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Cleaning: A Solution to the
Sick Building Mystery?

The connection between health and cleanliness is,
for most people, a matter of common sense. Office
workers report higher rates of discomfort when they
perceive a dirty, dusty environment. Research, not sur-
prsingly, shows that certain cleaning methods are
effective in reducing dust on surfaces and in reducing
the levels of indoor air contaminanats. Yet some clean-
ing practices, like the use of improperly dilated clean-
ing solutions, are themselves significant threats to good
JAQ. As with everything else, there are right and wrong
ways to clean. In this article and in the following issue,
the BULLETIN discusses building cleaning and the
relationships between cleaning and IAQ.

Office Worker Symptoms and
Building Cleanliness

Occurrences of office worker symptoms (also
known as sick-building syndrome or SBS symptoms)
have often been associated with poorly cleaned build-
ings. And, many times when we go in to investigate a
problem building. we find that the building was
poorly cleaned. Offices are often dusty simply
because of a low level of cleaning, but at iimes the
clutter arcund work stations preciudes thorough and
effective cleaning.

Strong relationships exist berween the quality of
indoor air and the concentrations of dust and chemicals
found on building interior surfaces. The relationships
are well-documented in the literature for some pesti-
cides. Several studies reported at Indoor Air '96 in
Nagoya showed the cleanliness of filters in ventilation

systems directly affected the guality of air downstream
from the filters. On the basis of physical principles,
none of this is very surprising.

Studies done at the EPA headquarters in Washington
“...indicated that the workplace variable affecting the
largest number of health symptoms and comfort/odor
concerns was dust.” Occupant perceptions of dusty
environments were strongly associated with SBS
symptom prevalence rates, more strongly than any
physical factor measured in the study. Researchers
identified dust as “._.the charactenistic contributing
most powerfully to a wide varety of health, comiort,
and odor concerns” {Wallace er al., 1991).

The Danish Town Hall Study found that dust was the
mosi highly comelated variable with self-reported
health symptoms (Skov er g, 1989). A Swedish study
found that intensive cleaning of carpeis and wet dusting
reduced health symptoms in an office building for at
least the following two months (Norbick and Torgen,
1989). A British study by Roys er al. (1993} reported
that intensive office cleaning was followed by more
than a 35% reduction in the average number of office
worker symptoms.

IAQ and Surface Contamination

Gases and vapors can adsorb and particles can
deposit on surfaces. These gases and vapors are in con-
stant flux, moving from the surfaces (o the air and back
again. Some of the larger particles (>1 micron dia) can
also be dislodged from surfaces and redeposit else-
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where, while smaller particles {<1 micron dia) tend to
remain on surfaces until dislodged by deliberate clean-
ing. Particles (that are heavy enough) can fall to hori-
zontal surfaces due to gravity, or stick to both vertical
and horizontal surfaces due to impaction or {in the case
of lighter particles) diffusion, electrostatic forces, and
thermophoresis.

Dust on floors or wall surfaces can be re-suspended
in the air when the surface is disturbed by people
walking on or pear it, by the vibration caused by many
ordinary human activitics, or even by cleaning activi-
ties themselves, Nearly everyone is familiar with the
smell of dust in the air after vacuuming with ordinary
household vacuum cleaners. Many studies have
shown that airborne dust levels are actually higher
after vacuuming with typical equipment. Similarly,
the vibration of an earthquake raises dust levels mea-
surably.

The rate of removal of dust from the air by gravity
and by deposition on surfaces depends on the size of
the particles involved. Thomas Schoeider of the Danish
National Instrtnte of Occupational Health has reported
these removal rates on floor, walls, and ceilings in
terms of equivalent air exchange rates for particles of
different sizes. The results are shown in Figure 1.

Modern Office Environments

There is an enormous amnoun: of surface area in a
typical office building that rarely or never gets cleaned.
The largest single surface area in a typical open office
environment is on the free-standing partitions separat-
ing work stations, which often have a surface area (both
sides) of more than 3.5 times the floor area. The second
largest surface area exposed to circulating air is the
ceiling tile where the concealed space above a sus-
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Figure 1 - Deposition velocily onto room surfaces of airborne
particles and resulting equivalent air exchange rate .
{Bchneider, 1995},

pended ceiling is used as a return air plenum. In this
common configuration, the ceiling tile surface area
approaches twice that of the floor area (Levin, 1987).
Neither the partitions nor the ceiling tile are cleaned
routinely, if ever. If there is a relationship between the
cleanliness of surfaces and the quality of indoor air, 8 it
any wonder that maintamning good IAQ 18 such a chal-
lenge?

Dust and Computers

Schneider ¢f al. measured particle deposition veloc-
ities on a mannequin in front of a computer and mod-
eled factors determining deposition velocities (1993).
They found that both the electromagnetic fields and
the air currents associated with computer monitors
and computer cooling fans affect the deposition of
particles on users’ facial skin and eyves — increasing
deposition velocities by up to ten-fold.

The weaker the air currents, the greater the influ-
ence of the electrostatic fields. The electrical field
influences are greatest, according to the model, for
particles near | pm; air currents are most tmportant
for particles near 10 um. According to Schneider, the
results are important for assessing the contribution of
pariicles to “office eye syndrome” attributed to parti-
cles and particle-bound surfactants in office environ-
ments.

Thus, workers in front of a computer may have
much greater exposare to dust and other particulate
matter than other workers in nearby areas. Further-
more, dust levels may be more important where skin
or eye irritation or even respiratory tract imitation
OCCUurs.

Biological Contaminants

Increasing evidence from all over the world indicates
that moisture in homes is associated with higher rates
of asthma and allergy. It is Togically assumed that the
presence of moisture signals higher concentrations of
microbial contaminants and bicaerosols. Thus, from a
health perspective, moisture control is important for
reducing hiological pollutant exposure in homes, and,
presumably, in other environments as weil. A number
of recent, well-publicized lawsuits in Florida make it
clear that moisture control is cssential to maintaining
low concentrations of microbial contaminants. Very
serious health hazards can accompany some microbiat
pollutants.

Duast is also a reservoir for microbial contaminants.
Danish Town Hall researchers {among others) have
suggested that the cause of health problems in offices
and schools could be physical trritation, allergens, or

endotoxins related to dust exposures {Gravesen ef al., -
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1990). Since microbial growth strongly depends on
the presence of moisture, the combination of mois-

" ture and dust 1s an obvious one to consider as an indi-

cator of potential IAQ problems. Clearly, then,
moisture intrusion should be considered as a major
risk factor for IAQ problems. Controlling humidity
and moisture in materials and on surfaces is obvi-
ously important to reducing risks of microbial con-
tamnination.

indoor Air Pollutants from Cleaning
Products and Solvents

The California Healthy Buildings Study (CHBS)
and the Bell Communications Research (Bellcore)
telephone company administration buildings studies
found distinct sets of chemicals that were predomi-
nantly either from indoor or from outdoor sources
{Ten Brinke, 1995; Shields, Fleischer and Weschler,
1996). Among those found in the CHBS predomi-
nantly from indoor sources were compounds used for
cleaning and degreasing -— dichloromethane, trichlo-
roethene, and 1,1,1-trichJoroethane. Their geometric
means and ranges of concentrations (ppb) in the
CHBS were as follows: dichloromethane, 0.4% + 6.7
(«0.1 - 41); trichloreethene, 2.0 = 2.2 {0.31 - 6.9);
and, 1,1,1-trichloroethane 4.1 £ 3.8 (0.10 - 41}

These chlorinated hydrocarbons are usually found
in indoor air, although, perhaps, more frequentiy in
the US than in Europe. Individually, these chemicals
can cause health and comfort problems at higher
concentrations than those usually found indoors, Too
little is known about their combined effects at the
lower concentrations typically found indoors. The
1,1,1- trichloroethane geometric mean concentration
for all the buildings in the CHBS study was second-
highest of all the 40 compounds guantified; 1t was

second only to ethanol with a geometric mean of 22
1.8 ppb and a range of 8.7 - 130 pph.

Current Cleaning Trends

Accumulating evidence shows the importance of
cleaning for IAQ and for the significance of TAQ for
gccupant health, comfort, and productivity. However,
the amount of cleaning routinely done in many North
American buildings appears to be declining, accord-
ing to a sorvey of their members by the Building
Owners and Managers Association (BOMA).

Comparisons of 1990 and 1990 study results show
that most property managers have maintained their
fevel of service while some property managers
reduced the frequency of some activities (sce Table 1).
Two notable examples are the vacuuming of low-traf-
fic carpet areas and the dusting of desks and shelves.
Half of the survey respondents still provide both
activities on a daily basis; however, it appears that the
trend is to shift low-traffic carpet vacunming to two o
three times a week and dusting of desks and shelves to
once a week, On the other hand, the frequencies of
other essential activities such as high-traffic carpet
vacuuming and trash removal remain vinually the
same.

BOMA reports the average cleaning cost for US
private-sector office buildings was $1.09/f2 in 1995
(CAN $1.06/ft* for Canadian private-sector buildings,
about US $.79). Cleaning expenses consist of payroll/
contract expenses for both daytime and evening rou-
tine cleaning, specialized contract cleaning, supplies
and equipment replacements, and trash removal and
recycling (in the form of either expenses or revenues
that offset trash removal). (Source: 1996 Experience
Exchange Report, a publication that “reports the

Table 1 - High-frequency cleaning activities 19806 data {in parentheses) va. 1998 data (BOMA).

Service Mo of Daily  2-3x 1x 1-2x I-2x  G-dx as rot
Hesponses week  week  month yr ¥ needed  done otfier
Dust/damp mop high traffic 845 M% 4% 2% 1% 0% 0% 2% 0% 0%
hard floors 1% (4%) (3% (1%) {(1%)
Dust/damp miop low traffic 833 54% 22% 18% 3% 0% 0% 3% 1% 0%
hard fioors (58%) (20%) (1%%) (3%
Vacuum high traffic carpets 847 4% 4% 2% % 0% 0% 0.3% 0.2% (%
©7%)  (3%)
Vacuum low traffic carpets 842 52% 25% 19.3% 1.2% 87 0% 2.2% 02% 01%
61%) (@0%) (18%)  {1%)
-, Dust desks/sheltves 833 A47% 17% 26% 4% 0% 0% 5% 0.4% 0.6%
B80%)  {19%}
Trash removal from 845 B8% 1% 1% 0% 0% 0% 0% 0% 0%
interior space (98%) (195) {1%)
Yol. 3, No. 10 Indoor Air BULLETIN 3



actual rental Income and operating expenses for office
buildings in North America.”)

Cleaning expenses (adjusted for inflation) have
steadily dropped for the past 10 years, BOMA says.
What accounts for the decrease in costs, more effi-
cient cleaning or less frequency? The answer, accord-
ing to BOMA, appears to be that some decrease in
frequency contributes to the cost savings. According
to the report, cleaning expenses accounted for 13% in
the US and 10% in Canmada of the total operational
plus fixed expenses (see Figure 2}, Overall, property
managers do well in controlling cleaning costs,
according to BOMA.

Commercial Carpet Cleaning

A major issue in indoor air has been the impact of
carpets on IAQ} and carpet’s role in reports of occupant
health symptoms and discomfort. While emissions of
VOCs from new carpets has been a major focus in the
past, cleaning and maintenance throughout a carpet’s
useful life is probably a far more relevant issue for
determining total occupant exposure, Cleaning carpets
is a challenge, as i1 is with any permanentiy installed
textife material.

Various factors determine the accumulation, binding,
and re-suspension of dust. These factors inclode activ-
ity, quality of cleaning, type of carpet, humidity, and
size of particles among others. Dybendal ef al. {1991}
found that the daily vacouming of carpets in schools
was ineffective in preventing the build-up of allergen
deposits. Only prolonged, vigorous vacuuming was
effective in removing lead from carpets, and enly 20 -
40% of the dust was removed from one m* of carpet
after one minute. Pive minutes of repeated cleaning
resulted in removal of 80 - 90% of the dust (Ewers et

Roads/Grourids/ (ORI
Sscurity

Administrative (58
Cleardng

Hepairs!
Mainterance

Utilities

Fixed 32 %

0% 0% 20% 30%
Percentage of Total Expensas

Figure 2 - Ratio of major axpenses to total expenses: US
private sector (BOMA).

al., 1989). Roberts ef al. found that normal residential
vacuum cleaners were extremely ineffective in remov-
ing dust from carpets or the lead contained in the dust
(1991).

We discuss a significant cleaning study performed by
the Research Triangle Institute (RTT) in North Carolina
in the following section. One of the improved cleaning
methods the RTT vsed involved a more effective, com-
mercially-available carpet cleaning system, “The Big
Green Clean Machine,” The recommended cleaning
procedure is to first dry-vacoum with the ounit, then
wet-extract the carpet. This procedure was tested in a
portion of the day-care area comprising about 58 m?
{(~620 ft*). Researchers recorded the initial and final
water plus carpet cleaner volumes and the total volume
of water exiracted from the carpet. Before !.he initial
carpet cleaning, the dust kéadmg was 0.68g/m”. After
cleaning, it was 0.38 gfm The dry vacnummg with the
“Clean Machine” extracted 0.19 g/m?,

The initial volome in the unit was 8270 ml (8000 ml
of water and 270 ml of cleanery. The final volume of
clean water remaining in the unit was 2440 ml and the
volume of extracted water was 2400 ml. By calcuja-
tion, the unit applied 5830 mi of water. It extracted only
41%: of the water that was put on the carpet and 60 ml
of water per square meter remained on the carpet after
cleaning. This appears to be a significant amount of
moisture [o leave in the carpets.

Thomas Schneider on Cleaning and
the Indoeor Environment

Schneider has focused a considerable amount of
attention on the control of dust in indoor air. He is an
expert in aerosol seience and, together with his col-
leagues, has elevated the study of dust and particles in
indoor air to a fine art.

Schneider m;}(}r{s that airborne dust concentrations
of 0.1 mgfm are typical for Danish offices. This con-
centration results in de Eosmon of dust on the floor at a
rate of about 0.02 g/m* per day. This rate compares to
the rate at which track-in dust is deposited far away
from the entrance to a building.

According to Schoeider, surface contamination by
dust must exceed 0.2% in order to be seen by a person,
and contamination levels must differ by more than
0.45% to be perceived as different. Thus, he asserts, it
is not possible to assess the amount of dust by visual
inspection alone and objective methods are needed.
Among his contributions are a smail device, about the
size and shape of a home microscope, that can charac-
terize the amount of dust on surfaces. A sticky, trans-
parent tape applied by a roller to standardize pressure
collects dust from a surface. It is then inserted in the
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measuring device where the amount of light passing
through the tape resuits in a reading of the percent of
blocked light and, thus, the fraction of the surface cov-
gred by dust.

This measuring device is useful in studies but also
wseful in establishing standards for cleaning-contractor
performance. Schneider and his colleagues have estab-
lished standards based on their work in Denmark and
other parts of Scandinavia. Objective measures for
assessing cleanliness are essential for evalvating clean-
ing worker performance. Cleaning is a multibillion
ECU per year business in Scandinavian countries. In
the US, using BOMA cleaning cost data cited above —
cleaning costs in excess of $1.00 per square foot per
vear or more — the figure is more than $13 billion in
commercial office space alone in the US.

Schneider asks the following questions about build-
ing cleaning:
1. Do customers get what they are paying for and
how would they know?
2. Would TAQ improve from spending more?
Is it necessary to spend so much?

4. Which of the many cleaning methods are most
etfective?

w

Recommended Surface Contamination Levels

Schneider suggests three levels of quality to use as
standards: a baseline level, an improved level, and an
indoor environmental level. He shows proposed norms
in Table 2.

Baseline quality: The potential dust sources can
readily be controlled to this level by using appropriate
cleaning methods.

Improved quality and indoor environmental quality:
The degree of surface cleanliness is maintained by
using the best currently available cleaning methods and
programs. Control of secondary dust sources to this
level does not imply that SBS will not occur. “The sug-
gested quality guidelines are a first attempt to quantify
the quality of cleaning in relation to the indoor environ-

Table 2 - Proposed norms for non-textile surfaces.

ment. As more measurements are taken and more expe-
rience is gained, the recommended values may have to
be adjusted.”

Schneider says these limits do not specify how clean
surfaces should become after cleaning, but, rather, the
levels that should not be exceeded during the time
between cleanings. He suggests that it is the task of the
cleaning company to select appropriate cleaning meth-
ods and frequencies. We believe that only a very
sophisticated company might be able to do this, but that
a sophisticated facility manager along with the cleaning
company might, over time, be able to observe the dust
levels and jointly determine the appropriate cleaning
frequency to maintain dust coverage below the recom-
mended maximum levels.

A different set of values is necessary for carpets,
since the sample collection will not provide the same
sort of index for carpets as for hard surfaces. A separate
set of recommendations by Schneider for carpels is
based on the dust sampling instrument.

Recommendations for Cleaning

An overview of recommendations for cleaning from
Michael Berry’s book, *Protecting the Built Environ-
ment: Cleaning for Health,” is presented below.

1. Cleaning should be organized, scheduled, and
focused on achieving specific objectives, espe-
cially those related to health protection and
maintenance or restoration of valuable propenty.

II. The cleaning process should be coordinated with
other basic environmental management strate-
gies: source control, activity management, dilu-
tion, and design intervention.

III. Cleaning should always follow fundamental
environmental protection guidelines:

» safety

» cleaning for health first and appearance sec-
ond

* maximum extraction for pollutants (particles,
gas, and biopollutants) from the occupied
space

Percent area covered by dust
. . . indeor Environmental . . .

Cleaning object Location Quality Improved Quality Baseline Quality
Hard surface furniture  Close to person 1 2 4
— Easily accessible 1.5 3 6
Cther 5 10 15
Hard fioors Walk area 3 7 12
Other 5 10 18

Yol. 3, No. 10 Indoor Air BULLETIN 5



* mnimize chemical, particle, and moistare res-
idue

* minimize human exposure to pollutants

» clean in relation to improving the total envi-
ronment, and

» proper disposal of cleaning wastes.

BOMA Survey Respondents on
Cieaning and IAQ

The BOMA cleaning study revealed that 49% of the
respondents consider JIAQ programs to be part of their
day-to-day cleaning operations. Their 1AQ programs
tend to incorporate both mandatory and optional
requirements of applicabte federal, state, and local reg-
ulations as well as guidance materials. An operations
and maintenance (O&M) program usually consists of
the following:

+ The operation and maintenance of HVAC equip-
ment.

« The oversight of activities that impact TAQ (for
example, painting, construction/renovation,
cleaning personnel, and pest-control practices).

* Tenant relattons.

“Of particular importance in the above O&M list is
the cleaning function, Cleaning practices can directly
affect the air quality within your building. Property
managers can help to ensure that their cleaning prac-
tices do not have a negative JAQ effect on their build-
ings by taking into account some of the following
suggestions:

« Poor housekeeping that fails to remove dust and
other dirt can contribute 1o IAQ complaints.

+ Cleaning matenals can contribute to poor LIAQ as
a result of the odors they may produce or emit.”
[Mote that the problem is identified only as an
odor emission probiem and not as the emission of
irritating or even toxic chemicals ]

Since janitorial staff or contractors may be the first
to recognize and respond to potential JAQ problems,
they should be educated on the following topics:

Cleaning schedules. Janitorial staff or contractors
need to be aware of when cleaning activities are sched-
uled. If possible, cleaning should be performed during
off-peak hours with the sir-handling units sill on the
“occupied” cycle,

Purchasing cleaning products. Janitorial staff or con-
tractors nged to leam about the chemicals in cleaning
and maintenance products and their potential toxicity.
They should review materjal safety data sheets and
obtain information from the supplier about chemical
emissions of materiais being considered for purchase.

Currently, there are no general systems for verifying or
Iabeling low-emission products, Nor are there any stan-
dard procedures that building mmanagets can use in
gathering emissions data on products they are consider-
ing baying. Limited information on some matenals,
such as pressed-wood products, is available, and more
may be expected in the future. Public- and private-sec-
tor orgamizations are working to develop product test-
ing procedures for acceptance by such organizations as
the American Society for Testing and Materials
(ASTM).

Materials handling and storage. lanitorial staff or
contractors should review the use of cleaning materials
to ensure proper use and storage.

Trash disposal. Proper tash dispesal procedures
should be followed. For example, containers should be
covered, pest control should be effective, and the trash
collection area should be cleaned every day.

Ducts

if cleaning carpets, desks, and shelves is so effective,
then shouldn’t duct cleaning be effective as well? We
asked some leading IAQ experis, and their responses
were mixed. Yet, a series of studies reported at Indoor
Adr *96 in Nagoya showed definitively that the HVAC
system in many buildings is an important source of
indoor air pollution, Several studies vsing Ole Fanger’s
teained panels had found that ventilation systems are
often the source of sensory pollution in buildings, This
seemed surprising at first becanse we tend to look
ventilation systems as the soorce of clean air.

The final report of a recent study by the EPA on duct
cleaning in residences will be released soon. But
research in the US to date has not demonstrated that air
coming out of eleaned ducts is any cleaner than air
coming out of just-plain-old-dirty ducts. There is no
qusstion, however, that good hygiene practices related
to HVAC system cleanliness is warranted, This
mcludes filters, coils, drain pans, dampers, baffles,
insulation, and duct surfaces themselves. Even dust
from metal ducts can be cultured — that i3, it is viable
microbial material with the potential 10 create T1AQ
problems.

RTI Office/Day Care Center
Cleaning Study

Never satisfied with even the most obviows and fogi-
cal conclusions without empirical evidence, scientists
have once again conducted research to prove what was
previously assumed. There is now well-documented
evidence that proper and adequate cleaning of building
interiors has a significant (measuorable) impact on 1AQ.

Indoor Air BULLETIN
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Researchers at Research Triangle Instifute studied
the cfficacy of improved cleaning practices for one year
in an office/day care center. During the study’s first
- five-months, the previous “normal” cleaning practices
were followed. Then, improved practices were insti-
mited for the last seven months of the study. Many typi-
cal TAQ parameters were measured, and most showed
convincingly that improved cleaning results in better
IAQ. The improved cleaning measures applied in the
smady are fisted in Table 3.

Table 4 shows a comparison of the results from IAQ
measurements during the first and second phases of the
study. It is apparent from the data that considerable
improvement was made in virtually every parameter
that was monitored.

Conclusions

We have discussed many of the issues and technical
details related to the cleanliness of the indoor environ-
ment and [AQ. In the next BULLETIN, we will present
a comprehensive set of building cleaning recommenda-
tions from various authorities including those whose
work is described in this article.
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Table 3 - Fundamental environimental protection guidelings applied to the study.

{suideline Examplas found in study
Provide for safety Cleaning was sonducted in unoccupied environments.
All toxic materials were kept away from aduli occupants and children.
All observed physical hazards were removed.
M Blood-borne pathogens were treated separately from other managed wastes i the building.
Clean for health first and Eftective disinfectants were used regardiess of their Bleaching effsct on fabrics,
appearance second When fungi were observed on an irterior wall surface, the entire wall was removed tg affec-

tively control bicpoliutants.

secupants.

The primary objective of all cleaning conducted in the building was to guard the healih of the

Maximize the extraction
of poliutants from the
building envelope

after accidents.

Mairdenance staff were rg-equipped with state-of-the-art vacuums for removal of particlas,
Vacuum bags with high coilection efficiencies were used.

High-temperature hot-water extraction cleaning was used to clean afl carpets in the building.
Routine dust collection was done with damyp dust cloth.

Teachers were equipped with special web-process cleaning machines to immediately clean

fMinimize chemical, parti-
cle, and moishure residug

Rapid drying was achieved through improved ventilation and, in some cases, fans.
Many YOC-based cleaning agents were replaced with water-based solutions.
Extraction was improved with more efficient equipment and cleaning systems.
Moisture-damaged ceiling tiles were removed and replaced.

Minimize human axpo-
sure to polfutants

Non-toxic cleaning agents were used.

Walk-off mats were placed at ali entrances o trap pollutants.

High-efficiency tilters in vacuums reduced human exposure during ¢leaning cperations.
Accidents in child-care areas were cleaned immediately,

Clean in refation to
improving the total envi-
ronment

The ventilation systern was balanced to improve air circulation through the building.
Pests were controlled through the removal and proper storage of focd in the building.
Water-damaged areas of the building were identifiad and repaired.

Cleaning was done in proportion to the ievel of human activity in the building.

Property dispose of clear-

ing wastes ment sysiem,

All cleaning wastes were properly disposed of in the sewage treatment or solid-waste manage-

Human wastes were managed separately from other wastes.
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Table 4 - The affects of the cleaning on 1AG {Cole ef af, 1984).

Alr Poliutant Category Rotting improved % Change Mast probable contribution fo
Housekeeping Housekseping improved air quality
{5 months) (7 months}
Airborne Dust 119 pg/m® (4.4-24.2) 5.7 pgm® (1.4-11.9) -52% + Efficient vacuum cleaners and
Burdens bags
{Building means} + Walk off mals
+ Damp dust cloths
* Frequemnt vacuuming and dusting
+ Deep cleaning entire building
Dust control on hard sudaces
Total VOG 324 pg/m® (88-530) 186 pg/m® (29-308) -49% » Cleaning chemicals with less
(Building means} (3 months) Voo
+ Extraction from carpets
+ Balanced ventilation system
Biopoliutants™ (Building means) + Rapid use of disinfectants after
tal Bacteri 395 CFU/M? (71-855) 287 CFU/m® (34- - accidents
fotai Ba erfa 5 { ) 3m (34-868) 40?’ » Control of inod and perishables
gﬁira?w«_nega’tm 17 CFW/m® (1-171) 2 CFuU/m™ (0-9; -88% + New extraction equipment
acterid + Hot water extraction of carpets
Endotoxin ESU;’?&CG} 352 {3“1 83@} 1060 (%*250} ~72% + Moishge control
Bacillus 22 GFUim® (1-85) 18 CFU/M® (2-71) -18% + Removal of contaminated
Actinomycetes 36 CFU/M3 (0-312) 2 CFU/m® (0-49) 9% 33;;‘5‘;‘; (;'Z:'s rotten tre stump)
Total Fungi 127 CFU/m® (22-406} 50 CFU/m® (2-219) -51%
Peniciflum 38 CFU/Mm?® (4-284) 5 CFU/mM® (1-39) -87%
Aspergillus 4 CFUMm? (0-17) 1 CFU/M® (0-11) -75%
Cladosporium 35 CFU/m® (8-102) 27 CFU/MmM? (0-175) 23%

* Anderscn sampler data oniy
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Letters

L ars Molhave Responds to
“TVOC: Is It Dead?”

In Vol. 3, No. 8 of the BULLETIN, p. 10-14, we dis-
- cussed the TVOC construct and its lengthy historical
discussions within the JAQ community. We recently
 received an “answer/comment” from Lars Mplhave
whose work on the TVOC concept is probably the most
- extensive and best known in the world. Many of his
publications on the subject were cited in the article on
VOC health effects published in the last BULLETIN,
Vol. 3, No. 9. Dr. Mplhave offered his comments for
publication in the BULLETIN, and encouraged edito-
rial corrections, a few of which have been made. We
have attempted to preserve the intent of his submitted
comment, and he has reviewed and approved the text
that appears below. Readers may want io read articles
by Mplhave on the approach being used by WG13
{referred to below) in the Procesdings from Indoor Air
96, from Healthy Buildings "95, or from “Indoor Air
Qualiry, Ventilation, and Energy Conservation in
Buildings” (held in Montreal, Canada, May 9-12,
1995).

We asked Alfred Hodgson, Lance Wallace, and
Michael Hodgson to comment on Mglhave's remarks.
Their commenis follow Melhave's. Note that Alfred
Hodgson and Michael Hodgson are not related.

In Vol. 3, No. B (pages 10-14) of the BULLETIN,
several pages were used to address the TVOC construct
and its use in the IAQ context. The heading was
“TVOC: Is It Dead?” The author summarizes the ongo-
ing discossion on TVOC and makes several references
to statements made by me. The article as a whole car-
ries the answer: “Yes” to the question, “TVOC: Is It
Dead?” as most of the citations seem to object to the
only logical alternative which is “Yes - [t is Alive”

Several years ago, a working group (EU-ECA
WG13) consisting of 15 European scientists was estab-
lished with the “European Concerted Action on Indoor
Climate and lts Impact on Man.” The group discussed
the use of the TVOC measure for evaluation of the
importance of volatile organic compounds (VOC) for
the indoor climate of pon-industrial buildings and will
publish its report in the Spring of 1997, In its report,
the working group will deal with the questions raised in
the BULLETIN and 1 recommend that the readers
abstain from jumping to any final conclusions regard-
ing TYOC until the report has been published and read.
[emphasis in original]

The following are my personal comments (o the
notes in the BULLETIN, and they should be looked
upon in that light. To me, it is an unacceptable oversim-
plification only to discuss whether TVOC is “dead™ or
“alive.” The question instead should be “under what
circumstances can useful information be extracted from
TVOC measmrements?” The following summarizes my
interpretation of the TVOC, an interpretation which has
not fundamentaily changed during the last 10 ygars.

Dose response data (DR) are well known for many
individual VOCs. They describe the relation between
the air concentration of a substance and the prevalence
or rigsk of a specified health effect, for example, For
each individual YOC, a set of such DR relations exists,
one for each type of health or comfort effect.

It 1z generally expected that for any VOC maxture
with a constant composition, such DR-functions also
exist for each of the health effects of this specific mix-
tare. However, at present, this relation cannot be estab-
lished fromn knowledge of the components, their
indrvidual concentrations, and DR relations, etc.

Most researchers agree that in principle, sometime in
the future, it may be possible to construct a set of such
mathematical functions {one for each type of health
effect) which, for a known composition of air polluted
with any mixture of VOC, may be used to calculate the
expected effects. This development, however, may take
decades, but VOCs already have been demonstrated to
be important for IAQ. Therefore, we cannot wait for the
researchers to establish these dose-response relations.
So, what do we do until then?

TVOC is the simplest first approximation to the
unknown general DR-relationship. The TVOC measure
assumes an equal relative weight of each type of VOC
in relation to health. This, in practice, coresponds 1o
saying that less VOC is better than more. {(In many
ways this is the same as the procedure used in interpre-
tation of such indices as TSP (total suspended parti-
cles) or toml PAN. As such, the aceuracy cannot he
expected to be high. Further, this approximation should
not be used for general health, but only for sensory irri-
tation, etc. and can only cover the effects on TAQ of a
Iimited range of indoor air pollutants.

This approximation to the DR-relation needs to be
standardized and documented before it can be gencr-
ally used. It should be modified and refined as soon as
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more knowledge accumulates. Until then, the TYOC, at
best, should be considered to be a screening tool.

In contrast to the view of TVOC described above,
some practitioners have developed a practice of using a
few measurements of TVOC (often without specifying
the measuring procedure} to classify buildings as
acceptable/unacceptable. This is often done with great
personal or financial consequences for the building
occupants and owners. These practitioners are using
TVOC as an exposure measure in a hypothetical, gen-
eralized DR reiation covering all VOCs and all VOC
mixtures and for all types of health effects. Clearly, the
scientific literature does not support this. Therefore,
this practice is a misuse of TVOC, and I agree with the
Nordic Committee and EU-ECA WG13 that this use of
TYOC must stop.

However, we still have the problem of YOC indoors.
The reporting of long lists of compounds and concen-
trationg 15 impressive asd may be scientifically useful,
but it does not help the practitioner. The practitioners
have for years and will probably continue 1o report
VO, and we still have to tell them how much {or how
littley health information they can extract from their
lists, If they decide to use TVOC, then at best TVQC
can be used to indicate that the probability of effects is
high at high TVOC and Iow at very low TVOC levels.
This is the approach used by the ECA working group
WG13. 1 support this interpretation.

Therefore, the essence of my message to the practi-
tioner has been that in doing IAQ evaluations they
should do the following:

a) Not only focus on VOC. There are other physical,
chemical, and biclogical factors to consider in relation
to 1AQ. TVOC does not cover these factors and TVOC
is not a measure of general IAQ. but rather of the possi-
ble contribution of VOUC to IAQ problems.

by Not only focus on sensory irmitation. There are
other health and comfort effects to consider in relation
to IAQ. TVOC does not cover these effects.

¢} If more accurate evaluation procedures are devel-
oped in the future, then use them instead of TVOC if
you expect YOC to be a major exposure factor.

dy If such methods do not exist, then as a fallback
solution, measure TVOC in a standardized way {e.g.,
according to EU-ECA WG-13).

¢} The practitioner may then use TVOC to extract a
minimum of health information from the lists of mea-
sured compounds. This can only be made in relation to
discomfort, for screening purposes, and never for a
sharp Yes/No decision. This means that only very small

TVOC values are of no concern and only very large
values can be classified as unacceplable. In between,
the practitioner has to do something else to demon-
strate that VOC s part of the problem.

f} My approximately 10-year-old summary and con-
clusions about TVOC levels (Mgthave, 1986) found m
field investigations was already then, when published,
described as being based on an incomplete review of
publications using measurements which were not stan-
dardized. As concluded both by EU-ECA WG13 and
by the Nordic group, little additional information has
been made available since then, and there is still no
scientific basis for setting official limit values. The use
of the values 0.2 and 3-5 mgim3 in this context as rec-
ommended definitive goideline values is not advisable.

However, the data mentioned above are those which
are available, and nobody can object if the practitioner,
in the absence of official guidelines, uses these esti-
mates of the low and high values as discussed under
point ). This, of course, has to be done with many pre-
cautions. These precautions have, among other things,
been the target for discussions of the EU-ECA WG13,

In conclusion, for years 1 have wanted to stop the
ongoing, fruitless discussion and speculation pro or con
TYOC as illustrated in the article in the BULLETIN. A
more constructive approach would be to develop guid-
ance for practitioners on how to measure and report
VOC and how to avoid misusing the TVQC. This is the
aim of both the EU-ECA WGI13 and the Nordic 1AQ
Working Group.

If we, in relation to an [AQ guideline, need a simple
measure such as TVOC for YOU exposure, then we
st establish an acceptable scientific basis for accept-
ing or rejecting the scientific hypothesis that TVOC is
an acceptable guideline. If not, then we must develop a
better approximation than TVOC a5 an exposure mea-
sure in the general DR-relation for VOC mixtures.
{Members of the scientific community already are dis-
cussing such models.)

Lars Mglhave, MD, Aarhus University, Aarhus,
Denmark.
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Letters

} Alfred Hodgson Responds
to Melhave’s Comments

We invited Alfred Hodgson to offer his views on Mgl-
have’s comments. Al is with the Indoor Environment
Program, Lawrence Berkeley Natioral Laboratory, in
Berkeley, California.

I am in basic agreement with Dr. Mpthave's com-
ments. It appears that much of the scientific community
may be moving in a similar direction with respect to
the analysis and inferpretation of exposures to volatile
organic compeounds (VOCs) in indoor environments.

The measurement of total VOCs (TVOD) in indoor
air is limited in its usefulness for a variety of reasons.
The measurements themselves are highly wncerain
(although general consistency can be achieved among
several of the predominant methods). Important com-
pounds with respect to health effects may not be mea-
sured while the biological potency of individual
compounds typically included in the measurements
often varies by orders of magnitude. Finally, associa-
tions between TVOC concentrations and health effects
have not been convincingly demonstrated.

Nevertheless, T agree that TVOC is still useful as a
screening tool. Inm particular, it is useful for general
building mnvestigations in which no attempt is being
made to diagnose specific complaints, such as odor or
sensory irritation, If concentrations of TVOC are found
to be elevated with respect to typical TVOC concentra-
tions, then a strong source(s) and/or inadequate ventila-
tion is suggested. This is useful information warranting
further investigation. A prudent response might dictate
reducing occupant exposures through increased venti-
lation or another form of source management,

When specific complaints are being investigated
which could conceivably be due to exposures to VOCs,
it is my experience that it is necessary to identify and
quantify individual VOCs. It is not currently possible to
combine this speciation data into a useful predictor of
health effects, such as sensory trmitation. However, the
speciation data may show the presence of compounds,
which are either know to be strong irritants or which
are representative of irritant classes of compounds. The
data may also sugpest the possible source(s) these com-
pounds which can be confirmed by further investiga-
tion. Once identified, the source can be managed to
reduce exposures. Obviously, this approach can not
guaranty success in solving the complaint problem, but
it is reasonable, best practice based on our current state
of knowledge.

More useful metrics for assessing the health impacts
of exposures to complex mixtures of VOCs in indoor
air are clearly needed. Our research program has been
working on such an approach that is based on the
hypothesis that sensory irritation effects are additive for
individual compounds at relatively low concentrations,
The available hwman and andmal bicassay «ata on irri-
tancy are used to calculate the irritancies of the individ-
vally quantified compounds relative to a standard
compound, such as toluene. The usefulness of this
approach is limited by the lack of consistent heaith
effects data for a number of compounds of potential
interest. However, principal components analysis using
source categories for which we have some indicator
compounds may be one way to account for compounds
without health effects data or which may not be
included in our standard analyses of VOCs. This later
approach has shown a relationship between exposures
te VOCs and certain health effects for a group workers
in 12 California office buildings. The next step is to
attempt to confirm the relationship using another
appropriate data set.

There is another need, which is to define a stan-
dard set of target compounds (0 be measured in sys-
tematic investigations of VOCs in buildings to help
us understand the potenfial relationships between
VOC exposures and health effects. This set should
include: 1} compounds which are strong irritants or
odorants at relatively low concentrations; 2) com-
pounds which are indicative of particular sources
which have the potential to cause health effects; and
3} compounds produced by reaction of ozone with
indoor surfaces. Many of these compounds will be
oxidized species, for which we have very little sys-
tematic data. For practical reasons the set should
probably contain no more than about 50 compounds.
Perhaps the BULLETIN can serve as a discussion
forum for developing such a list.

Alfred T. Hodgson, Indoor Environment Program
Lawrence Berkeley National Laboratory, Berkeley, CA,
510 486-5301, athodgron@lbl.gov.
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Letters

Lance Wallace Responds to
Mglhave’s Comments

We also invited Lance Wallace of the US EFA 1o offer
his views on Melhave's comments. Div. Wallace's com-
ments are made in his capacity as a private citizen and
scientist and do nof necessarily represent the position
of the EPA.

As usual, I find myself in agreement with nearly
everything Lars Mglhave has to say. Like Lars, T am
shocked by the idea that major decisions would be
made on the basis of TVOC alone. (I have no personal
knowledge of such actions, however, and I hope and
presume that they are few and far between.) Possibly
unlike Lars, however, [ would view this misuse of the
TVOC concept as one of several reasons to avoid using
the concept as much as possible.

I have always felt that individual VOCs should be
measured and reported, both because dose-response
functions are sometimes known, wnlike for TVOCs,
and also becanse the individual VOCs carry informa-
tion about the possible source. For example, a cluster of
C10-11 hydrocarbons might implicate a wet-process
copying machine, or a very high level of p-dichlo-
robenzene might indicate overuse of wilet deodonizers.

All of the work that the Research Triangle Institute
{RT1) carried out for EPA on VOUCs, both in residences
and buildings, reported individual compounds and
made no nse of the TVOC concept. Tt was only as an
atternpt 1o add vseful measured data to the TVOC dis-
cussion that 1 supported going back to the 2700 sam-
pies we had collected over 8 vears and calculating the
total VOO loadings {(Wallace, Pellizzan, and Wendell,
Indoor Alr 4:465-477, 19713,

This exercise was useful in showing that the 25-32
targeted VOCs in our swdies accounted for only 3-20%
of the total VOCs collected by the Tenax samplers. It
also extended the TVOC concept to personal exposures
— 1500 personal samples had a geometric mean of 1.1
mg/m3, compared to 0.7 mg/m” for 198 residential
indoor air samples and 0.3 mg/m® for 371 outdoor air
samples st homes,

However, these numbers may not be directly compa-
rable t© other TYOC valwes determined by methods
different from the one we employed — namely, calcu-
lation of individua! total ton current (TIC) relative
response factors (RRF) for 17 chemicals followed by
apphecation of the mean RRF to every computerized
GC/MS scan between chloroform and dodecane. So

once again interpretation of the absolute TVOC num-
bers is difficult, although the observed per-
sonal:indoor:outdoor ratio of approximately 3:2:1 for
several handred residences is probably highly trustwor-
thy.

(This raises an interesting point that I am not sure
hag been fully discussed. Mplhave's studies of the 22-
compound mixture measured indoor concentrations in
a small chamber, which would be expected to be equal
to the personal exposures of the subjects, However, ina
real-world situation, personal exposures to VOCs at the
office may be rather different from the concentrations
measured by a fixed sampler. People move about and
may be close to a major source such as a copier for a
pertod of time, resulting in higher personal exposuares
than the concentration measured at the fixed sampler.
Since the dose-response function was based on per-
sonal exposure, then possibly the corresponding guide-
line for indoor concenmtrations should be ratcheted
downward to take into account the likely increment in
personal exposures doe to source proximity. A proper
test of this possibility would require simultaneous per-
sonal and indoor air menitoring in the office environ-
ment, a study that I am not aware has ever been carried
ont.)

Had we measured only TVOC in these studies, the
loss of information would have been devastating. We
would not have discovered the high levels of chloro-
form in homes due to nse of chloninated water; the high
levels of p-dichlorobenzene in some homes due to use
of moth cakes and room air fresheners; the infiltration
of benzene and other gasoline vapors from attached
garages; the extensive personal exposure and elevated
indoor concentrations from wearing and stoving dry-
cleaned clothes, etc,

In our building studies, TVOC measurements alone
would certainly have shown the 30-fold difference
between new buildings and old, but would not have
told us that most of the difference in two buildings
was due to xylenes, decane, and undecane, whereas in
a third building a chlorinated chemical — 1,1,1-
trichloroethane — was a major actor.

Lance A Wallace, Ph.D). US EPA National Exposure
Research Lab - Reston Building: ERC, Room: 115,
Reston, VA, 20192,
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Letters

‘Michael Hodgson
Responds to Mglhave’s
Comments

We also solicited an opinion from Michael Hodgson,
Michael, an MD, is an associate professor at the Univer-
sity of Connecticut School of Medicine, Occupational
Medicine Program, in Farmington, Connecticut.

Your newsleler is starting (o0 serve an interesting pur-
pose in providing such a formalized discussion. This i3
actually fun, stimulating, and probably quite useful. You
asked for comments on the viability of TVOC.

Ideas live in a cave, far removed from life as we know
it. That cave Is also inhabited by other ideas, some con-
flicting, some contradictory, some consistent but not
derivable. Godel demonstrated the weakness inherent in
our attempts to maintain consistency in every aspect of
what we do.

The concept of dose-response relationships is funda-
mental to environmental health, implying that more expo-
sore causes more effect. Nevertheless, such exposure-
effects relationships can be defined in more than one way.
In fact, in the world of toxicology, we distinguish
between theoretical models {(quantitative structure activ-
ity relationships, such as those developed by Abraham,
Alarie, Cain, and Nielsen); isolated, organ-based, cell-
based studies (none available for indoor air); animal stud-
ies (Alage, Nielsen); and huoman stodies. The latter
include chamber and field studies (epidemiology).
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Both exposures and effects must be measured, and both
are then no longer pure ideas but defined in our world.
y Measurement error, problems of definition (construct and
: face validity, external validity, precision and accuracy),
and temporal patiecns serve to influence the relationships.

el

There has long been controversy on how to “add”
exposures. The ACGIH and the OSHA Standard provide
a simplistic approach on how to sum up the effects on one
organ. Bill Cain (1995, Milan) has provided some data
that “addition” may be an oversimplification. Faw formal
data sets have been collected in an attempt to sum ap
effects. Where they have, interactions were common.
One need only remember the combined effects of trauma
and radiation exposure or of asbestos and cigaretie smok-
ing to recognize how complicated the topic is.

s~  Research is generally performed int one of two settings.
In the lab, under controlled conditions, specific, well-
defined hypotheses are tested on a well-defined popula-
tion. Spatially homogenons and species-defined con-

trolled exposures allow testing of well defined problems.
These allow documentation of mechanisms and D-R rela-
tionships. The results may be extrapolated to a distinet set
of conditions similar to those found in the experimental
setting. Field studies, with all of their messiness, may
identify susceptible populations and provide estimates of
the magnimde of effects.

‘Work using the “Meglhave mixture” has suggested dose-
response relationships for symptoms {eye, nose) and per-
fomance (cognitive impairment). As only one (or includ-
ing the EPA, with a minor modification two) specific
mixture(s) have been used, the data have himited extrapo-
latability in a strict scientific sense. In field studies (Franck
and Skov, Kjaergard} these relationships have been diffi-
cult to replicate suggesting larger inter-subject variability.
On the other hand, there is evidence on other levels of the
inportance of VOCs, in general (Menzies and Nunes in
humans: Alarie, Nielsen and Wolkoff in animals).

I've been trying to do field work with screening tech-
niques, tecognizing the cost of triple sorbent tubes for
each individual would break my unfunded budget. We
have found weak though somewhat consistent relation-
ships in two separate field studies of non-problem build-
ings. In the fist (1991), VOCs measured with a
photoionization detector (that responds more strongly to
“reactive” than to “non-reactive” compounds) suggested
a direct relationship. This pushed me away from my
interest in particles and bioaerosols, at least in “non-prob-
lem” buildings. In a follow-up study, using a very poor
mstrument (Bruel and Kjaer PAD), we found relation-
ships only after controlling for work stress, lighting and
noise, So I'm meanwhile convinced that it is now appro-
priate o study VOCs more formally in the field with per-
sonal sampling, with triple-sorbent wmbes, given the
problems of exposure heterogeneity. The correct sam-
pling interval remains 1o be determined,

1 agree with Lars that an argument like TVOC is dead
misses the point. The OIf may be dead 0o, but Ole Fanger's
important documentation, that HVAC systems may be pri-
mary sources of contammants, is meanwhile pretty much
unchallenged. Science, and its revolutions, go on without
philosophizing — although I really like to do 50 100,

Michael J. Hodgson, MDD, Associate Professor, University
of Connecticut Schoeol of Medicine, Occupational Medicine
Frogram, U. Conn, Health Center, Farmington, CT, 06030,
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Ventilation

Air Change Effectiveness

Irn Vol 3, No. 7 of the BULLETIN we featured com-
ments by several international IAQ experts on their
perceptions of important findings at Indoor Air 96,
David Wyon's comments included one we omitted that
suggested his colleague at JCI, CHff Federspiel, had an
important paper. Wyon’s omitted comment follows:

* .1 would recommend © vour attention the two
papers by my ICI colleague CHff Federspicl. His
“reverse engineered” method of rapidly and effectively
detecting step-changes in occupancy from a knowledge
of system parameters and the initial rate of change of
CO* in exhaust air {3:395) involves some heavy mathe-
matics: the (1994) conference paper in which it was
presented was judged the most significant paper of the
session by the control engineers who understand 1t. The
test of us can appreciate that the practical applications
in buikding management are not limited to demand-
controlled ventilation, but may extend to lighting con-
trol {detecting occupanis), secunty (detecting intruders)
and hre prevenion {detecting smouidering concealed
fires), onge CO? detectors become cheap enough o be
lovated in every zone, or even in every room, and con-
nected o a central building management computes. His
demonstration that recirculation is an almost universal
source of large and systematic error in calculating air
change cffectiveness from age-of-alr measurements
{3:971} may seem esoteric but addresses a source of
major and previously unsuspected emor in published
[AQ research amd HVAC practice.”

Qur omission led to this letter from CIliff Federspiel
Sfollowed by a comment by Bill Fisk.

Engineers measure airchange effectiveness (also
catled ventilation effectiveness, ventilation efficiency, and
atr diffusion efficiency) to determine one of the foltow-
mng: (1} the “flow pattern”™ in the space {(e.g., the amount
of “shont-circuiting” or “displacement” flow), {2) how
much higher or lower the ventilation rate (e.g., in air
changes per hour) in the occupied zone would be if the
space were perfectly mixed. The most popular measure-
ment methods involve the use of tracer gases and the cal-
culation of age of air. Information about air-change
effectiveness and age of atr can be found in [1,2,3]. Here
are two facts regarding the measurement methods:

1) In general, measurement methods designed to deter-
mine (Z) cannot be used to guantitatively determine {1)
because the determination of (1) requites that the age of
the supply air be measured, while the determination of
(2) does not [4,5]. The exception is when the age of the
supply air is zero.

2) If a method designed to evalvate (2} is used (o evalu-
ate (1}, the relative ¢rror may be as large as 100%.
“Errors of this magnitude have been identified and are
described in [4,5].7
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Fisk on Federspiel’s Letter

I believe that most of the major researchers of ventila-
tion efficiency (e.g., of air change effectiveness, etc.) have
recognized for a very long time that both the idoor air
flow pattern {instde the room} and mechanical recircula-
tion are imporant and that both phenomena influence
measurement results. In the case of pollutant removal
efficiencies, we also recognize that the nature of the pol-
Iutant source, such as location, velocity, is important. The
research community (at least the majority) has not had
major flaws in their thinking about this subject. For
example, my work, both field and laboratory studies, has
often mcluded measurements with 100% outside air and
measurements with mechanical recircolation. We have, in
many cases, been guilty of sloppy language, often stating
without qualification that the ACE is a indicator of the
indoor air flow pattern. The concepts are complex and
difficult to descriibe concisely in writing. For example,
one can think of the indoor air flow pattern as just the pat-
tern of flow in the occupied space or as the pattern of
flow in the building with an HVAC system, which
includes mechanical recirculation. Also, one can think
about the short circuiting flow patterns of air within a
room or one can think about the effective short circoiting,
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just of outside air, between the outside air intake and the
building exhaust. None of these conceptual models meets
all of our needs. The application of age of air theory to
this field has brought substantial mathematical rigor, but
we still try to use stmple conceptual models (e.g., amount
of short circuiting) to explain what Is happening. Differ-
ent people usc different internal conceptual models,
which makes communication difficult.

SBS

Discovery of Causes Trails
Discovery of Preventive
Measures

The history of medicine is full of cases where preven-
tive measures for important diseases were found long
before causative mechanisms or therapeutic activities
were understood. The same principle applies for SBS.

E. L. Wynder discussed some of the classic examples
of the long lag time between the discovery of preventive
measures and the discovery of the "true causative or pre-
ventive agent” in the American Jouwrnal of Epidemiology.
Wynder clearly shows some representative examples
from the history of medicine in Table 5. It shows the gap
between when proventive measures based on clinical or
epidemiological observations were known and the time
causative or curative agent became known, In the case of
scurvy, the gap was 175 years. For pellagra, scrotal can-
cer, and smalipox, the gap was more than 150 years.

For diseases, as important as mechanistic studies are to
understanding disease pathogenesis, the preventive mea-
sures can reduce disease incidence decades or even cen-
turies before our understanding of the iatricate
pathogenesis is complete.

I betieve that Clifford has developed a model (mathe-
matical, not conceptual) that relatey ACE with recircula-
tion to that without recirculation. This model is an
important addition to the research literatore and may be
shown in the future to have considerable practical value,
but it does not invalidate prior rescarch,

[This] discussion should help ws to clartfy our lan-
guage in future papers.
William J, Fisk, Ph.D., Lawrence Berkeley National Lab-
oratory, University of California, Berkeley, CA, 94720,

Wynder says that if Americans didn’t smoke, “...lung
cancer would be about as uncommon as it was in 1912
when 1. Adler apologized for writing a monograph on a
disease as rare as lung cancer.” According to Wynder, the
"...major causes of death, notably cardiovascular dis-
eases, cancers, and acguired immunodeficiency syn-
drome, are related to lifestyle and environmental
vanables. Much of this disease burden could be signifi-
cantly reduced on the basis of existing evidence without
much more knowledge than we have now abont the spe-
cific mechanisms by which these factors induce disease.”

The same can be said for 8BS and building-related ill-
ness. We know how dramatically to reduce the incidence
of these and other building problems. These aiso involve
simple “lifestyle” changes.
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Tabie 5 - Comparison of the date of discovery of a measure 1o prevent a disease with the date of identification of its true
causative of preventive agent. * References in the table are available in Wynder, 1994 or upon request from the BULLETIN

&
.

Disease Discoverer of Discoveryof  Discovery of Causative or Digcovarer of agent *
preventive preventive agent preventive agent
measure measire
Scurvy J. Lind 1753 1928 {Ascorbic acid) A. Szent-Gyorgl
Pellagra G. Casal 1785 1324 {Niacin) J. Goldberger et al
Scrotal cancer P Pott 1775 1933 Benzolajpyrene J. W. Cook et al.
Smalipox E. Jenner 1798 1958 Orthopoxvirus E Fenner
Puarperal fever L. Semmelweiss 1847 1879 Streptococcus L. Pasteur
Cholera 4. Snow 1849 1893 Vibrio cholerae R. Kach
Bladder cancer L. Rehn 1895 1938 Z-Napththylamine W.C. Hueper ef al.
Yallow fover W Reed oral 1801 1928 Flavivirus A Stokes ot 2
Oval Cancer R. Abbe 1815 14974 N-nitrosonormicotine D Hoftmann et 2.
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Corrections

Bud Offerman, PE, CTH, of Indoor Environmental Engineering in San Francisco, wrote (o say: “I just wanted to
be the first {am [ ?) to call your attention to a mathematical error on page 2, column 2, paragraph 2, Znd to the last
line: It should read: ‘Source strengths are calculated by multiplying the concentrations by the ventilation rate.” Not
dividing.” He also wrote: “Vol. 3, No. 9, page 13. The reference for Nunes ef al. contained an incorrect listing for
the page numbers. The correct reference is Proceedings of Indoor Air 93, Vol 1, pp. 38-43.7

Peder Wolkoff of the Danish National Institute of Occupational Health wrote: “Re: IAB article on VOCBASE,
on page 16 in Volume 3, No. 9, there is a misprint in our fax area code, It should be: +45 39270 107

Calendar of I1AQ Events

March 22-26, 1996, Environmental Issues in Buildings and Real Estate Issues, Marriott Hotel on Canal Street, New Orleans. Spon-
sored by the Emvironmental Information Association. Contact: ELA toll free 888 343 4342 for an attendee brochure, Sessions include
indoor air guality as well ax ashesios, lzad, environmental sitz assessments, and regulatory updates from EPA, OSHA, and HUD,

March 24-25, 1997. Lead and the Law *97: A Strategic Conference on New Regulation, Litigation, and Liability, sponsored by
TAL) Publications Inc. Contact: 1AQ Publications Inc., 2 Wisconsin Cirele, Sutie 430, Chevy Chase, MEY 20815, 800 394 0115, Fax
301 931 0119, Cose: 85235 per person, group raie: 5475 per person with groups of 3 or more.

April 7-8, 1997. ASTM Subcommiitee D22.05 on Indoor Alr, spring meeting, St. Louwis, MO. Contact: George Luciw, Staff Man-
ager, ASTM. 100 Barr Harbor Drive, West Conshohocken, PA 19428-2959, 610 832 9710, Fax 610 832 9666, email: ghu-
ciw@astm.org. The subcommintee is working on guides and practices for measuring emissions from indoor sources among other
ASTM standards. There is no charge for attending ASTM commitiee meetings, and ASTM membership is not required.

April 7-9, 1997. Indoor Environment: Setting the Standard for Healthy Building Management, Hyatt Regency Hotel on the lnner
Harbor, Baltimore, M2, sponsored by TAQ Publications Inc. Contact: TAQ Publications Irc., 2 Wisconsin Circle, Sutie 430, Chevy
Chase, MD 20815, 800 394 0115, Fax 301 931 0119, Cost is $325 per person. Crpup discount price is §460 per person for groups of
three or more from the same organization.

April 16-18, 1997, Biological Contamination of Indoor Envirenments, Holiday Inn (' Hare International, Chicago, Hlinois. MidAt-
lantic Environmental Hygiene Resource Center. Contact: MidAdantic Environmental Hygiene Resource Center, University Ciy Sci-
ence Center, Philadelphia, PA. Topics to be covered are Biclogy of biocontaminants in indoor envirenments; Health effects and risk
assessment; Gocupational exposwres in indusiriaf and agricultural food provessing facilities. Invesiigating biocortamination prob-
lems; and, Control, prevention, and remediation, Cost ks 3695, 33435 for goversment or non-profit organization emplaoyees.

July 21-23, 1997. Engineering Solutions to Indoor Air Quality Problems, Research Triangle Park, North Carolina; sponsored by
the U. 5. Environmental Protection Agency and the Air and Waste Mangaement Assocation {A&WMA). Contact: Kelly W. Leovie, U.
5. EPA, MIX-54, Research Triangle Park, NC 27711919 541 7717, Fax 919 541 2157, email: kleovic@engincer. acerl epa.gov,
September 27 - October 2, 1997, Healthy Buildings/1AQ '97: Global Issues and Regional Solutions, Washington, DC. Organized by
ISIAD), ASHRAE, and Virginia Teeh. Contact: Professor James E. Woods, Virginia Tech, PO Hox 7430, Falls Chusch, VA 22040,
USA, + 1 703 698 4725, Fax: + 1 703 698 4729, cmail: hbiag. 97 @vredn, Second Announcement and Final Call for Papers has been
issued, For spdates: hup:fhvwwotedi: 1602 HeontEdficonted il

International Events

June 9-12, 1997, Buiidings and (he Eavirenment, Organized by CSTR and CIB T18, Paris, France. Centact: Ms. Angela Ghivasky,
International Affairs, CSTE, 4, Avenue <y Recteur Poincaré, 75782 - Paris Cedex 16, FRARCE, +33 1405629 13, Fax +33 1 40 30
28 76, cmail ghivasky @csth fr,

Augnst 30 - September 2, 1997, Clima 2600, Brussels. Organized by Belgian Royal Techrical Socicty of Heating, Yentilation, and
Reluted Technology Industry (ATIC), on behalf of Federation of European Heating and Air-conditioning Associations {REHVYA)L Con-
taet: Clima 2000 797, ¢/o 3RBI, Ravenstein 3, B-1000 Brussels, Belgium, +32 (0)2 5311 7469, Fax +32 (012 511 75%7. The conference
language will be English.
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