Technology, Research, and News for Indoor Environmental Quality

Volume 2

Number 6

Carpets and Indoor Air

Carpet and its effecis on IAQ have been getting plenty
of attention lately, Special news programs have been
devoted to the subject. Papers on carpet emissions and
installations are given at conferences and scientific meet-
ings. A union of EPA employees has complained to the
Federal Trade Commission that the Carpet and Rug Insti-
tute’s (CRI) new carpet “green label” program is
misleading. The Consumer Products Safety Commission
has released a major research report on carpet emissions.
And, there has even been a special hearing in the Congress
before the Senate Ad Hoc Subcommittee on Consumer
and Environmental Affairs. Why all this focus on carpet?
Is carpet really that important to indoor air? A major
reason for all this attention was an announcement of
findings by Anderson Laboratories in Deedham, Massa-
chusetts,

Anderson Labs publicized the results of their tests on
nine samples of used carpet submitted by people who
experienced health problems after the carpet was installed
in their home or workplace. The nine complaint carpets
were tested using a modified version of the ASTM bioas-
say for respiratory irritation. Anderson Labs” Rosalind
Anderson, Ph.D., reported that the tests resulted in the
inexplicable deaths of several test animals. Death is nota
normal outcome of the ASTM bioassay, which is intended
to measare changes in respiratory rate as an indication of
the irritation potency of an exposure atmosphere.

s Do the lab mice deaths tell us anything useful
about carpet’s impact on people?

o What does carpet do to affect indoor air that
makes such a big difference to so many people?

o Do we know the real effects of the various vola-
tile organic compounds {VO(C) associated
(rightly or wrongly) with new carpets?

VOC Emissions from Carpet

VOC emissions from most carpet are relatively small
compared to those from the many other sources found in
buildings. And, the emissions usually decline rapidly
during the first day or two after installation. Indeed,
emissions from solvent-based adhesives (traditionally
used to install carpet in “glued-down” applications) are
often 100- 1o 1000-times higher than the emissions from
the carpets themselves. However, newer, solvent-free
carpet adhesives now widely available may emit only a
hundredth as much VOC as traditional products.

Carpet cushions (padding installed under the carpet in
most residential applications) constitute an additional,
poorly characterized source of VOC emissions. Solvents
used as “seamning’”’ compounds to join separate pieces of
carpet or as cleaning compounds to prepare surfaces to
receive carpet adhesives also may be sources of signifi-
cant VOC emissions.

To complicate matters further, the same product roay
vary, chemically, from one batch to another. This occa-
sionally occurs in the backings vsed to hold carpets
together, and, in some carpet and rug products, to form an
integral cushion. It happens due to slight differences that
can occur in the critical variables that conirol the forma-
tion of the chemical compounds used in the backings.
Various chemicals are used for backings, but styrene
butadiene rubber (SBR) latex dominates the U.S. carpet
market. Other less-commonly used materials are
polypropylene in the primary backing, polyurethane used
as a secondary and, sometimes, a primary backing mate-
rial, and polyvinyl chioride (PVC) used frequently on
carpet tiles.

Of course, there are a variety of carpet fibers used as
well, although nylon is currently the most popular. Other
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commercial fibers include olefin and wool. The fibers
may be dyed using different processes, and chemicals
may be added to provide stain resistance, static control,
or biocidal properties (mold resistance). Manufacturers
of two major biocides have each told - the JAE about the
limitations and defects of their competitor’s product. In-
deed, the products are chemicaily different and behave
differently.

YOUCs and Health

Although carpet VOC emissions may generally be low,
the impact on hurnan health and comfort of any VOC or
of the total emissions may stili be significant. The poten-
cies of different VOCs vary over several orders of
magnitude as illustrated by the wide range of threshold
limit values (TLVs) for cccupational exposure to chemi-
cals. The range of odor thresholds spans more than
five-orders-of-magnitude; and, uritation potencies as
measured by the mouse bioassay cover several orders of
magnitude. Some compounds have effecis at very low
concentrations, and combinations of chemicals may re-
sult in various responses that differ from their individual
or even their additive effects,

Therefore, according to Lawrence Berkeley Labora-
tory (LBL) researchers, “[i}t is essential fo identify and
guantify the individual VOC that are emitted by carpets
when attempting to evaluate the potential for health and
comfort effects.” Tt is boportant to consider both the
quantity of each emitted VOC as well as what is known
about the qualitative effects of the VOC on exposed
humans.

Carpet Odor

Carpet odor strongly influences people’s perceptions
of carpet and its perceived influence on their health. The
majority of commercial carpets release the chemical 4-
phenylcyclohexene (4-PC) which is responsibie for the
distinctive “new carpet smeil.” Since 4-PC, a constituent
of SBR latex, has an easily detectable odor even at low
parts per billion concentrations — some people can detect
its odor at less than one ppb — building occupants often
immediately recognize the presence of new SBR latex-
backed carpet.

However, it is important not to assume that what is
odorous is also toxic or irritating. It is at least as likely
that many reported health effects result from chemicals
released from other products such as carpet cushions,
adhesives, and seam sealants. And, when painting and
other finishes have been applied, many other chemicals
may be present. Yet carpet is usually assumed to be the
source of any chemicals causing health or comfort prob-
lems.

Far too little research has been done on 4-PC to con-
clusively describe its potential irritancy or toxicity.
However, the limited research to date does not strongly
suggest toxicity at the concentrations of concern in new
carpet installations,

Other Carpet Faclors

Building occupants can frack in particulate matter on
their shoes or clothing and deposit it on carpets. Such
sources are important contributors to pesticide residues
found in household dust collected from carpeted floors.
High-efficiency particulate arrestance (HEPA) vacuum-
ing removes and collects even very small particles from
carpets; however, ordinary commercial and residential
vacuums re-suspend a very large number of very small
particles into the air. Cleaning with shampoos or solvenis
can remove soiling, but it may contribute volatile and
semi-volatile compounds to the air and the carpet mate-
rials. Chemicals in the air can be sorbed and re-emitted
into the air by carpets, depending on the environmental
conditions, the type of chemicals and carpet fibers in-
volved, and airhome concenirations of the chemicals of
concern,

Do Carpets Kill Lab Mice?

Anderson Labs tested nine carpet samples taken from
homes where occupants reported significant adverse re-
actions that they believed were caused by the carpet.
Anderson Labs reported that some of the mice died and
many mice displayed unusual neurological responses not
typically seen during the types of tests that they have
cenducted on many other products.

Some scientists have told the A B that Dr. Anderson’s
research resulis are ambigoous due to the lack of charac-
terization of the mixture used for the mice exposure. We
have iong held that view and have communicated it to
Anderson and her colleagus Mark Goldman.

The ASTM irritancy test is a valid predictor of human
rritancy based on the correlations between irritancy re-
sponses to measured concentrations of specific
chemicals and TLVs for wrritating chemicals. However,
Anderson Labs exposed the mice to the mixture of chemi-
cals emitted by the carpet samples without measuring the
concentrations or identifying the chemical substances
involved.

Comparing resulis from mouse bioassays for many
chemicals with the TLVs established to protect against
itritation yields a fairly consistent ratio across chemicals.
Some scientists view this fact as evidence of the validity
of the mouse bioassay. (See the {48, Volume 1, Mumber
1 for a discussion of the ASTM standard for the mouse
bicassay.)
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Other scientists have criticized Anderson Labs’ use of
a modified version of the ASTM mouse bioassay method.
ASTM test results provide information on the irritation
potential of the chemicals to which the iab mice are
exposed by measuring changes in the respiratory rate of
the mice. Significant decreases in respiratory rate indicate
that the test substance or mixture has the potential to cause
irritation in humans. By measuring the concentration of a
chemical to which the mice are exposed, scientists can
calculate the concentration that is likely to cause irritation
in humans.

Anderson Labs exposed mice twice a day for two days
in a row. This is not consistent with the ASTM test
protocol. Further, critics say that determining neurotoxic
and other clinical effects are not a part of the ASTM
method, First we need to know what these neurctoxic
effects mean in terms of human health, they say.

Anderson Labs either did not measure or report several
critical experumental variables; the characterization of the
exposure mixture is only one of the missing datum. In-
stead, they characterized the test specimen {carpet size)
and the conditions in the tank where the specimens are
held to generate the test atmosphere. They heated the tank
air o at least 37° C and the carpet sample was probably
considerably warmer than that. Mark Goldman told the
IAB that this temperature was reasonable since a person
could lie on top of the carpet and subject it to body
temperature in actual instailations. Some scientists (more
familiar with Anderson’s work than we)} have suggested
that the carpet could have reached 55° C or even higher
given the way Anderson Labs ran their test.

More importantly, the test atmosphere was generated
in a sealed tank: the mice were exposed, at least briefly,
to an atmosphere that was essentially a headspace sample.,
As the following article on a Lawrence Berkeley Labora-
tory - Consumer Product Safety Commission study
suggests, different compounds will be found in a head-
space sample than in an environmental chamber because
headspace samples are collected under static conditions.
More volatile compounds will collect and reach much
higher concentrations in headspace samples than in actual
building environments or in dynamic (ventilated) envi-
ropmental chambers, The mice were apparently being
exposed to a very concentrated dose of the headspace
compounds at the beginning of their exposure period.
This exposure is simply not representative of the expo-
sures people receive from carpets in virtually any actual
building installation.

Specific IAB Recommendations
s The emission conditions should be more realistic
— heating of the chamber or sample should not be
above 32 to 35° C. Carpets rarely reach tempera-

tures above that (unless exposed to intense direct
sunlight) because they are installed on floors
which act as thermal sinks and maintain fairly sta-
ble temperatures {at least for the portion of the
carpet in contact with the floor).

e The test atmosphere should be generated in a dy-
namic chamber with realistic ventilation rates.
This will avoid exposing the ammals to com-
pounds that simply would not be present in meas-
urable concentrations in real building situations.

o Anderson Labs should characterize the chemical
mixture and report the results as part of its re-
search reports. Otherwise, the exposure is charac-
terized only by the description of the size and
some temperature conditions of the tested prod-
uct.

o If the test is to be used to evaluate toxicity, then
there must be a demonstration of a dose-response
relationship. The test atmosphere should be ore-
sented at no less than two and preferably three
different concentrations, and the animals’ ye-
sponses should be documented. This will aliow
more positive association of the carpet emission
products with the animals’ deaths (if that contin-
ues 0 be the result of the studies). The chemical
mixture concentration should be determined and
dilutions used to evaluate the dose-response rela-
tionships.

A frequently expressed criticism of Anderson Lab’s
methods is that it uses the ASTM mouse bioassay for
irritation to test for toxicity. The ASTM test has not been
validated for such use, and no published papers exist on
this application of the test. Thus, although we know that
the father of the ASTM test and Dr. Anderson’s graduate
advisor, Yves Alarie, is also applying the mouse bicassay
to evaluate toxicity, until the method is validated, its
resulis must be interpreted extremely cautiously, Under
the circumstances, we question the appropriateness of
Anderson’s press releases before the results are replicated
and the work is published in a scientific journal or other-
wise subjected to scientific peer review procedures.

EPA Will Attempt To Replicate Mouse Test

Responding to considerable pressore from Congress
and the media, EPA is now in the process of establishing
atesting program to atiempt (o replicate Anderson’s work.
There must be a quality-assurance plan before EPA can
proceed, and that is expected within the next couple of
weeks. However, EPA officials told the A B not to expect
any data for awhile. Before the results of EPA’s tests are
released, the data will be reviewed thoroughly.
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Possible Explanations for the
“Deadly” Carpet

Researchers and industry scientists agree that there
may be some “bad batches” of carpet. Manufacturing
process controls may not be guite right, or, chemicals
used in a batch may vary. Tests conducted by Air Quality
Sciences (AQS) for the Carpet and Rug Institute (CRI)
showed variations of a factor of three between the lowest
and highest emitters of 4-PC and of TVOC. We have
learned from CRI that about one out of seven tested
carpets do not meet their criteria for 4-PC and TVOC
emissions to receive CRI’s green label. While one out of
seven is not a particularly high fraction of carpets, when
translated to a fraction of total yards produced or an
absolute number of carpet installations, it is certainly
significant. Just a few bad batches of carpet could account
for the number of building cccupants who have reported
their carpet-associated problems to the CPSC.

Additional variations among carpet batches from the
same or different manufacturers may result from insuffi-
cient drying before relling and packaging the finished
carpet for shipping. This allows for mold growth, and
people are exposed to the metabolic products and spores
from the mold. A significant fraction of the population is
likely to have allergic reactions to certain mold spores.
Storage and shipping at different temperatures and venti-
lation conditions also affects mold growth.

Another explanation is the possible effects of products
associated with carpet installations such as seaming com-
pounds, adhesives, carpet cushions, and floor preparation
chemicals. Laboratory and field studies have shown that
the emissions from some of these products, particularly
emissions of solvents from adhesives and seaming com-

Carpet Emissions

CPSC Releases Detailed
Carpet VOC Emission Study

Accurately evaluating health and comfort problems
that may result from the volatile organic compounds
{VOC) emitted from carpets is difficult at best. There are
a great many variables that distinguish one carpet instal-
lation from another. These variables include the many
different types of carpet, carpet cushion, adhesive, and
their combinations; the ventilation and other charac-
teristics of the indoor environment where the carpet is
installed; and, the age, cleaning, and maintenance of the
carpet itself.

In this article, we discuss at length a recently released
report of some very careful carpet VOC emissions meas-
urements conducted at Lawrence Berkeley Laboratory

pounds, can be 100- to 1000- times greater than emissions
from the carpets themselves. In a poorly ventilated space,
the concentrations of these solvents could easily reach
levels known to cause health and comfort problems.

Possibie Benefits of All The
Attention

Due to the widespread publicity, the new adminisira-
tion in Washington will need to deal with the indoor
air/carpet issue quickly. The new EPA Administrator will
become familiar with IAQ issues and will receive brief-
ings regarding agency indoor air programs and research.
A ripple effect will bring an enhanced awareness of IAQ
to top EPA officials early in their tenure.

It is also possible that the research about to be con-
ducted will identify important new research topics and
issues related to carpet or other indoor air concerns. That
concern about carpet and indoor air may lead to increased
funding for federal government 1AQ research, outreach
programs, and product development.

If EPA’s tests of the mouse bicassay applied 1o neuro-
toxicity demonstrate the validity of the method, we will
have gained a valuable tool to understanding the health
implications of pollutant sources indoors. And, while
EPA has not been in a regulatory mode since the election
of President Reagan in 1980, a newly active agency may
have a major impact on the carpet industry and the pubiic.

Hopefully, carpet manufacturers will learn that con-
cern about their products will not diminish with the new
“green label” program and that they must initiate industry
and corporate research to improve ihewr products’ per-
formance and impacts on IAQ.

(LBL) for the Consumer Product Safety Commission
(CPSCh.

The CPSC compiled 333 health-related complaints
from 206 households after announcing its intention to
study carpet-related health problems. During the study
period, from 1988 to 1990, two-thirds of the complaints
they received were from people who had symptoms start-
ing immediately or a few days after a carpet installation.
The symptoms people reported included upper-respira-
tory problems as well as headache, eye urritation, rashes,
and fatigue. Twenty-five of the compiainanis reported
that they were hospitalized. The CPSC never attempted
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Carpet

Val.2, No. 6

* NS = Not specified by manufacturer

Parameter 1 2 3 4
Construction Cui pile Cat pile Textured loop Textured loop
Fiber type 106% Nylon 100% Nylon 100% Nylon 75% Olefin, 25% Nylon
Pile height, mm 14 6 5 5

Dye method Picce dyed Beck dyed Solution dyed Solation dyed
Fiber treatments Static conirol NS#* Scotchguard antimicrobial NS
Primary backing Polypropylene Polypropylene Polypropyiene Polypropylene
Secondary backing Polypropylene Polyurethane Polyvinyl chloride Polypropylene
Backing adhesive 5BR latex NS NS SBR latex
Total weight, kg m™ 30 26 55 20
Form RoH Roli Tiles, 46 x 46 cm Roll

Table 1 - Descriptions of the four carpets sampled by the CPSC.

to determine whether there was any relationship between
the complaints and emissions from carpets.

The study design was not intended to correlate com-
plaints with carpet emissions. A significant fraction of the
complaint carpets were identified as being from the same
source, but the CPSC never followed up on these complaints
or investigated the carpets further. However, the CPSC did
decide to study carpet emissions and contracted with LBL
at the University of California, Berkeley. It is not clear
whether the CPSC included the questionable carpets from
its consumer study in the LBL VOC emissions tests.

The LBL-CPSC Carpet VOC Study

Most published studies of carpet emissions have meas-
ured the chemicals in the air of a chamber or room after
installation of a carpet sample. The major objective of the
LBL-CPSC smdy was to measure the emission rates of
selected individual VOC including low molecular weight
aldehydes. According to LBL-CPSC, it was designed “to
measure the emission rates of selected VOU released by
samples of new carpets that are typical of the major types
of carpets used in residences, school classrooms, and of-
fices.”

Study Methods

The study compared emissions measured in small cham-
bers, room-size chambers, and a residence. Researchers
selected the study compounds based on the dominant com-
pounds emitted during a preliminary screening study. The
CPSC used the screening study to select carpets most used
in residences, schools and offices. The researchers studied
four carpet types including three “action back” carpets: two
of themn had a styrene butadiene rubber (8BR) latex adhesive
secondary backing and one had a polyurethane foam secon-

dary backing. The fourth carpet was a so-cailed “hard-
back” with a polyvinyl chioride secondary backing. They
did not select the four carpets as stafistically repre-
sentative samples of carpet products.

Test carpets were collected directly from manufacturers’
mills. They were carefully packaged and shipped immedi-
ately to the lab. In order to follow changes in the emissions,
measutements were made for a one-week period following
installation of the carpets in a room-sized {20 m3) environ-
mental chamber designed to study VOC. Additional
measurements were made for seven weeks following instal-
lation of new carpet in a residence. Chamber measurements
were made under conditions similar to typical indoor envi-
Tonments.

Table 1 shows the characteristics of the four study car-
pets. Table 2 shows the specified chamber condstions for
operation of the testing chambers.

Resuils

The four carpets in the iaboratory study emitted 40 VOC
that were positively identified in the screening study based
on authentic standards, The researchers targeted 21 of the
40 ideniified VOCs for quantification. They considered
eight of them dominant. These dominant compounds were
formaldehyde, vinyl acetate, 2,2 4-trimethylpentane (isooc-
tane), 1,2-propanediol (propylene glycol), styrene,
2-ethyl-1-hexanol, 4-phenylcyclohexene (4-PC), and 2,6-
di-tert-butyl-4-methyl phenol (BHT).

Comparison of Results in Different Test
Environments

Tables 3 through & show the compounds identified in
each ot the three tests (headspace, small chamber, and
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Chamber Type
Parameler Small-volume Environmental
Votume, m® 378 x 107 200
Ventilation rate, b~ 6.3 t0+0.1%
Temperature, “C Roow (20-25) 231
Relative humidity, % Dy N2 505
Loading ratio, m?m> 2.65 0.44
Alr velocity, cm sec”! «1 5410
* Uncertainties are qualit‘y assurance objectives showa as one standard
deviation.

Table 2 - Conditions specified for the operation of the
small-volume chambers and the environmental chamber.

environmental chamber) for each of the four carpets.
Compounds are listed in order of ascending retention
time. Multipie identical compound entries reflect distinct
peaks at different retention times. A couple of things
popped out at us from looking at these tables. First of all,
the identifiable compounds are not the same in the three
tests. The compounds identified in the headspace test
were clearly different from those identified in the smail
and environmental chamber tests. The headspace tests
tend to be dominated by lighter (lower molecular weight,
more volatile) compounds compared to the small and
environmental chamber tests. In the headspace tests, the
researchers found low or no identifiable concentrations
of some of the heavier compounds identified in the small
and environmental chamber tests,

The researchers reported that the headspace samples
generally contained the most volatile compounds. Be-
cause these compounds have high equilibrium vapor
pressures {i.e., are most volatile) at room temperature,
they can reach the highest concentrations in a static
(sealed) container. Additionally, they rapidly evaporate
from materials in the dynamic conditions of environ-
mental chambers (and in actual building environments),

Figures 1 through 4 show comparisons of small cham-
ber and environmental chamber concentrations of three
sefected VOCs at 1, 3, and 6 hours. The researchers noted
that comparing VOC emissions in the small and large
chambers, although not done rigorously due to differ-
ences in ventilation rates and air velocities, “clearly
demonstrated that experimental parameters can have a
dramatic impact on measured emission rates.” The re-
searchers attributed further differences in emissions to
extra handling of samples from identical carpets.

Comparison of the Chambers

An important question partially addressed by the study
is the comparison of emissions in small chambers, room-

Small Environ.
Compound Headspace Chmbr. Chmbr.
n-Propane e
2-Methyl-1-propene o
2-Propanone (Acetone) *
Dichloromethane *
1,1,}-Trichloroethane *
n-Pentanal *
Tolouene *
Co Alkane *
4-Ethenyicyclohexene ik * o
Ethylbenzene * * *
m-,p-Xylene * * ¥
N,MN-Dimethyl #* Hx b
acetamide
Cyclohexanot ok wk e
Styrene ok B E
o-Xylene * *
Phenol *
Dihydro-4-dimethyl *
furanone
Unsaturated HCs, * * *
CipHig
3-Hexenedinitgile *
Unsatrated HCs * * *
Alkane HC * *
4-Phenvlcyclohexene wF Hokk R
1-Dodecanol * ke
Headspace: * = Present at ~100 g m™ or greater.
** = Present at ~2530 pg m>or greater.
¢k = Dominant compound.
Small Chamber: * = Present at ~10 ug mor greater.
** = Present at ~25 yg w7 or greater.
*4% = Dominant compound.
Environ, Chamber: * = Present at ~20 pg m2or greater.
*% = Present at —:50 1524 mor greater.
**% = Dominant compound.

Table 3 - VOC emitied by Carpet 1 as determined by
measurements of headspace smissions and emissions
in small-volume chambers and the environmernial
chamber.

size environmental chambers, and actual buildings. Pre-
vious experiments by Air Quality Sciences (AQS) of
Marietta, Georgia, showed good agreement for selected
compounds and TVOC between small (50 L) environ-
mental chamber experiements and full-scale carpet
installations. {See the reference to Black er @l. at the end
of this article).

The LBL-CPSC study report states that, in general,
there was not good agreement between the small and
environmental chambers. The researchers hypothesized
that most of the differences were attributable 1o differ-
ences in the volatility of the studied compounds and the
effects of varying ventilation rates on emissions and
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Smaii Environ. Smaill Environ.
Compound Headspace Chmbrn Chmbr. Compound Headspace Chmbr Chmbr.
2-Methyl-1-propene Hikk Chioromethane *
2-Propanone {Acetone) e * 2-Methyi-i-propene *
2-Propano} i Acetaldehyde * Rk *
1-Propanol e Mesthyl acetate * *
Trimeshyl sifanol e * * Viny! acetate ok R H
1,1,1-Trichloroethane wk * * Acetic acid ok i
C7 Alkane BC * Alkane HC *
I-Butanol * . * * 2,2, 4-Trimethyipentane ek Haok ok
C7 Alkane HC * Cg Alkane HC * *k *
Hexamethyldisiloxane * Adkane HC * #k =
Cy Alkane HC . * 1,2-Propanediol * Hk
Alkane HC * Alkane HC * ok
Tolaene #* * * Alkune HE ® o
2,2,5-Trimethythexane o Alkane HC o
Siloxane * * Unsaturated HCs *
Cs Unsaturated HCs * 3-Heptanone ¥ *
Hexamethyleyciotri- w¥ ¥ HonE Isopropylbenzene * *
siioxane {Cumene)
Octamethyltrisiloxane * Unsaturated HCs ® #
Alkane HC * Oxidized cmpd. * #
Octamethyleyelo- * Alkane HC wok ®
.tetrasiloxane ] ] Unsagurated HC *
D T <! ) ’ ) Benzaldehyde
Dipropylene glycol * * * Alkane HC i
methyl ether 1-Methylethenyi *
Dipropylene glycol * * * benzens
methyl ether Alkane HC *
Dipropylene glycol * Alkane HC * *
methyl ether Alkane HC e #
1,2-Dichlorobenzene * # * 2-Ethyl- | -hexanol W B
Decamethyitetra * Alkane HCs # *
siloxane Phenylethanone * *
Triethylphosphate * * Alkane HC - .
Glycol ether * * * .
Glycol ether ® N " Ci1 Unsaturated HC , F# FE
Hydrocarbon, CisHaa * * * o-Undecane . **
. E-Caprolactam *n
2.6-Di-tert-butyl-4 Hak sk (22 . .
methyiphenol (BHT) Oxidized cmpds. *E “
Unsaturated HC *
Headspace: % = Present at ~50 [lg m” or greater, Afkane HC *
#% = Prasent at ~125 ug m™ or greater. Hydr(?carboﬁ, Cists ?‘
**% = Dominant compound, Z’t’;;gtlﬁt}fg}ﬁggiig HT) :
Small Chamber: * = Present at ~10 1g o or greater.
k= Present at ~25 nug w2 or greater, Headspace: * = Present a¢ ~ 10 g w2 or areater.
** = Dominant compoutd. #%¥ = Dominant compound,
Environ. Chamber: * = Present at ~20 pig mor greater. Smal Chamber: * = Present ai ~10 g mor greater,
% = Dominant compound. ** = Present at ~25 {g m”> or greater.
% = Dominani compound.
Table 4 - VOC amitted by Carpet 2. Environ. Chamber: * = Present at ~20 jig mlor greater,
*# = Present at ~50 (g m>or greater.
chamber concentrations. Actually, we did not view the 4% = Dominant compound.
differences as being consistently different.

An additional gualitative result of the experiment al- Table 5 - VOC emitted by Carpet 3.

lowed for comparing compounds identified in the
headspace screening experiment with the the more dy-
namic small chamber and environmental chamber tests.

As discussed above, the emissions identified in the head-
space tests were significantly different from those
observed in the small and environmental chambers. This
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Smail Environ.
Compound Headspace Chmbr. Chmbr.
2-Methyl-1-propene ek
2-Methylbutane *
2-Propanone (Acetone) Hok * e
Carbon disulfide *
Dichloromethane *
Methylcyclopentane *
1,1,1-Trichloroethane *
1,2-Diethenylcyclo- *
butane
Atkane HC . *
Hexamethyleyciotri- * ® *
siloxane
Alkans HC * * *
4-Bthenylcyclohexene * o bk
Co Alkane HC *
Ethyibenzene * * *
m-,p-Xylene * # *
Styrene * ® ek -
o-Kylene * * *
Isopropylbenzene * * *
(Curnene)
Alkane BC * * *
n-Propylbenzene * *
Alkane HCs *
Alkane HC *
3-Hexenedinitrile ¥
Alkane HC ¥
Alkane HC * *
4-Phenyleyclohexene * * Ak
MNonanedioic acid, *
dibutyl ester
Headspace: * = Preseni at ~100 g m™ or greater.
#* 5 Present at ~250 pg w?or greater.
#+% = Dominant compound.
Small Chamber: * = Present at ~10 pg m™ or greater.
*¥ 2 Present at ~25 ng w2 or greater.
4% = Dominan compound.
Environ. Chamber: * = Present at ~20 Lg mor greater.
*% = Present at ~30 ug m™ or greater.
*+* = Dominant compound.

Table 6 - VOU emitted by Carpet 4.

has important implications for developing ventilation
strategies to minimize the impact of carpet installations
on building air quality and occupant responses. It is
especially important if some of the more volatile com-
pounds are strong irritants or toxins.

Major Compounds Emitied

The two carpets with styrene buiadiene rubber (SBR)
latex adhesive (Carpets 1 and 4) emitted styrene and
4-phenylcyclohexene (4-PC). It is 4-PC that produces the
characteristic “new carpet” smell. The commercial “hard-
back” with a PVC secondary backing (Carpet 3} emitted
formaldehdye along with fairly high concentrations of

4-Ethenyleyclohexens Smak-vol,
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Figure 1 - Comparison of the small-voiume and
environmental chamber concentrations at 1,3, and 6
hours of three selected YOC emitted by Carpet 1 In
experiment b.

vinyl acetate and propylene glycol. Butylated hydroxy-
toluene (BHT) was the most abundant low-volatility
compound emitted by the polyurethane backed carpet
(Carpet 2). The dominant compound emiited by Carpet 2
was isobutylene.

Formaldehyde is the only one of these compounds for
which there is any more than very limited toxicity and
irritation data available for low concentrations. Thus, it
is difficult to determine the potential magnitude of the
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Figure 2 - Comparison of the smali-volume and
environmental chamber concentrations at 1, 3, and 6
hours of three sslected VOO emitted by Carpet 2.

health and comfort effects that exposure to these carpet
emissions may cause in the general population.

It is possible that 4-PC is an irtitating compound based
on its chemical structure. But there is no convincing
evidence of 4-PC’s irritation potential from the few ani-
mal tests familiar to us,

Emission Prcfiles

Figures 5 through 8 show results of the environmental
chamber measurements of selected compounds for each

200 "
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Figure 3 - Comparison of the smalkvolume and
environmental chamber concentrations at 1,3, and 6
hours of three selected VOC emitted by Carpe? 3. Tha

environmenial chamber concentrations were muitiplied
by 1.2 to correct for the lower loading ratio used in this
test.

of the four carpets. Table 7 shows the guasi steady-state
emission rates of the target compounds at 24 and 168
hours after the start of the experiments. Figures 9 - 11
show TVOC and the sums of individual VOC emitted
over one week for three of the environmental chamber
studies. The investigators found that the emissions and
concentrations of most of the emitted compounds de-
creased rapidly during the first 12 hours of their tests. The
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Figure 4 - Comparison of the small-volume and
environmental chamber concentrations at 1, 3, and 6
hours of three selected YOC emitted by Carpet 4 in

experiment b.
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Figure 5 - Chamber concentrations of YOC emitied over
one week by Carpet 1 in experiment a.
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Reduction
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Carpat 3 Experiment/
——s— Mathyt scetate Compound 24 b 168 h 1-{168/24 )
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",;’\, 2,24 Trimethyip i la
oo P - ~—s—— 1,2-Fropanediot Cz Alkyl benzenes 4.14+03 0.0 1.00
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Styrene 247+10 20402 092
4-Phenylcyclohexene 851423 4.0+ 25 0.25
b TVOC as carbon 213196 71.2:£99 0.87
% 1b
B . o 4-Ethenylcyclohexene 7.3 +£0.3 0.6£0.1 091
g -3
£ A‘Y Cz Alkyl benzenes £5+04 0.0 1.90
&
§ Styrene 347+20 35402 0.90
b 4-Phenylcyclohexene 64.5+73.1 485124 0.25
L TVOC as carben 1784159 5124150 0.71
L L 2
1-Butanol 25.2+33 £9+23 073
Dipropylene glycol 263408 44101 045
methy! ethers {3}
. 1,2-Dichlorobenzene 0.2+ 1.0 16201 0.84
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0 2 45 72 120 144 168 TVYOC as carbon 833+250 3251125 .61
Eiapsed Time () 3
Hormaldehyde §7.2%* 18.2%% 0.68
Figure 7 - Chamber concentrations of YOC emilted over Acetaldehyde 26.74% 4,65 083
one week by Carpet 3. Methyl acetaie 0.8+02 0.00 1.69
Vinyl acetate 853413 1063 £ 202 (.38
2,2, 4-Trimethyl 60.0:7.7 214429 6.64
pentane
c 1,2-Propanediol 690+ 67.5 193 £ 40.3 0.72
2-Ethyl-l-hexanol 3804106 226+29 0.6t
TVOC as carbon 602 +23.5 192 £48.4 0.68
4 :
109 3 4-Ethenyleysiochexene 24.2% 27£0.1 0.89
Alkyl benzenes 12.4# 31402 8.75
Styrene 260* 16,1 £0.6 0.94
4-Phenylcyclohexene 81.9% 302419 0.39
g 2 TYOC as carbon 399% 939+ 14,1 G.76
& o L
% * Two replicate samples.
§ ** Single sample.
3
Table 7 - Quasi steady-state specific emission rates of
the target compounds at 24 and 188 hours after the start
- Carpot 4 L of each experiment.
4-Ethanyicy
~—s— Allyl Denzenes
g Shyreig
e 4-PhnyiGyclobexene
LR} T T | ¥ Y 4 =T i ¥ 4 T
] 1 2 3 4 5 € ] 4 10 1 12 12 14

Elapsed Time (h)

Figure 8 - Chamber concentrations of VOC emitted over
1-12 h by Carpet 4.
Alky] benzenes = xylene isomers + n-propylbenzene
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Figure 13 - Chamber concentrations of YOO emitted over
one week by the fisld-study carpst.

Emitied by

S8R Carpets in
Compound Occurrence  Current Siudy
Styrene 18 Yes
4-Phenylcyclohexene 19 Yes
4-Ethenyleyclohexene 16 Yes
Undecane 13 Yes*
Propytbenzens 12 Yes
Decane i Yes*
Ethylbenzene 9 Yes
2-Buoxyethanol ] Mo
Isopropyibenzene 8 Yes
1-Ethyl-3-methylbenzene 7 hNo
Toluene 7 Yes
p-Ayiene 7 Yes
# Alkane hydrocarbens present in the volatility range of n-decane and n-
undecane,

Elapsed Vent. Styrene 4-PCH™
Time* Rate Cone. Cone,
Days (") (ppbY) (ppbv)
-1 9.6 0.23 0
2 7.3 044 1.6
1.0 1.2 4.7
& 1.1 0.89 5.1
12 0.8 0.62 4.1
18 1.3 .30 2.3
25 0.8 .50 24
40 0.4 0.68 32
52 0.7 (.66 32
# Blapsed time = days relative to the instaliation of the new carpet.
*# 4.PCH = 4-phenylcyclohexene.

Table 8 - Ventilation rates and concenirations of VOG in
the field-study house,

rate of decay generally depended on the volatility of the
compound — predictably, the most volatile compounds
decayed the fastest. At the end of a week, all compounds
except one had concentrations of 10 ppb or less.

Figures 12 and 13 show emission rates from field
measurements and concenirations for chamber tests of the
carpet installed in a house. Table 8 shows the ventilation
rates and concentrations of VOC in the field-study house.

Table 9 - The 12 most frequently ocourring YOO emitied
by 19 SBR latex-backed carpets in small-scale
environmenial chambers (Data from Black ef af, 1881; as
reported by Heles el al., 1892} and their presence in the
emissions from the two SBR latex-backed carpets in the
current study,

MNote that the initial concentrations of 4-PC were not as
high as reported elsewhere from other studies. This was
due to the very high ventilation rate (7.3 air changes per
hour) during the first two days after intatlation. Even so,
the 2.3+ ppb concentration during the second month after
instaliation is stili high enough for most people to casily
detect and recognize as the “new carpet” odor.

Comparison with Emissions Measured in CRI
Carpet Study

AQS has studied emissions in small environmental
chambers from 19 representative SBR latex-backed car-
pets for the Carpet and Rug Institute (CRI). Tabie 9
compares the 12 most frequentdy emitted VOC from the
AQS-CRI study with the compounds emitted by the two
SBR latex-backed carpets in the small-scale chamber
during the LBL-CPSC study. This table shows that only
styrene and 4-phenyleyclohexene were found emitted
from all samples in both studies. Perhaps more impor-
tantly, the table shows that there were significant
differences in the other detected compounds emitted from
the carpets tested in the two studies.

Comments

An important contribution of the LBL-CPSC carpet
study was the identification and quantification of individ-
ual chemical compounds from four different carpet
samples. Very few published data exist on the specific
chemical compounds emitted from carpet samples in
carefully controlled laboratory studies. The comparison
with the published data from the CRI study shows that
variations exist in the dominant compounds emitted from
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Specific Emission Rate in ug mZh"

* Calculated using average emission rates.

Fractional

24h 140 h Reduction®

Compound Avg. Max. Avg. Max. 1-(140/24h)
4-Ethenylcyclohexene 3 27 <1 <1 1.00
C2-C3 Alkyl benzenes™** 5 39 1 8 0.80
Styrene 37 173 3 18 .92
4-Phenylcyclohexene 64 152 25 73 0.62

** Data for propylbenzene, cthylbenzene, cumene, m-ethyltoluene and xylene were summed.

Tabie 10 - A\}erage and maximum specific emission rates at 24 and 140 h for selected VOC emitted by 19 SBR
latex-backed carpets in small-scale environmental chambers. These data are from Black &f al. (1991), as reported by
Hetes ef af. (1992).

carpets that may be similar in construction. This should
be a clear warning against generalizing about the com-
position and emissions from different carpets that may be
generally similar.

One observer close to the project commented that
really careful work is very expensive; perhaps that is why
it is so rare. However, work not done carefully is not
necessarily valuable, depending on the type of work
involved. The implication is that undersianding the
chemical composition of carpet product emissions is not
trivial and cannot be expected to be done guickly or
cheaply. However, if we are to understand the health
effects of carpet VOC emissions, we must be prepared to
undertake costly and time-consuming studies.

Tt is unfortunate that the CPSC has not incorporated
into the report its knowledge of the health effects for the
emitted compounds. We look forward to a more complete
documentation in the future — hopefully soon.

Heferences:

A. T. Hodgson, J. D. Wooley, and §. M Daisey, Volatile Organic
Chemical Emissions from Carpets, Final Report, prepared for Direc-

torate of Health Sciences, U. 8. Consumer Products Safety Commads-
sion, April, 1992, (LBL-31916, UC 600).

Black, M.S., Pearson, W.1. and Work, L.M. {1991) Volatile organic
compound emissions from carpet and associated products, Appendix
R, Carpet Policy Dialogue Compendium Report. R.W. Leukrothe, Jr.,
Ed., Office of Toxic Substances, U 5. EPA, Washington, D.C., Sept.
27.

Hetes, R.G., Womack, D.5., Pierson, T.K. and Nangie, D F. (1992)
Evaluation of Exposures to Volatile Organics Offgassing from New
Carpets, U.S. EPA Contract No. CR-8153509, Report 4479-001/12F,
Research Triangie Institute, Research Triangle Park, NC.

For a copy of the report:

Write: Todd Stevenson, Freedom of Information Officer, Office of
the Secretary, US Consumer Product Safety Commission, Washing-
won, D, C., 20207, (301) 504-G7385, fax (301) 504-0127.

For more information:
Alfred T. Hodgson, LBL, UC Berkeley, Berkeley CA 94720, (510}
486-5301.

Conference Announcement and Call for Papers

IAlI VOC Conference

indoor Air International {IAT) has issued a first an-
nouncement and cail for papers for “Volatile Organic
Compounds” to be held at the Royal College of Physi-
cians, London, England, The announced conference date
is October 27-28, 1962, The conference announcement
states: “Specific studies and state of the art reviews
should be sent to the Secretariat by 15 April 1993, Full
manuscripts of accepted and invited papers will be re-
quired by 30 June 1993.”

We are once again puzzled by the announcement of yet
another conference sponsored by 1Al We note that the
list of conference committee members again includes
virtually no members of the established indoor air com-
munity,

For more information contact the Conference Secre-
tariat, International VOC Conference, Unit 179, 2 Qid
Brompton Road, London SW7 3DQ, UK, +44 767 318
474, Fax +44 767 313 929,
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Letters

Art Whea!er on Hospital HVAC

Dear Hal,

The role of recirculated air as described inthe JAB Voi 2,
No. 5 article concerning ventilation protection against air
horne twberculosis could be underappreciated.

While a large system will distribute recirculated air from
a stationary infection source site throughout a wider area
and thereby expose mote occupants than would a smaller
local sysiem, greater dilution is also afforded. The transmis-
sion risk via this path to those in the vicinity of the source
is also reduced. The report that posiiive responses occurred
remote from the infected person’s work station did not rule
out transmission paths other than recirculated air.

Regardless of system size, adequately filtered recircu-
lated air could be quite beneficial in controlling airborne
infection, approaching the effectiveness of outdoor air
which is presumed to be free of the infectious agent.

If aerosolized tuberculosis bacteria form cluster particles
of the size array of 1.8 to 4.3 microns, as described by
Kuehn, et al., in the report on ASHRAE RP625, medium
and high efficiency filters should be capable of substantially
reducing these particies in the supply air.

The particle efficiencies determined by Ensor et al (Pro-
ceedings of IA(}'88) show that an 85% ASHRAE dust spot
efficiency filter is capable of 90% or higher removal for
particles in this size range. Thus recirculated air so filtered
should be 90% as effective as outdoor air. With a different
perspective 1o permit use of the Soper equation, this filiered

IAQ Information

recirculated air, discounted 10%, is presumed equivalent
to outdoor air.

If the occupancy in the office setting studied by the
Massachusetts Department of Health can be charactamsé
by the estimated occupancy rate of 7 persons per 1000 f{
per ASHRAEFE Standard 62-1989, an all air c011d1tmnmg
systern typically would supply 140 cfm of conditioned air
per person. With 85% efficiency filters 15 cfm of outdoor
air (as indicated) plus .9 times 123 cfin recirculated air
would vield 128 cfm of equivalent tuberculosis bacteria free
air. The Soper equation then reveals that only 6% (vs 40%)
or 1 or 2, not 27, individuals would have tested positive.
This analysis suggests that in the instance studied the air
system filters were of negligible effectiveness in removing
the aerosolized bacteria not an unlikely condition. Effeciive
filtration to remove infectious airborne particles generated
within the buiiding is, of course, more economical than
significantly increasing the outdoor air component of ven-
tilation in order to achieve dilution as hospital operating
room practice demonstrates.

Higher efficiency filters belong in buildings that strive to
be healthy.

Sincerely,
Art Wheeler

Reference:
Kuehn, er al., ASHRAE Transactions 1991 Vol 97-2, paper #3505,
“Matching Filtration to Health Reguirements.”

Indoor Air Quality Information Clearinghouse

The United States Environmental Protection Agency
(EPA)Y has opened an IAQ Information Clearinghouse.
Funded by the Indoor Air Division of EPA, the Clearing-
house will function primarily as a toll-free source of
information that will &ry to answer as many questions as
possible by phone. It will also mail EPA Indoor Air Division
- publications, most of which are free. When appropriate, the
clearinghouse information specialists will refer callers to
other government agencies, public interest groups, and pri-
vate sector organizations. The Clearinghouse may provide
bibliographies on a topic for farther caller reference.

The Clearinghouse announcement claimed citations and
abstracts on more than 2,000 bocks, reports, newsletters,
and journal articles. It has an inventory of federal govern-
ment publications. And, information is available on more

than 150 government and private sector organizafions in
the indoor air feld.

The toll free number is 1-800-438-4318 and operates
Monday through Friday from 9:00 AM to 5:00 PM Eastem
Time. Voice mail messages or fax inguiries can be sent at
any time, The local direct number 15 (301) 585-9020 and the
fax number is (301) 588-3408. If you wish o write, the
mailing address is P. O. Box 37133, Washington, DC 2001 3-
T133.

IAB is anxious to receive reader feedback on the
usefulness of the Clearinghouse’s response to your in-
quiries. Please drop us a note by mail or fax, and we’il
share your experience {(anonymously, of course, unless
you prefer attribution) with other readers.
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Calendar

Demestic Events

January 23-27, 1993. ASHRAE Winter Meeting and International Air-Conditioning, Heating, and Refrigerating Exposition, Palmer
House, Chicago, [linois. Contact ASHRAE Meetings Department, 1791 Tullie Circle NE, Atlanta, GA 30329, (404) 636-8400.

February 9-12, 1993, Indoor Air Quality Symposium, Georgia Tech Research Institute, Atlanta, Georgia. Contact GTRI, Training Programs
Office, (404) 894-7430.

March 29-31, 1992, Indeor Air Pollution, Sixth Annual Conference, Adam’s Mark Hotel, Tulsa, Okiahoma. Sponsored by University of Tulsa,
Contacy: Division of Continuing Education, 600 South College Avenue, Tulsa, OK 74104-3189, fax (918) 631-2154.

April 21-23, 1993, Indeor Environment *93, Indoor Pollution Conference and Exhibition. Hyatt Regency On the Inner Harbor, Baliimore,
Maryland. Sponsored by 1AQ Publications, Inc. Contact Conference Director Lisa Markham, IAQ Publications, 4520 East-West Highway,
Suite 610, Bethesda, MD 20814. (301) 913-0115, Fax (301) 913-0119.

May 3-7, 1993, Air & Waste Management Association Ansual Symposium, “Measurement of Toxic and Related Air Pollutants,” Omni
Hote! and Convention Center, Raleigh, North Carolina. Contact Martha Swiss, A&AWMA, P.O. Box 2861, Pittsburgh, PA 15230, (412)232-3444,
fax (412) 232-34350,

May 15-21, 1993, American Industrial Hygiene Conference and Exposition, New Orleans Convention Center, New Orleans, Louisiana,
Contact: ATHA, 2700 Prosperity Avenue, Suite 230, Fairfax, VA 22031, (703) 849-8888, fax (703) 207-3561.

June 26-30, 1993. ASHRAFE Annual Meeting, Radisson Hotel, Denver, Colorado. Contact: See listing above under January 23-27, 1993,

November 7-10, 1993. IA(} '93: Operating and Maintaining Buildings for Health, Comfort and Productivity, Philadelphia, Pennsylvania.
Sponsored by ASHRAE. Contact: ASHRAE, see listing for Winter Meeting, January 23-27, 1993, The press release states: "The sympositim
will focus on building system operation and maintenance practices, will bring together builders, designers, property managers and scientists
io exchange experiences and solutions which provide acceptable indoor air quality.” Deadline for paper absiracts not move than 300 words
isDecember 18,1992 Paperswill be due April 23, 1993 ASHRAE has assembled along and impressive list of virtually all relevant organizations
in the U.S. to participate in this practice-oriented conference. If the past rwo ASHRAE IAQ conferences are a veliable indication, this should
be an ouistanding conference.

International Evenis

February 17-19, 1993, Building Design, Technology & Occupant Well Being in Cold and Temperate Climates, Palais des Congrés, Brussels,
Belgium. Contact: ATIC-CDH, chausee d’ Alsemberg 196, B-1180 Brussels, Belgiam, . 32-2-348-05-50; Fax 32-2-343-98-42,

March 4-6, 1993, Second Spanish and Interamerican Air Conditioning and Refrigeration Congress—CIAR 93, Madrid, Spain. Coatact
CIAR '93, Pargue Perial Juan Carlos 1, 238067, Madrid, Spain, 722-30 00, fax 722 57 90.

July 4-8, 1993, Sixth International Conference on Indoor Alr Quality and Climate, Indoor Air*93, Helsinki, Finland. For more information,
a copy of the conference announcement, or the call for papers, contact the confeence secretary at: Indeor Air ’93, PO, Box 87, SF-02151 Espoo,
Finland, fax +358-0-451-3611. This most important indpor air conference is held every three years and is always a very exciting and rewarding
event. Make plans now fo atiend this most important of international indoor air conferences. Recent devaluation of Finnisk currency will help
make this a more affordable conference to attend.

October 27-28, 1993, Volatile Organic Compounds, Royal College of Physicians, Londen, England, Sponsered by Indoor Air international
(IAD). Contact: Conference Secretariat, International VOC Conference, Unit 179, 2 Old Brompton Road, London SW7 3DQ, UK, +44 767

318 474, Fax +44 767 313 929. A first announcerment and call for papers has been issued. “Specific studies and siate of the art reviews showld

be sent to the Secretariat by 15 April 1993. Full manuscripts of accepted and invited papers will be requived by 30 June 19937

November 1-3, 1993. Clima 2000, Queen Elizabeth Conference Centre, London, England. Contact: Anne Gibbins, CIBSE Headguarters, 222
Baltham High Road, London, SW 12 985, fax 44-1-67535449,

March 15 - 18, 1994, Cold Climate HVAC "94 - International Conference on HVAC in Cold Climates. City of Rovanien, Finland.
Sponsored by FINVAC, Pederation of Societies of Heating, Air Conditioning and Sanitary Engineers in Finland. Contact: FINVAC/Cold Climate
HVAC 94, Mr. Hpo MNousiainen, Sitratori 5, SF-00420 Helsinki, Finland, +358 0 563 3600, Fax +338 0 5606 5093, Absiracis are due March
1993 papers are due October 1993, The official conference language is English.
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