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An investigation was undertaken to determine the effect of 
outside air ventilation rates and the use of a total energy recovery 
system (TERS) on ambient pollutant concentrations in occupied 
zones of a newly constructed, 27-story office building. Pollutant 
concentrations were measured on two occupied floors of the 
building and on the TERS in the supply air, the return air, the 
exhaust air, and the outside air. The pollutant contaminant con· 
centrations were measured in the occupied-zone sampling sites 
under three ventilation conditions: ( 1) with the TERS off and at 5 
cfm (2.4 Us)lperson, (2) with the TERS off and at 20 cfm (9.4 
Us)lperson, and (3) with the TERS on and at 20 cfm (9.4 Lls)lper
son. Pollutants monitored were volatile organic compounds 
including formaldehyde, respirable-sized particles, nicotine, and 
carbon dioxide. The potential for pollutant transference by the 
TERS was investigated in both the building and in a TERS 
installed in a ducting chamber. Lower indoor pollutant concentra
tions were found with an outside air ventilation rate of 20 cfm (9 .4 
Us)lperson as compared to using 5 cfm (2.4 Us)lperson. No pol
lutanl transference by the TERS was detected. 

INTRODL'CTION 
Optimization of indoor air quality in conjunction wirh maxi

mization of energy conservation should be primary goals of 
healthy building design. These goals, as well as rhe recommenda
tion in ASHRAE Standard 62-1989 for a minimum of 15 cfm (7.2 
Us)/person of outdoor air, have helped to spark !he development 
of new technologies !hat will meet the standard and yet be more 
energy efficient. One such system, a rotating heat-wheel-type total 
energy recovery system (TERS) utilizing a patented molecular 
sieve desiccant coating, has been installed in both a laboratory 
ducting chamber and a newly constructed, 27 -story office building. 

The TERS allows facilities to economically flush the build
ing with outside air supplies that meet or exceed the recommenda
tions of ASHRAE Standard 62-1989. The TERS installed in the 
office building provides 52,000 scfm (24,500 L/s) of precondi
tioned outdoor air to conventional air-handling systems located 
throughout the building, utilizing the energy contained in the 
31,200 scfm (14,700 Us) air quantity exhausted from the bath
rooms and janitor closets. Ninety percent of the total energy 

exhausled from rhe building is recovered. The molecular sieve des
iccant coating on the TERS wheel is designed to prevent supply air 
contamination from cross-contamination wirh the exhaust air. 

OBJECTIVES 
There were two primary objectives to !his investigation: 
(1) to measure the effect of outside air ventilation rates and 

the use of the TERS on ambient pollutant concentrations and 
(2) to examine rhe potential for pollutant transference by the 

TERS from the exhaust air to the supply air. 

STUDY DESIGN 
The first objective was met by measuring pollutant concen

trations at two sites on two different floors of the office building 
under three different ventilation conditions: (1) 5 cfm (2.4 
L/s)/person (ASHRAE 69-1982 recommendation for offices !hat 
do not allow smoking) with the TERS not operating; (2) 20 cfm 
(9.4 L/s)/person (ASHRAE 62-1989 recommendation for offices); 
and (3) 20 cfm (9.4 L/s)/person with the TERS operating. The 
exhaust air was maintained at 1,000 cfm/floor during all of rhe 
study. Tracer gas studies were conducted to confirm these condi
tions. No sampling was conducted for two days after each adjust· 
ment of the building ventilation system. Pollutant levels were 
determined for volatile organic compounds including formalde
hyde, respirablc-sized particles, nicotine, and carbon dioxide. 
These levels were compared with the outside pollutant concentra· 
tions at !he building outside air intakes. 

The building at the time of this investigation was not com
plete on !he building interiors. The floors chosen to be included in 
!his study were not under construction and were fully occupied by 
the same tenant The tenant did not allow smoking in its areas, but 
construction workers were seen smoking in the building. 

A TERS was installed in a specially designed ducting cham
ber in a research laboratory. This system was designed and operat
ed to simulate actual·condiLions of !he TERS in field use. The 
return air duct was spiked with various contaminants to observe 
the potential for transference from the return air to the supply air. 
The initial spiking compounds were sulfur hexafluoride (SF6), 

carbon dioxide (CO 2), and xylene. The concentrations were moni
tored with a real-Lime photoacoustical gas monitor. The distribu· 
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tion of the contaminants throughout the system was monitored by 
observing concentrations in the supply air, the return air, the 
exhaust air, and the outdoor air. 

The potential for transference from the return air to the sup
ply air was also investigated in the building TERS. Pollutant con
centrations were monitored with the TERS operating at maximum 
rotation speed in the supply air, the exhaust air, the return air, and 
the outside air supply. The pollutants that were monitored were 
volatile organic compounds including formaldehyde, respirable
sized particles, ozone, sulfur dioxide, and nicotine. 

SAMPLING AND ANALYSIS 
Formaldehyde Formaldehyde concentrations were deter

mined by using NIOSH method 3500 (NIOSH 1989). Air was 
drawn through a midget irnpinger containing 10 mL 1% sodium 
bisulfite solution at 1 L/min for one hour using a personal sam
pling pump. The formaldehyde concentration was determined 
calorirnetrically using chrornatropic acid solution. 

Volatile Organic Compounds Volai,ile organic com
pounds were concentrated on a multisorbent tilbe containing two 
graphitized types of carbon black, carbon molecular sieve (EPA 
1989), and glass beads. Collection was made by drawing air. 
through the sorbent tube at 0.2 L/min for 50 minutes using a per
sonal sampling pump. Analysis was by thermal desorption/gas 
chromatographic/mass spectrometry. 

Nicotine Nicotine concentrations were determined using 
EPA method IP-2A (EPA 1989). Analysis was by alkali flame 
ionization detection/gas chromatography. Sorbent tube collec
tion was conducted at 1 L/rriiii for one hour using a personal 
sampling pump. . 

Respirable-sized Particles Respirable-sized particles were 
measured using NIOSH method 0600 (NIOSH 1989). Collection 
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was made using a cyclone on tared filters with subsequent gravi
metric determination. Collection on the tared filter was made at 1 
L/min for two hours using a personal sampling pump. 

Ozone Owne was analyzed calorirnctrically using NIOSH 
P&CAM method 58 (NIOSH 1985). Collection was made with a 
midget impinger containing potassium iodide at 1 L/min for one 
hour using a personal sampling pump. 

Sulfur Dioxide Sulfur dioxide was sampled and analyzed 
using N10SH P&CAM method 268 (NIOSH 1985). Collection 
was made on treated filters at 1 L/min for two hours. Analysis was 
by ion chromatography. 

Carbon Dioxide and Xylene Carbon dioxide was measured 
by using a direct-reading photoacoustical gas monitor. The instru
ment was also used to directly measure xylene concentrations. 

Tracer Gas Studies Sulfur hexafluoride was used as a 
tracer gas and was measured using a direct-reading photoacousti
cal gas monitor. In the office building, a known quantity of tracer 
gas was injected into the building return air supply. The distribu
tion of sulfur hexafluoride was determined by monitoring the rise 
and decay of sulfur hexafluoride in the building on the two floors 
being investigated. The air change rate was then calculated. 

DISCUSSION AND RESULTS 
As expected, there were differences in contaminant concen

tration levels in the occupied zones of the building between oper
ating the building at 5 cfm (2.4 L/s)/person and operating the 
building at 20 cfm (9.4 L/s)/person. No meaningful differences 
were seen in operating the building with the TERS operating at 20 
cfm (9.4 L/s)/person and operating the building at 20 cfm (9.4 
L/s)/person with the TERS not operating. This is graphically 
depicted in Figure I. which shows the total ion chromatograms of 
the volatile organic compounds at Site 1 (one of the occupied-

5 cfm/person with TERS 
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TABLE 1 
Building Formaldehyde and Carbon Dioxide Concentrations at Each Ventilation Condition 

CARBON DIOXIDE 

VENTILATION CQNDITION ~ 

QA 3rd .filb 

5 elm/person TERS ott 390 925 1050 

20 elm/person TERS ott 398 675 710 

20 elm/person TERS on 400 680 700 

zone sampling site§). In Table l, the formaldehyde and C02 con· 
centrations at ventilation conditions 1, 2, and 3 are shown. In each 
of these it can be seen that the pollutant levels are lower when 
greater amounts of outdoor air are used to dilute and remove the 
pollutants from the occupied zones. 

No pollutant transference was detected by the TERS in either 
the building system or the chamber system. As can been seen 
from the data presented in Tables 1, 2, and 3, no reintrainment of 
contaminants from the return air or the exhaust air of the tested 
contaminants is occurring. 

TABLE 2 
Formaldehyde Concentrations in TERS Sections 

SAMPLING SITE CONCENTRATION (PPM) 

Outside /I.Jr 1 0.003 

Outside /I.Jr Supply in TERS 0.003 

Return /I.Jr 0.033 

Supply /I.Jr 0.008 

Exhaust /I.Jr 0.029 

CONCENTRATIONS 

FORMALDEHYDE 

PPM 

3'd Floor 6th Floor 

fil .fill!J Site 2 ~ ~ 

0.005 0.042 0.038 0.034 0.038 

0 .00\ 0 .029 O.OJ4 0 .026 0.029 

0.003 0.040 0.035 0.038 0.026 

CONCLUSIONS 
Differences in pollutant concentrations were observed at the 

ASHRAE 62-1981 outdoor air ventilation rate of 5 cfm (2.4 
L/s)/person. The exposure of the occupants to the indoor contami· 
nants at this ventilation rate was higher than at the ASH RAE 62-
1989 outside air ventilation rate of 20 cfm (9 .4 L/s)/person. As 
expected, no significant difference was noted on the indoor air 
pollutant concentrations with the TERS on or off while maintain
ing the ventilation rate at 20 cfm (9.4 L/s)/person. No pollutant 
transference was detected by the TERS from the return and 
exhaust air to the supply air in either the building or the ducting 
chamber experiments. 

The importance of these findings is that the TERS has no 
detrimental effects on the quality of the indoor air. A healthier 
building wilh increased energy conservation can be achieved by 
using the TERS. The TERS allows for the operation of the build
ing wi!.h increased outside air supply rates while reducing energy 
coSlS. A properly sized TERS could allow buildings to operate 
energy efficiently using 100% omside air to reduce indoor pollu
tant loads. 
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TABLE3 
Xylene, SF6, and C02 Concentrations in Sections of Lahorntory \\'heel 

QQN~ENTRATIONS (PPM) 

SF6 Celi XYLENE 

SAMPLING SITE TEST 1 TEST 2 .!Sill TEST 1 TEST 2 lEill EfilJ TEST 2 TEST 3 

Return Air 149 149 147 452 436 4\9 6800 7120 6900 

Exhaust Air \22 133 \45 455 431 403 5510 5770 5660 

Outdoor Air 3.2 3.1 1.5 360 343 335 1790 1810 18\0 

Supply Air 1.7 2.5 0 .72 340 34-0 34-0 \74D \800 18.JO 
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