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Odor Einission from the Used Filters of 
Air-Handling Units 
M. Hujanen 0. Seppanen 

ABSTRACT 

It has been shown that an air-handling system can be a.,sig· 
nificanl source of pollution that may actually increase the need 
for .vel'llilfllio.n in a building. One specific source of odor genera· 
tion is the 'au jilter, where collected pal-ticles are accimulated. 
When the fresh air flows through the dirty filler, it becomes con· ·· 
taminated. To decrease the recontamination of the air, the dirty 
filter: must be changed frequently. The contamination of air filters 
obvwusly depends on the filler type and on operational conditions 
such as outdoor air quality and airflow through the filter. 

In this study, the dirty fillers from air-handling units in ten 
offi,c~ buildings were removed and installed in an air-handling 
umt m the laboratory one at a time, and their odor generation 
was measured by a trained panel. 

The Standard ASIM buian.ol scale was used. The odor inlensi· 
ty of the air varied from I to 4.4 on a scale of I to 10. Measured 
valuer corresponded to an increase in perceived air quality from O 

. to 62 decipols, In general, the filters with high odor generation had 
long been in use or were from a building located in a poll~ed area. 

Th'TRODUCTION 
· The purpose of ventilation systems is to supply fresh, clean 

air to buildings and to remove the pollutants generated by human 
occupancy and building materials. Until recently, the major 
sourc~s of pollutants were thought to be the outdoor air, building 
matenals, and occupants and their activities. However, experi
ments in eight office buildings (Pejtersen et al. 1989) showed that 
th~ air-handling system itself can also be a source of pollutants. 
Dmy filters in the air-handling system were suspected of being 
one of the major sources. 

The chief parameters affecting the odor generation of old, 
used filters are not clear. Our hypothesis was that odor generation 
must depend on the accumulation of dust on the filter and the 
quality of the dust The hypothesis was tested by measuring the 
odor generation from filters in buildings in different localities at 
different limes of operation. 

'1ETHOD 

The Filters 

Ten used filters from office buildings were taken to the labo
ratory, where their odor generation was measured in controlled 
conditions in an air-handling unit. The buildings from which the 
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filters were taken are located in three types of surroundings with 
regard to air quality: the center of the capital city, Helsinki; a 
Helsinki suburb: and the city of Kuopio (70,000 inhabitants), 500 
km north of Helsinki. 

The dirty filters were taken from the office buildings when 
they were replaced with new ones according to a regular service 
sc~edule. The background data of the air-handling units from 
which the filters were taken are summarized in Table 1 

Smoking was allowed in restricted areas and in individual 
offices in all the buildings; however, smoking frequency was 
not recorded. On average, 25% of Finnish office workers are 
smokers. 

Filters were installed in the upstream of the humidifier and 
the cooling coil in the air-handling unit of building 15. Filters 1-7 
were from the center of Helsinki, filters 8-11 from Kuopio, and 
filters 14-19 from the Helsinki suburb. The operation time and the 
replacement period were taken from the service records. Airflows 
were determined from the original design . 

The filters were carefully transported to the laboratory, 
w~ere .they were placed one at a time in a standard air-handling 
umt with controlled temperature and airflow conditions. All the 
filter units were of standard size with a frame measuring 60 cm x 
60 cm (2 x 2 ft). 

The Odor Evaluation Method 
Air samples were taken upstream and downstream of the fil

ter. Outdoor air was used as a reference. The odor of the air sam
ples was evaluated by a trained panel of 6-IO members. Judges 
were selected from laboratory personnel according to ASTM 
Standard STP 440. The panel was trained with odor of butanol
water mixtures. As a reference, the butanol ASTM Standard E-
544 scale was used. A 10-point scale with water dilution of 
butanol concentrations of 10-5,120 ppm served as a reference. 

The panelists evaluated the odor intensity on a scale from 1 
to 10. They also evaluated the acceptability and freshness of the 
air samples. This was done with two 40-mm-long lines with unac
ceptable or sruffy air at one end and acceptable or fresh air at the 
other. Each panelist marked his/her evaluations of the sample air 
on the line. These marks were converted into numbers with a 
value of -1 for the unacceptable or stuffy end of the line and +l 
for the acceptable or fresh end. The numerical value of the evalua
tion depended on the location of the mark on the scale. The panel
ists were trained at eight training sessions to evaluate odor 
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TAilLE l 
Data on the Tested Filters. the Air-Handllni: Units. and Buildin)lS 

rilter 'fear of .\ge . EUROVt:NT
00 

race Return Hw.idi- Cooling Operation .\ir Distance of the 
no construction (111onthsl filter area air fication hours per flow air inlet fro111 

or renovation class ( .. 2, week (a3/sl ground ( .. ) 

1989 6 EU 5,04 r N N 112 13,6 5 

2 1989 6 !U 1. 44 N N N 71 2,5 27 

7 1984 !U 5 0,72 'f N N 45 2,4 18 

9 1985 6 EU 3 0,54 N N N 51 1,7 10 

10 1983 6 EU 5 1, 00 N N N 45 3,0 15 

13 1976 6 EU 6 8,64 N N N 87 26,6 5 

14 1988 12 EU 5 0,54 N N N 45 1, 7 2 

15 1974 !U 7 5,76 r y 'f 168 15,3 16 

17 1986 38 EU 5 1, 10 y N N 40 1,7 8 

18 1973 12 EU 6 5,40 y N N SS 17,5 30 

. 
.,!. ~ st.ardt fo,. t.he tt• th•t 11 W9_. f11t.er- h.I• been a1tu•ted 1ft tN ..,.,,t1ht1on l)'St.89 unt.11 U. -.as t.1••" Gii.rt •nd va• atu~:UM 1n the hOo,-1t.cwy. 

1 OJJIOYf,HT •• the Ew,..,_ft Anoc:lat1"" of A•,. """"11"' E11<1•-t """"factul"ertl COM"Hcond1"'1 ASMIUE Oust Soot Eff1c1onc:7 I• by clu1 EU l • ASHllAE JO .... 40!, 
EU •,S • ASHIUE 40.,. 701 l\I 6. 7 • ASHIUE 10· ••• 90 

intensity with a butanol scale. The same panelists also evaluated 
air quality in several offices, residences, and day-care centers. 

The Air Samples 

The paneliscs evaluated the odor intensity, acceptability, and 
freshness of the air from three sample locations. They did not 
know where the sample came from. Air samples were i:aJ<en from 
the midpoint of the cross Sections of the air-handling unit wilh !he 
help of a small fan and alwninum-<:oated flexible hoses. One of the 
samples was taken just upstream of the filter, one downsiream of 

1 • Outdoor air 
2 • Heating coil 

A B C 

3 • Location temperature and 
humidity measurements 

4 • Tested dirty filter 

Figure 1 The experimertlal setup and the locations of the air samples 
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!he filter, and a third as a reference from the ouldoor air (Figure 1). 
The outdoor air was heated lo the same temperature as the sam
ples from the air-handling unit The airflow was controlled with a 
variable-speed fan. The sampled airflow had a speed of 1±0. l m/s 
(200±20 ft/min) in the outlet. Its temperature was 21±2°C 
(70±3.6°F) and irs relative humidity 22±6%. The mean air veloci
ty in the cross section of the air-handling unit was 1±0. l m/s 
(200±20 ft/min). During the test. the panelists were able to breath 
fresh air al an open window if they wished. 

3 2 

8 

5 • Location of airflow 
measurement 

6 ·Fan 
7 • Heating of an air sample 
A,B,C • Sniffing pons 
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Figure 2 The percenJage of dissatisfied wilh bula110I in various 
conceniraiions (summary of the results of 100 evaluations) 

Data Processing 

·' 

The odor intensity evaluated on the butanol scale was con
verted to decipols using Equation (1) given by Fanger (1989). 

C = 112 (!n (PD) - 5.98)-4 (1) 

where 
C = perceived air quality, decipols 
PD = percentage of dissatisfied 
A hWld.red naive judges were. asked:to evaluate.· the accept- · 

ability of the odor. of ellch point on the butanol scale (l-10). The 
percen.tage of disslltisfied"(PD) was. calculated for 'each point The 
question· put to· the. judges was formulated irt a similar way 
(Fan]:er et .at. f983; Berg-Miinth 1986): "Would .you ~onsider the 
odor accepcable:if you hlld to· work= in .a room witlnJ1e·same odor 
fol"eiglu hours. a day!?" The judges Whlfdid'no1 .act:ept the odor 
were-:cMsidered co be dissatisfied. The conversion of the butanol 
scale to decipols inhown in Figure 2. 

R·liSULTS· 
The perceived air quality of.'Lhe outdoor-air during .all the 

tests was, on average, 0.15 decipols. The-odor intensity upstream 
of the filter varied.from-0.2. tOcl .S.and dowmown of the filter from 
1.0 to 4.4 on the butanol scale. The average:increase in perceived 
air quality (Figure 3) was 2.3 and ranged frDm 0 tO 6.2' detipols. 
The variation between the filters was high. The frcshtiess and 
acceptability of the air upstream and downstream of the filter are 
also indicated in Table 2. 

The odor generation of the · fil ters depended on the total air · 
volume that had Oowed through the filter and the location of the 
building from which 1.he fi lter was taken. l'hree separate: groups of 
data points can be seen when the perceived air quality is plotted -
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against the total air volume through the filter. The highest odor 
generation was from the filters taken from the buildings in the 
center of Helsinki. The filters from the Helsinki suburb generated 
substantially less odor. The filters from Kuopio generated the least 
odor. Similar relationships were obtained when the decrease in the 
freshness and acceptability of the air samples upstream and down
stream of the filter was plotted against the total air volume 
through the filter (Figures 4 and 5). 

DISCUSSION 
The odor generation of lhe used filters was strong and may 

be one of the major sources of pollutants in the air-handling sys
tems. Although only ten fillers were investigated, the results indi
cate a substantial difference in the odor generation of filters in 
buildings from different surroundings and with different ages. It 
appears the filter replacement period should also depend on the 
location of the building because this had such a major influence 
on the odor generation. 

The filters taken to be tested were selected randomly, and 
they were made of differem materials and had different removal 
efficiencies. Th.is may also explain some of the results. Because of 
the design of the experiment. clean filters were not ·lCSted. The fil
ter material itself may explain some of the results 

The experiment showed that the butanol scale can be used to 
measure the odor intensity of air samples Crom air-handling sys
tems. The results expressed on the butanol scale (1-10) were con
verted to decipol Wlits with the help of naive judges. This makes 
comparison possible wiLh other studies (Pejtersen et al. 1989; 

C, decipol 
7.--~~~~~~~~~~~~-"7~~~~--, 
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Figure 3 The" increti.Se in perceived air quality caused by dirry filters 
taken f rom buildings in three surroundings 
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Figure S The drop in acceptability of air samples taken upstream and 
dtJwnstream of the dirry filters in buildings in three 
SUTrountUngs 

TABLE2 
Odor Intensity (1.-10), Freshness H-+1), and Acceptablllty (·1. •• +1) on the Butanol Scale 

Before filter Af.te.r · tiil~er 

Odor Freshness Acceptability Odor. Freshness· Acceptabili!:y 
intensity ifl,tel'.\Sity 

o.a +0.65 +0.75 4.4 -0 .• :4~ . -0.44 

, . 2 +0.,23 +O,H 3.5 -0. 41 -0.31 

0.5 +.0.56. +0.64 3.1 -0.29 -0.37 

0.8 +0.60 +0.67 1.8 +0.28 +0.48 

1. 5 ...o. 40 +0.46 , . 9 +0.23 +0.36 

o.a ... o. 52 +0.66 1. 0 +0.54 +0.61 

0.5 +O .83· +0.BO 3.3 -0.22 -0. 13 

0.2 +0.70 +0.87 3.0 +0. 1 3 +O. 1 9: 

1 . 5 +0.24 +0.44 3.2 -0.37 -0., 5 

1 . 0 +0.64 +0.76 1 . 9 +0. 14 +0.46 
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s1uyessen 1990) The freshness and acceptability of the air also 
appear to be good indicators of air qualjty. 

The test method seems to work well and can also be used to 
evaluate the odor generation of other components in air-handling 
svsrems. The odor generation of the used filters was high. up to 
~·:!O olfs. This kind of odor generation is obviously much higher 
than t.lm experienced in the buildings. The reasons for this dis
crepancy may be found in the sorption of long ductwork in the 
real buildings or from the fact t.lm during transportation of the 
diny filters to the laboratory, the slI"Ueture on the filter surface 
may have changed, thereby creating more surface area of accumu
lated dirt for odor generation. 

The reason for the large variation between the filters may lie 
in the outdoor air concemration of suspended particles. 
U)'lforru.nacely, the outdoor air concentrations were not recorded in 
the location of the buildings. The average dust concentration in 
Helsinki during 1989 was 44-121 g/m3, depending on the location. 
and in Kuopio it was 22-70 g/m3, also depending on the location. 
The difference in the dust concentration does not necessarily 

·explain the differences in odor generation between the filters. It is ·· 
.not only the concentration of the particles but also the chemical 
composition of the dust The difference may also be ex.plained by 
climatic conditions. Helsinki has a coastal climate, while Kuopio 
is 500 km from the coast and has a colder and drier climate. 

CONCLUSIONS 
The experiment showed that a trained panel using ~ butanol 

scale easily detected the dirty filters and was also able to evaluate 
the odor generation of the filters. The results obtained wilh the 
butanol scale can be converted to decipols wilh the help of percent
ages of dissatisfied on two scales. The results showed that not only 
the dust accumulation on the filters but also the location of the 
building must be considered when determining the replacement 
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, 
period of filters. The odor generation of the tilters in the laborato
ry test was higher than may be expected from the odor of the sup
ply air. This may be due to sorption effects in the air distribution 
system. 
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