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follow stresses, but {s not limited to, consideration of exposures in tﬁe

To.date, however, there has been ré]atively Jittle attention given to the

halogenated aliphatic cémpounds which are the primary focus of the present

Behq!ﬁor of Pollutants in_the Indoor Environment

DR:

INTRODUCTION ' - DO NOT QUOTE OR CITE

‘The indoor enyironment has often been {gnored as a significant
source of exposure to air pol}ution‘despite the fact that levels of
pollutants in the indoor air can f;édhent1y exceed those cbncent}ations
whjch commonly occur in the outdoor environment. The indoor environment
includes that present in a number of circum;tances including occupational

situations, public buildings, h65pita1s and the home. The discussion to

home sltuat10n. The present paper endeavors to review those instances

[

vhere 1ndoor air pollutants and particularly halogenated hydrocarbons,

may reach concentrations of potential public health significance. In

the past there has been considerable attention given to the potential health

hazards of chlorinated aromatic compounds such as PCB's and pesticides.

paper,

Assuming that a given pollutant is chemically stable in the indoor
air and that it is present as a result of being generated.from an indoor

source than its concentration as a function of time may be described by the

(Kﬂt) W

following equation (1): C = C ”

where:

C = concentration at time, t

Co a 1n1t1a1 concentrat1on at time, 0.

Q = air supply rate in ft /min

Y = room volume, ft

t = time, mioutes : CUSAROSS 01983

I = a cnnctant ta adiust for imoarfect mixing
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~This equation assumes that after time zero the source is turped off
- and that the air supply into the room is not contaminated by the pollutant
in question. If a continuous squrce‘for a givenvpe11utant is also
_present then the problem becomes more comb]ex. Even a small continuous
source can greatly affect indoor pollution levels which under certain cir-
cumstances may build up considerably (2,3). In the discussion to £0llow
only the simplified situation without a consfant source of poi]ution will be
considered, recognizing that this may underestwmate exposure 1n those
instances when a constant emission source is present. _

In practice, under best mixing conditions, the highest achjevab]e'value
for k, the mixing constant (shewg in equation k]j)'is 1/2. dhder these

circumstances equation (1) becomes: C = Coe(-;g;t) - (2)

It is epparent from this equation thet‘an imeortant parameter af€ecting
concentration'is the turnover rate of air in the room per minute, Q/V.

If there is no exchange of fresh air then the equation reduces to a con;
dition in which the concentration at any time is equal to the concentration
af time zero. The more frequent is the exchange for fresh alr, the more
rapid is the concentration of the po]]utant decreased. -

Let us examine, for example, the decrease in concentfation with t{me
predicted by equatien (2) under various rates of fresh air exchange. These
cefee]ations are shown, in Table 1 and in Figure 1. The strong dependence
of outdoor concentration upon air exchange rate is illustrated in this
Table and Figure. For example, with but one'air exchange per hour, at 30

minutes the concentration is nearly 80% of its initial value whereas at 6
.'*“ -

[ ]
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f TABLE 1
; Dependence of Indoor Concentration Upon Air Exchange
/ Rates in a Room
Air Exchange Rate -
Time Once Per Hour Twice Per Hour Six_Times Per Hour
(minutes) (Q/v=1760) (Q/v=2/60) (Q/v = 6/60) |
0 Co Co G0 ;
15 0.88 Co 0.78 Co. 0.47 Co - E
30 0.78 Co 0.61 Co . 0.22C0- |
© 45 0.69 Co 0.47 Co . Mo ...
60 ’ 0.61 Co . 0.37 Co . 0.05 Co
90 ) 10.47 Co 0.22 Ca " 0.01 Co
120 ~0.37 Co 0.14 Co - <0.01 Co
150 0.29 Co 0.08Co | -
180 0:22 Co 0.05 Co RS
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anure 1. Indoor concentranon as a functlon of air exchanqe
rate and time, .
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a1r exchanges per hour the concentration has dropped to about 20% of the
“injtial value. After 2 hours, at one air exchange per hour the concen-
tration is still better than one-third the initial concentration (Co), but
at 6 air exchanges per hour the concentration has fallen below 1% of {ts
initial value.

Given a functional dependence of concentration with timé as shown
in equation (2) let us examine some real world measﬁrements of indoor
pollution ]eve]s-(4) to see if they pbey this type of relationship. Showh
in Table 2 are measurements of prqpe]]ant concentrations following a 60
second release of a hairspray in a 29,000 liter room. The propellants
measured are viny] chloride and Freon-12. The rate of decay of vinyl
chloride pare]]e]s that of Freon 12 (shown in Flgure 2) suggest1ng that
the vinyl chloride was chemically inert over the time frame examined and
under tﬁe existing e;perimental conditions. -The éffect of air exchange
upon concentfation in this expériment is similar to that prediéted by equation
IZ)Hassuming an air exchange fate‘pf 6 times éacﬁ hour, and considering

that the initial high measurements in the breathing_zone_at‘time 0 do not

.
L% ]

reflect complete mixing of the propellants in the robm..

Shown in Table 3 are thé results of a 30-second aerosol inse;t spray
released in a home laundry room of 21,000 liter volume. The spray was
released along the baseboards of the’ room containing a washer and dryer,
sink, clothes and other miscellanceous items. The room has two doors,
one leading to a hallway in the house proper and the other leading to the
outside. During the experiment, tﬁe door to the hall'was eiosed and
samples were taken by-entering the door to the outside of the ‘house:
Sample No. 1, col]eéted one m{nute after the aerosol was released, showed

a concentration of 380 ppm vinyl chloride. Sample No. 4, taken 150
CUSAROSS 01987
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TABLE 2

! Sixty-Second Release of Hairspray in 29,300 Liter Room ) ?

Sample Time Column I " Column II
‘ ' Vinyl Chloride Freon-12'| Vinyl Chloride Fregn-12
No. 1 | Collected at 122.7 ppm | 62.15ppm |  124.4ppm 58.30ppm
Breathing Zone : : o
During Spray
No. 2 |.10 minutes 25.8 11.0 25.1 11.0
No. 3 | 30 minutes 5.56 2.53 - 5.2 2.26
No. 4 | 60 minutes 0.13 0.06 0.12 0.05

.
LIS 1
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TABLE 3

Thirty-Second Release of Insect Spray in 21;400 Liter Room
L)

Sampie Time Column I . _ Column II
: Vinyl Chloride gpreon-12 | Vinyl Chloride Freon-12
1 Collected one 380.1ppm 466.4ppm 383.6ppm 457.6ppm
minute after .
spray
2 30 minutes 52.1 54.45 48.7 . 55.65
' later _ , :
3 | 60 minutes 246 | 26.40° 22,5 | 25.85
- ‘lgter _ ' . . '
4 {150 minutes -~ 10.3 nes |0 9.3 .| 120 |
' later . :
5 | Collected in 0.83 " 0.94 ©0.65 0.83 5
. adjacent hall : . :
at 151 minutes ;

(%
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minutes after aerosol release, had a concentration of 10.3 ppm vinyl chloride.
A sa&p]e taken in the hallway adjacent to the laundry room at 151 minutes
contained 0.83 ppm vinyl ch]oride; indicating spread of vinyl chloride
to other areas of the house despite the closed door. Assuming that the
jnitial measurement was not made at a time when there was equal mixing
throughout the room, the rate of deacay of concentration with time was similar
to that which would be expected at an air turnover of twice per hour accord-
ing to equation (2). - '

In contrast to the experiment with the hairspray, in which Freon- 12
concentrations were about one-half those of the vzny] chlor1de Freon 12
levels in the insect spray experiment were 10-20% greater than the vinyl
chlorlde concentrations. G1ven the frequent sequential use of aerosol
-produots containing Freons such as haireprays and deoderanto, peak exposures
.to Freon m1xtures in excess of 1,000 ppm m1ght result following combtned
use of such aerosol products in the indoor environment. Thie ra1;es the
possibility that peak exposures to a mixture of Freons following use of

‘_ aerosol products cou]d exceed the peak exposure recommended for such a mixture

in the work env1ronment. The current TLV for Freon-12 is, for example,

[}

1,000 ppm, suggesting that excursions in excess of 1,250 ppm should not
- be permitted for occupationally exposed individuals(5). Naturally, exposures
of the general population shoold be kept well below those permitted for the
occupational population since the general population frequently includes
potentially high risk groups not usually found in tha work forces.
Shovm in Table 4 is a breakdown of propellant use in aerosol products

as a function of product category. It is apparent from this table that a

Y
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Table 4. USE OF PROPELLANTS IN AEROSOL PRODUCTS BY PRODUCT CATEGORY
Product Classification ' Propeff$ﬁ£§'6;;a : ' ‘ Freguencx Us
Inhalants Containing Freon 11 (Trichlorofluoro methane) 5/11
’ Bronchodilator drugs Freon 12 (Dichlorofluoromethane) 11/
(11 products) | Freon 114 (Dichlerotetrafiuoro ethane) 9/11
Mouth Products (6 products) | Freon 12 o 5/6
Freon 114 - 5/6
Freon 1426 (Monoch1orod1f1uoroethane) 1/6
Vaporizers (2 products) Freon 11 . 2/
: ' Freon 12 ' 2/2
Trichloroethane S 12
Hair products (62 products) Freon 11 '_ o 53/62
. - Freon 12 o 54/62
Freon 114 . 4762
Freon 152a (Difluorcethane) : . 5/62
Methylene chloride . 8/62
Vinyl chloride . 1/62
Propane - 3/62
. ) Isobutane . 32/62
Women's personal Freon 11 : 5/22 -
- hygiene products : Freon 12 . ' - 20722
(22 products) .| Freon 114 . e 7 B 7 VA
Isobutane Q) 2/22 |
. M . . i
Deoderants and anti- Freon 11 ) \”/L'QH, - 13/38
_perspirants Freon 12 - 37/38
- (38 products) 1 Freon 114 . - 8/38 |
S Freon 142b - T s |
Propane T 1/38
' Isobutane o ‘ ‘ 1/38
" Foot products 1 Freon N 8/9 |
(9 products) Freon 12 ‘ 9/9
= Freon 114 . 1/9
Miscellaneous products Freon 11 ~ 7/18
for personal use Freon 12 15/18
(18 products) Freon 114 3/18
Isobutane - 2/18
Propane e e e X 2/18
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nﬁméer of halogenatgd hydrocarbons ére empyoyed as ag}osol propei]ants.
Depending upon the frequency and pafterns df uée of aerosol products among
ltﬁé population, a substantial number of individuals may be repeatedly
exposed to these compounds. By far the most common]y used propellants as
illustrated in Table 5 are Freon-11 and Freon-12.
Recently published studies of instantaneous Freon-11 and Freon-12

concentrations in the indoor environment taken at random conffrm the

presence of measurable quantit%es of these pollutants in the- indoor aié (6)._
"Levels of Freon-12 in homes, for example, exceeded 500 ppb and were
generally much greater than simultaneous outdoor concentrations which usually
measured 1 ppb or less. In one ﬁﬁudy a measurement of Freon 12.in a beauty :
shop indicaéed a concentration of 370 ppb (6). A study of Freon-12 levels
in a beauty shop conducted by the Environmental Protect1on Agency found a
'concentratlon of 3,000 ppb or 3 ppm averaged over a 15 m1nute per1od In
this experiment no vinyl chloride was 1dent1f1ed. |
| Apart from aerosol‘prope]]ants,‘another important source of exposure

to halogenated hydrocarbons in the iﬁdoor environment may‘be from thé active
“ingredients contained in aerosol products. For example, aerosol spot re- .
movers used for clothing, carpets, upholstery and wallpaper may.frequent1y
contain perchloroethylene as the active ingredient. Though the concéntration‘
of perch]broethy}ene in such products often is not identified on the label,
it is conceivable that the proportion of active ingredients could be similar
to the quantity of propellant in these products. Under these circumstances,

eak concentrations of erchloroethylene vwell in excess of 100 ppm might
P P

accur durxng and immediat2ly following spra y1ng as judgad from the data in
x
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Table 5. OVERALL USE OF PROPELLANTS IN 168 AEROSOL.PRODUCTS
Propellant Frequency of Use Percent
Freon 11 93/168 ' _ .55.4
Freon 12 - 153/168 o ?1.1
Freon 114 _ 36/153 21.4
Freon 1426 2/168 1.2
Freon 152 a 5/168 3.0
. Isobutane 37]15? T 22.0
Methylene chloride 8/168 4-.8
Propane . '5/15}% ' 3.6
Trichloroethane 1/168 0.6
Vinyl chloride 17168 ¢ ... 0.6

B ]
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Tables 2 and 3. It is noteworthy that the TLV for perch]oroethy]ene is

100 Epm With excursions recommended not to exceed 150 -ppm (5). Accordingly,
aeroso] products containing perchloroethylene may, under certain c1rcumstances,
resu]t in exposures among the general population which exceed establlshed
exposure limits for industry.

o Another important source of indoor exposure to halogenated hydrocarbons
may be from solvents. Such products contain vo]atiie components which could
build up to high concentrations in the indoor air. Consider a substance
such as trichloroethylene, a structural éna]ogue to vinyl cﬁ]oride, which is
used for a vafiety of purposes, in dry cleaning, as a degreasing agent,

and as an anegthetic.- At 12°C (54°F) TCE has a vapor pressure of 40 mm Hg
and at 20°C-(680F) TCE has a'vapar pressure 6f 60 mm Hg.v In contrast,
water at 12°C has a vapor pressure of 11 mm Hg and at 209¢ a vapor pressure
of 18 mm Hg. Consequently the tendency fqr tritﬁloroethy]ené‘to véporize

is greater than that of water, which does not attain a vapéf.pressure'of

60 mm Hg until 42°C (IOBQF); Should the afmosphere above trichloroethylene
reach only 0.1% of saturation then at 20°C the conééntrqtioh of trich-

loroethylene would be nearly 80 ppm. The threshold limit value for TCE

(%

is currenfly set at 100 ppm(5). Naturally with good ventilation TCE would -
never reach 80 ppm but under certain situations, air excﬁange'may be low
and TCE used in a closed space could build up to appreciable airborne con-
centrations.

Shown in Table 6 are the predicted indoor levels for some commonly
used solvents assuming that these attain a conéentration only 0.1% of their

saturation level in the air, In this regard it is noteworthy that carbon

CUSAROSS 01994




e o

' L7t/

DO NOT QUOTE OR CITE

Table 6. PREDICTED INDOOR CONCENTRATIONS OF HALOGENATED HYDROCARBON SOLVENTS
| ASSUMING THAT THEY REACH 0.1% of SATURATION LEVELS

Solvent LI'emperature (“C) --------aggggiﬁtigtiggo?;pg;r‘ |
Trichlaroethylene 20 ' : . 80
Tetrachloroethylene 26 o 26

Trichloroetﬁane (1,1,2) 21 t. ‘ ' . 26 . )
" Trichloroethane (1,1,1) 20 b 130
- Carbon tetrachloride 23 o _ ] 130
Methylene chloride : 2 .. 520 -

CUSAROSS 01995
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tetirachloride, trichloroethylene and tetraéh]oroethy]gne (perchlorcethylene)
have been detected in ejther the ambient or the indoor air (6,7).

For example, one study in Los Angeles County in 1966 estimated that
emissions of hydrocarbons into the atmosphere from organ1c so1vent usage
comprised better than 20% of all hydrocarbon emissions, (8) the maJOP1ty
of emissions coming from gasoline-powered motor vehicles. Of the estimated
590 tons emitted per day from organic solvents, 88 tons pef day wefe

"attributed to halogenated hydrocarbons, including frich]broethy]ene and
tetrachloroethylene. Given the simi]érity of chémical structure between
trichloroethylene and vinyl chloride one would desire to study the health
-fnb{{cations of tnis substance in much greater depth. (3)

In a study of the airborne environment near_ a solvent recovery nlant in
Maryland (7) levels of carbon techrachloride in the ambient air were
commonly neasured in the ppm range. The levels of carbon tetrachloride
indoors were sometimes 3-4 times greater than those which were measured
outdoors, At times concentrations of CCI of 10-45 ppm were measured
linside a house when levels outside were 1 ppm. The highest indoor concen-
tration of carbon techrachloride recorded was 90 ppm.” These large
differences in indoor/outdoor concentration may fef]ect bui]dup'of indoor X
concentrations from an outdoor source measured at a point'in'fime'immediate1y
following dramatic reductions in outdoor concentrations | The pessibility,
of course, must also be considered that an 1ndoor source of carbon
tetrachlorxde also existed. '

A patentially important source of indoor exposure.to halogenated

hydrocarbons may be from use of such compounds as anesthestic agents. It

e »
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has already been noted that trichleroethylene continues to be used as an
anesfhetic,'particu]arly in oral surgery. Vinyl chloride, a structural
analogue to trichloroethylene and alrecent1y identifiéd carcinogen and liver
to;in has similar neurologic action, and once was considered for use as

an anesthetic. Ethylene, though not containing chlorine, has also been

used és an anesthetic. Under these circumsfances_one wonders Qhether
potential for carcinogenic activity and/or liver toxicity exists for
unsaturated halogenated compounds with anesthetic acti?ity such as trich-
loroethylene. If so, a possible hea]th risk may exist not only for pat1ents
but also for personnel who day in-day out administer these compounds.- A .
number of-other ha]ogenated compounds besides. trichloroethylene are also
frequently used as anesthetics. 'Thesé compounds %nclude halothane and
methoxyflurane. Though not unsaturated, these lgtter compounds may'reduire
-reexamipation in terms of their potential for to%ic activity, particularly
to the ]iver. Methoxyf]uréne combines an ether structure with that of a i
halogenated aliphatic compound énd its structural similarity to the
. chloromethyl ethers should not be overlooked. Chlorform, also halogehafed,
is yet an&ther anesthetic which is extremely toxic-to the liver. It is
noteworihy that divinyl ether, while not a halogenated compound,-in some ) \
respects is analagous in structure to trichloroethylene and vinyl chloride
and also represents an anesthetic with established Tiver toxicity.

- It is evident from this brief discussion that a number of balogenateﬁ
hydrocarbons have been documented and/or are suspected to be present jn

- the airborne environment both indoors and out. What data as are available

suggest that indoor levels of these substances are frequently much greater

S
*
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than are found-outdoors, though the source of indoor home contamination may

frequently originate from emissions into the ambient air.

Health Implications

In assessing the risk to health for the general qopulation from
exposure to a given air po]]utanf one must consider the inherent toxicity
of the material in question, the range of concentrations which may be
present in the air, and the probability that members of the population
may be exposed to these concentragjons. If one were to examine the
ha]ogenated hydrocarbons on the basis of the above criteria, many ccmpounds
in this class would have to be considered as poténtial health risks for
the general population. ’ .

In viewing this c]éss of materials it is iﬂstruétive to compare the peak
.indoor concentrations for several halogenated hydrocarbons with those of
‘other air pollutants for which ambient aig.qua]ity standards have already
"been set. In mgking this comparison it is recognized that tﬁe re]at?ye
concentrations are by no means indicative of relative toxicity and.that
differences are being‘accentuated by comparing peaks with concentrations
oyér Tonger averaging periods. On the other hand these-compafisﬁns are
- suggestive of the re]ative,increaged indoor atmospheric 16ading with
halogenated hydrocarbons that can occur and of the éxistence of é potentially
impoftant class of air pollutants whose health implications have heretoforc
not been adéquate]y examined. These contrasts are illustrated in Table 7.

In assessing these data one must also recognize that halogenated hydrocarbons

present in the ambient air may add to the exposure attributable to indoor

CUSAROSS 01998
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F--Tab]e 7. COMPARISON OF PEAK INDOOR AIR MEASUREMENTS FOR HALOGENATED
HYDROCARBONS WITH PRESENT AMBIENT AIR QUALITY STANDARDS

R

Peak Indoor Conceﬁtration

Ambient Air Quality

Moz .

€0

.:Qzone

Substance (ppm) . Standard (ppm)
:Vinyl Chloride - 380
EFreon 12 466
SCarbon Tetrachloride 90

0.14 ppm (24-hr.
0.05 ppm (annual

35.00 ppm (1 hour
9.00 ppm (8 hour

0.08 ppm (1 hour

average)
average)

average)
average)

average)

.
(%]
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concentratiopg g/d that ha}ogenated hydrocarbons present outdoors may also

‘ parficipate 1ﬂ p“ntochemical reactants yielding other undesirable products.

. Shown 1n Tab]e 8 are comparisons of relative atmospherlc loading on a
weight per vo1uma hasis and on a molecule per volume bas1s between v1ny1
ch]oride at ] ppm and benzo(a)pyrene as typically found in the amb1ent air
(10 ng/m ) and as reported to occur in the indoor air (28-]44-ng/m-).

This comparison\docs not directly reflect relative toxicity befooeo viny]
ch]oride'at 1 opm and BaP in the air. On the other hand, the relative in-
creased atmoSPheric loading of 1 ppm vinyl chloride compared to benzo(a)—

pyrene,_a suspected airborne carcinagen is worthy of note.

N YU LORLEY

.Observaﬁions’such as those discussed in this paper strongly suggest that
the géﬁera]lpopu1a£ion is currently exposed-to Substantial quantities of
ha]ogenafed hydrocarbons in the indoor environment. The health implications
of many of these compounds are not well understood For example, the
preponderance of studies on Freons, commonly used as aerosol prope]]ants,

1nvo1ve cons1derat1on of acute, but not chronic effects. Accord1ng]y the
"-._-_—'-_-_—---‘_"—-

.carc1nogen1c ‘potential for these compounds cannot readily be dismissed.

" Though Freons are considered to be chem1ca11y 1nert in- the env1ronment

" this assumptwon cannot be extended to b1olog1ca1 systems. Ava1]ab1e data .-

suggest that short term exposures to Freons in man may result in cardiac

arrythmias. The possible effect of such exposures upon individuals already

—

Pt

prone to arrythmias such as those with atherosclerotic heart disease must

p— -

thus be considered. Use of aerosal products containing methylene chloride
“-_-_'_// .

combined with Freons may further stress the cardiovascular system by

increased endogenous formation of carbon monoxide. How many other halogenated

. ’.k}
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! TABLE 8
; Comparative Atmospheric Loading Between j
/ 1 ppm Vinyl Chloride and Benzo(a)pyrene i
.......... S Y i
Eweight per Volume | Molecules per
Comparisons Comparison _ Yolume Comparison

Ve (1ppm)/BaP (10 ng/m°,  260,000/1 1,000,000/1
annual average in . .
 ambient air) _ Lo . |
VC{1ppm)/BaP (28-144 ng/m, (18,000-93,000)/1. ~ (72,000-372,000)/1 :
reported indoor c =
concentrations) ) ;
' é
|
|
I

:;‘ .
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hydrocarbons shou]d also be examined for their potent1a1 effects upon CO |
metabolism? Home cleaning agents in aeroso] form have the potential to

exceed accepted occupational exposure limits for perchloroethylene. Are . '
there additional aerosol products which unknowingly méy also have the
potential to exceed exposure limitations established for occupational
situations? Clearly the multitude of aerosol products commercially
available represent an important source of exposure’ to halogenated hydro-
carbons, as do solvents and anesthetics. Exposure to these substances is
‘greatIy accentuated in the indoor environment where there is less oppor- '
tunity for dispersion. S1nce the activity patterns of the general popu- . ‘ i
!

1at10n lncludes a substantlal port1on of time spent indoors, the

c]ean]1ness of the 1ndoor air becomes an 1mportant cons1derat10n.
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