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ABSTRACT

CO,-based demand-controlled ventilation (DCV), when
properly applied in spaces where occupancies vary below
design occupancy, can reduce unnecessary overventilation
while implementing target per-person ventilation rates. A
recent interpretation of ANSI/ASHRAE Standard 62-1989,
Interpretation IC 62-1989-27, has affirmed that carbon diox-
ide (CO,)-based demand-controlled ventilation (DCV)
systems can use CO, as an occupancy indicator to modulate
ventilation below the maximum total outdoor air intake rate
whilestillmaintaining the required ventilation rate per person,
provided that certain conditions are met.

This paper, co-written by the author of the interpretation,
provides guidelines on the application of CO,-based DCV. In
addition, a method is presented that allows reasonable esti-
mates of the actual ventilation rate per person being effectively
delivered to the space, based on comparing predicted CO,
ventilation levels with CO, levels logged in an occupied space.
Finally, a model is presented to evaluate various CO,-based
DCYV strategies to predict their delivery of target per-person
ventilation rates within the lag times required by the standard.

INTRODUCTION

The appropriate role of carbon dioxide (CO,) in ventila-
tion for acceptable indoor air quality has been clarified in a
recent interpretation to ANSI/ASHRAE Standard 62-1989.
This interpretation, which is now included with the standard,
describes the proper procedure for using CO, control to modu-
late ventilation based on actual occupancy.

For spaces subject to variable or intermittent occupancy,
overventilation can be avoided by reducing total ventilation
below design ventilation rates (which are based on an assump-
tion of full occupancy). This approach allows target cfm per
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person ventilation rates, forexample, in a classroom or theater
auditorium, 15 cubic feet per minute (cfm) (7.5 liters per
second [L/s]) per person, to be maintained based on actual
occupancy (ASHRAE 1990). Energy can be conserved and
ventilation for acceptable indoor air quality can be maintained
in accordance with ANSI/ASHRAE Standard 62-1989. I1deal
candidates for this approach include schools, meeting rooms,
restaurants, theaters, and office spaces.

There has been much progress in understanding the
usefulness of measuring CO, in efforts to understand IAQ and
ventilation. A recent literature review reported on 50 papers or
reportsissued since 1983 (Emmerich and Persily 1997). Proper
application of CO,-based demand-controlled ventilation
(DCV) requires consideration of both the theoretical
approaches in the literature as well as practical insight into the
various application methods available and then translating the
theoreticalmethodsinto functional HVAC systems. This paper
begins with areview of three different control approaches and
discusses their proper application to suitable spaces.

The use of CO, technology to estimate the actual venti-
lation rate in a design space that utilizes a constant maximum
ventilation rate is one of several applications of CO, technol-
ogy under recent investigation. When taken and interpreted
with care, CO, measurements can be useful in efforts to assess
the effective delivery of outdoor ventilation air into the occu-
pied space. Particularly useful are measurements data-logged
over time. A method is presented here that allows reasonable
estimates of the actual ventilation rate per person being effec-
tively delivered to the space, based on comparing a CO, venti-
lation model with CO, levels logged in an occupied space.

In addition to general utility in conducting HVAC system
operating assessments and IAQ investigations, accurate
assessment of the actual ventilation rate permits more accurate
prediction of savings to be realized from implementation of
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demand-controlled ventilation., A mode# is presented to te"t
various COz-based DCV strategles and fo predict their deliv-
ery of target per-person ventilationrates within the lag times
required by the standard. The model facilitates prediction and
comparison of daily outdoor air intake volumes for constant
ventilation systems versus CO,-based DCV systeris.

BACKGROUND

The ventilation rates . tabulated in the ventilation rate
procedure ‘of ANSI/ASHRAE Standard 62-1989 have been
utilized in burldlng ventilation system design to dilute constit-
uents of concern, including bioeffluents associated with build-
ing occupants. Thc cstablished ratcs arc tabulated in
classifications of occupied space so that a design engineer,
noting space classification and use, can sglect a prescribed rate
as the basis for a target design ventilation rate. Thrs rate. is
expressed as a flow rate per occupant | for most, occupancies.
The total target design ventilation rate then is the product of
the maximum space occupancy and the target design ventila-
tion rate per accupant, adjusted as réquired for ‘venfilation
effectlveness or other appllcathn cons1deratlons S

Bmldmgs umrzmg the 1otal tnrgcl dcsrgn vcnulatmn rate
may provide more ventilation air than is rcqmrcd o mect
ANSI/ASHRAE S'trmdam’ 62-1989, paniicularty durmg periods
when occupancy is far below the maximum sp_q_ce, occupancy
used in design calculations. The actual ventilation rate deliv-
ered.by the HVAC system(s) to the'space may vary from the
target design ventilation rate. Oversupply of: oeutdoor :air
carries an energy penalty in many systems and, in extreme
weathersconditions;, caniimpede’the ability of some building
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systems to maintain the comfort condmoﬁs present@d in
ANSI/ASHRAE Standard '55-1992 (ASHRAE 1992). Hot,
humid air in cooling conditions or cold air in heating condi-
tions can resulf in indoor humrdrty values beyond the comfort
zone of Standard 55. c o

Tradiiional mciiods 1o cvaiuaic ouidoor air imiake, suci
as traverse velocity readings at the outdoor air intake, do not
account for factors associated with underventilation in the
occupied space, such as low ventilation effectivengys, vr for
factors associated with overventilation, such as unaccounted
infiltration.

Saving Energy with CO,-Based Demand-Controlled
Ventilation

Typically, when abuildingisdesignedaccording to Standard
62, the amount of outdoor air to be delivered to interior spaces is
based on providing ‘entough autdoor air to meet the requirements
of the building at fulloccupancy (e.g., 15 cfm [1.5 L/s], multiplied
by the design occupati¢y of a epace for classrooms or theater
atditoriums, or 20 cfin (10 L/s), mulllphed by the design occu-
pancy of a space for dining rooms or ofiices). ‘Lhis ventiiation
rate is typrcally maintained during all occupied hours, or it may
be maintained* for longer “periods 'dr' ‘on a continuous
24-hours-a-day basis. Some means of time control would typi-
cally be used to activate outdoer air ventilation at the beginning
of the' day and turn it off at the ‘énd of-the day: This' constatit
provision of: the- target design-ventilation rate, regardléss of
occupancy, is represented: by the' uppermost lire in Figure 1.
Usmg this metho& 11‘ a space is parﬁally or intefmittently occu-

Woa v B Ry )

= W TEE ol

\

Lyl ey T \_-7'~".4, @ iy 1, R T R RRAE T

' et s L | A P

& ¢igs i3 N
R = B 0 O , -

2 GO ONeU: VeNWENOT o

Energy Savings With Demand
Controlled Ventilation

= Optional Minimum\entilation Rate To

ol & . Controt Building Source,Relate
Coptaminents:-.- i

ad . ' T ]

i



TO 98 23-2

Effects of Airflow on Emissions of Volatile
Organic Compounds from Carpet Adheswe

Assemblles

i g

J. M. Low, P.E.. J. S. Zhang, Ph.D:

Member ASHRAE 2

ABSTRACT

The effects of local:air velocity and turbulence on the
emissions from carpet-adhesive assemblies have been studied
in a small-scale chamber. Velocities in the range of approxi-
mately 0.01 mls to 0.25 m/s were zmposed along with either a
low. or a high turbulence level. The. concentratlons of total
volatzle organic compounds ( TVOC ') and of nonane, decane,
and 4 phenylcyclohexane ( 4PC ) were measured as a function
qf time from which emtsszon rates.for each were computed.

For the condzttons studzed, it. was found that increased.

velocities generally resulted in mcrea,s'ed emission yates during
the first 30 hours of a test in the higher velocityrange of those
studjed and thatincreasediturbulence levels also enhanced the
early emission.rates at lowe; average velocities. However, for
the cases with the increas ed peak emission rates during the first
30 hours of a test, there were no percepttble corresponding
reductions of the long-term emission rates as would have been
desirable from an indoor air quality perspective.

INTRODUCTION

The emissions of volatile organic compounds (VOCs)
from carpets and carpet adhesives in office buildings are of
concermnbecause of their potential influence on the wellness of
building occupants. Many studies have been conducted to
investigate the emissions of VOCs from carpets; adhesives,
and building materials. The local air temperature, relative
humidity (RH), and air change rate were usually kept constant,
while the concentrations. of VOCs from different, carpets,
adhesives, and building materials were measured (Black
1990; Colombo et al. 1990; Black et al. 1991, 1992; Wallace
et al. 1987; Little et al. 1994; Nielsen 1985; Bayer and Black
1986). A study published by Sollinger et al. (1993) found that
air velocity had little effect on-the rate of emissions of VOCs
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from a carpet. Data'ohi the effect of air velocity and turbulence
on the VOC emissions from a carpet-adhesive-concrete
assembly (a typical case for office buildings) have not been
reported previously.

This study investigated the effects of local air velocity and
turbulence on the emission rates of TVOCs, nonane, decane,
and 4-phenylcyclohexane (4PC) from carpet-adhesive assem-
blies. The carpets and adhesives tested were typical commer-
cial products normally installed in office buildings. They were
tested a1 several velocities and. turbulence levels in a test
chamber (Zhang et al. 1996).

When new material is introduced to a building, it is gener-
ally found that the emission rate of matettials increases, which
reduces the indooriair quality. If the cause of this increased
emission- rate of vndesirable material could be altered or
enhanced during a short period of time while the building was
unoccupied so that longer-term emission rates were reduced
for the periods during which the building was occupied, this
would be considered an improvement on the present situation.
Although it is known that increasing the air change rate can
improve air quality, this is done with anassociatedenergy cost.
Consequently, thie aim is to reduce emissions during the occu-
pancy period without incurring a significant penalty in terms
of energy costs. This study was initiated to determine if
increasing air velocity and turbulence in the early stages of the
emission process (i.e., before occupancy of the space where
the new material was introduced) would result in a reduction
of undesirable emissions in later stages of the emission
process when the space was occupied. '

The results of this study will also help to increase under-
standing of the emission processes and their characteristics for
carpet-adhesive assemblies, which will be helpful for the
development:of a suitable model to predict emission rates.
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EXPERIMENTS

Test Materials

The primary test materials, which-are carpet and adhe-
sives, were donated by their respective manufacturers. The
28 a7 level-lonp nylon (polypropylene) carpet was of a
graphic constiuctivn, made using 100% uylon fiber (space
dyed) and a synthetic jute textured back. It was stored. in
mylar bags from the time it was manufactured until the time
it was used for a test. Vapor samples extracted from the mylar
bags containing the carpet were analyzed and found to
contain a TVOC concentration of 4.45 mg/m’. This was
taken as the headspace test result for the carpet. The synthetic
latex base adhesive had a 3% mineral spirit content. Head-
space tests on the adhesive consisted of placing a small
amount of adhesive in a glass vial and sampling the vapor
above the adhesive after 72 hours, which yielded a TVOC
concentration of 1661 mg/m’>. The concrete substrate slab
(250 mm x 500 mm x 40 mm) used for a test was placed in a
50 L static chamber for 24 hours, after which a sample of the
vapor in the chamber was apalyzed indicating a (headspace)
TVOC concentration of 0.43 mg/m’>.

Facilities

A 1.0m x 0.8 m x 0.5 m stainless steel chamber (Zhang
et al. 1996) was used to test the carpet-adhesive assemblies.
A schematic diagram of the measurement system is shown in
Figure 1, with the test chamber schematic diagram in Figure 2.
The chamber consisted of an inner and outer chamber. The
outer chamber, which housed the inner chamber, was located
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Figure I Schematic of the small chamber test system.

in the test room, The inner chamber housed the test assembly.
An axial fan was.used to circulate the air throu gh.the inner
ch{amber. The fan’s DC motor was mounted outside the outer
chamber to avoid introducing contamination from the motor.
A TFE-sealed bearing was used to support the fan-to-motor
shaft where it penetrated the wall of the outer chamber. Holes
were drilled through the cylindrical housing of the fan to
discharge the air drawn from the inner chamber into the outer
chamber. The inner chamber had screened attachments at the
air inlet and outlet to provide uniform airflow and to create
several levels of-turbulence. Two paraliel fine mesh screens
spaced 20 mm apart were uscd for a low turbulence flow. A
higher turbulencg level in the flow was, achieved with 13 mm
holes spaced 22 mm center to center. Before the emission
tests, the airflow characteristics over the material specimen
were measured. ., G

Figure 3 shows the mean airflow velocity and turbulence
kinetic energy distributions above the carpet surface for the
velocity and turbulence level range of the six test cases
disgussed, in this paper, which are documented more specifi-
cally in Table 1. The air velocity across the carpet sample was
measured, with a TSI hot-wire anemometer that was placed
above the mid-point location of the carpet sample and 4 cm
above the carpet surface for the emissipn tests,

Methods

gl T o

The chamber was cleaned and puiged with cleun air (sed
Figure 2) for a minimum of cight heurs before each test. "Tifs
purging resulted in a VOC cencentration of less than 0.0F mig/m?
(0.015 ppm). ‘The carpet-adhésive assemblics were prepared for
testing as folldws. First, the éarpeét was femoved from the mylar
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1. Outer Chamber - *
2. Inner Chamber
3. Flow Settling Screens -
4. Perfordted Plate "~
5. Glass Window N
6. Inner Chamber Support
7. Sample Conlainer
8. Buffer Plate
9. Fan Unit

10. OC Motor

o

Figure 2 Schematic of the outer and inner chamber

assembly. -
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bag in which it was stored, a piece suitable for the test was cut
(250 mm by 500 mm), and the remainder was placed in the mylar
bag. Adhesive was spread onto the substrate and allowed to get
“tacky” for about 20 minutes before the carpet was placed on the
adhesive.: The carpet sample covered the entire surface of the
substrate coated with adhesive; and if any adhesive was madvert—
ently left uncovered by the carpet, it would ‘have had a film
formed over the new adhesive by thie time the test was cor_lducted.
In addition, any area of edge'would have been much smallerthan
the surface area of the carpet sample so that edge effects were
considered minimal. The carpet mass, carpet area, and the adhe-
sive mass used were measured and recorded for each sample
assembly, The test assembly was placed i in the inner chamber and
the chamber séaled in préparation for gas sampling to begin.The
test conditions of air change tate, air velocity range, and turbu-
lence range were selected for each test, and the TVOC concen-
tration, air velocity and turbulence datd, air temperature and
relative humidity, chamber pressure, and airflow rate were
continuously measured and recorded for éach test. .
TVOC concentrations ‘were continuously monltored
during each test with'a hydrocarbon analyzer with a flame
ionization detector (FID) to oblam the mformatlon needed to
choose appropriate sample sizes for the r‘nore detailed GC/MS
analysis, which was done from samples taken at'discrete timeé
intervals. For the GC/MS analysis, sorption tube samples were
taken from the chamber’s exhaust air. The sorption tube used
had a 4 mm inside dlameter and was 229 mm long with a bed
consisting.of glass beads 150, mg of Tenax TA of 25 to 35
mesh, and 150 mg of Ambersorb of 25to’ 35 mesh. During the

first. hour samples were taken every 15 Minutes, then every 20

to0 30 minutes for four hours followcd by sampllng at one- to
two-hour intervals until the TVOC concentration began to
decrease. Samples were then taken in.the moming and late
afternoon for the next two days, followed by one sample per
day until the seventh day when the test sequernice was termi-
nated. The sampling frequency used depended on the
measured rate of change of TVOC concentration in the cham-
ber. The sorption tube samples were arialyzed using a gas chro-
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thure3 Atrﬂow characteristics above the carpet

,surface measured at three velocity levels:
0.05 m/s, 0:i.'m/s, and 0.25 m/s, and two
turbulence levels: low, with screens, and high
with the perforated plate.

, TABLE 1 .
Actual Test Parameters
Test Carpet Area’ . Carpet Mass Adhesive Mass Airflow Average Velocity | Average Turb.
m? K g Lpm m/s k/u?
4 0.124 297.7 59.1 6.67 0.04 0.003-L
5 0.124 3015 55.2 6.67 0.10 0.004-L
6 0.123 300.0 51.35 6.65 022 ; 0.008-L
6rl 0.124 328.3 50.6 6.65 0.26 0.008-L
6r2 0.123 300.8 55.0 6.65 0.26 0.008-L
7 0.124 299.5 59.0 6.65 <0.04 0.077-H
8 0.122 299.2" 58.0 6.67 0.26 0.212-H
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matograph (GC) equipped with a flame, ionization detector

(FID ) The reference compoynd used for the GC callbratlon'

was cyclohexane. The GC results.of the gas samples taken

from the' chamber tests. of . the carpet-adhesive- substgale,

assemblies were compared with the results of analysis qf the
individual componenis taken as headspace tests to identify the
individual compounds and “determine their concentrations.
The concentrations of TVOCW ere calculated by summmg the
arca under all the peaks of the gas chromalogram and using
cyclohcxane as the calibration ‘standard.

Seven tests were preformed to investigate the vclo'i:il)
and turbulence effects on the emissions of VOCs from carpet-
adhesive assemblies. Table | is a summary of the actual test
parameters. All tests were run at 23 +1.3°C and 45 5 +3% RH.
Tests Arl and ﬁr? were repeat ‘tests of test 6, performed to
verify the repeatablhty of a typical test.

RESULTS AND DISCUSSIQN

The measured TVOC concentration data vs. timte and the
TVOC emission rate vs. time calculated from tfe measured
'I'VOC-time record are'shown in Figurés 4 and 5, respectively.
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Figure 4 Measured TVOC concentration vs. time.

m/s, average turbulence/relative kinetic.energy k/(u2).of 0.008)
a,rid Test; 8 (velocity of 0.26 m/s, turbulence K.E. of U.212) have
higher peak concentrdtions and emission rates than thosé-of
Tests.4 (velocity of 0.04 m/s, turbulence K.E. of-0.003), 5
(velocity of 0.10 m/s and turbulence K.H: of 0.004), :and 7
(velocity of <0.04 m/s. turbulence K.E. of 0.077). Based on this
observation, it'appears that the emission rates during the initial
30 hours of testing are incteased by increasing the velocity of
air blowing over the sample assembly. However, aftér this
initial 30-hour, period, the emission sates are not noticeably
affected by the airflow velocity' .or: turbulence level for the
range of conditions examined here. | b

[t is suggested that this first period in which the emission
rates are influenced by the vclocnly of the air over the sample
18 a period during which the release of the volatiles to the
surroundings is not bemg controlled solely by diffusion effects
internal to the carpet or adhesive layers but rather by a combi-
nation of the internal diffusion effccts and the cxternal convee-
tive transfer effects. This result is not quite the same as is
observed in the case of drying large slabs of wood (Rohsenow
and Choi 1961). In the case of the wood drying, as long as the
air at the surface of the siab is sawurated with water vapor,

a Full data set:
o
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) h S
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Figure 5 TVOC emission rate vs. time. _ ... »
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external convective effects determine the rate of drying,
during which time the transfer rate is constant if the convective
coefficient ‘is constant. Thereafter, the rate of diffusion of
water to the surface determines the drying rate, as llo'n_g :as the
external convection/continues to remove the water as it finds
its way to the surface. In the case under study here, the emis-
sion of volatiles from the adhesive-carpet assembly, thére is no
period during which the mass transfer rate is constant in splte
of the fact that the conditions determmmg the convective coef-
ficient .are held: constant. Since the ethission rate during this
early period is affected by the change of convective condi-
tions, however, it would suggest that the, rate of emission
during this period is influenced by both the external convec-
tion rate and the rate of dlffusmn of volatiles to the surface.
The physical changes that occur in the adhes1ve -carpet assem-
bly that cause these two dlstmct reglmes are the focus of an
ongoing study ' :

The emission characlerlsucs 0[' nonane and decane, Wthh
originate from the adhesive, and 4PC, emitted by the carpet,
were examined,. to determine whether these specific
compounds followed the trerid described above for the TVOC
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Figure 6 Nonane emission rate vs.'time.
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concentrations in fernts of the effect of velocity and turbulence.
Figures 6 and 7 show' the ernission rate vs. time plots obtained
for nonane and decane, and Figure 8 shows the measured
coricentration for 4PC as a function of test time for the saine
tests for which the TVOCs arc shown in Figures 4 and 5.

‘Tests 4, 7, and 8 had adhesive masses of 59.1 g, 59 g, and
58 g, respectively. Figure 6 indicates that Test 4 exhibited a
very high nonane emission rate during the first two to three
hours, but then its emission rate dropped rapidly, whereas the
emission ratc for Test 8 did not peak quite as htgh as that of
Test 4 but remained higher than that of Test 4 after the cross-
over of the two curves at about three hours. Except for Test 4,
the nonane emission rates vs. test time consistently show that
during the first 20 to 30 houts, a combination of air velocity
and turbulence level determine the rate of emissions, as
observed with the overall TVOC emissions. The two tests with
the highest velocities (Tests 6 and 8) exhibited the highest
emission rates during the first 30 hours, with Test 8 showing
slightly higher rates during this period, perhaps because of the
higher turbulence levels. Then, as the velocity was reduoed,
Test 7, with a lower velocity but higher turbulence level than
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Figure 7 Decame emirsionrate vs. time.
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Figure 8 Measured 4-PC concentration'vs, time:

that of Test 5, exhibited a higher emission rate than for Test 5
during the first ten-hour period with almost identical rates
during the next ten-hour period.

Figure 7 shows that the emission rates of decane also
show trends consistent with those observed for'nonane and the
TVOCs, In this case, Test 8, with the highest velocity and high
turbulence levels,, produced the highest emission rates during
the flrst 20 hour, period, followed by Test 6, w1th §11ght1y
lower velocny than Test & but with lower mrhulence levels.
Test 7, with much lower velocity than either Test 8or Test 6
but with’a high turbuleiitelevel, showed lower decane emis-
sion rates than Tests 8 or 6 during the first' 12 hours or $0 but
thén crossed over both dther fate trends 'to Show higher emis-
sion ratés after aBout 20 hours. Test 5, with Iow velocity and
low turbulénce levels, sHowedtlie lowést rates ‘of decané emis-
sion during the [irst 20-hout period, Bl then'it, too, joined the
trend shown by the others. Test 4‘began strongly, as with the
nonane, but fell off sharply. after a few hours;

Figure' 8 shows that the 4PC (emitted by ‘thé carpet)
concentrations were very Jow (by several orders of magnitude)
by, contparison -with the wonane and decane (emitted by the
adhesive as discussed carlier). 1t was noted, that. the 4PC
became detectable only after approxnmately 50 hours due to
the sampling volume and GC scnsitivity chosen for quantify-
ing the high levels of concentrations of VOCs from the adhe-
sive. This indicates that the VOCs emitted by the carpet are of
negligible concern relative to those emitted from the adhesive,
at least during the first several hundred hours after the’ adhe-
sive is applied, which is the duration of the observations|i in the
tests reported here.., Lo e A5 e i

A preliminary set'of tests was condiicted to examine the
effect of the carpet placed over the idhesive,as c_ompafed'wﬁh
the adhesive alone, on the rate of emission of the volatile
compounds that originate withthe adhesive. Three tests were
conducted, one. with adhesive only, another with carpet only,
and a third, with the carpet placed over the adhesive as it would
be on a floor assembly. Figure.9 shows the TVOC gmission
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Figure 9 Comparison of TVOC emission rates ‘between
-the material dassembly and the individual
materials. .

rates computed from concentrations measured at selected timc
intervals for these, three cases The, TVOC emission rates from
the carpet alone are too low to show meaningfully ori the same
scale used to show the emission rates from the adhesive or the
adhesive-carpet assembly. Examination of the emission rate
for the adhesive alone and comparing it with the emission rate
for the carpet-adhesive assembly indicates that the carpet
cteates a delay to the escape to the air of the volatiles being
released from the adhesive layer bengathrthecarpet. Since the
emission rate with the carpet over the adhesive is lower during
the first 20 hours but later is higher than that with the adhesive
alone, it would suggest that the volatiles-are somehow:trapped
for a short while in the carpet and subsequentty released. This
process is being examined further.

.+ The concentration, vs., time for Test 6 and ;he two,repeat
te$ts, 6rl and 612, arc shown in Flgulc 10. The band of
measured rc§ulls gives an mdlcaluon of lhc repeatability of the
measurements ‘reporte.c_l in this paper, 1 Lol

CONCLUSIONS .

dt, Ll g a1

it The primary, focus of this rasearch was to determine
whether local air velocnty and turbulence levels had an effect
on the emission rates of volatile organic compounds from

carpet-adhesrve assemblles Ji% s i
Tests with hlghervelocmes (Tests8 and 6) exhibited higher
TVOC emission rates duting thie.first-30 hours than tests at
lower velacities. As the velocities were reduced sllghtly, turbu-
lence levels had agreater impacton theearly emissionrates than
did the, average velocities. iAfter the. initial 30-hour period
(which may:bg a different penod withdifferent adhesive-carpet
assemblies), the velogity and turbulence lgvels had no observ-
able effect on the, yolatile emission rates, Itis suggested that the
resisiance to release of the volatiles intemnal to the carpet-adhe-
sive .assembly became: dominant after this, initial periad (30
hours-in: this case), whereas during the early period, external
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Figure 10 Measured-concentratiorts vs.'time for.the repeat
tests. !

i " o

convective effects characterized by paraméters suchas velocny
and tiirbulence level played ah 1mportant role in determmmg
the rate of emission and mass transfer from the surface
Theimplications of these findin gs for indoor air ‘ quality in
buildings in which new carpet has been installed w1th the type
of adhesive used here is that higher purge rates durm g the first
day, or slightly more, will hasten the emission rates slightly
during the périod for which the €mission rates are very high
already but will not affect the emission rate and, hence, the
curing time significantly when the second phase'of the process
sets in. This study is continuing to seek a better understanding
of the mechanisms involved in the hope of devclopmg some’
practical means of accelerating the overall curing process in
order to make an office habitable, with'good air quality, in a
shorter period of time after new-thaterial has been added. "
The results reported here were somé-what preliminary in
the sense of providing qualitative results as well as insights
into the parameters/that may be of importance in the phenom-
ena being'studied. 7hey do not provide  final quantitative'set
of data, Further tests to achieve this'end are being done. Some
quantitative inferences can be drawn by noting that all effects

TO-98-23-2

discussed are more significant than error bars that could be
inferred from the test case repeated three times, as illustrated
in Figure 9.
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