporal en
| os grupos expuestos a |las dos dosis mas altas.

Los dat os di sponi bl es nuestran que |os cl orofluorocar-
bonos totalnmente hal ogenados evaluados en |a presente
nonografia tienen escaso o nulo potencial nutageno o
carci négeno. Se han obteni do resultados negativos in vitro
utilizando bacterias y células de mamifero, con o0 sin
activaci 6n netabdlica, en |a prueba | etal dom nante.

Los estudi os de cancerogenicidad a largo plazo (por
via oral y por inhalacidn) con CFC-11 y CFC-12, efectuados
en ratas y ratones, dieron resultados negativos. Se
observé wuna respuesta tunorigena en |la cavidad nasal en
ratas sonetidas a la inhalacién de CFC-113, pero esa
reacci 6n se considerd equivoca. Los tunores presentaron
distintas norfologias y las incidencias no guardaban
rel aci 6n con | a dosis. Aunque se utilizan | os clorofl uoro-
carbonos desde hace mas de 50 afios, sélo se dispone de un
estudio de cohorte (539 trabaj adores expuestos). No se
observé ningln aumento de la nortalidad total ni de Ilas
def unci ones por tunores.

Entre los ocho clorofluorocarbonos exam nados en e
presente docunento, en |las publicaciones cientificas



di sponi bl es se han recogi do estudi os sobre efectos toxicos
en el desarrollo en |os casos del CFC-11, el CFC- 12 y e
CFC-113. En ni nguno de esos tres clorofluorocarbonos se
han registrado indicios de enbriotoxicidad, fetotoxicidad
o teratogenicidad.

8. FEfectos en |a especie hunmana

Los estudi os control ados de voluntarios que utilizaron
CFC-11 y CFC-12 no nostraron efectos observables en |os
par anetros hematol 6gi cos y quim cos clinicos, el ECG el
EEG I|a funci 6n pul monar o |l a expl oraci 6n neurol 4gi ca.

En concentraciones altas, |os sujetos experinmentaron
una sensaci 6n de picazén, zunbidos de oidos y aprensioén
Se observaron nodificaci ones del EEG  al ocuci 6n dificil-
mente inteligible y dismnucién de la habilidad en |as
pruebas psicol 6gi cas. La exposicion a una concentracion
del 119% (545 g/ n?) de CFC-12 durante 11 m nutos pro-
vocO un grado inportante de arritm a cardi aca, segui do de
un descenso de la conciencia con amesia al cabo de 10
m nut os.
a En la totalidad de | a presente nonografia, |os porcentajes
de cl orofl uorocarbonos en el aire se expresan cono el vol unen de
cl orof l uorocarbono dividido por el volumen de aire.

Tras | a exposicién al CFC-12 a una concentraci 6n de
1% (50 g/ nd) durante 150 m nutos se observé un descenso
del 7% en los indices de pruebas psiconotrices, pero
ningin efecto con una concentraci én del 0,1% (5 g/ n?).

En un estudio en el que 10 sujetos estuvieron
expuestos al CFC-11, el CFC-12 y el CFC-114, dos nezclas
de CFC-11y CFC-12, y wuna nezcla de CFC-12 y CFC-114
(concentraciones en el aire respirado conprendidas entre
16 y 150 g/ n?) durante 15, 45 6 60 segundos, se registré
en cada caso una reducci 6n aguda inportante de la capa-
cidad pulnmonar ventilatoria (FEF50, FEF25), asi conpo
bradi cardia, aunmento de | a variabilidad del ritno cardi aco
y bl oqueo auricul oventricul ar

Se evalué la habilidad psiconmotriz wutilizando e
CFC-113 en concentraciones de 0,15% (12 g/ md), 0, 25%
(19 g/ m?), 0, 35% (27 g/ n¥) 0 0,45% (35 g/ m?) dur ant e
165 minutos. La concentraci 6n mas baja careci 6 de efecto,
pero se produjeron dificultades para la concentracio6n
mental y cierto descenso en |os resultados de |as pruebas
a partir de la dosis de 0,35% (27 g/ md).

Los limtados estudi os efectuados nuestran que en | as
personas con antecedentes de reacci 6n cutanea a | os deso-
dorantes en pulverizaci 6n que contienen CFC-11 o CFC-12,
I a aplicaci 6n cutéanea de ciertos clorofluorocarbonos puede
provocar una sensibilizaci6n. En cinco personas no funa-
doras, la funcion nucociliar traqueal no se alterd por la
exposi ci 6n al CFC-11

Dos estudios permten pensar que |la exposicién pro-
fesional normal al CFC-113 no plantea un riesgo grave para
la salud. No se observaron efectos adversos en niveles
prof esionales de hasta el 0,47% (36,7 g/nd), con una



concentraci 6n media del 0,07% (5,4 g/ md).

En varios estudios se ha observado una dism nucion
aguda inportante de |a capacidad pul nonar ventilatoria en
| os peluqueros que utilizan pul verizaciones para el pelo
gue contienen clorofluorocarbonos. Se han registrado
casos de efectos neurol 6gicos atribuidos a |a exposicién
profesional a |os clorofluorocarbonos. Se ha descrito un
caso de neuropatia en un trabajador de | avanderia expuesto
al tetracloroeteno y a concentraci ones indetern nadas de
CFC- 113 durante seis afios.

Se ha notificado tambi én |a exposicidn no profesiona
y accidental o la inhalacién por uso indebido de aero-
soles, siendo los principales sintomas |a depresion de
SNC vy las reacciones cardi ovascul ares. La arritma car-
di aca, agravada posiblenmente por los niveles altos de
catecol ami nas provocados por el estrés o por la hiper-
capnia noderada, se considera |la causa de esas respuestas
adversas, que pueden conducir a la nuerte.

Es de suponer que |a nmayor radiaci 6n de UV-B conducira
a efectos predom nantemente adversos en |a salud humana
pero el estado de conocimentos varia grandenente de un
efecto a otro. Casi todos |los autores adniten que aumen-
tara la incidencia de | os canceres cutaneos distintos del
mel anona. Las previsiones basadas en datos recientes
nmuestran que esa incidencia se increnentard en un 3% por
cada 1% de pérdida de ozono. Sobre esa base, una pérdida
de ozono del 5% conduciria, al cabo de varios decenios, a
la aparicion cada afio de nas de 200 000 casos adicional es
de canceres cuténeos distintos del nelanona.

La radiaci 6n UV-B parece intervenir tanbién en la for-
maci 6n de | os nel anomas cutaneos, tunores de mayor gra-
vedad. Sin enbargo, | os conocimentos son insuficientes
par a establ ecer con precisién las relaciones dosis-
respuest a.

El sistemm innunitario experimenta la influencia de |a
radi aci 6n UV-B de di stintos nodos. Aunque no se dispone
de conocinmentos suficientes para predecir |as consecu-
encias de la dismnuci 6n de ozono en la salud hunmana, se
observara probablemente wuna nmayor incidencia de enfer-
nmedades i nf ecci osas.

El efecto mas inportante para el 0jo humano serd un
aunento de la incidencia de |la catarata, enturbianiento
permanente del cristalino del ojo que conduce, incluso con
| os actual es niveles de radiacién UV-B, a alteracion de |la
visién y ceguera en muchas personas.

Puede esperarse que el aunento de la radiacioén UV-B
increnente el "snog" fotoquimco, lo que agravaria |os
probl emas de sal ud conexos en | as zonas urbanas e indus-
trializadas.

9. Evaluaci 6n de los riesgos para |la salud humana

Los efectos directos mas inportantes que provoca en e
ser humano la exposicién a los clorofluorocarbonos se
deben a las concentraciones excesivas resultantes de
accidentes industriales y del uso indebido o excesivo de
esas sustancias conp disolventes o gases inpulsores. La



i beraci 6n de clorofluorocarbonos en el nedio anbiente
mundial en el curso de la elimnacion de desechos y de
transporte y almacenam ento son notivo de creciente
preocupaci 6n, debido a |os posibles efectos que esas
i beraci ones incontroladas pueden ejercer en l|la salud
futura de |Ia humani dad.

EVALUACI ON DE LOS RI ESGOS PARA LA SALUD HUVANA Y DE LOS EFECTOS EN EL MEDI O
AMBI ENTE

1. Evaluacion de los riesgos para |la salud humana

1.1 FEfectos directos en la salud resultantes de |la exposicion
a clorofluorocarbonos total nente hal ogenados

La cinéticay el netabolism de |los clorofluorocar-
bonos se caracterizan por |la absorcién y Ila distribucién
pul monares rapi das. No hay indicio de ninguna acurul aci én
La transformaci 6n nmetabdlica de 1os clorofluorocarbonos
exam nados en la presente nonografia es despreciable, s
es que real nente existe. Por consiguiente, los efectos
t6xi cos de los netabolitos son muy inprobables. La tox-
i cidad aguda de | os clorofluorocarbonos es nmuy baja, cono
se denuestra en estudi os efectuados en distintas especies
animal es con diferentes vias de adm nistraci 6n. Se carac-
teriza por |los efectos en el corazén, el sistema respi-
ratorio y a veces el higado. Esos efectos concuerdan con
la sintomatol ogia observada en intoxicaciones agudas en
per sonas.

Tras | a exposici én repetida pueden observarse sintomas
clinicos conparables. Se producen a veces alteraciones
hepaticas y renales. En el honbre aparecen sintomas en e
SNC, el sistemn cardiovascular y el aparato respiratorio
en |l os casos de uso indebido intenso y de exposicién pro-
fesional incontrolada o accidental. En |as condiciones de
uso que suponen | a exposicién a corto plazo a una concen-
tracion de hasta 1000 ppm no son de esperar afectos
adversos en |a sal ud.

La eval uaci 6n de |os estudi os efectuados en ani males
de experinmentaci 6n no nuestra que haya riesgo de cancero-
génesis para el ser humano. Lo subraya el hecho de que
Il os clorofluorocarbonos exani nados en |a presente nono-
grafia estan desprovistos de genotoxicidad en distintos
puntos finales nmutagénicos y transformaciones celul ares.
En un estudio de cohorte Ilimtado que conprendidé 539
trabaj adores expuestos, no se registré aunento de la nor-
talidad ni de la frecuencia de tunores. Los estudi os sobre
la influencia en la reproducci 6n (fecundi dad, enbri otox-
icidad, fetotoxicidad, teratologia) y sobre |los efectos
generales en el desarrollo en ani mal es de experinentaci én
han sido constantenente negativos. No se han registrado
efectos en la reproducci 6n humana, incluido el desarrollo
intrauterino y posnatal

Se han nedi do concentraci ones nedias en el aire de |las

zonas urbanas-suburbanas de 3,4 ug/n® de CFC-11 y de
6 pg/ me de CFC-12. En las zonas rural es-renontas, |os
niveles correspondientes fueron de 1,0 ug/n? para el

CFC-11 y de 1,6 ug/nm? para el CFC-12

Esos nivel es de exposici 6n se consideran despreci abl es



en conparaci 6n con |as concentraciones de 25 000 a
50 000 upg/ nd (=5000 a 10 000 ppm) que causan signos
iniciales de alteraciones funcionales o norfol 6égicas en
| os ani mal es de | aboratorio.

1.2 Efectos en la salud previstos provocados por la reduccién de

ozono estratosférico causada por los clorofluorocarbonos

En el uUltino decenio se ha producido una creciente
preocupaci 6n por |las consecuencias de |a disn nucion de
ozono en | a atmdsfera superior, con el aunmento consigui-
ente de la radiacion UV-B en la superficie de la tierra.
Los calculos en nodel os predicen, para | os proéxinos cinco
afios, una pérdida de ozono conprendida entre el 1% y e
10% en funci 6n del supuesto utilizado para la |iberacion
de | os clorofluorocarbonos y de otros gases en oligocon-
centraci ones.

Entre | os efectos en | a salud humana se ha investigado
anpliamente | a inducci 6n de canceres cutaneos distintos al
nel anoma, tanto en epidem ol ogia humana cono en ani mal es
de experinentaci én. En general se ha aceptado |a con-
clusidon de que la incidencia de esos canceres aunentara
conp resultado de | a dism nucion del ozono. Una estimaci én
basada en datos recientes prevé que una reduccion de
ozono atnosférico del 1% conduciria a un aunento de la
i nci denci a de canceres cutaneos distintos del nelanoma del
3% Una reducci 6n del ozono del 5% Illevaria a un incre-
mento de la incidencia del 16% Este dltinmo supondria un
aumento nmundi al de mas de 200 000 casos nuevos de canceres
cut aneos distintos al nelanoma por afio, sobre todo en |las
personas de piel clara.

Aumentan | os indicios que permten pensar que |la radi-
acion UV-B interviene tanbi én en | a induccioén y prolifer-
aci 6n del nelanoma cuténeo, tipo mas grave de céancer de la
piel. Sin enbargo, la incertidunbre existente, en particu-
lar en |lo que respecta a la relacién dosis-efecto, hace
que las predicciones cuantitativas sean nuy dificiles.
Ahora bien, debe tomarse en cuenta |la posibilidad de un
aument o del mel anona cut aneo.

La radiaci 6n UV-B produce distintos tipos de supresion
especifica del sistema innunitario en |os aninales de
experinmentaci 6n. Se observa una disn nuci 6n de | a resist-
encia a los tunores inplantados inducida por |la radiacién
UV-B y un nmayor crecimento de tales tunores en |os
ratones; ademas se suprine la sensibilizacidén por |os
al ergenos de contacto y la respuesta a | os alergenos en
| os aninmales sensibilizados. Tanmbién se alterala res-
puesta innunitaria frente a ciertos agentes infecciosos,
conb se ha denpbstrado en |os casos del virus del herpes
sinple y de las |eishmanias. Existen indicios de que Ila
radi aci 6n UV-B puede producir en el honbre wuna supresion

analoga de la respuesta inmunitaria. En la piel, las
célul as de Langerhans de presentaci 6n de antigenos quedan
| esi onadas y dism nuyen |as respuestas al érgicas. Aunque
todavia queda mucho por aprender en ulteriores investi-
gaci ones, no deben ignorarse |os posibles efectos de
supresion innmunitaria y el aunento consiguiente de |la
i ncidencia de ciertas enfernmedades infecciosas que podrian
resultar de la dismnuci6n del ozono estratosférico.



Ciertos datos nuestran que la radiacion UV-B aunenta
la formacion de la catarata, inportante causa de ceguera,
en particular en |las zonas que poseen |imtados servicios
médi cos.

2. Ef ectos en el nedi o anbiente

Aparte de la teoria de que |os clorofluorocarbonos
contribuyen al efecto de "invernadero", no se dispone de
dat os que sefialen otros efectos ecol 6gicos directos
provocados por |os clorofluorocarbonos exam nados en |a
presente nonografia.

Los estudi os sobre | os efectos de la radiaci én UV-B en
las plantas se han concentrado en los cultivos y se han
real i zado en general en latitudes tenpladas. Est as
representan so6lo una pequefia porcién de | os principales
ecosi stemas del mundo. Aunque existen nunerosas incerti-
dunbres resultantes del caracter conplejo de |os exper-
i mentos, |os datos actual nente di sponi bl es perniten pensar
que los cultivos son posiblenmente vul nerables a nayores
ni vel es de radi aci 6n UV-B solar. Entre nmas de 200 especies
y cultivares exam nados respecto a l|la tolerancia a la
radi aci 6n ultravioleta, alrededor del 65% resultaron
sensi bl es. Entre los grupos de plantas nas sensibles
figuraban 1los <cultivos de guisantes, judias, nelones,
nostaza y coles. Los nmienbros del sistema de |la hierba son
en general nenos sensi bl es.

Los datos experinentales nuestran que el patrinonio
genético presenta cierto grado de tolerancia a la radi-
acion UV-B. Se basan en el alto grado de variacion en la
sensibilidad a la radiaci6n UV observada en los culti-
vares. Todavia tiene que deternmi narse |a base genética de
| a sensibilidad.

Se ha estudiado el efecto de |os mayores niveles de
radi aci 6n UV-B sobre | a calidad de |as cosechas. El con-
tenido en proteinas y aceite de cultivares sel eccionados
de semlla de soja se redujo hasta en el 10% al exponer
las plantas a niveles de radiacién UV que sinulaban una
pérdi da de ozono del 25%

Se han realizado |imtados estudi os sobre | os efectos
de la radiacion UV-B en | a productividad forestal. Sél o
se dispone de resultados relativos a los plantones vy

corresponden a niveles de exposicion equivalentes a una
reducci 6n del ozono del 40% Esos estudios nmuestran una
di sminucion del crecimentoy de la fotosintesis después
de la exposicidn de plantones de Pinus taeda. Ci ertos
datos experinentales nuestran que el aunento de |os
nivel es de radiacién UV-B puede producir cambios en la
estructura del conjunto del bosque.

Se ha observado que la exposicioén a la radiaci6n UV-B
afecta a |os conponentes vegetal es y animles de | os eco-
sistemas marinos. Entre |os efectos figuran | os descensos
de | a fecundidad, el crecimento, |la supervivencia y otros
par anetr os.

3. Concl usi ones



Los datos toxicol 6gi cos disponibles sobre [|os cloro-
fluorocarbonos totalnmente hal ogenados exam nados en |a
presente nonografia nuestran que la toxicidad aguda y
croénica es baja y no indican que tengan capaci dad nut agena
ni cancerigena. Los riesgos para |a salud humana estan
principalnente |inmtados a exposiciones altas ocasional es,
gue pueden producirse al manipular esas sustancias. Por
el contrario, los efectos indirectos que aparecen en e
honmbre por |a acurulacién de tales productos en la
estrat osfera pueden conducir a alteraciones notables de la
sal ud humana, produci das sobre todo por |a dism nucioén de
ozono estratosférico, que da lugar a un aunento de |os
efectos de la radiaci6n Uv-B. El aunento previsto en la
incidencia de |os cénceres cutaneos distintos del nela-
noma, el posible incremento del nelanoma, y |os efectos
i nmunot 6xi cos y ocul ares conducen a | a conclusién de que
€S necesaria una cooperacion internacional innediatay
eficaz para reducir toda nueva pérdida del 0zonho
estratosférico.

RECOVENDACI ONES

1. La base de datos sobre | a toxicidad de al gunos cl oro-
fluorocarbonos, en particular de |los que contienen
hi dr 6geno, es insuficiente para efectuar eval uaci ones
cuantitativas del riesgo. Se necesita informacién
adi cional sobre la toxicidad croénica, |a cancerogeni-
cidad y la teratogenicidad/efectos reproductores de
| os productos, en particular en el caso de la expo-
sici 6n por inhal aci 6n.

2. En el cuadro 16 se resune | a eval uaci 6n de | os efectos
del aunmento de | a radiaci 6n UV-B

Cuadro 16. Posibles efectos del aunento de |a radiaci 6n UV-B

resul tantes del descenso del ozono estratosférico?

Ef ect 0s Conoci m ent os Posi bl e i npacto
di sponi bl es mundi a
Cancer cutaneo Moder ados a al tos Moder ado
Sistema i nmunitario Escasos Alto
Cat ar at a Moder ados Baj oP
Vi da vegetal © Escasos Alto
Vi da acuatica® Escasos Alto
Reper cusi ones
climticasd Moder ados Moder ado
Ozono anbi ent al Moder ados Baj o®

a Modi fi cado de SAB-EC-87-025 Review of EPA' s Assessnent

of the Risk of Stratospheric Mdification, Stratospheric

Ozone Subconmi ttee, Science Advisory Board, US
Envi ronnental Protection Agency, marzo de 1987.

b Un estudio mas reciente sobre la influencia de |a pérdida

de ozono en la incidencia de |la catarata permnite pensar
gque puede ser mas grave (US EPA, Assessing the Risks of
Trace Gases that can nodify the Stratosphere, Capitulo
10, dicienbre de 1987).

¢ Véase | a secci 6n 6.

d Contribuci 6n a los canbios climiticos, incluido e
aunento del nivel del mar, de | a propia pérdida de



ozono estratosférico y de | os gases que causan esa
pérdi da.

€ El inpacto puede ser alto en determ nadas zonas urbanas
o rurales en | as que son habitual es | os probl emas de
cont am naci 6n at nosférica por el ozono en el nive
superficial en escala |ocal o regional

Se necesitan mas investigaciones en |os sectores en
los que faltan conocimentos y en los que el posible
i mqpacto nundial es el evado. Incluyen ocho sectores con-
cretos de futuras investigaciones y evaluaciones que
tienen particular inportancia para conocer y afrontar |os
efectos en la salud humana de la pérdida del ozono
estratosférico:

* investigar los necanisnpbs de la innunosupresién en
nodel os animales y en el honbre;

* identificar l|as enfernedades infecciosas que com
prenden una fase o proceso que puede enpeorar por |a
exposi ci6n a |l a radiaci 6n UV-B y el aborar nodel os para
explicar esas enfernedades;

* i nvestigar |a dependencia respecto a la longitud de
onda y obtener datos de dosis-respuesta para el honbre
relativos a los efectos de la exposicién a la radi-
acion UV-B sobre la incidencia de |as enfernmedades
i nf ecci osas;

* determnar el efecto de la innmunosupresion por la
radi aci 6n UV-B sobre | a eficacia de |a vacunaci én

* aclarar la funcio6n de |os canbios innmunol 6gicos en la
i nducci 6n de nelanonmas y de canceres cutaneos dis-
tintos al nelanoma por |a radiacién UV,

* determinar el espectro de accién y las relaciones
dosi s-efecto para |la inducciodn de distintos tipos de
nmel anoma por |a radiaci é6n UV;

* est abl ecer una definiciodn nmejor del espectro de nec-
ani snos para |l a inducci 6n del carcinoma escanocel ul ar
y en particular del carcinoma basocelular, por la
radi aci 6n UV; e

* investigar la biologia y epidem ologia de |a catarata,
y los nétodos para reducir |os riesgos de enfernedades
ocul ares.

3. Algunos organi snos recom endan todavia el enpleo de
CFC-11 y del CFC-12 conp propul sores para | a desinfec-
ci 6n de aeronaves por pulverizaciones en aerosol. Se
necesitan urgentenente para ese uso nuevos propul sores
gue no reduzcan el ozono, ininflamables, inocuos y no
irritantes, puesto que |os antiguos gases propul sores
est &n ya prohi bi dos en muchos pai ses.

4. Esnecesaria |la cooperaci 6n internacional efectiva para
reducir la futura pérdida del ozono estratosférico, lo
que exi ge reducciones del 80% 90% por lo nenos en |a
em si 6n de cl orofl uorocarbonos reductores del ozono.
La prinera prioridad consiste en hallar productos de
sustitucion y | a segunda en el aborar procedi m entos de



evacuaci 6n apropi ados para | os actual es cl orofl uoro-
carbonos de desecho. Se reconi enda que todos |os
pai ses adopten nedidas para reducir el enpleo de los

cl orof l uorocarbonos con altas posibilidades de reduc-
ci 6n del ozono estratosférico.

See Al so:
Toxi col ogi cal Abbreviations




