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INTRODUCTION

Field studies of pollutant concentrations, housing characteristics, and
occupant behavior in occupied houses provide researchers with the best current
estimates of indoor air quality in the residential environment. Information
obtained from comprehensive nultipollutant studies is quite valuable in
assessing potential exposure to indoor pollutants. These studies require
substantial resources to implement and are frequently sponsored by multiple
organizations. A major goal of researchers is to maximize the information
obtained from a particular study by performing as many measurements and
characterizations as possible without adverse homeowner response. Two major
indoor air quality field studies involving extensive indoor air quality
characterizations were recently conducted by staff of the Oak Ridge National
Laboratory (ORNL). Following completion of the field phase of these studies,
a participant evaluation survey was sent to all participants requesting their
feedback on various aspects of the study. Results of these surveys are
discussed here.

FIELD STUDIES SUMMARY

During 1985-86, two year-long multipollutant indoor air quality field
studies were sponsored by several organizations and conducted by ORNL. Heavy
emphasis was placed . on the importance of homeowner interactions. Field
personnel were instructed to focus on providing sufficient information for the
participants to feel an important part of the study. While the studies were
underway, a quarterly newsletter containing information about the ongoing
studies was produced and mailed to each participant. A brief description of
each study follows.

70-House, Four-State Tennessee Valley Indoor Air Quality Study

One of the indoor air quality field studies conducted by ORNL involved 70
homes throughout the Tennessee Valley.^'^ The primary objective of the study
was to obtain an estimate of the range and variability of indoor radon and
radon progeny from natural sources in four Tennessee Valley states. Trie
selected locations were Tupelo, Mississippi; Florence, Huntsville, and
Birmingham, Alabama; Rossville, Georgia; and Chattanooga and Oak Ridge,
Tennessee.

Study homes were monitored for four quarters during 1985 and 1986.
Passive track etch radon monitors were placed upstairs and in the basements of
homes for about three months each season. Radon progeny were sampled using
small sampling pumps with thermoluminescent dosimeter (TLD) detectors for
one-week periods. Each quarter a grab-sample estimate of radon and radon
progeny was made using instrumentation housed in a mobile radiological
laboratory.

In addition to the primary objective of characterizing radon levels in
the homes, other objectives were addressed in the study. The study initially
contained 60 homes; however, an additional ten relatively new "Good Cents"
homes in the Birmingham area were added to the study to allow a comparison of
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indoor air quality in •nergy-afficiant hoses and traditional hones. A
detailed characterisation of horns weatherization was also conducted as veil as
•easurenent of air exchange rates on a quarterly basis.

Other secondary objectives included Measurement of chemical pollutants.
Passive nonitors were used to sample formaldehyde, polynuclear aromatic
hydrocarbons, nitrogen dioxide, and water vapor. A one-tine •easurement vas
also Bade of volatile organic compounds in the homes. A subset of homes were
sampled for respirable particulates.

A detailed questionnaire vas completed to evaluate housing
characteristics and occupant behavior. In most of the homes a complementary
survey of home weatherization was conducted by a utility-trained energy
auditor.

300-House Kingston/Harriman Indoor Air Quality Study

The second indoor air quality field study conducted during 1985-86 was in
Kingston/Harriman, Tennessee. This study was conducted in conjunction with
Harvard School of Public Health (HSPH); the Kingston/Harriman site is one of
six cities throughout the United States which compose a larger study of indoor
air quality and respiratory health.^ The design and protocol of the
Kingston/Harriman Indoor Air Quality Study was recently highlighted as a case
study of indoor air quality research in the residential environment.^

Approximately 300 study homes were selected from a pool of grade-school
children who were participating in a respiratory health study being conducted
by HSPH. Eight categories of houses were selected based on the presence or
absence of various combustion sources. These sources were smokers, wood
stoves, and kerosene heaters. Houses were sonitored for a period of two weeks
during the winter and two weeks during the summer.

Monitored pollutants consisted of a "core" group including nitrogen
dioxide and respirable particulates that will be monitored in all six cities
of the HSPH study. Additional measured parameters include water vapor levels
and air exchange rates. With the exception of the respirable particuletes,
other measurements were performed with passive samplers exposed for a one-week
period. A concurrent Respiratory Health Study was conducted by HSPK
researchers of the school-aged children. This monitoring included maintenance
of a calendar with daily recording of the child's respiratory health.

With sponsorship by several organizations, additional pollutants were
monitored in the Kingston/Harriman study. During both the winter and summer
phases, passive radon monitors were exposed for three to five months.
Formaldehyde was monitored in each house with passive samplers for one week
each season concurrent with the first week of "core" HSPH monitoring.
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Polynuclear aromatic hydrocarbons were aeasured by both active and passive
techniques. Airborne aicroorganisms (bacteria and fungi) were Monitored by
saapling the air both Indoors and outdoors at a flow rate of 30 L/ain for
2 aln and determining the nuabsr of colony fonting units subsequently
cultured.

In addition to providing the homeowners with descriptive material about
the study, the field personnel obtained information on the housing
characteristics and occupant behavior using an extensive questionnaire.
Characterization of the degree of house veatherization was also conducted.

EVALUATION SURVEY RESULTS

Upon completion of the field monitoring phase of both of these studies, a
short study evaluation survey was sent to all participants requesting
anonymous feedback on various aspects of the studies. Most of the questions
were common to the two surveys. Table I shows the questions asked in the
70-House Tennessee Valley Indoor Air Quality Study. The questions asked in
the 300-House Kingston/Harriman Indoor Air Quality Study are shown in Table
II.

Each question was answered on a scale of 1 to 5. The most positive
response (generally indicating greatest homeowner satisfaction) was a rank of
5 for some questions and a rank of 1 for others. This randomly alternating
design was adopted to alert us of biases produced by a participant responding
with a constant ranking regardless of the question. There was no indication
of this bias based on consistently high or low ranking that would indicate
extremely positive and negative responses from the same participant.

The number of responses for each rating is listed beneath that rating for
each question in Tables I and II. ft total of 59 surveys out of a possible 68
were returned in the 70-House Study survey. For the 300-house
Kings ton/Harriman study, a total of 157 out of a possible 300 were returned.
We have no explanation for the lower participant response rate for this study.
No follow-up calls were made to retrieve surveys.

The 70-house study survey form had a specific location for additional
participant comments. Comments were provided on 29 of the 59 forms. Tnere
was no comment area on the 300-house Kingston/Harriman study survey fora.
However, 30 of the 157 returned forms had additional participant comments.

Table III and Table IV present a summary of the survey results. The
results of the study evaluation surveys were unexpected and a most pleasant
surprise. The participants in both of these studies consistently responded in
a most positive manner. Questions fell into four general categories:
information provided (questions 1, 2, and 10 for 70-house study - questions 1,
2, 10, and 11 for 300-house study), participant burden (questions 3, 4, and 7
for 70-house study - questions 3, 4, and 12 for 300-house study), field visits
(questions 5 and 6 for 70-house study - questions 5, 6, and 7 for 300-house
study), and overall impression (questions 8 and 9 for 70-house study -
questions 8 and 9 for 300-house study). Most interestingly, the difference
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Table Z. Tennessee Valley area 70 house Indoor air quality
study •valuation survey.

1. Did we explain the purpose of the study adequately?

(not at all) 1 2 3 4 5 (very thoroughly)
(0) (2) (5) (17) (35)

2. Did we explain the purposes of the air samplers adequately?

(not at all) 1 2 3 4 5 (very thoroughly)
(1) (2) (7) (21) (28)

3. Did our air samplers disturb you?

(not at all) 1 2 3 4 5 (very nuch)
(35) (11) (4) (7) (2)

4. Did you have too much paperwork to deal with?

(not too much) 1 2 3 4 5 (far too much)
(49) (5) (2) (2) (1)

5. Were the field personnel courteous to you and your family?

(no, they were rude) 1 2 3 4 5 (yes, very courteous)
(3) (0) (0) (3) (53)

6. I would feel comfortable with no more than field personnel in my
home at one time (circle number that- fits the blank).

0 2 3 4 + 5
(2) (18) (19) (7) (9)

7. Were too many measurements made during a visit?

(no problem) 1 2 3 4 5 (too many!)
(49) (5) (4) (0) (1)

8. Overall, did you enjoy being in the study?

(I hated it) 1 2 3 4 5 (I had a great time)
(0) (1) (9) (17) (32)

9. Would you participate now that you know what it is about?

(definitely no) 1 2 3 4 5 (definitely yes)
(0) (2) (4) (10) (43)

10. Did you find our quarterly Indoor Air Study Notes helpful?

(waste of time and effort) 1 2 3 4 5 (very helpful)
(0) (3) (10) (19) (25)

between the mean response of all but one of the ten corresponding questions in
the two surveys was less than 0.25 points. The one question (question 6 and 7
in the respective surveys) with a larger difference between mean response from
the two studies concerned the number of field personnel that the participants
would feel comfortable having in their homes (3.1 vs 2.5). Houses were
generally smaller in the 300-house study than the 70-house study; this may
have been a factor.
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Table II. Kingston/Harriaan, T«nne**«e, 300-house Indoor air quality
- study evaluation survey.

1. Did we explain the purpose of the study adequately?
(not at all) 1 2 3 4 5 (very thoroughly)

(1) (1) (11) (42) (101)

2. Did we explain the purposes of the air samplers adequately?

(not at all) 1 2 3 4 5 (very thoroughly)
(1) (5) (15) (42) (94)

3. Did our air samplers disturb you?

(not at all) 1 2 3 4 5 (very much)
(109) (23) (13) (7) (5)

4. Did you have too much paperwork to deal with (aside from the health
calendar)?

(not too much) 1 2 3 4 5 (far too much)
(128) (19) (11) (6) (2)

5. How often would you say that you were at home when we made our visits?
(never) 1 2 3 4 5 (all of the time)

(5) (3) (12) (29) (107)

6. Were the field personnel courteous to you and your family?

(no, they were rude) 1 2 3 4 5 (yes, very courteous)
(0) (0) (0) (4) (153)

7. I would feel comfortable with no more than field personnel in my
home at one time (circle number that fits the blank).

1 2 3 4 + 5
(17) (82) (28) (11) (15)

8. Overall, did you enjoy being in the study?

(I hated it) 1 2 3 4 5 (I had a great time)
(0) (5) (29) (43) (80)

9. Would you participate now that you know what it is about?
(definitely no) 1 2 3 4 5 (definitely yes)

(2) (3) (19) (25) (107)

10. If sufficient interest is shown, we will give a presentation of the
indoor air study results at a central location (perhaps a school).
Would you like to attend such a meeting?

(not interested) 1 2 3 4 5 (very much)
(6) (6) (24) (23) (97)

11. Did you find our quarterly Indoor Air Study Notes helpful?
(waste of time and effort) 1 2 3 4 5 (very helpful)

(3) (11) (38) (41) (57)

12. Were too many measurements made during a visit?
(no problem) 1 2 3 4 5 (too many!)

(132) (9) (7) (6) (3)
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Table III. Summary of survey results In Tennessee Valley area 70 house
Indoor air quality evaluation study.

- „. „ Standard Number of Responses
Question Mean D e v i a t i o n — — Responses

4.44 0.79 0 2 5 17 35 59
4.24 0.91 1 2 7 21 28 59
1.81 1.19 35 11 4 7 2 59
1.32 0.83 49 5 2 2 1 59
4.75 0.89 3 0 0 3 53 59

6
7
8
9
10

3.05
1.29
4.36
4.59
4.16

1.12
0.74
0.80
0.76
0.89

2
49
0
0
0

18
5
1
2
3

19
4
9
4
10

7
0
17
10
19

9
1

32
43
25

55
59
59
59
57

Table IV. Summary of survey results in Kingiston/Harriman, Tennessee
300-house indoor air quality evaluation study.

_._ , , Number of Responses _ _
-. . „ Standard v Total
Question Mean _. . . „

Deviation -i o * / c Responses

1 4.54 0.71 1 1 11 42 101 156
2 4.42 0.84 1 5 15 42 94 157
3 1.57 1.03 109 23 13 7 5 157
4 1.37 0.87 128 10 11 6 2 157
5 4.47 0.95 5 3 12 29 107 156
6 4.97 0.16 0 0 0 4 153 157
7 2.51 1.10 17 82 28 11 15 153
8
9
10
11
12

4.26
4.49
4.28
3.92
1.34

0.87
0.87
1.10
1.05
0.88

0
2
6
3

132

5
3
6
11
9

29
19
24
38
7

43
25
23
41
6

80
107
97
57
3

157
156
156
150
157
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For the three comnon questions related to Information provided, 82.8% of
the responses were positive (either • 4 or 5 ranking) for the 70-house study,
and 81.4% were positive for the 300-house study. The responses for the three
participant burden questions were also positive (i.e., little disruption, a
rank of 1 or ?.), 87.0% for the 70-house study and 87.3% for the 300-house
study. A full 100% of the respondents from the 300-house study provided a
positive ranking (4 or 5) for courteous field personnel while 95% of the 70-
house study respondents provided a positive ranking. For the two questions
about overall impression, 86.4% of the responses were positive (either a 4 or
5 ranking) for the 70-house study, and 81.5% were positive for the 300-house
study.

CONCLUSIONS

The results of these participant evaluation surveys, assuming that the
participants that responded to the survey were representative, indicate that
homeowners will accept a significant level of monitoring activity as part of
an indoor air quality field study. Those participants completing surveys
overwhelmingly enjoyed being in the studies and would do it again. We believe
that the emphasis placed on positive homeowner interactions and efforts made
to inform participants throughout our studies were positive factors in this
result. There was no substantial differences noted in the responses between
the 70-house study, which included a homeowner compensation payment of $100,
and the 300-house study, which did not include a compensation payment. These
results provide encouragement to conduct future complex, multipollutant indoor
air quality studies when they are scientifically sound and cost effective.
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