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1. SUFLY4RY 

Oak Ridge I’Jational Labora to ry ,  i n  c o l l a b o r a t i o n  w i t h  t h e  Harvard School 

of  P u b l i c  Hea l th  and sponsored  by t h e  Tennessee Valley A u t h o r i t y ,  the E l e c t r i c  

Power Research I n s t i t u t e ,  and t h e  Consumer Product  S a f e t y  Commission, i s  

conduct ing  a n  indoor  a i r  q u a l i t y  s t u d y  of 300 homes i n  t h e  Kingston/Harriman 

a r e a  o f  East Tennessee.  This  c i t y  i s  one o f  six i n  t h e  Harvard A i r  

P o l l u t i o n / H e a l t h  Study t o  e v a l u a t e  a i r  q u a l i t y  and r e s p i r a t o r y  h e a l t h .  

i’kasurements a r e  made f o r  a two-week p e r i o d  i n  each house d u r i n g  t h e  w i n t e r  

season  and again d u r i n g  t h e  summer season .  This r e p o r t  summarizes the s t a t u s  

o f  t h e  s tudy  a t  t h e  end o f  t h e  win ter  moni tor ing  p e r i o d  which concluded i n  t h e  

s p r i n g  of  1 9 8 6 .  Homes were s e l e c t e d  bcsed  on t h e  p a r t i c i p a t i o n  o f  a s choo l  

c h i l d  i n  t h e  c o n c u r r e n t  Harvard Acute Hea l th  S tudy .  E igh t  groups of  houses  

were chosen based  on t h e  presence  O L  absence o f  t h e  fo l lowing  s o u r c e s :  

c i g a r e t t e  sxok ing ,  woodstoves,  and k e r o s e r e  h e a t e r s .  

A group o f  “ c o r e ”  moni tor ing  t h a t  will be conducted in a l l  s i x  o f  t h e  

Harvard study c i t i e s  i n c l u d e s :  n i t r o g e n  d i o x i d e ,  r e s p i r a b l e  p a r t i c u l a t e  

m a t t e r ,  wa te r  v a p o r ,  and a i r  exchange r a t e s .  A d e t a i l e d  q u e s t i o n n a i r e  about  

Iioiile c h a r a c t e r i s t i c s  and occupant  behav io r  i s  a l s o  admin i s t e red .  These 

measurewents were conducted i n  319 homes i n  Kingston/Harriman d u r i n g  t h e  

w i n t e r  mon i to r ing .  

Supplemental  indoor  a i r  q u a l i t y  measurements were conducted for radon,  

formal dchyde . po lynuc lea r  a romat ic  hydrocarbons ,  and z i r b o r n e  mircoorganisms . 
P a s s i v e  radon samplers  were p l aced  i n  t h e  homes f o r  approximate ly  f o u r  months 

d u r i n g  the wLnter , Formaldehyde samplers  were exposed c o n c u r r e n t l y  w i t h  t h e  

c o r  c? ‘ I  mon i t o  L^ i n g  s amp 1 e r s . 

Both vapor  phase and p a r t i c u l a t e  phasz po lynuc lea r  a romat i c  hydrocarbons 

were moni tored  d u r i n g  the w i n t e r  study’. A p a s s i v e  dos ime te r  was used  t o  

obtain a r ank ing  o f  houses  by vapor  l eve l s .  P a r t i c u l a t e s  were e x t r a c t e d  from 

f i l t e r s  tha t  c o l l e c t e d  p a r t i c u l a t e  m a t t e r  over  t h e  one-week sampling p e r i o d  

and ana lyzed  f o r  po lynuc lea r  a romat ic  hydrocarbons u s i n g  luminescence 

rechili ques .  



Summary 1.2 

Viab le  b a c t e r i a  aiid fung i  were sampled i n  a s u b s e t  o f  houses  u s i n g  an  

Anderson impactor .  Both indoor  and outdoor  samples were c o l l e c t e d .  Samples 

were c u l t u r e d  on media p l a t e s  and ana lyzed  f o r  co lony-forming  u n i t s .  

C l a s s i f i c a t i o n  o f  organisms was performed t o  i d e n t i f y  t h e  dominant growth.  

AdditTonal a c t i v i i r i e s  t o  f u r t h e r  c h a r a c t e r i z e  t h e  homes f o r  energy use 

and weaEher iza t ion  were performed.  Supplemental  t r a c e r  exper iments  w e r e  

performed t o  i n v e s t i g a t e  t h e  i n t e r n a l  mixing i n  homes w i t h  and wi thou t  

combustion sources  and c e n t r a l  h e a t i n g  sys tems.  F o r  homeowners who ag reed ,  a 

d e t a i l e d  energy survey  was conducted by u t i l i t y -  t r a i n e d  a u d i t o r s .  

A supplemental  investigation o f  50 homes w i t h  kerosene  h e a t e r s  w a s  

conducted .  Ten consecu t ive  weeks o f  moni tor ing  were performed i n  t h e s e  homes 

u s i n g  p a s s i v e  n i t r o g e n  d iox ide  sample r s .  I Ieater  usage logs were a l s o  

ma in ta ined .  A s u b s e t  o f  f i v e  houses  was monitored i n  r e a l - t i m e  f o r  carbon and 

n i t r o g e n  o x i d e s .  

The s t a t u s  o f  t h e  w i n t e r  moni tor ing  a c t i v i t i e s  and pI.ans f o r  t h e  summer 

phase moni tor ing  a r e  p re sen ted  i n  t h e  fo l lowing  c h a p t e r s .  A d e t a i l e d  appendix 

i s  inc luded  which d e s c r i b e s  t h e  q u e s t i o n n a i r e s ,  p r o t o c o l s ,  e t c . ,  used  i n  t h e  

s t u d y .  



2. BACKGR3UND 

An extensive characterization of the indoor ais quality in 300 homes in 

Kingston/Warriman, Tennessee, has grown out of a joint interest by the Harvard 

S c h o o l  of Public Health (HSPH), the Tennessee Valley Authority (TVA), the 

Electric Power Research Institute (EPRL), the Consumer Product Safety 

Commission ( C P S C ) ,  and Oak Ridge National Laboratory (OWL) in maximizing the 

indoor air quality information that could be obtained from the 

Kingston/Harriman phase of the Harvard AzLr Pollution/Health Study1 of air 

quality in six selected cities in the Uni-ted States. Additional research has 

supplemented measurements being performed by the HSPH on air quality and 

respiratory health. Supplemental investigations included measurement of 

additional pollutants, characterization of weatherization status, and 

additional data analyses. Specific additional pollutant monitoring included 

radon, formaldehyde, polynuclear aromatic hydrocarbons, and airborne 

micro or gani s Ins  . 

The Air Pollution/Health Study is an epidemiological study that 

investigates the relationship between air quality and pulmonary function 

development and respiratory disease in ct.ildren and adults living in six 

cities in the United States.2 The cities are Kingston/Harrimnn, Tenn. ; 

Portage, Wisconsin; S t .  Louis, Missouri; Steubenville, Ohio; Topeka, Kansas; 

and Watertown, Massachusetts. Traditionally, exposure data came from an 

ambient air monitoring station in each city, and the health data came from 

spirometry tests and a health questionnaire. At present, the focus of the 

study is shifting to the indoor environment. The n e w  aspect of the study 

calls for measuring the a i r  quality in 300 houses in each city, while acute 

respiratory health data are being collected on the participant child in each 

study house. 

HSPH, under the sponsorship of the National Institute of Environmental 

Health Sciences ( N I E H S ) ,  EPRI, and the EnJironmental Protection Agency (EPA), 

has been studying the effect of air qualizy on human health for about a 

decade. The program focuses on assessing the air quality in six cities in the 

IJnited States that reflect a range of outdoor air quality. Recent results, 

....... __-- 



R a c k gr o un d 2.2 

frequently indicating higher pollutant levels indoors than outdoors, have led 

to an appreciation of the importance of indoor air in determining the total 

human exposure to many pollutants. Based on this recognition of the 

importance of indoor exposures to total exposures, HSP1-I has embarked on a 

multiyear effort to monitor the indoor air quality of 300 homes in each of the 

six cities. These air quality measurements are limited to an assessment o f  

nitrogen dioxide levels, respirable particulate levels, and water vapor levels 

and measurements of the air exchange rate during the ai.r quality measurements. 

Respiratory symptoms o f  grade-school children will be obtained for each day 

and recorded by parents on calendar diaries. These data are collected monthly 

via mail and telephone by HSPH staff. Selection of homes for participation in 

the six-cities indoor air quality study is obtained from the new cohort of  

elementary school children. These children were all born in the late 1970's 

and were participants in the annual survey of pulmonary functions and chronic 

respiratory health conducted in the spring o f  1984 and 1985. 

One of the cities in the study is Kingston/Harriman, Tennessee. Homes in 

this area were monitored beginning in the fall of 1985. The measurements will 

cover two consecutive one-week periods in each house--once during the winter 

and again the nest summer. OREL is supporting the Harvard study by performing 

indoor air quality measurements in the Kingston/Harriman community. With the 

support of other sponsors, additional research aimed at supplementing 

information obtained in the HSPH study was conducted. Within the limitations 

that additional. characterization of indoor air quality, weatherization, and 

energy usage not compromise the objectives of the Harvard study and not overly 

burden the participating homeowners, this study offered a valuable opportunity 

to gain additional indoor air quality information in a most cost-effective 

way. Much of the overhead expense of identifying and involving the study 

participants, characterizing their health, and making fie1.d visits to their 

homes was not required for the supplemental measurements. A n  additional 

valuable asset of this joint research is provided by the opportunity to 

investigate correlations between various components of this multifaceted 

study . 
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One unique aspect of the Kingston/Harriman phase o f  the six-cities study 

is an opportunity to investigate the interrelationships of wood and kerosene 

heater use, indoor air quality, and respiratory health in 300 homes. The 

protocol for the six-cities study calls for a design containing sample cells 

for homes with cigarette smoking, homes with gas stoves, homes with neither, 

and homes with both. Because there are relatively few homes in the 

Kingston/Harrimnn area with gas appliances, HSPH researchers agreed that this 

was an excellent opportunity to investigate the impact of wood burning and 

kerosene heater u s e  by substituting these sources of fuel for the gas 

component in the study design. A substantial fraction of homes in the area 

use wood os kerosene either a s  the primaq heating fuel os as a secondary 

source of heating. Wood use has become ar. important fuel source in many areas 

of the country. Its impact on electrical energy use and on indoor air qualicy 

is o f  interest to many utilities. 

This report summarizes the status of the 300-Home Kingston/Harriman 

Indoor Air Quality Study a t  the end of the winter phase of monitoring. Plans 

for the summer monitoring phase are also presented. The report is organized 

by the major pol lutnnts monitored. Reporting focuses on study protocols and 

summaries of winter monitoring activities. A minimum of results are presented 

since, for many pollutants, laboratory analyses are not yet complete. 





3. STUDY DESIGN 

A s  a f o l l o w - u p  to earlier research,2 investigations of the  indoor air 

quality in about 300 homes in each of the six cities are being conducted. The 

first of the cities to have measurements conducted in 300 homes w a s  Watertown, 

Mass. Kingston/Harriman was the second city selected for indoor air quality 

measurements. The study population was chosen in the spring of 1984 from the 

student population in the elementary schools in Kingston and Harriman. A 

letter and health survey were sent to the homes of children in the Znd, 3rd 

and 4th grades. Of those that responded 1,018 were selected as a new cohort 

for the respiratory h e a l t h  component; of t h e  study. In the fall of 1985, 692 

letters were sent to the parents of the children indicating that periiiission 

would be  sought to enter them in the indoor air quality phase of the study. A 

follow-up phone call was made to request a response. Of the 692 families to 

which letters were sent, 186 (27%) were unreachable, 129 (18%) declined to be 

in the study, and 377 (54%) wese willing to participate in the study. By 

mid-Noverriber of 1985, 17 (2.58) families had reconsidered and declined 

participation in the study, leaving a total of 360 families from which to 

choose for the air quality monitoring. 

The sample was stratified on three different pollutant sources 

potentially present in the homes: smokers, kerosene heaters, and woodstoves. 

Table 3.1 identifies the eight groups into which the houses were classified. 

Table 3.2 shows the number of houses in each category. Table  3.2 a l s o  

summarizes the nurnbcr of weekly setup visits, by the eight categories, for the 

winter phase of the study. Tlie group classifications are based on data 

provided by the study pasticipants during initial participant selection 

activities. Our field experience during the winter visits indicates that 

there may be considerable misclassificztion Most of the suspected 

classification error is related to the use of kerosene heaters. 
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Table 3.1. Group c l a s s i f i c a t i o n  by presence  of  
s p e c i f i c  home c h a r a c t e r i s t i c s  

Group Smoking Kerosene Heater  Woodstove 

.-_.___ .-.-. __.____.. 

....___ . ...... ____...... ..______. 

1 

2 

3 X 

4 

5 X 

6 x 

7 

8 x 

X 

X X 

X 

s X 

x X 

..___ __ .-______-.-.--. 

Table 3 . 2 .  D i s t r i b u t i o n  o f  houses  i n  each group 

.___. ..... -.____-.. 

Targe ted  f: F o f  P a r t i c i - p a n t s  # o f  P a r t i c i p a n t s  

Sampled 
Group 

P a r t i c i p a n t s  A t  S t a r t  o f  Strudy ...-. 
_ _ ~ . . ~ _ _ _ . _ _ _ _ ~ . - . ~  

1 

2 

3 

4 

5 

6 

7 

8 

TOTAL 

4 6  40 

7 2  6 6  

53 4 6  

4 5  

4 5  

45 

4 5  

4 5  

45 

4 5  

45 

3 6 0  

21 20 

4 1. 36 

5 6  48 

41 36 

30 27 

3 6 0  3 1 9  

___.____--- 
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.k 
Table 3 . 3 .  Summary of weekly i n i t i a l  s e t u p s  by group code 

____.. - 

Group Code 

1 2 3 4 5 6 7 8 T o t a l  
Week o f  

11/11/8 5 3 
11/18/85 2 
1 1 / 2 5 / 8 5  1 
12/02/85 2 
1 2 / 0 9 / 8 5  2 
12/30/85 2 
0 1 / 0 6 / 8 6  1 

01/20/86 4 
0 1 / 2 7 / 8 6  3 
0 2 / 0 3 / 8 6  1 
02/10/8 6 4 
0 2 / 1 7 / 8 6  3 
0 2 / 2 4 / 8 6  2 
03/03/85 5 
03/10/8 b 2 

3 0 I/ 1 3 / 8  6 -'. >t 

TOTAL 40 

3 
4 
7 
5 
3 
4 
4 
4 
4 
3 
2 
6 
4 
6 
5 
3 

6 6  

2 
2 
0 
5 
7 
1 
2 
3 
2 
2 
5 
1 
3 
5 
4 
2 

46  

1 
2 
1 
0 
0 
2 
1 
4 
1 
0 
2 
1 
1 
2 
2 
0 

20 

2 
3 
2 
2 
4 
2 
2 
3 
1 
2 
2 
4 
3 
3 
0 
1 

36 

2 
3 
3 
3 
3 
2 
4 
3 
3 
6 
4 
4 
4 
3 
1 
0 

4 8  

3 
1 
5 
3 
3 
2 
2 
4 
3 
4 
2 
1 
1 
1 
0 
1 

3 6  

2 18 
2 19 
0 1 9  
2 2 2  
2 24 
2 1.7 
2 18 
4 2 8  
2 2 0  
2 21 
2 20 
3 2 4  
1 20 
1 23 
0 1 7  
0 9 

27 3 1 9  

--I__ I__ --..--__I__ __ 
.?* 

Excluding f a l l  p i l o t  s t u d y  

Winter v i s i t  t o  p i l o t  group 
1. .sa * I\ 

The q u e s t i o n n a i r e s  adn i in i s t c red  d u r i n g  the i n i t i a l  v i s i t  t o  t h e  home will be 

used t o  check f o r  a p p r o p r i a t e  c l a s s i f i c a t i o n .  S e v e r a l  owners of  kerosene 

h e a t e r s  have them f o r  erwrgency u s e  o n l y ;  o t h e r s  have s topped  u s i n g  them b u t  

have n o t  y e t  d i s p o s e d  o f  them. 

The bulk  o f  t h e  sampling c o n s i s t s  o f  mon i to r ing  the a i r  i n  the houses  f o r  

two  c o n s e c u t i v e  weeks each i n  b o t h  t h e  w i n t e r  and t h e  summer. h t o t a l  of  319 

houses  were sampled d u r i n g  t h e  w i n t e r  phase .  A group of  approximately 30 

houses  o f  the 319 were sampled d u r i n g  a coninon two-week p e r i o d  i n  the  f a l l  and 

w i n t e r ,  and will be a g a i n  sampled d u r i n g  t'ie s p r i n g  and summer. This group of 

houses ,  r e f e r r e d  t o  as t h e  p i l o t  group,  i s  an a t t e m p t  t o  document seasona l  

changes i n  indoor  a i r  q u a l i t y .  The i n i t i a l  s e t u p  weeks f o r  the p i l o t  sampling 

a r e :  f a l l  - 10/14/85, w i n t e r  - 1 / 1 3 / 8 6  spi-ing - 4 / 1 4 / 8 6 ,  and sunmer - 
7 / 1 4 / 8 6 .  
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Over t h e  two-week sampl~ing p e r i o d ,  t h r e e  v i s i t s  a r e  made t o  each house .  

The f i r s t  i s  t o  s e t  up t h e  sample r s ,  t h e  second t o  exchange them, and t h i r d  t o  

remove t h e  second week’s sampl.ers. Informat ion  s h e e t s  t h a t  exp la ined  t h e  

s tudy  o b j e c t i v e s  and o t h e r  u s e f u l  i n fo rma t ion  were provided  t o  t h e  homeowners 

( s e e  APPENDIX A ) .  Ques t ionna i r e s  t o  c h a r a c t e r i z e  t h e  hous ing  parameters  and 

occupant  behav io r  were admin i s t e red  du r ing  t h e  s e t u p  v i s i t .  These 

q u e s t i o n n a i r e s  a r e  p r e s e n t e d  i n  APPENDIX R. R e s u l t s  of t h e  Harvard 

q u e s t i o n n a i r e  (APPENDIX B . l )  w i l l  be  inc luded  i n  t h e  d a t a  base  on a l l  si.x 

c i t i e s ,  wh i l e  t h e  r e s u l t s  o f  t h e  supplementary q u e s t i o n n a i r e  (APPENDIX B . 2 )  

w i l l  be main ta ined  by ORNL.  A f l o o r  p l a n  w a s  a l s o  drawn d u r i n g  t h e  s e t u p  

v i s i t  t o  de te rmine  spatzial  d i s t r i b u t i o n  of  samplers .  

D e t a i l s  o f  s p e c i f i c  co re  sampling a c t i v i t i e s  a r e  d e s c r i b e d  i n  a s e p a r a t e  

c h a p t e r .  Sampling f o r  formaldehyde and po lynuc lea r  a romat ic  hydrocarbons was 

performed d u r i n g  t h e  f i r s t  week o f  t h e  two-week sampling p e r i o d .  Pass ive  

radon samplers  were p l aced  i n  most o f  t h e  s tudy  houses  du r ing  the  f i r s t  month 

of sampling and exchanged du r ing  March and A p r i l .  S h o r t -  term sampling (two 

minutes)  f o r  a i r b o r n e  b a c t e r i a  and fung i  was performed i n  many o f  t h e  houses  

du r ing  one of  t h e  t h r e e  house v i s i t s .  D e t a i l s  o f  t h i s  a d d i t i o n a l  sampling a r e  

present:ed under  r e s p e c t i v e  c h a p t e r s .  During t h e  second h a l f  o f  w i n t e r ,  a 

supplemental  s tudy  t o  i n v e s t i g a t e  i n  g r e a t e r  d e t a i l  p o l l u t a n t  l e v e l s  i n  homes 

wi th  kerosene  h e a t e r s  was conducted i n  about  50 homes. A summary of t h i s  

s tudy  i s  p r e s e n t e d  i n  t h e  Kerosene Heater  Study c h a p t e r .  Study e f f o r t s  

r e l a t e d  t o  energy use  and w e a t h e r i z a t i o n  a r e  a l s o  p r e s e n t e d .  The p r o t o c o l s  

used f o r  the w i n t e r  moni tor ing  phase a r e  p r e s e n t e d  i n  APPENDIX C .  

I n  an e f f o r t  t o  keep s tudy  p a r t i c i p a n t s  informed and i n t e r e s t e d  i n  t h e  

s t u d y ,  we began devot ing  a p o r t i o n  of our  q u a r t e r l y  I N D O O R  A I R  STUDY Notes ,  a 

s h o r t  newsletter s e n t  t o  p z r t i c i p a n t s  of ORNL f i e l d  s t u d i e s ,  t o  t h e  

Kingston/Harriman homeowners i n  t h e  Indoor  A i r  Qual i ty/Weal th  S tudy .  Copies 

a r e  inc luded  i n  APPENDIX D .  



4 .  HSPH CORE A C T I V I T I E S  

A s p e c i f i c  s e t  o f  indoor  a i r  q u a l i t y  measurements w i l l  be  conducted i n  

a l l  s i x  c i t i e s  o f  t h e  Uarvard s t u d y .  The c o r e  parameters  t h a t  are be ing  

o b t a i n e d  i n  a l l  s i x  c i t i e s  i n  the s tudy  a r e :  n i t r o g e n  d i o x i d e ,  p a r t i c u l a t e  

m a t t e r  l e s s  t h a n  2 . 5  pm i n  d iameter  (P?12.5), v e n t i l a t i o n  r a t e ,  w a t e r  vapor ,  

and house c h a r a c t e r i s t i c s .  N i t rogen  d iox ide  and PM2.5 are a l s o  measured a t  

t h e  s c h o o l s  t h a t  t h e  c h i l d r e n  a t t e n d ,  and PM2.5 i s  measured a t  s e l e c t e d  

outdoor  l o c a t i o n s .  

Moni tor ing  o f  t h e  r e s p i r a t o r y  h e a l t h  of  grade  schoo l  c h i l d r e n  from 300 

homes forms t h e  b a s i s  o f  t h e  Acute Hea1t.h Study which complements t h e  Indoor  

A i r  Q u a l i t y  Study i n  t h e  Kingston/Harrimari communit ies .  Moni tor ing  c o n s i s t s  

o f  a d a i l y  c a l e n d a r  of  r e s p i r a t o r y  symptoms main ta ined  by t h e  c h i l d ' s  p a r e n t  

p l u s  a h e a l t h  q u e s t i o n n a i r e  and r e s p i r a t o r y  t e s t i n g .  Th i s  r e s e a r c h  component 

i s  be ing  performed e n t i r e l y  by HSPH; ORNL i s  n o t  i nvo lved  i n  t h i s  a s p e c t  of  

t h e  s t u d y .  

A b r i e f  summary of  t h e  w i n t e r  phase  ' c o r e "  moni tor ing  e f f o r t s  f o l l o w s .  

Detai ls  o f  t h e  p r o t o c o l s  used  a r e  pro;,ided i n  APPEKDIX C . 1 .  A copy of the 

q u e s t i o n n a i r e  i s  p resLn ted  i n  APPESDIX B . l .  A sampling r a c k  ( s e e  F i g .  4 .1 )  i s  

p l a c e d  i n  each o f  t h r e e  rooms i n  t h e  s t u c y  houses ;  t h e  a c t i v i t y  room ( d e f i n e d  

a s  t h e  room where t h e  c h i l d  spends moslr o f  h i s  n o n - s l e e p i n g  t i m e - - u s u a l l y  a 

d e n ,  f ami ly  room, o r  l i v i n g  room),  t h e  c h i l d ' s  bedroom, and t h e  k i t c h e n .  

N i t rogen  d iox ide  l e v e l s  are measured u s i n g  p a s s i v e  Pa lmes- tube  type  

samplers3  exposed f o r  one-week p e r i o d s .  F igure  4 . 2  i s  a photograph o f  t h e  NO2 

samplers  used  i n  t h e  s t u d y .  Sarrplers are  p l a c e d  i n  t h r e e  l o c a t i o n s  throughout  

each house ,  and one sampler  i s  l o c a t e d  ou tdoor s .  A t  t h e  end of  t h e  sampling 

p e r i o d ,  t u b e s  a r e  s e a l e d  and r e t u r n e d  t o  HSPH f o r  l a b o r a t o r y  ana lys i s .  Field 

placements  i n c l u d e  5 %  r e p l i c a t e  samplers  and 5% f i e l d  b l a n k s .  See USPH 

l a b o r a t o r y  p r o t o c o l s  f o r  l a b o r a t o r y  a n a l y s i s  p r o t o c o l s .  A t o t a l  of 2800 

samplers  were  p l a c e d  and r c t u r n e d  t o  t h e  l a b o r a t o r y  f o r  a n a l y s i s  d u r i n g  t h e  

w i n t e r  s t u d y  phase .  
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ORNL PHOT 
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c 

Fig. 4.1. Photograph of the smpling rack containing passive monitors that 

was placed in the activity room, child's bedroom, and kitchen. 
C I  4 1: 

OFML PHOTO-1079-86 
P 

Fig. 4.2. Photograph of NO2 santpler used in the study. 
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Water vapor samples are collected using passive diffusion tubes with 

Figure 4 . 3  is a photograph molecular sieve sorbent to trap the water vap0r.l) . 
of the water vapor samplers used in the study. Weight gain of the molecular 

sieve is proportional to the integrated water vapor concentration. These 

sample tubes are exposed concurrent with the indoor NO2 samplers and returned 

to HSPH as a package. Field placements include 5 %  replicate samplers and 5% 

field blanks, See HSPH laboratory protocols for laboratory analysis 

protocols. tal of 700 soamp ed em8 returned the laboratory 

for analysis during 

? 

Fig. 4 . 3 .  Photograph of the water vapor monitors used in the study. 

Particle samples are obtained using a quiet, compact, constant-flow 

pumping system developed by HSPH.5 This unit has a 2.5-pm cut size and 

samples respirable size particles (PM2.5). Figure 4 . 4  shows one of the 

sampling units used in the study. One pumping unit supports two impactors. 

One sample was returned to HSPH for gravimetric and elemental analyses, and 

the other was used for organic analyses as described in the chapter on 
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polynuclear aromatic hydrocarbons. Each sampler collected particulate matter 

for approximately one week; operation was concurrent with the passive r 

monitors. Air flow (4 L/min) was automatically switched between the two 

impactors every 15 min. An elapsed (sampling) time reading was obtained for 

each impactor. A total of 640 samplers were placed and returned to the 

laboratory for analysis during the winter study phase. 
ORNT. PHOTO - 1 083  - 86 

Fig. 4.4. PhotonraDh of the particulate sampling unit used in the study. 

Average air exchange rate measurements were obtained for each one-week 

period that pollutant monitors were exposed. The technique used is similar to 

that of Dietz et al. at Brookhaven National Laboratory. ' Perfluorocarbon 

tracer (PFT) placement protocol was modified from APPENDIX C.l to allow a 

study of pollutant mixing related to combustion sources as described in 

APPENDIX C . 2 .  Passive collection tubes (CATS), co-located with the other 

passive samplers, were used to sample the amount of tracer in the air. Figure 

4.5 is a photograph of the PFT sources and a CATS tube used in the study. 
Samplers were returned with the package to HSPH for desorption and analysis. 

I 
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Field See HSPH 

laboratory protocols for laboratory analysis protocols. A total of 2800 

samplers were placed and returned to the laboratory for analysis during the 

winter study phase. 

placements include 5% replicate samplers and 5% f i e ld  blanks. 

I_ , - .  - *  Ij- ---- _.. _--a* - -  L-. .. LA----..-- . 

Fig. 4.5. Photograph of the PFT sources and CATS tube used in the study. 





5 .  RADON 

Radon is one of the indoor pollutants that have created the greatest 

concern over long-term health effects. Measurements of radon levels in 40 Oak 

Ridge area houses revealed elevated levels in approximately one-third of the 

homes.7 One important finding of that study was the strong correlation 

between elevated levels and location of the homes. Elevated radon levels were 

much more likely to occur in homes located on the ridge surrounding Oak Ridge 

than in homes located in lower-lying areas. Some of the same geological 

structures are found in the Kingston/Harriman area. Locations of houses and 

radon monitoring results will be compared with a map of soil types and 

geological formations. 

Measurements of radon levels were made in 250 houses during the winter 

phase of the study using passive track etch monitors from Terradex Corporation 

(Walnut Creek, Calif.) similar to those described by Alter and Fleischer.8 

Figure 5.1 is a photograph of the device used in the study. Good precision 

and correlation with a real-time radon monitor were obtained in a detailed 

assessment of these devices in an earlier work in a nearby ~ommunity.~ The 

vendor routinely calibrates the monitors in independently operated radon 

chambers as described in APPENDIX C . 3 .  

The monitoring device was typically placed on top of the refrigerator 

(chosen as a common reference point in homes) for a period of three to five 

months. A total of 304 samplers (including replicates and basement samplers) 

were retrieved from homes during a spring exchange visit where new samplers 

were placed out for the summer phase. In 32 homes, a second monitor was 

placed in a basement. A few samplers were exposed as replicates or field 

blanks. A detailed evaluation of upstairs/downstairs ratios and sampler 

precision is provided by a concurrent study of radon in 70 homes throughout 

the Tennessee Valley.9 Monitors were also placed in seven schools. Most 

samplers were placed during October or November and retrieved during March or 

April. Homes with setup visits for the one-week passive chemical monitors in 

October or November (about 100) had passive radon monitors concurrently 

placed. Special visits were made to the remaining homes to place the radon 
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samplers. A similar process was adopted during the spring exchange. Homes 

with final pick-up visits during March or April had a concurrent exchange of 

radon samplers. Special visits were made during April to the balance of the 

homes to exchange radon samplers. 8 

Fig. 5.1. Photograph of passive radon monitor used in the study. 



6 .  FORMALDEHYDE 

i 

Formaldehyde measurements were made with passive integrating monitors 

similar to those developed by Lawrence Berkeley Laboratories and described by 

Geisling et al. (1982) .lo Figure 6.1 is a photograph of the formaldehyde 

samplers used in the study. The monitors used for the study are available 

commercially from Air Quality Research (Berkeley, Calif.). Samplers were 

returned to the vendor for formaldehyde analysis. Accuracy of the monitors is 

tested by the vendors as described in APPENDIX C . 3 .  
-..A-A - f i n -  n r  

1 

A 

0 

Fig. 6.1. Photograph of passive formaldehyde samplers used in the study. 

The measurement period coincided with the first week of monitoring for 

NO2 levels, water vapor, and PFT, and the formaldehyde monitors were co- 

located with these passive monitors. The monitors were generally deployed for 

one week in the activity room of the house. In addition to the activity room 

samplers, approximately 10% of the monitors were placed in the kitchen, 10% 
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were placed in the bedroom, 5% were placed as replicates, and 5% were returned 

to the vendor without exposure. Formaldehyde samplers were also placed in the 

seven schools. Approximately 10% of the homes had formaldehyde samplers 

during the second week of winter monitoring. 

Table 6.1 summarizes placement of the monitors during the winter and also 

presents a summary of the formaldehyde levels obtained from the samplers 

analyzed. Data from replicate exposures are presented in Fig. 6.2. Analysis 

of variance in the results from replicate exposures suggests that the 

precision (defined as one standard deviation) was 3 ppb in a sample with a 

mean equal to 47 ppb (i.e., 7 %  CV). 

Table 6.1. Placement of formaldehyde samplers 

Loca t ion 

~ ~~~~~~ 

Numb e r Number Me an Maximum 
Deployed Analyzed PPb PPb 

Activity Rm 

Kitchen 

Bedroom 

Rep1 ica t e 

Unexposed 

Total 

359* 

34 

33 

18 

14 

458 

247 

2 3  

2 3  

13 

5 

311 

42 

45 

45 

- -  

3 

~ ~~~- 

*Includes approximately 10% sampling during second week of monitoring. 
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Fig. 6.2. Correlation of replicate field sampler results for formaldehyde 

(slope = 0.93, R 2  - 0.97). The mean absolute difference between replicates is 

3.5 ppb, which represents 7% of the mean concentration. 
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7. POLYNUCLEAR AROMATIC HYDROCARBONS 

One important class of potential indoor pollutants associated with the 

operation of woodburning stoves is polynuclear aromatic hydrocarbons (PNAs). 

Another indoor source of PNAs is cigarette smoking. A significant component 

of the supplemental indoor air quality measurements being conducted in the 

Kingston/Harriman study is a measurement of PNA material in air--both vapor 

phase Particulate phase PNAs were 

sampled using the PM2.5 particle impactor developed by HSPH.5 Filters were 

extracted analyzed by synchronous luminescence (SL) . l1 A subset of homes 
were monitored with a sorbent backup to the impactor to evaluate the extent of 

vapor phase loss from the filter. A subset of filter extracts are analyzed 
for specific PNAs using high pressure liquid chromatography (HPLC). A passive 

PNA dosimeter developed by ORNLI2 was used to rank the PNA vapor levels in 
homes, Dosimeters were analyzed using room temperature phosphorimetry .I3 

Figure 7.1 is a photograph of the passive PNA dosimeters used in the study. 

and particulate phase--in the study homes. 

and 

i 

I 
Ftg. 7.1. Photograph of the passive R&& dwheter used in the atudy. 
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SL and RTP are sensitive and selective methods for screening type 

analyses of airborne particulate PNA compounds and volatile PNAs. The data 

from these measurements are used to rank the overall level of PNAs in many 

environments including indoor air which is contaminated with smoke from 

woodburning stoves, kerosene heaters, or cigarette smoke. In a pilot study of 

10 homes, the efficacy of using the ORNL dosimeter and SL technology to screen 

for PNA levels was tested.14 Ranking indices from that study were compared to 

gas chromatographic (GC) analyses of the same samples and showed high positive 

correlations. The present study compares SL and RTP data to HPLC measurements 

obtained by analysis of volatile and particulate PNA collected from 300 homes 

in the Kingston/Harriman area of Tennessee. The use of HPLC €or the 

analytical comparisons rather than GC was dictated largely by the 10- to 100- 

fold greater sensitivity of the combined HPLC-fluorescence detection apparatus 

when compared to GC sensitivity. This permits a more accurate measurement of 

the total priority pollutants present in the houses which contain relatively 

low levels of PNA in the indoor air. The improved accuracy of PNA measurement 

should provide a more rigorous comparison of the levels of PNA measured by SL 

and RTP with the levels of the 16 priority pollutants found by HPLC analysis 

of the particulate extract. 

Sampling protocols are included in APPENDIX C.2. The PNA impactor sample 

was obtained by switching the 4 L/min pump between two impactors every 15 

minutes. One impactor filter was returned to HSPH for analyses (see chapter 

on "CORE" activites) and the other Teflon-PTFE filter was weighed and 

extracted for PNA analysis. One passive PEA dosimeter was placed in the 

passive sample rack in the activity room during the first week of sampling. 

In a subset of houses, a second PNA dosimeter was placed in the activity room 

during the second week of sampling. Table 7.1 summarizes the number of PNA- 

related samples obtained during the winter sampling period. 



Table  7 . 1 .  Summary o f  PEA sampling du r ing  w i n t e r  moni tor ing  p e r i o d  

~- __ 
A c t i v i t y  room R e p l i c a t e s  B1 anks 

P a r t i c u l a t e  f i 1 t e r s  298  

XAD-4 backup samples 2 3  

PNA dos ime te r s  329" 
.L 

54 34  

I n c l u d e s  second week samples from about  5 %  o f  houses  -k 

The p r o t o c o l  f o r  p r e p a r a t i o n ,  d i s t r i b u t i o n ,  s t o r a g e ,  a n a l y s i s ,  and 

documentat ion of  t h e  ORNL dos imeters  .Is i nc luded  i n  APPENDIX C .  3 .  The key 

e lements  o f  t h e  p r o t o c o l  a r e  suimnarized lic>re. They inc lude  s o l v e n t  c l e a n i n g  

o f  t h e  dos ime te r s  by u l t r a s o n i c  a g i t a t i o n  combined w i t h  s e q u e n t i a l  t r e a t m e n t  

u s i n g  d i s t i l l e d  H 2 0 ,  e t h a n o l ,  and t o l u e n e .  The assembled d o s i m e t e r s ,  

c o n t a i n i n g  t h e  f i l t e r  paper  s u b s t r a t e  f'or a b s o r p t i o n  of  v o l a t i l e  PNAs, were 

l a b e l e d  w i t h  a 4 - d i g i t  i d e n t i f i c a t i o n  code .  For  q u a l i t y  c o n t r o l ,  dos ime te r s  

were testred f o r  RTP response  ( i . e . ,  p o s s i b l e  con tamina t ion )  one day a f t e r  

p r e p a r a t i o n  and s t o r a g e .  Those dos imeters  t h a t  showed no contaminat ion  were 

a v a i l a b l e  f o r  f i e l d  u s e .  

RTP measurements o f  adsorbed v o l a t i l e  PNA were made u s i n g  a Perkin-Elmer 

MPF4'1A F luorescence  spec t rophotometer .  A f t e r  f i e l d  exposure ,  each s u b s t r a t e  

w a s  e x c i t e d  with 300 nm and 343 nm l i g h t  ob ta ined  from a Xenon lamp s o u r c e ,  

arid t h e  phosphorescence spectrum was measured between 400 nm and 660 nm. 

Thus, each dos ime te r  y i e l d s  two s e t s  of  RTP d a t a ,  one f o r  e x c i t a t i o n  a t  300 nm 

and one f o r  e x c i t a t i o n  a t  343 nm. 

The p a r t i c u l a t e  PMA p r o t o c o l  involved  d i sa s sembl ing  t h e  impactors  i n  t h e  

f i e l d  o f f i c e ,  p l a c i n g  t h e  Te f lon  membrane f i l t e r  and i t s  h o l d e r  i n  2 "  x 2 "  

s l i d e  t r a y s  for- shipment t o  ORNL. The ove i -a l l  p rocess  r e q u i r e d  up t o  a week 

i n  t r a n s i t .  O n  a r r i v a l ,  t h e  f i l t e r s  were removed from the i r  h o l d e r s  and 

weighed u s i n g  clean hand l ing  p rocedures .  Weights were measured u s i n g  a 

Met l e r  AE 1 6 3  ba l ance  wi th  i n t e r n a l  c a l i b i a t i o n .  The accu racy  of weights  was 

ma in ta ined  by u s i n g  Na t iona l  Ijurenu o f  S tanda rds  (PiBS) r e f e r e n c e  weights  
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checked by trained instrument personnel from the ORKL Instrumentation and 

Control Division. Readabili-ty was accurate to the nearest 0.01. mg, and 

reproducibility was determined by repeated measurements to within 0.02 mg of 

the average value. After the weighing procedure the filters were transferred 

to 20-mL scintillation vials, sealed, and stored (+5"C in the dark) until 

extracted. 

Methylenechloride was used as the extraction sol-vent. (This solvent was 

chosen because it w a s  more efficient than benzene or cyclohexane and had lower 

acute toxic effects than acetonitrile.) The extracts containing sinall amounts 

of particulate matter were removed by filtration through 0.45-pm pore E'ylon 

membranes. 

In order t:o provide for an archival sample, an I-IPLC sample, and a sample 

for SL measurements, the filtered extracts were divided into three 5-mL 

aliquots. Coronene was a d d e d ,  as an internal standard to the 5-mL aliquot 

used for HPLC, and all samples were sealed and stored at -15°C unti.1 analyzed. 

The HPLC analyses were performed on a modified Reckman Model 334 unit 

using an ODS reverse phase column and fluorescence detector. Results show 

that adaquate selectivity and sensitivity exist for b o t h  the 2- and 3-ring PNA 

and the larger sing PNA. Analyses of the winter samples are currently 

underway. 



8 .  AIRBOkTE MICFLOORGANISMS 

High c o n c e n t r a t i o n s  of  a i r b o r n e  b a c t e r i a  and f u n g i  may r e s u l t  i n  a 

spectrum o f  symptoms i n c l u d i n g  e y e ,  nclse, and t h r o a t  i r r i t a t i o n ,  headache ,  

f a t i g u e ,  s i n u s  c o n g e s t i o n ,  and upper r e s p i r a t o r y  i r r i t a t i o n .  L i t t l e  

i n f o r m a t i o n  i s  a v a i l a b l e  on indoor  l e t , e l s  o f  t h e s e  microorganisms i n  homes 

wi thou t  occupant  compla in t s .  

An impor tan t  component of  t h e  supplementa l  indoor  a i r  q u a l i t y  a c t i v i t i e s  

i s  an i n v e s t i g a t i o n  o f  p o t e n t i a l l y  pa thcgen ic  microbes i n  home envi ronments .  

The pr imary  o b j e c t i v e  o f  t h e  w i n t e r  phase s t u d i e s  was development of p r o t o c o l s  

and subsequent  sampling t o  d e f i n e  t h e  i n a j c r  b a c t e r i a l  and f u n g a l  components of  

household  a i r .  I n  a d d i t i o n  t o  determining, t h e  t o t a l  number of b a c t e r i a  and 

f u n g i  p e r  u n i t  volume o f  a i r ,  t h e  r e s u l t a n t  m i c r o b i a l  p o p u l a t i o n s  were also 

q u a l i t a t i v e l y  ana lyzed  t o  de te rmine  t h e  nL.mber and t ypes  of  v a r i o u s  genera 

compr is ing  t h e  t o t a l  p o p u l a t i o n .  

Secondary o b j e c t i v e s  o f  the  w i n t e r  phase s t u d y  were t o  de t e rmine ,  i n  a 

s u l ~ s e t  o f  hornes , t h e  c o n t e n t  of  a i  rhorite t he rmoph i l i c  ac t inomycetes  and t h e  

L e g i o n e l l a  c o n t e n t  i n  bo th  h o t  water  systems and a i r .  Because o f  t h e  

i m p l i c a t i o n  o f  f r e e - l i v i n g  amoebae i n  h u m i d i f i e r  f e v e r ,  a few d r i p  pans Erom 

r e f r i g e r a t o r / f r e e z e r s  were also t o  be  ana lyzed  f o r  t h e  p re sence  of  such 

amoebae. 

De te rmina t ion  o f  m i c r o b i a l  c o n t e n t  i n  household a i r  was e f f e c t e d  by u s i n g  

Anderson sample r s .  A s  r e c e n t l y  d e s c r i b e d  and recommended by 

D r .  P h i l l i p  Morey,15 on ly  t h e  s i x t h  s t a g e  o f  t h e  sampler w a s  u sed .  Two-minute 

air samples were t aken  a t  a r a t e  o f  30 I,/min. T r y p t i c a s e  soy (TSA)  and m a l t  

e x t r a c t  (ME)  aga r  p l a t e s  were used  f o r  d e t e c t i o n  o f  b a c t e r i a l  and funga l  

g e n e r a ,  r e s p e c t i v e l y .  Malt e x t r a c t  a g a r  p l a t e s  were a l s o  used  f o r  d e t e c t i o n  

o f  t h e r m o p h i l i c  ac t inomyce te s .  F igure  8 .1  i s  a photograph of t h e  sampling 

system used  i n  t h e  s t u d y .  
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Fig. 8.1. Photograph of the sampling unit used to collect airborne 

microorganisms. 

A set of TSA and ME plates were taken in the activity room and at an 

outside location at the study homes. During the winter phase of the study, 

112 homes were sampled for bacteria and fungi. Additional TSA and ME plates 

were taken at a subset of homes to test the degree of replication and for 

content of thermophilic actinomycetes. The TSA and ME plates used for 

bacterial and fungal analysis were incubated for three days at 3 5 ° C  and the ME 

plates used for thermophilic actinomycete detection were incubated for seven 

days at 5 5 ° C .  The resultant colonies were counted using a colony counter and 

the genera determined by colony characteristics. Random bacterial colonies 

were also analyzed microscopically and, in the case of potential pathogens, 4 

random fungal colonies were confirmed by microscopic analysis of wet mount 4 

enzymatically, to verify colony identification. Similarly, identification of 

preparations. 
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For Legionella testing, hot water was collected from shower heads and, in 

a few cases, Litton-type high volume air samplers (HVAS) were used to collect 

air proximal to the showers during and immediately after discharging the hot 

water. The HVAS was operated for 30 minutes at a rate of 800 L/min. The 

shower water and air samples were quantitatively analyzed for Legionella by 

the direct fluorescent antibody (DFA) technique using fluorescein-labeled 

antisera specific for Legionella. To inhibit non-Legionella bacteria and thus 

enhance the culture of Legionella, samples positive for Legionella by the DFA 

test were plated on charcoal yeast agar with o r  without antibiotic, heat, or 

acid treatment. 

A few samples of drip pan water from refrigerators/freezers, in which air 

blows over the drip pan water, were analyzed for free-living amoebae. 

Particulate matter from the drip pans was placed on non-nutrient agar plates 

seeded with a lawn of Eschericha coli. The plates were incubated at 35°C and 

examined microscopically for evidence of amoebic out-growths. Amoebae were 

classified by trophozoite and cyst morphology. Amoebae identified as 

Naegleria were placed in distilled water and observed microscopically for 

evidence of flagellation as a confirmation of their classification. 

APPENDICES C.2 and C.3 contain a fuller description of the protocols used 

during the winter phase of the study. 

Colony forming units (CFU) are identified by counting the number of 

colonies that are formed beneath the holes of the Anderson sampler. Results 

were adjusted to account for samplng holes with multiple CFUs according to 

Poisson statistics. During the winter sampling period, the total counts of 

microbes in household air were generally higher than those found in outside 

air. The following summary statistics are for a subset of data and do not 

include all houses sampled. The mean indoor fungal CFU/m3 is 297 

(n=85 plates) a range of 0 - 4 1 4 0 ,  while the mean indoor bacterial CFU/m3 

is 980 (n=223 plates) with a range of 0 - 4 2 0 0 .  The outdoor fungal CFU/m3 is 55 

(n=82 plates) a range of 0-520, while the mean outdoor bacterial CFU/m3 

is 400 (n=106 plates) with a range of 0 - 4 7 0 0 .  Approximately 4% of the indoor 

fungal were greater than 2000 CFU/m3 and 14% of the indoor bacterial 

samples were greater than 2000 CFU/m3. 

with 

with 

samples 
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The predominating bacterial genera found in home and outside air are 

Bacillus and Micrococcus. Staphylococcus were found in a few indoor air 

samples, but, as expected, have not been detected in outdoor air. The 

predominating fungal genera found in both indoor and outdoor air are 

Asperigillus, Penicillium, and Mucor. A greater diversity of fungal species 

is seen in household compared to outside air. Acetinomycetes were not 

detected in either indoor or outdoor samples, To date, the data suggest the 

home environment provides niches that will support a greater spectrum of 

microbial populations compared with the outside environment during the winter 

season. 

Legionella were detected in some water samples and a few air samples by 

DFA analysis. However, while attempted, Legionella were not isolated from 

these samples on CYE. free-living 

amoebae. Both were positive for Acanthamoebae. 

Two refrigerator drip pans were tested for 



9 .  ESERGY USE/WEATHERIZATTON 

One of t h e  s t u d y  o b j e c t i v e s  i s  t o  i n v e s t i g a t e  r e l a t i o n s h i p s  between 

v a r i o u s  energy  u s e  r e l a t e d  parameters  and indoor  p o l l u t a n t  l e v e l s .  S e v e r a l  of 

t h e  q u e s t i o n s  inc luded  i n  t h e  HSPH q u e s t i o n n a i r e  and t h e  supplementa l  OWL 

q u e s t i o n n a i r e  (APPENDIX E.2) a r e  d i r e c t e d  toward t h i s  o b j e c t i v e .  

Occupants of  about  h a l f  of t h e  houses inc luded  i n  t h e  s tudy  have agreed  

t o  a l low an energy  a u d i t  by t r a i n e d  e l e c t r i c  u t i l i t y  p e r s o n n e l .  

R e p r e s e n t a t i v e s  o f  t h e  l o c a l  u t i l i t i e s  w i l l  v i s i t  t h e s e  houses  and e v a l u a t e  

t h e  degree  o f  w e a t h e r i z a t i o n  and s u i t a b i l i t y  of energy  c o n s e r v a t i o n  measures.  

A l s o ,  t h e y  w i l l  examine t h e  h e a t i n g  and c o o l i n g  system. 

Study p a r t i c i p a n t s  were unexpec ted ly  r e l u c t a n t  t o  p a r t i c i p a t e  i n  t h i s  

a s p e c t  o f  t h e  s t u d y .  During t h e  r e g u l a r  v i s i t  t o  each house ,  t h e  f i e l d  

t e c h n i c i a n  e x p l a i n e d  t h e  purpose and n a t u r e  o f  t h e  energy  a u d i t  and l e f t  a 

brochure  and p a r t i c i p a t i o n  approval  s i g n a t u r e  c a r d .  About 130 v o l u n t e e r s  

r e s u l t e d  froin t h e s e  e f f o r t s .  P r i o r  t o  t h e  s p r i n g  radon exchange v i s i t ,  

l e t t e r s  were s e n t  t o  all s tudy  p a r t i c i - p a n t s  who had n o t  y e t  v o l u n t e e r e d  f o r  an 

a u d i t .  The l e t t e r  e x p l a i n e d  t h a t  t h e  energy su rveys  were f r e e  and t h a t  t h e  

homeowner was under no o b l i g a t i o n  t o  fo l low up w i t h  recommended c o n s e r v a t i o n  

measures .  During t h e  subsequent  s p r i n g  radon exchange v i s i t ,  t h e  f i e l d  

t e c h n i c i a n  answered any q u e s t i o n s  t h e  homeowners had about  t h e  survey  and 

emphasized t h a t  t h e  in fo rma t ion  would be  h e l p f u l  i n  a n a l y z i n g  t h e  indoor  a i r  

q u a l i t y  d a t a .  About. 40 a d d i t i o n a l  v o l u n t e e r s  r e s u l t e d  from t h i s  subsequent  

e f f o r t .  

A f t e r  o b t a i n i n g  w r i t t e n  permiss ion  f o r  an energy  s u r v e y ,  t h e s e  

homeowners' names and te lephone  numbers were s u p p l i e d  t o  D r .  Jerome Harper 

w i t h  TVA who c o o r d i n a t e d  the  energy survey  v i s i t s .  These v i s i t s  a r e  c u r r e n t l y  

underway. 
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There were three frequently given reasons for refusal to participate: 

1. The house is rented, 

2. The audit has already been done, or 

3 .  The homeowner does not wish to be bothered. 

In response to reluctant responses, we informed the study participant that one 

of the purposes of our study was to examine possible correlations of indoor 

air quality with weatherization measures and that professionally administered 

energy audits of study houses would facilitate our efforts. In some cases, 

this was sufficient to overcome occupant reluctance. In cases where it was 

clearly the homeowner’s desire not to be bothered, and not just a case of 

being unclear about our objectives, we respected their wishes not to 

participate. 

Another component of this effort was to investigate the impact of wood 

and kerosene heaters on the internal mixing in a subset of homes with and 

without heaters and in homes with and without central (forced air) heating 

systems. These data will be especially important for modeling efforts that 

attempt to describe the behavior of pollutants generated i.n the houses and the 

resulting concentrations. 

To investigate the differences in internal mixing, we placed a second 

type of perfluorocarbon tracer in the room with the heater or in the kitchen 

if the house had no combustion heater. Sources of a second tracer type were 

placed in all houses. In a subset of houses, both tracer concentrations will 

be determi-ned when the CATS (passive samplers) are analyzed by HSPH. With 

these data and the floor plans, an estimate of the mixing between zones can be 

obtained . 



10. KEROSENE HEATER STUDY 

Kerosene heaters can be an important source of combustion gases 

(principally carbon and nitrogen oxides) in the indoor environment. 

Considerable variability in emissions is expected based on the amount o f  usage 

by the homeowner. A supplemental investigation of air quality in 50 homes 

with kerosene heaters was begun during the winter monitoring phase. Nitrogen 

dioxide levels were monitored for up to 10 consecutive weeks in each of the 

50 homes using the Palmes-type passive monitors that are used for the main 

component of the study. Concurrent information on respiratory symptoms o f  the 

participant child was obtained by the Acute Health Study group as part of 

their normal program. Real-time levels of several indoor pollutants were 

monitored in a subset of five houses using active sampling instrumentation. 

APPENDIX C.2 includes the instruction sheet, usage log, and questionnaire used 

for the kerosene heater study. 

Beginning in January, each of the homeowners who agreed to partici-pate in 

the kerosene heater study was provided with a package of 20 NO2 samplers. Two 

samplers were co-located in the room (at least six feet from the heater) with 

the heater. Each week the homeowner would recap the previous week’s samplers, 

record the date arid time, and open a new set of samplers. During the spring 

visit to exchange radon samplers, the package of exposed NO2 samplers was 

retrieved and shipped to HSPII for analyses, 

A daily log of the hours of kerosene heater usage was maintained by the 

homeowner. In a subset of houses, an elapsed-time logger, which recorded the 

length of time when the temperature differential between two sensors, one over 

the heater and one in a distant portion of the room, was greater than a few 

degrees, was installed. These monitors had been developed by HSPH for use in 

monitoring gas stove usage. In some of the homes where elapsed-time loggers 

were installed, false recording of heater operation occurred due to thermal 

gradients, differential sunshine entry, difficult room geometries, etc. Care 

must be exercised in comparing the elapsed-time loggers with the homeowner 

recorded log. Recommendations will be made for protocol modifications and 

improvements to the loggers for future us? with kerosene heaters. 
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Only two of the homeowners failed to participate for any of the ten-week 

period of the study and three others failed to complete usage logs (two 

provided subsequent estimates over the telephone). Approximately 375 house- 

weeks of monitoring were obtained. About 110 house-weeks of exposure were 

when there was no operation of the heater during the week. About 45 house- 

weeks of data were collected when there was greater than 100 h of heater 

operation during the week. Figure 10.1 shows the distribution of heater usage 

per week according to the homeowner usage l o g .  

In a subset of five houses (four with heaters and one control), real-time 

data were obtained every 6 min from the following instruments: 

- NO, NOx chemilumiscent analyzer 
- CO infrared analyzer 
- C02 infrared analyzer 
- SO2 fluorescence analyzer 
- Temperatures (room and near heater) 

Measurements were made for one to two weeks in the homes with kerosene heaters 

during February and March. The control home without a kerosene heater was 

monitored during April. Considerable difficulity was encountered in 

identifying homeowners interested and willing to accommodate the size, noise, 

and traffic associated with this detailed real-time study. Much care was 

exercised to avoid causing anyone to cease participation in the larger study, 

as this was a prerequisite for our collaboration with the "core" HSPII 

activities. Consequently, we were considerably limited in our selection of 

homes, heater types, and other variables that would have been desirable to 

consider when making house selections. Three of the houses had radiant 

heaters, and one had a convective heater. Analysis of the field data, 

calibration data, and correlation with passive monitoring results will be 

conducted during the balance of the study. 
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1.1. SUHMER PHASE PLANS 

Most o f  t h e  ineasureriient a c t i v i t i e s  conducted d u r i n g  t h e  w i n t  el- moni tor ing  

p e r i o d  w i l l  be  con t inued  d u r i n g  t h e  summer moni tor ing  phase  o f  t h e  s t u d y .  

Summer moni tor ing  w i l l  occur  from mid-May through August.  Monitor ing 

a c t i v i t i e s  i n  t h e  schoo l s  w i l l  t e r m i n a t e  a t  t h e  beg inn ing  o f  J u n e .  A s p r i n g  

s e r i e s  o f  mea5urements w a s  conducted i n  t h e  p i l o t  homes ( a  s u b s e t  o f  

approximate ly  30 homes monitored du r ing  a l l  f o u r  s easons )  d u r i n g  A p r i l .  

Most of  t h e  summer moni tor ing  p r o t o c o l s  w i l l  remain e s s e n t i a l l y  unchanged 

from t h e  w i n t e r  phase measurements.  Summer sampling p r o t o c o l s  a r e  p r e s e n t e d  

i n  APPENDIX C . 4 .  S i g n i f i c a n t  changes are h i g h l i g h t e d  h e r e .  

Modi f i ca t ions  t o  t h e  "co re"  moni tor ipg  a c t i v i t i e s  p r i m a r i l y  r e l a t e  t o  

r e s p i r a b l e  p a r t i c u l a t e  m a s s  sampling.  The sampling t ime w i l l  be  changed from 

1 6  h p e r  day t o  2L h p e r  day t o  r e f l e c t  t h e  presumed i n c r e a s e  i n  home 

exposures  when school  i s  o u t  f o r  t h e  summer. A d d i t i o n a l  sampling w i l l  be  

performed w i t h  t h e  FM2.5 samplers  t o  i n c r e a s e  r e p l i c a t i o n  s t a t i s t i c s .  A 

p r o t o c o l  f o r  h a n d l i n g  mis s ing  PFT sources  h a s  also been  developed .  A 

sho r t ened  q u e s t i o n n a i r e  i s  admin i s t e red  du r ing  t h e  summer t o  a s c e r t a i n  changes 

i n  house c h a r a c t e r i s t i c s .  

Radon samplers  were exchanged d u r i n g  March and A p r i l .  Saiuplers were 

p l a c e d  on r e f r i g e r a t o r s  i n  286 homes. I n  a s u b s e t  o f  40 homes a radon sawpler  

was a l s o  p l a c e d  i n  t h e  basement .  R e p l i c a t e  samplers  were p l a c e d  i n  3 1  homes. 

I n  a d d i t i o n ,  seven  samplers  were p l a c e d  i n  s c h o o l s .  A l l  radon samplers  w i l l  

be  c o l l e c t e d  d u r i n g  August ( excep t  t h e  sckiools) .  

Formaldehyde sampling p r o t o c o l s  w i l l  remain e s s e n t i a l l y  unchanged. The 

number of  houses  monitored f o r  PNAs w i l l  be  reduced and rep1ica t : ion  i n c r e a s e d  

t o  improve our  e s t i m a t e  of  r e p r o d u c i b i l i t y .  The b i g g e s t  change between w i n t e r  

and summer mon i to r ing  a c t i v i t i e s  i s  i n  t h e  measurement of  microorganisins.  

Sampling wi l l -  be conducted i n  t h r e e  t:iers of  homes. Measurement o f  a i r b o r n e  

b a c t e r i a  and f u n g i  will be  measured bo th  indoor s  and outdoors  a t  about  

2ltO houses  u s i n g  a s i m i l a r  p r o t o c o l  t o  t h e  one used f o r  w i n t e r  measurements.  
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In 40 of these homes more detailed monitoring will be conducted to assess 

emmissioiis from specific sources, A final subset of 10 homes will have even 

more detailed measurements with additional monitoring for nonviable organisms. 

Approximately half of the 10 homes will have at least one occupant with 

allergy symptoms. Measurements in these 10 homes will be conducted during the 

first two *;eeks of August and will be independent of normal monitoring visits. 
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Int r o duct ion 

Most people think air pollution is mainly an  outdoor problem. But few of us  are aware of 
the f ac t  tha t  it can be a n  indoor problem as well. I t  is especially important to measure 
indoor air quality, as individuals typically spend over two-thirds or more of their time 
indoors. 

During the upcoming year ,  over 300 homes in KingstonIHarriman will be taking part in a n  
innovative research program designed to measure the concentrations of important pollu- 
tants inside homes together with the  respiratory health effects these pollutants may or 
may not have on children. Similar measurements will also be made in the schools. 

Who i s  doing the study? 

Researchers in the Harvard Air Quality Croup of the Department of Environmental Science 
and Physiology at  the Harvard School of Public Health are conducting the study. We have 
been investigating the health effects of air pollution for over 10 years. Our research has 
importance for setting government standards for air quality and criteria for home appli- 
ances  and heating equipment tha t  might affect indoor air quality. 

Who is paying fo r  the  study? 

The study is sponsored by the National Institute of Environmental Health Sciences, the 
Electric Power Research Institute, and the U.S. Environmental Protection Agency. 

Why ia the study being done? 

W e  know air quality varies widely in homes, but we do not know precisely all the factors 
t ha t  affect  air quality and their  importance. Nor do we know precisely what impact indoor 
air pollution may have on the health of children. This study will focus on the nature  and 
extent  of this impact. Its purpose is to  gain a more precise knowledge of the inter- 
relationships between indoor air pollution, outdoor air pollution, and respiratory health. 

How were thcae households se lec ted?  

The 300 homes chosen were selected randomly from all the households in 
KingstonIHarriman. KingstonIHarriman is one of six areas  in the United States  selected 
for study. These a reas  were chosen to  represent a cross-section of air quality found in the  
United States.  Two of them a re  of relatively low air quality, two are  relatively moderate, 
and two a re  relatively high. KingstonIHarriman is classified a s  moderate. 
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What will f have t o  do?  

Participation in this study will involve: 1) noting on monthly calendars, which we will sup- 
ply, any days on which your child has a respiratory illness; and 2) allowing us to  s e t  up a 
briefcase-sized air monitorihg device and several small air monitoring tubes in your home 
for up t o  two weeks' time this winter and again next summer. These a r e  quiet and rela- 
tively unobtrusive devices. We shall be calling you to make an appointment to show you 
t h e  air monitoring equipment and to  s e t  i t  up in your home. We will also call you twice 
each  month to ask you for health information noted on your calendars. 

Who i a  the inferviewer? Who will be the f i e ld  technician? 

All telephone contacts  with you will be made by trained members of the Harvard Air Quality 
Group staff. And the  persons visiting your home will be trained field technicians from the  
Harvard School of Public Health. All our interviewers and field technicians have 
identification and will be prepared to present it.  

Who will receive the injormation on my home? 

No one o ther  than you and the research project staff. The data from all the homes in the 
study, once combined into statistical summaries and analyzed, will be presented in 
reports,  scientific journals, books and maybe even in the  news. But your name will never be 
linked to or associated with any of these results, c tccp t  in a confidential report  we will pro- 
vide you with at  the conclusion of the study of your home's findings. you with a t  the con- 
clusion of the study. 

What good  will it do?  

I t  can  be expected tha t  this air quality study will yield several lasting benefits: 1) a bet ter  
understanding of the relationships between indoor and outdoor air pollution and health; 2) 
a grea te r  public awareness of potential health hazards in the home; 3) a more rigorous 
and scientific basis for sett ing national policies and standards on air pollution; 4 )  improved 
s tandards for the design and construction of homes, home heating equipment and home 
appliances; and 5 )  improvements in preventive medicine. 

What ia in it for me? 

The major benefit is tha t  you will be contributing to a vital research project, and w e  
expect you will find the  experience to  be interesting and valuable. Of more direct benefit 
is the  report  we will give you, after the last data collection, on the ventilation rates ,  
energy conservation potential, and indoor air quality in your home; together with an  
explanation of what might be done to  improve conditions, if warranted. You will also be 
able t o  learn how results from your home compare with the overall results from other  
(unidentified) homes in your area.  And a t  the  conclusion of this winter's air monitoring, 
w e  will send your family a small gift to thank you for your contribution to the study. 

Where can I get more injorrnation? 

Ask your interviewer or Field Technician, or you may call our Study Office collect at  (617) 
732-0830. 
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INDOOR AIR QUALITY STUDY FACT SHEET FOR 
OAK RIDGE NATIONAL. LABORATORY SUPPLEMENT 

Oak Ridge National Laboratory (ORNL) is working with the Harvard School of Public Health to 
increase the information that will be obtained from the Harvard Lung/Air Quality Study. This 
supplemental research is sponsored by the Tennessee Valley Authority, the Electric Power Research 
Institute, and the Consumer Product Safety Commission. We will be measuring levels of additional 
indoor pollutants and evaluating the impact of various energy using/conserving practices on indoor 
air quality. Most of the measurements will be made at the same time as measurements performed 
for the Harvard Lung/Air Quality Study. Monitoring will generally be conducted with passive 
sampling tubes or with small air pumps operated while field technicians are placing the small 
sampling tubes. Following is a list of the supplemental activities included in the ORNL research. 

0 Measure radon levels 

Measure formaldehyde levels 

Measure organic vapor and aerosol levels 

Measure bacteria and fungi levels 

Measure air mixing rates between zones of house 

Assess degree of weatherization of house 

As part of our efforts to evaluate the relationship between indoor air quality and degree of 
weatherization, we would like to have TVA-trained energy auditors conduct a free survey of your 
home. These surveys will be the same as those conducted by TVA distributors throughout the 
Tennessee Valley area. With your approval, we will arrange for this free survey. 

Upon completion of the study you will be provided with the indoor air quality information on your 
home. Specific homeowner identities will be maintained as confidential information. 

Thank you for your participation in this research. 

Please feel free to telephone for further information (376-0089 or 576-27 12). 
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ADDRE!% IABEL 

DATE: FIELD TECHNICIAN: 

CONFIDENTIAL: Infomation provided i n  connection with this study w i l l  not be 
disclosed or used i n  any way t ha t  w u l d  permit ident i f icat ion 
of any individual. 
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Y I  

1. Which best describes this building? 
even i f  vacant. ) 

(xnclude all  apartments, f la ts ,  etc. I 

[ ] a single family home detached from any other house 
[ ] a single family home attached t o  one or mre houses 
[ J a building for two or mre families 

] n&r 
-> How m y  living units (occupied and vacant) are a t  this address? 

-> How many stories (floors) are there i n  this building? (Include 
basement and at t ic . )  
t J nuntxr 

-> (21 which floor or floors do the participants live? And b w  many 
rooms are there on each of the floors (exclude bathroom)? 

Floor : Nurrber of Room: 

Floor: NUnber of Roorm: 

Floor : Nmbr of IsDons: 

Floor : Nun-ber of Room : 

-> On which floor(s) are the Kitchen, Master Bedroom, Living Room? 

Kitchen: Bedroom: 

Living mrn: 

K7ES: J&a,&ed mans there  is o w n  space on all sides, or the b u s e  is joined 
only t o  a shed or garage. Attached mans that the house is joined t o  another 
buse or building by at least one wall which goes from ground t o  roof. Qut& all 
occupied and vacant living quarters in the house or building, b u t  not stores or  
office space. 

2. What type of garage, if any, do the participants have? 

[ ] attached to one side 
[ ] underneath 

[ J NONE, DFIIACHED, OR SEPARATE CARPOKT - S I P  'LD QursrIcxJ 3 

- > C)n h o w  m y  days during an average week is the garage used, that 
is that cars  drive into and out of the garage? 

days per week 
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3. Does this b u i l d i n s  have a basement? 

- > What type? 
[ J crawl space 
[ ] partial baserrent 
[ J full basement 

participants l ive? 
- > Is the basenent d i r ec t ly  underneath the floor(s) on which the 

4 ,  How many exterior walls does the l iving unit have? 

5.  I n  w h a t  year did you mve in to  t h i s  house or apartrrent? 

[ J 1979-84 [ ] 1950-59 
[ J 1975-78 [ ] 1949 or  e a r l i e r  
[ J 1970-74 [ J always lived here 
[ ] 1960-69 

6. I n  a u t  what year w a s  your home original ly  bu i l t ?  

[ J 1979-84 [ ] 1950-59 
[ ] 1975-78 [ ] 1948-49 
[ ] 1970-74 [ ] 1939 or e a r l i e r  
[ 3 1960-69 [ ] DON'T KNch' 

7, What m t e r i a l s  rake up the exter ior  f in i sh  of the house (check  all that 

[ J wocd/cla@mard [ J stucco [ 1 DDN'T K K W  
[ J vinyl siding [ J concrete 
[ ] aluminurnsiding [ J stone 
[ ] brick/double brick I ] glass 
[ ] t a r  shingles [ ] other:,-- 

apply) ? 
. 1  
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8. Is there any insulation in  the outside walls of t h i s  b u s e ?  

-> Are the outside walls corrpletely insulated, or only partially 
insulated? 

[ 1 P a r t i a l l y  
1 I conpletely 

-> What k i n d  of material was used t o  insulate the walls? In what 
year was it installed? 

Type: Date Installed: 

TMle: Date Installed: 

Type: Date Installed: 

9. Is the roof insulated? 

I N 3 - S R I P T O Q U E s r 1 O N 1 e  
1 DON'T KNW - S U P  TD QUESTION 10 

t 1 Yes 
-> What kind of material was used t o  insulate the roof? I n  what 

year was it installed? 

Type: Date Installed: 

Date Installed: Tvpe: 

W S :  C o m n  types of insulation materials are: W I ,  fiberglass,  polystyrene, 
cellulose and rock -1. 

?e .  Check off which of the following, permrment, energy conservation devices are 
present? How extensively have they  been inplemted? 
the places they could be installed, what percentage of the places have them?) 

TYPE 100% 75% 50% 25% 

(For exarrple, of all 

[ ] storm windows - exterior 
[ ] storm windows - interior 

[ ] mgnetic seal on doors 
[ ] vestibule 

[ ] doublepane windows 

1 1  
[ I  
[ I  
t l  
t l  

[ I  
[ I  
[ I  
[ I  
[ I  
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13. Check off which of the following, energy conservation devices are 
present? Row extensively h v e  they been implemted? 
the places they could be instal led,  what percentage of the place5 have then,?) 

TYPE 100% 75% 56% 25% 

(For exarrple, of all 

- 

[ J window plastic, quilts, blankets [ J 
[ I  
[ I  
[ I  
[ I  
[ I  

[ J cau lk ing  around windows 
[ J caulking around doors 
[ ] weatherstripping on windows 
[ J meatkrstripping on doors 
[ ] storm doors - exterior 

12I What percentage of the floor coverings in the bm are mod, tile, linoleum 
and carpeting (excluding kitchen and bathroom)? 

TYPE 100% 75% 505 256 N X €  

1, Is your home heated by any type of furnace system? 

[ J N3 - SKIP To QuESrIrn 11 
1 1 yes 

2. What basic type of furnace is it? 

[ J Steam or hot water furnace system 
[ ] Central warn1 a i r  furnace with ducts t.o room 
[ ] Floor, wall or pipeless furnace 

3. What t p  of fuel is used? 

[ I g a S - N G  
[ I  9 a - W  
[ I d  
[ J o i l  
[ J electric 
[ ] kerosene 
I 1 codl 

4. Does the furnace have a flue damper? 

[ l m  
[ 1 Yes 
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5, Does t h e  furnace have a p i lo t  l i g h t ?  

[ ] No - SKIP %I QUESTIOK 6 
1 I yes 

- > Is it turned off during non-heating season? 
1 1 PJD - SKIP To QUESTION 6 

I Yes 

7 > Cn average, how m y  mnths per year 
is the pilot l ight  kept  on? 

months per year 

7. Does the  furnace have cool a i r  return ducts?  

8. Does the  furnace have a i r  f i l t e r s ?  

8. Is t he  basemt d i r e c t l y  heated by furnace? 

10. Does the  furnace system have a bu i l t - i n  hwiidifier? 

Jl+ Is your horn heated by any buil t - in  e l ec t r i c  units (installed in wall, 
c e i l i n g  or baseboard) : 

[ ] m - S I P  To QUESTION 12 
I I yes 

-> Does this provide the p r h r y  heat i n  the hone? 
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--- -- ~ --_-_. ____c_I__ 

Unit P Location Fuel Portable F l u e  Frequency of use 
M F W k  Hours/Day 

1 

2 
. -- --- 

_ _  -- --_ --.. 

-- 3 I 
- -I----.-- 

1 4  I 

' 5  

1 3 . 1 7  

12. Do you use any space heaters to heat yoLr horn? 

1 

[ ] E)3 - SKIP ?o QUESTION 16 
[ 1 Yes 

13. Do space heaters provide the primary hea t  for the home? 

14. Row many space heaters do you have? 

15. ASSIGN A WIT # FOR EACH SPACE HEATER ANI ASK FOR EACH WIT: 

And wkre is each located? What type of fuel does the space heater in 
(Rocm) use? (gas, kerosene, electricity)? Is this a portable or permanently 
installed unit? W s  it have a flue? 

16, 30 you use any fireplaces for beating your home? 

17, Do fireplaces provide the primry heat for the horn? 
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Unit P kcat ion Fuel Used Frequency of use 
B y s m - k  Burs/Day 

- 1 

2 

3 

4 I 
i 
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18. ASSIGN A # FOR EACH FIREPLACE AND ASK FOR EACH: 

And where is each located? What t y p  of fuel do you burn in that fireplace? 

W. Do the fireplaces have a separate source of outdoor air? 

4 20. Do the fireplaces have dan-pers? 

] Nl - SKIP To QUESTION 23 
[ 1 Yes > Are the danpers open when the fireplaces are not in use? 

1 1 a-Ys/usudlY 
[ ] about half the tine 
[ ] occasionally 
[ ] aln-ost never/never 

21A Do the fireplaces have recirculating air systems? 

22. Do the fireplaces have glass doors? 

[ ] N3 - SKIP TD QUESTION 23 
1 1 yes > Is the glass door used w k n  the fireplace is used? 

[ ] always/usually 
[ 1 about half the time 
[ ] occasionally 
[ ] almost never/never 
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2 

3 

4 

Site: 

1 

I I 
I 
I 

I 

23, Do you u s e  any coal or wood s toves t o  k a t  your home? 

24. ASSIGN A # FOR EACH SrCxrE AND ASK FOR EPCH:  

What &l of s tove(s)  do you have? Are they front- or side-loading? 
And where is each located? What type of fuel do you burn in that stove? 

I n  the last 7 daysr on how many days have you used (EACY SLPJE)? And on 
those days, for how m y  minutes or burs did you use it? 

25. Do d / c o a l  stoves provide the prirrary heat for  the home? 

26. Are pans of water put or? stove t o  increase humidity? 

- > How much? 
[ J less than 1 qallorv'day 
[ ] m r e  than 1 gallordday 

27. Do you use any type of solar heat? 

28. Do you have any heaters that are built into the kitchen stove? 

[ ] N3 - SKIP TD QUESTION 31 
[ 1 yes 
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24. Does the  beater on the stove provide the prirrary heat for the home? 
u 

[ I n 0  
[ I yes 

30. Is the heater vented outside? 

31. Do you ever turn your oven on t o  heat your bm? 

[ ] No - S I P  In, QUEsTIrn 33 
t 1 yes 

32. Does the oven provide the primary k a t  for  the bm? 

[ 1 no 
[ 1 Yes 

331 Do you use any additional sources for heat? 

[ ] m - SKIP rn QuEsrIoN 34 
1 yes - > What additional sources of heat do you use? 

34. Does the house have an air-to-air heat exchanger? 

1 1 m - SKIP To QUESTICXJ 35 
[ 1 yes 

-> T~-E the last 7 days, on h o w  many days have you used it? And on 
those days, on average, for how m y  minutes or b u r s  was it on? 

W S  : TIME: 

/w. ~ o e s  the hating system have a t hems ta t ?  LF MULTI-OWELLING UNIT: can you 
control of the central heating setting? 

- > Is the t h e m s t a t  set t o  automtically adjust the t v r a t u r e  at 
different tims of the day, or do you adjus t  the t h e m s t a t  every 
day yourself? 

[ I automatic set-back 
[ ] m u a l  set-back 
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36. What is the usual tenpera ture  k r e ' d u r i n g  the day? How a b o u t  e a r l y  
evenins? Hc;w about dur inq  the night?  

[ 

[ 

[ 

1 degrees F ,  i n  tk daytime 

J degrees F, in t k  evening 

1 degrees F, a t  n ight  

1. Do you have a gas stove? 

-> What type of gas  do YOU use? 

[ 1 gas - bottles, t a n k  o r  l i q u i d  propane 
[ J gas fron underground pipes serving the n e i g b r h o o d  

2. How m y  burners does your range have? 

t 1 1  
1 1 2  
[ I 3  
t 1 4  
[ ] 5 o r  mre 

31 How does your range operate? Are the bur re r s  lit by constantly 
burning p i l o t  l i g h t s  or by an e l e c t r o n i c  ignition? 

[ 1 ELECTFOKIC IGNITIOK - SKIP ?o CUESI?IclN 4 
[ J l i g h t  by h n d  (pilot l i g h t s  go out )  
[ 1 p i l o t  l i g h t s  - cons tan t ly  burning 

-> How r i m y  cons tan t ly  burning p i l o t  l i g h t s  serve the  range burners? 
1 1 1  
[ I 2  
( 1 4  

4. How does your oven operate? Is it lit by a constantly burning p i l o t  l i g h t ,  
do you l i g h t  the f l a m  your self o r  is there an e l e c t r o n i c  ignition? 

[ ] ELM3TfaoNIC IMTION - SKIP To QUESrION 5 
[ J l i g h t  by hand 
[ 1 pilot  l i g h t s  - cons tan t ly  burning 

-> ~urrber of cons tan t ly  burning p i l o t  l i g h t s  serving the oven? 
! I 1  
[ ] 2 or  mre 
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5. Is your oven self-cleaning? 

1 1 N’J - SKIP To QvESrSON 6 
I Yes 

-> Ebw often do you u s e  the self-cleaning feature? 
[ ] always/usually 
[ ] about half the t h  
[ 1 occasionally 
I ] ahcost never/never 

6. Does your range have a bcd (fan) ? 

~ l N o - 9 ( r p T o Q u E s I l o N 7  
[ I Yes 

-> How the the fan mrk? 
[ ] kitchen exhaust is vented t o  outside 
[ J the fan j u s t  recirculates indoor a i r  
1 ] it has a charcoal f i l t e r  

-> When you c o o k ,  how often is the fan turned on? Would you say 
usually, a b u t  half the time, occasionally, or alrrost never? 

[ J always, a h s t  always, whenever stove is on 
[ I about half t k  tirne 
[ J occasionally 
[ ] almost never/never 

7. Does your kitchen have a separate cei l ing fan that vents a i r  t o  the outside? 

[ J N3 - SKIP TD QUESTION 8 
[ 1 yes 

-> W n  you cook, how often is the  fan turned on? Wuld you say 
usually, about half the tire, occasionally, or almost never? 

[ 1 always, alrrrost always, whenever stove is on 
[ J about half the tire 
[ ] occasionally 
[ ] alrrost never/never 
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8. I n  an average week, 7 days, on how rkny days w u l d  you and any other 
household mrrbers use the stove burners a t  a l l  for preparing breakfast? 
For a typical mal, b o w  many mu16 you say are used a t  once? How long 
w u l d  the burners usually be on? 

Breakfast 

Lunch 

Dinner 

On how many days per week w u l d  the oven be used for cooking breakfast? 
And for how m y  minutes w u l d  it be on? 

SIWE WEN 

A v ~ .  # Avg. # Avs Avg. R Avg 
days per burners Tine days per Time 
week per  mal on w e k  Cooking 

I 
1 

How about for lunch..... 

Other 1 - j - -  

&w about for dinner... .  

9. Which of t b  following appliances, i f  anq', are used? 

microwave oven 
regular convection oven 
microwave convect ion oven 
toaster oven 
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&a. m s  the house  have a gas water heater? 

[ J m - SKIP To QuEsrIoS 11 
I yes 

-> Water heater location: 

---> Is there an air  space *re the vent pipe is connected t o  
tbe heater? 

[ I n 0  
[ I Yes 

-> Does the water heater have a pilot light? 

-> Does the water heater have a flue danper? 

11. Does the house have a clothes dryer? 

- > Where is is located? 

- > I n  an average w e e k ,  on about  b w  many days is the dryer used? 
And on the days that it is used ,  about  how many loads of laundry 
are done each day? 

Days: LcMds/day : 

- , > Is it a gas or an e l e c t r i c  dryer? 

[ J ELECTRIC - SKIP m NEXT SECTION 
I 1 9 s  

I-> Is the dryer vented? 

[ I N  
[ I yes, surmr/winter (inside/outside) switch 
[ ] yes, in to  l iving quarters 
[ ] yes, in to  basement 
[ ] yes, outside 
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Iv. vImmA!nm 

1. D=>es the house  have my a i r  conditioning? 

- > Type, operation and tenperature setting: 

1 ] central system 

1 J room units: 

> Lr>cation(s): - 
----t> Operation: 

Basic cooling: 
[ ] evaprative 
[ ] refrigeration 

Air circulation: 
[ ] recirculate inside eir 
[ J vent in outside air 
[ ] corbination 

- > In an average week, on about l -aw m y  days is the air corditioner 
used? And on the days that it is used, about how many minutes 
or hours is it on? 

Days : Tin=: 
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2. Are there any air cleaning devices i n  the b u s e ?  

[ ] N3 - SKIP !ID QUESrIGR 3 
I yes 

-> Which types, h o w  many, w h t  brands, and where are  they located? 

TYPE NWBER SIZE/EUUWI NAME I.LXA!I'ION(S) 

[ J filter 

[ ] clectrostat  ic  
precipitators 

[ J ionizer 

[ J others _I 

- > In an average w e k ,  on about how many days are they used? 
And on the days tha t  they  are used, for b w  many minutes or hours 
w u l d  you say they  are on? 

Days: T h / d a y :  

3. Are there any humidifiers? 

- > How do they operate? 

[ 1 automatically (settable level) 
[ 1 manually (on/off only) 

-> Do the humidifiers produce hot steam or cold air mists? 

[ ] stem! 
[ ] c o l d  a ir  

- > In an average w e e k ,  on about how m y  days are they used? 
And on the days that they  a re  used, for t o w  m y  minutes or hours 
would you say t hey  are on? 
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4 ,  Do you have any dehumidifiers? 

S i t e :  

- 

- > I n  an average m k ,  on a b o u t  how many days are they used? 
And on the days that they are used, for how m y  minutes OK hours 
would you say they are on? 

5. Do you use an a t t ic  fan? 

[ ] N3 - SKIP TO QUESTION 6 
[ I yes 

-> How does it operate? 

[ ] v e n t i l a t e s  a t t i c  only 
[ ] draws air  through house 

-> I n  an average week, on a b u t  xlow m y  days is it used? 
And on the days that they are used, for h o w  m y  minutes or hours 
would you say it is on? 

Days: Time/day: 

6. Are bedroom doors closed a t  a l l  during t h e  day or night?  

[ ] rn - SKIP To QvEsrroN 7 
[ 1 yes 

day or j u s t  during t h e  n ight?  

[ ] all or mst of t h e  time 
[ ] during the day only 
[ ] during the n ight  only 

-> Are tk bedroom dmrs  closed all or mst of the time, j u s t  during th 

7. Are kitchen doors closed at  all during trhe day or n ight?  

[ ]m-sKIPmNExTmoN 
1 yes -> Are the k i t c h e n  doors closed ‘211 or most of the th, just during the 

day or j u s t  during t h e  n ight?  

[ ] a l l  or mst of the  tim 
[ ] during t b e  day only 
[ ] during t h e  n i s h t  only 
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1. 

2. 

How many adul t s  18 or older, live i n  this horn? 
18 years o ld ,  live i n  this house? 

[ I adults 
[ 

b w  m y  children, under 

I children (under 18 years old) 

who, i f  anyone, m w  mkes cigarettes, cigars or a pipe a t  bm? (Anyone 
else? 1 

Name Material AvgAmt Ibom 
&Brand(s)  perDay Used 

What does (EACH PERSON) smke-cigarettes, cigars, or a pipe? 

Which brands of cigarettes does (PEE93N) usually smoke? 

Could you estimate about  b w  m y  cigarettes a day (PERSDN) smokes a t  home? 

Could you e s t h t e  b w  m y  minutes or hours a day (PERSON) usually m k e s  
a t  bm? 

I n  what m o m  or room does (person) smke mst often? 
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1. What is your prirrary source of household water? 

[ J an individual  d r i l l e d  well 
[ J an individual  dug well 
[ ] public system ( c i t y  water department) - SKIP To QUESTION 2 
[ ] som other  source: - SXIP 'Io QUESTION 2 

-> How deep is the ell? 

t 1 ft. 

2, Does the house  k v e  any of the following (check a l l  that 
apply) : 

t 1 SumpFUmp 
[ ] basement drain 
[ 1 ex te rna l  perimeter d ra in  

4. Does water ever collect on basemat floor? 

[ ] m - SKIP To QuEsI?TlpJ 5 
t 1 Yes 

-> Would you say water collects on the basement floor often or 
prirriarily when it rains heavily? 

[ ] of t en  
[ ] when it rains heavi ly  
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5. Has there ever k e n  ary water damage t o  the bui ld ing?  

-> Has there been any damage t o  the structure? 

[ I n 0  
I Yes 

---> Has there been any damge to the floor or the floor coverings? 

6. Has there ever keen any m l d  or mildew on any surfaces inside the horn? 

[ ] kKl - SKIP To QUESTION 7 
I I yes 

-> In  which rooms has any mold or mildew occurred? 

7. Are there noticeable s ta t ic  electric charges i n  the winter 
months? 
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8. What is your assessmt of the "dust control" e f fo r t  
attenpted by the residents? 

[ 1 very cluttered horn w i t h  mini.mil or no attenpt a t  

[ 1 cluttered with obvious areas of increased dust, 
dust control 

at- at dust control infrequent and at  irregular 
intervals,  family tolerates  som dt33ree of debris 
accurmlat ion 

[ ] f a i r  atterrpt a t  dust control but house looks lived 
in ,  average bms where dust control is only 
pa r t i a l ly  inplemted 

[ ] cleaner horn with  increased atterrpt a t  dust control 
but still having a "lived-in" appearance 

[ J excellent cleaning but w i t h  some areas of home wbere 
family has relaxed standards 

[ ] extremly rreticulous dust control 





1 3 . 3 3  

300-EIUJSE S'ITJDY 
ORNL SJPREMENTAL QUESTIONNAIRE 

1. 

2. 

3. 

4. 

5 .  

6. 

7 .  

8 .  

9 .  

18. 

11. 

12. 

13. 

1 4 .  

1 5 .  

16. 

House no. 

Date 

Pe r son  r e s p o n s i b l e  

D i r e c t  door between garage and house 

Pe rcen t  of ba sement cen t  r a1 l y  condi t ione d !b 

Do wal ls  have vapor b a r r i e r s  (y/n) 

Ductwork runs th rough 

a. Garage 

b. Uncondi t ion8 d spa ce - 
e. Outer w a l l  

Do yon have a h e a t  pump (yT/n) I f  so, is it a s p l i t  system 
(y /n )  

Usual tempera ture  of house dur ing  2001 ing season OF 

If windows a r e  opened du r ing  c o o l i n g  season. number of windows opened 

n m b e r  day slweek 

C e i l i n g  fans used how many - day s/week d a r i n g  cool ing season  

NOIX ITI INTERVIEWER: G e t  answers 2 0  q u e s t i o n s  #12 and #13 from HSPB 
que s t  i onna i r e .  

Usual daytime tempera ture  of house d a r i n g  h e a t i n g  season  OF 

Usual n igh t t ime  t empera tu re  of hoovo OF d a r i n g  h e a t i n g  season 

Is car l e f t  t o  idlo/warm-up i n  garage (y/n)  dnr i ng h e a ti ng 
season  

C o i l  ing fans used how many dayslweek du r ing  h e a t i n g  season 

If windows a r e  opened du r ing  h e a t i n g  season, number of windows 
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17. 

18. 

19. 

2 0 .  

21. 

22 0 

23. 

24. 

25. 

26.  

Do you have pets (y /n )  
l i s t  nmnber of each k ind  

Does your k i t c h e n  have p a r t i c l e b o a r d  o r  medium d e n s i t y  f i b e r b o a r d  

c a b i n s t s  (y/n)  . I f  yes ,  age J 

I f  yes, a r e  the  c a b i n e t s  veneered  w i t h  

a. V i n y l  (y/n) 

b. Wood (y /n)  

What pe rcen t  of your f u r n i s h i n g s  a r e  p r i m a r i l y  c o n s t r u c t e d  of 
pressed-rood p r o d u c t s  k 

L i s t  rooms w i t h  pane led  w a l l s  and t h e  age of pane l ing  i n  each. 

Boom - Age ( y r s )  
Roan - Age ( y r s )  
Boom Age ( y r s )  
Bo om Age ( y r s )  

Do you s t o r e  chsmica l s  in garage (y/n)  
l i s t :  

Do you s t o r e  chemica ls  i n  basement (y/n) 
l i s t :  

Is your  home used f o r  hobbies  o r  b u s i n e s s e s  t h a t  involve use of chemica ls  
( y/n 1 
I f  yes,  d e s c r i b e  

Do you f r e q u e n t l y  use a e r o s o l  s p r a y s  or  s i m i l a r  p roduc t s  i n  your 
home (y/n)  
list: 

Do you have a d r i p  pan under r e f r i g e r a t o r / f r e e z e r ?  
Does a f a n  b l m  a i r  over i t ?  

MAG-8511.080 
1gr 
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APPENDIX C 

C . l  Excerp ts  from Field Technician’s Reference  Manual 

C.2 ORNL F i e l d  Sampling P r o t o c o l s  

C . 3  Analyses Protocols 

C.4 Summer Phase Protocols 
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APPENDIX C.l Excerpts from Field Technician’s Reference Manual. 

- S i t e  Protocol 

- Placement Protocol 

- Floor Plan Measureinent 

- Questionnaire 
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1.3 Eqlipnent Checklist 

Each Field !kchician w i l l  be provided w i t h  a f i e ld  case. It is 
t h e  responsibility of the Field Techriician t6 maintain the field case 
with proper supplies. Care s h l d  be taken to prevent loss or theft of 
case and contents. Each case should contain: 

m 
Clipbo8rd and Notepaper 
prns 
Tape &amre 
Icnll  Cumter 
lhrmtrtacks 
Brtensicm Cord 
e r e  Key for Rmp Bax 

met m 
Flashlight 
Calculator 
carpess 
Alligator Clips 
Extra Caps 
w e -  

For each set-up visit the Field lkddcian will need 

-le Blders (2d/site) 
atdoor Noz Strelter and Nylm Ties 
P€T Source Packet 
Porn package for Site 
Smple Package 
RYtimeter 
GpareAmp- 
Foam Pad for Amp BQX 
Spare Form 

Esch Field S c i a n  iS respmsible for having a carplete tip- 
p0-t b d c ,  weekly field log and business card. A checklist for 
eqlipnent i6 included in the a&p?ndh. 

4.2 S i b  Visit &pplies 

Carplete packages of form and ~ i e m p l e s  vil l  be prepared in ab. 
vaneg for each site visit. aMain pedrages fran the Field Manager and 
check a l l  forms and -le packages for cmpleteness prior to site 
visits. -le packages cwntafn a field card, -&or and passive 
samQlers. Porn packet hcJUdes coversheet, labels, appointment card, 
questionnaire, floor plan, wd reminrkr card. 

The Field Card aaitahs the information for assigning sanplers to 
Sites in the home. (he of t k   label^ provided witb the oovlersheet is 
affixed to t b  Field Card to denote which package vas ussigned to the 
site. Ime Fie ld  Card is used to r m r d  cqphg infomation pertaining 
to t k  passive sz3xplers and elaped the cod rotameter i n f o m t i m  for 
the pmp b. Th Field Card is kept with the -le package and the 
-le w a g e  remains inside the pmp box aUrirtg the sanple period. 
Saxple packages rmst be returned to t h e  field office prarptly after 
sampling is oenplete. 
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Fonrs w e t s  should be kept  together until eanpling at the site 
has been successfully carplet&. The coversheet b needied at each 
visit ,  CheXLists for each s i b  visit are hcluded m the coversheets. 

If the site has been visited previously, review alll available 
docamentation. For residents who have been difficult to keep appoint- 
lllents with caU the  residents i n  the evening or the morning before 
scheduled ~ i n b m t s  to &inn date and t i n e .  If yco arrive for a 
visit Md clo not find an- at borne, leave a missed qpintwnt card 
011 the resident's door asking them to call in to Me office Md leave 
a message. 

The following sectians r q h l y  artline the reOOmOended order of 
6 t e p ~  used to -1ish a site visit. %e steps do not have to follow 
this order. Perm al style and flexibility often determine the PDSt: 
ccmfortable flcw, 

1.3 Site Visits 

4,3.1. Initial Contact 

Introduce yourself to the residents. Getting acquainted w i t h  the 
f d y  is usually best accarplished if the questiavlaire PS m s  
tered first. This affords the participants an qpxtunity to brhg up 
questions in an hformal atrrosphere and allows you to explain the 
q ' 6  objectives and nethods. Although %he questionnaire is long do 
not rush thrmgh the questions. Finish the questiannaire in the first 
visit whenever possible. An adult to answer the questims m y  not be 
available after the initial set-up. If time is t ight  the floor plan 
aind photo m y  be left to the next visit. Sitting with t he  family 
wmbers is generally the best time to take m t  the tubes, explain 
their functica and place them in holders, 

'fhere may be resistance to placing the black pmp bax in the 
tmre. Explain the isrprtanoe of this mmitoring equipnent in the 
study. If the resident.mthes to resist, rernnre the equipxmt. The 
participants good w i l l  is hqmrtant to all  parts of the s-. Reaxd 
all problems m coversheet Md notify the Field lhMger as man 86 
possible . 

4.3.2. Box Placerent and !&sting 

View the general laycut of t he  hcuse. !!%e Acrrvrry KxX (AR) is 
defined as the roanwhere the child in  the study qends themst tixw. 
2his roan is UGWuy the living man, den or study. It cgnrsat be the 
kitchen or child's bedroan. Place the pmp bax in an nai-abtrusive 
Oomr of the AR, under an end table or behind a chair. Place t h e  
inpactor near e r e  the tubes w i l l  be located. Tape down cords and 
wires. B t  a 3-way cube tap in the outlet  if It  Ls already full or 
there is tmly one open outlet in the roan, It may be necefisacy to run 
the szmpling cord a l q  tbe  edge of a wal.1 or under a sofa. All ex- 
posed oords wsr be - dcm. TEIERE - BE NO amxz TBaT TtIE 
mm CAN IIR=Ip CR llzuuRE TEmsELLvEs aJ RmSm WIRFS. lwte that 
the cords, fiarrp3ing hxx, and p e r  cord must &e extended throogh the 
hole an the left hand side of the box. m y  plll out the i@ of 
oord and tube needed. ESrtra and w i r e  should be pllled back into 
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the lxxx. Plug in the pmp and turn an the Ulrer to activate the sys- 
tem. Be a r e  the outlet is not amtrolled by a wall mitch. 

The p m p  needs a wannvp period of Q least 10 minutes. The bax 
l i d  should be closed for. all flow checks. check flaws w i t h  a 
calibrated rotarmeter and Rax1%19 the rotameter setting. Flows are 
checked by detaching the tsp of the hpactar and replaeirq it w i t h  the 
cylinder OONlected to the mtamter. The ro-ter PUGt be Ln a stable 
vertical positim. Use the center of the ball and read to the nearest 
nark. The flow reading should be w i t h i n  the limits indicated on the 
m r .  m r d  the rotameter reclding on t h e  Field Card card. 

If a volt check is needed attach the Digital V o l t  Wter (M) to 
t he  double prorrg outlet cm tbe top of t h e  green metallic flw axtrol 
booc inside the black case. Set the INH dial m V position. The 
voltage re- may be - or + depenains on bow the DVM is ccnnected. 
lnsure that the voltage is w i t h i n  l i m i t s .  Record the INPI 
readings an the site card. Should either the voltage or rotanreter 
reading not be w i t h i n  acceptable limits replace the entire system and 
return suspect epliprrnt to t he  office for further check art. 

Setting the programable timer is a critical step. The timer will 
be set 80 that the present day and the next seven days will have 
d o f f  timtts. AU other days w i l l  have off tiztles. The tiner is 
designed w i t h  increments of four hours. The black tab fn the out 
positicn dem&s hours t h e  sarnplers does not run The black tab in  the 
depressed position or towards the center of the circle indicates b u r s  
t he  pmp will be activated. The following are general guidelines for 
can and off q l e  times. Saturdays, Sundays, and scho~l holidays are 
24 h r  per day -ling periods. school dap w i l l  be 6izrpled frm 4 
PM ane day to 8AM the  foUowing norning. The t h r  w i l l  be off fran 8 
8m to 4 pn. !lbo tabs should remain u n d e p r w  representing the time 
the child spends in schcol. Ch the days following t h t  last day of 
-ling, the t h e r  is left in the off pi t im.  Cbce the timer is 
set, the dial i s  turned in a clodwise direction to the c l w t  ap- 
praximaticn of the current time. mis m y  or m y  not act iwte  the 
timer given tbe  sanpling requirewnts for the current day. 

After the timer is re-set to the present hwr BRd day, the 
elaped tine irdicator to the nearest tenth of an hwr on the Field 
Card. The box should always be left latched and m. 

4.3.3. &nitor Placrment 

Ekamine the b.xlsehold to &tennine the correct placement for the 
m, &LQ, CAT and PET tabs .  Select proper adhesives, clips, or bl- 
ders for each tub and locatian. The tube nmbers are recorded CLI the 
Field Card indicating where tubes are to be located. 
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Check to W e  sure the entire ID em the tube correspnds with the 
ID W r  on the card. Ihe tubes are also colorux3ed for quick 
checking: 

Red - Kitchen 

Yel low - Activity Ibun 

%'he tubes are mqpd and placed in holder. Caps are stored 
in q l e  case. REXRD the nmth, day, year and t ime uncagpd an 
Field Card. Blanks are tube6 which are not -. nK blank is 
always left in the child's Wean m a r  to the tube sksigned to 
the bedroam. A replica* is 8 tube which is mcxqpd and left 
with the tubes in the k t i v i t y  m. Place the -le case! with 
th caps and Field Card in the pmp kn before locking. 

4.3.4. Change visit 

Che week from the day smpling started return to the bm 
for changing q l e s .  For the particle orxcitor replace the inpac- 
tor head, conduct flaw checks, and reset the equiprent. The 
passive moaitors are CaFped and replace by new monitors. 

Qm the black bax and record t h e  el- t h  an the Fie ld  
Card. Calculate the hours the W l e r  ran the previous week. If 
the -le is less than l20 hours, check the t f w r  for correct 
setting and crperaticn. It should indicate the current tiar! and 
date. Qlleck with the hare owner to see if there were any 
prolaqed power shortages. If the elapsed tine is -1: 175 b u r s ,  
tbe -le is and the equipmnt shoplld be replaced. 

Change the snpactor by discxxmct5ng the black rubber hose 
at the inpactor fitting and amecting the  new inpactor, check 
the f i l ter  ID nmlser 01 the new impxtor corresponds w i t h  the 
filter ID m&er QI the m u  Field Card. Perform flow chedc with 
rotameter and reset the timer. the elclpsed tirne on t he  nek' 
Field Card. 

All of the previous week's tubes a d  be capped and placed 
In thesamecase u theused iDpactor, !€be date and the of the 
capping should be written QI the P i e d  Card. The case canplete 
w i t h  filled out Field Card, c q p d  tubes and used iupctor is 
returned to t h e  office. 

A nm set of tubes w i l l  be placed in the h a m  Fallow the - procedvres in placing f 2 ~  tubes 1Ln the holders as the week 
before. Place cap and Fie ld  Card in  pmp bax and lock the box. 
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1.3.5. Pick-up Visit 

The pick-up visit is scheduled for two yeeks after the initial 
set-. RXXRD the elapsed time, cap time and date on the Fie ld  Card. 
Rmm the hpctor  and pat i t  in the fiemple case. Store all cords and 
cables in the pmp bx. When the bcor is clcsed the hose and wire 
s W d  not end up between the plastic box and timer dial. The dial 
rmst be free to turn. It will ocntirue to run for up to 3-4 days on 
back up battery power. 

collect all of the tubes, cap them and doarment the date and 
tdm. Collect the holders and CliF. T h  aily equiprent left in the 
h;xlse after the third visit is Me ~ x l r c e s .  U s e  the third v i s i t  to 
make sure that all of your documtatim is correct and carplete. 
%turn all equiprent to the office. 

4.3.6. Photographs 

A photosraphic r m r d  of the harries provides a point of reference 
for interpreting data and serves as a reference for the general loca- 
tim of the site w i t h i n  the neighborhood. frecord site ID on t h e  marker 
board. Photograph the outside of the hwse w i t h  marker board included 
in t h e  picture. 

sketch the basic floor plan of all living area floors. This 
includes m l y  floors there mnitDrs are placed. Hark where the 
sanplers and scurces have been placed w i t h  an r ~ m  or an .s" depending 
a~ the t y p o  Pkasure length, uidth and ceiling b i g h t  for ea& floor. 
m r d  m floor plan form. 

4.4 PollowDp Paper Work 

1. Ikminder cards: W e  sure that the resident is given an ap 
pointmint card with the next tw visits listed clearly. W e  sure that 
the clppointments for the next two visits are confinned during the 
initial set-up. I)o not postpone miking these even if the resident is 
unsure of their schedule. It is inportant to fill in your weekly 
m e s  early 60 that you knm tipra that vill be available for 
other vis i t s .  

2. have1 and espnse fonrs: Reinbursearrent for a l l  mileage and 
field work expmses nust be made through standard Bamard Ifiiversity 
p r m r e s .  Fill art the reintwrsement forms CIIld hand them fn to the 
office an a weekly basis. It often takes a long tinre for these fonrs 
to be processed. It is inprtant that these fonm be submitted as 
guickly as pcrrjsible. 

3. Tinrt shts: Tinr! sheets shwld be filled out and sutanitted to 
the Field M e r  each week. 
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Placement of nmitors is an ipiprtant factor in the successful 
ixplementatlan of the study. A monitor pl& i n  a &ad air space and 
clcle placed in a highly ventilated area such as near a window w i l l  give 
very different crxlcentration values for the site. It is critical that 
all monitors arc carefully and thoughtfully placed. 

5.2 Particle GanQle P l a a m t  

The particle sempler is being used to determine an average COR- 
centratim of aero601 particles in the hcao. The inpactDr will collect 
a f i l t e r  sarrple of particles less than 2.5 microns in diameter. 

T k  pmp box and inpactor are placed Fn the activity roanof the 
house. The box can be placed under a table or in a c o m r .  Noise 
emitted by the pmp bax shatld be m i d e r e d  in detemining the cp- 
timl location. Ihe hurmring Mxlnd is known to v a q  from box to box. 
Vibration level is determined by the characteristics of the r m  
especially floor coverings. Whenever passible place t k  box an a well- 
padded carpet. If only bare floor is mailable use a foam pad to 
ilarrpen vibration. A small and uncluttered foun m y  p r w t e  a %oaning" 
effect because of arrplification of the hrm. Several different loca- 
tions should k tried to alleviate this problem. Rmp boxes with 
quieter noise level should be used in U e r  bms. If t k  noise 
level ~ e e ~ r r s  to increase check the clear plastic exhaust tube between 
the pmp and mffler .  A kink i n  this tub my increase noise levels. 

l'he inpxtor shwld be placed oc1 a table OK shelf in a well 
ventilated area. lk iupactor should be in the breathing zme of Me 
child me to two meters fran t h e  floor. 

Kl2 w i l l  b -red using palmes tubes to characterize con- 
oentratiars both inside and outside the  bomes. Cancentraticns depend 
cm source strength, volume, an3 a ir  ex- rates. It is mcessaq to 
OMain measurements fran several locatiare in the b. 

Palms tubes m d  be placed one to tro laeters off the floor in 
the -le holder. Care should be taken to avoid corners and VindCkJs. 
Three tubes are placed inside the hane. cfre tube is placed in the 
kitchen 1y3 less than three meters fran tbe stwe. A secard tube is 
placed in the bedrocam of tfie ch i ld  being mriitored by the Paxte &dth 
Study. A third tube is plaed in the activity room near the locaticm 
of t h e  lnpactmr. Please note t b t  tbe im#ctor is carparatively child 
proof and the tubes are not. Care should be taken to place the tubes 
aut of reach of small children. Wenever pssible use simple holders 
to place simpler. 

che palmes tube will be place3 artsidE! the hane to sanple anbient 
No2 levels. Select a location for the o u w r  -le an the north side 
of tbe house if ]possible. Avoid t h e  north side if there is a gas dryer 
mt, atcrve exhmst vent, or If it borders a garage or driveway wbere 
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cass stay idle. UI a side not facing north, select a location shielded 
fran direct sunlight. B e  the plastic nounting s t r i p  ard a XX2 shel- 
ter to place t h e  tube outside. The W2 shelter shculd be used whenever 
possible. The shelter serves as a protection fran strarg winds and 
rain. If necessary the  tube may be clipped on a protectd area of a 
porch. 

5.4 -tor Placerrent 

The water amtent in the indoor envirarrment has myly ranrifica- 
Uons in studying ancentratiars of pollutants. zhe first-order decay 
of nitrogen dioxide concentrations is affected by hurnidity in the air. 
armidity levels may also affect the wsceptibility to respirabry 
iuness. 

The hmidity level is as6Lrmed to be uniform w i t h i n  t h e  house, 

laundry areas. M y  a single mearmre i~ necessary. TI-a &Lo tube is 
placed in the activity roun Iianple holder. 

With m y  Short-term bJ krmcidity bI k i t c h e w ,  bathsf Of 

5.5 Wtem Placeuent 

The abject of this system is to obtain an accurate measurement of 
air flow through t h e  harne. 'Po achieve this meafllremnt a 
sauce/receptor system has been devised. TtK PFT Gource is a 
perfluorocarbon tracer gas oantained in a arrall cap. Ihe receptor is a 
CCIT CQCltainiTlg an absorbst which Couects PET. 

HT sources may amtarninate CAIIG if transport& or stored in 
close proximity. Sources and collectors should be kept  separated. HT 
GcIurces sfwxrld be stor& in  two ziplock bags with an adsorbing char- 
coal packet in the inner bag. 

Place 3 PFT sources (RCH si lver)  in a bundle in the kitchen. 
mte the bundle on top of a door janb. If rmltiple boors are present 
in  t h e  kitchen, choose an interior doorway leading to the rest of the 
h a ~ s e .  If there are no door janaS in the kitchen, Gources may be 
plaoed under cabinets which are abave stuve level. The cabinets close 
to interior doorvays are preferred. 

CA!B are placed in the ki tchen  and farthest used room fran t h e  
kitchen. In a two floor kuse the secard q l e r  w i l l  be ~1 the  seccmd 
floor. The second CN' should not be placed in an unused roam in the 
buase. Whenever possible locate the other safiplers with the W. 
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A noor plan is necessary to calculate the vloltane of the b u s e  
and to  doarment location of the sarrplers. Sinple length, width,  and 
height measurerents for each floor om which the participants l ive  is 
sufficient.  The aeasurt3mMts sharld be accurate as the volume b a 
crit ical  paremr?ter. The following guidelines should be used to obtain 
e s b t e s  of the tDuse, 

Inspect thei laycut of the hane, noting the averall shape. =etch 
the floor plan ard label each room (kitchesn, activity roan, basement, 
etc.). kirk the lomtiorn of rrcdbrs and any gas-fired rq.lplianoes. 
Note m y  clased off areas and attached garages. ?kirk the general area 
of t k  outside tube. 

Straight-line oleasurements can be made very quickly using t h e  
&latape. Record length, width, and ceiling height of each box on the 
floor plan. If the f i r s t  am3 seo#d flmrs are t h e  sam size  in your 
estimate, measure only the f i r s t  floor. A diagram of the secmd floor 
can be -de us- the first floor ~neasa~reo.lents. Following are three 
sanple floor plans. In sarrple floor plan 'A' only three measuremnts 
are needed, length, width and ceiling height. This hane is a sinple 
box With no intrusiars. In  hane 'B" several additim masurenents 
are required to allow for the  intrusion of a closed stairway into t h e  
rectangle. In hane .Cm the irregular shape axrplicates the measure- 
mts, Divide tfre floor plan into shrple buxes. Weasure and Pabe3 each 
box separately 

Clearly mark the dimensions of the boxes, Accurate labeling is 
needed to calculate the mlume. Any feature of the hane that is un- 
usual s h w l d  be noted lhis includes wood or coal burning staves, 
defective flues, dryer vents, kerosene fiez!,ters or excessively drafty  
doors and Wirdows. 
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The plrpose of the Borrp Characteristic Questiamire is to iden- 
tify and catalog factors that may affect air gal i ty  in the study 
hrxrrs. It is tk respansibility of the Field Techslician to thoroughly 
understand the questia?naire and its cbjectives. !Cbe questions aust be 
asked with scientific cbjectivity and professiaml standards. fbead the 
Bane Characteristic (Usticmaire description carefully to understand 
the abject of each questim. Please speak with the Field Wanager i f  
there is any oanfusiaz. 

rxlrhg the interview it is inportant to maintain a professional 
approach. studies of m y  research methods have ShaJn the i n t e r  
Piewer can bias the respndent's ansuers. Maintaining SUN? distance 
minimizes the bias and helps maintain a sense of oanfidentiality and 
respect for the participt's privacy. Sare questions abcut cdcing 
and clothes washing can be perceived as intrusive if not asked i n  the 
proper ~nanner. !bo questions are partiailarly mit ive to bias i f  not 
asked properly. (he question concerns smoking and the other pertains 
to the use of the oven for heat. 

It is suggested that the interview takes place at the t>esinning 
of the f i r s t  h a x ~  visit. This allows the technician to explain the 
study and establish a ragprt w i t h  the family. Save the  Dintexviewer 
check" cpestiorrs to the end vhen it is mre cmvenient to examine the 
b7inchsandcheckthebasfinent. 
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APPENDIX C . 2  ORNL F i e l d  Sampling P r o t o c o l s  

- PFT Placement P r o t o c o l  

- Radon (Track-E tch )  Sampl. i n g  P r o t o c o l  

- Radon Progeny (MOD) Sainpling P r o t o c o l  

- Formaldehyde Sampl ing  Pi-otocol 

- PNA Vapor Sariipling P r o t o c o l  

- Dual Impactor  Sampling F r o t o c o l  

- Yh4D-4 S o r b e n t  Tube Sainp1.ing P r o t o c o l  

- Biogens Sampling P r o t o c o l  

- Supplemental  Q u e s t i o n s ,  Energy Aud i t  Approva l ,  
and Kerosene Heater/Woodstove Usage 

- Kerosene Heater Study 
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1. Pl8oe bundle of 3 s i l v r r  PFT sources i n  KITCXEH per HSPB protocol (anless 
ItITCEm i s  roola with wood s t w e  or korosem heater, than m i t h  sources 
fOT KIT- 8nd AQ;IYITY U) 

2. Place bundle of 3 red PFT S O P ~ C Q S  in room with oombastion sources or i n  
ACTIVPTP BLI if code i s  1 or 5 (BE SURE TQ DOCUI(ENT PLACXIIWT) 

3.  Be sure that one of the CATS i s  p l ~ c e d  i n  the rocm with t h o  red PFT 
80urce s 

4.  Use BSPB protocol for other aspocts of PFT/CAT placement and data 
recording 
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RADON (Track-Etch) SAHPLINO ~ ~ C O L  

1. 

2. 

3 .  

4 .  

5 .  

6.  

7 .  

8 .  

Use Radon Scheduling Sheets t o  schedule v i s i t s  unless setnp i s  a 
component of a normal Up setup. Record d i r ec t ions  and best  time t o  c a l l  
f o r  subsequent us@ by f i e l d  teams. 

Use Radon Sampler Placement Sheets t o  record sampler number, hoore 
( c h i l d )  ID, and date plaoed. 

Assemble cup, ensuring t h a t  the cup i s  not cracked and t h 8 t  the  red r i n g  
s e a l s  t he  r h i t e  f i l t e r  t o  t he  rou th  of the cop, 

Place cup r i t h  red r i n g  on top  of r e f r i g e r a t o r .  Fa i l i ng  t h a t ,  place cup 
i o  open l o c a t i o n  agreeable t o  hate's occupants (document placement). 

Place a second cup i n  homes r i t h  occupied space subst8ntia1ly nndergroand 
(up t o  lm of homes). 

In 2% of randomly se lec ted  homes, place a r e p l i c a t e  cup side-by-ride on 
re f  r i ge ra to r .  

Return Scheduling Sheets t o  Fie ld  Manager rhen  f inished. 

Return Placement 'Sheets t o  data f i l e  drawer rhen  finiehad. 
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1. When f e8r ib le  ( i. e . ,  when WDs are a v a i l  ab1 e and when your timing 
a l l a s ) ,  place a MOD on or nort t o  the p a r t i c l e  raMpler 

2. Record data on f ie ld  data  sheet 

3 .  BE SURE TO CBECK W 1 T B  HOME(IIRNER ABCRJT ACCEPI'ABLITY OF NOISE LEFTPL. SEW 
TKEH BOll IQ TURN RlMP OFF IF NOISE BECOMES UNACCEPTABLE. 

4. Either f i r s t  or second reek  of monitoring i s  acceptable for t h i s  
mea suf caent 

5.  Return ldDD herd to l a b o r a t o r y  when f in ished 
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1.  Measurements ri l l  be conducted i n  ACTIVITY B# during se tup  woek i n  a l l  
house s 

2 .  Measurements r i l l  bo d u p l i c a t e d  in A(3IYITP By i n  5% of houses during 
sotup r e e k  

3 .  Moasuroments r i l l  bo conductad i n  IuIT(BpN i n  101 of houses during se tup  
woek 

4 .  )daasarements r i l l  bo conducted i n  BEDBOOM in la of houses during sotap 
week 

5. Ibeasurements r i l l  be repeated i n  A a I V I T Y  RH ia la of houses during 
second r e e k  t o  a s s e s s  reek-to-rock v a r i a b i l i t y  

6 .  Place Ha0 s m p l o r  i n  rack w i t h  HSPB p a s s i v e  samplers 

7.  Record data on O m  & t a  s h e e t  
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1. ~ e a r a t e a e n t r  ri l l  be conducted i n  ACTIVITY RM during f i r s t  week i n  a l l  
home s 

2. Jlearurmsntr rill be duplicated i n  ACTIVITY By in 10% of houses daring 
f i r r t  reek 

3.  Vhon ACTIVITY RH and zoao w i t h  oomburtion tour06 are d i f f erent ,  put 
r ~ p l o  i n  both locations 

4. Nearnrsmentr rill be ropeated i n  A C T X V m  %bl i n  1m of hoarer during 
second reek t o  8sseSE week-ta-week v 8 r i a b i l  iQ 

5 .  Place PNA sampler i n  rack  with HSW pass ive  rlntplert 

6.  Record data on ORNL data theet  
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Perform sampling wi th  dual impactors and pump w i t h  1 t ime-share u n i t  during 
f i r s t  woek's v i s i t  t o  each house. Exchange pumps during changeover and use  a 
s i n g l e  impactor and pump wi thout  a t ime-share u n i t  dur ing  second reek .  

Use 8 dual impactor setup i n  one of the  second-reek homes t o  provide a measure 
of Teek-to-week v a r i a t i o n  (choose o m  house from codes 2-8) 

1. Connect BSW impactor t o  pump tube l a b e l e d  "C" and OBNL impactor t o  o the r  
tube 

2. Se t  t ime-share t iming t a b s  a l t e r n a t e l y  on and off ( swi t ch  every 1 5  m i d  

3 .  Se t  main t imer and complete se tup  per  normal HSW pro toco l  

4 .  Record data  f a r  both t imers  on f i e l d  da t a  s h e e t s  (ESH and ORNL s h e e t s )  

mX!E 

1. Note sampling t imes on d 8 t A  shee t  

2.  Exchange sample pumps f o r  second week 

3. Return impactors t o  f i e l d  o f f i c e  

NOTE: I f  (L time share unit i s  used t o  sample wi th  a s i n g l e  impactor, put a l l  
t abs  depressed on TSU and connect s i n g l e  impactor t o  " C "  tube.  
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Coder 2-4: Two (2 )  houses pes week unt i l  8 t o t a l  of 24 houses are sampled 

Codas 5-8: Three  ( 3 )  houses per r e e k  until 1 tot81 of 36 houses a r e  sampled 

Place pump wi th  s i n g l e  impactor and MD so rben t  bes ide  nonarl dual impactor 
setup ( t h e r e  rill be two b lack  boxes and t h r e e  impactors) .  

1. Remove caps from tubes  rad save for pickup - record  r u p l e  ID on OENL 
d a t a  & s e t  

2. I n s e r t  the  tubes i n t o  Y holder  with d i r e c t i o n  of a i r  flow through long 
sorbant  bed then  through s h o r t  sorbant  bed ( d i r e c t i o n  of arrm) 

3. P o s i t i o n  tube holder  i n s i d e  box away from pump t o  keep tubes  cooler  
during ramp1 i a g  

4 .  Finish s e t  up of box i n  normal mmnex', r e t  timer t he  same 1s HSW 
sampler, and note data on data s h e e t s  

Bxcwp 

1. Note sampling t imer  on data shee t  

2. Ramme tubes  frcrm sample l i n e  i n s i d e  box 

3. Cap and return w i t h  h p a c t o r  

NOTE: Tube ends a r e  sharp  and can cut. Handle o s t e f a l l y .  
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Yeasurmen t r  rill be conducted during changeover week i n  a s  many houses as 
f ea s ib l e .  

J a t e r  sample 

1. Use 1 L s c r m  o rp  b o t t l e s  

2. Turn hot  r a t e r  of & m e r  on and off ab rup t ly  severa l  t imes during 
c o l l e c t i o n  t o  dis lodge  sediment 

3. Fut sample I D  on ORNL data shee t  

Anderson imvactors 

1. Choose one outdoor and one indoor sampling s i t e  (normally ACTIVITY BM.) 

2. Keep case up r igh t  t o  open cover ( i t  w i l l  s e t  l e v e l  w i t h  cover open) 

3. P u l l  top  t r a y  with impactors out and p l ace  on t o p  of box 

4 .  Bemwe cover of impactor and r e d i a  p l a t e ,  i n s e r t  media 8nd r ep lace  
impactor cover-TSA agar  for b a c t e r i a  i n  one sampler and ME agar  f o r  
fung i  i n  t h e  o ther  sampler 

5 .  Press start  but ton,  pump rill r a t a m a t i c o l l y  s t o p  i n  2 minutes 

6. Record da ta  on d a t a  shee t  

7. When pump shu t s  of f  ( a s  soon a t  f e a s i b l e )  remove r e d i a  and cover d i sh  

8. D i s i n f e c t  impactors wi th  81cohol 

9 .  Then time and s u p p l i e s  allow, take a second indoor sample a t  sUae 
locs t ion-TSA agar  rill dup l i ca t e  b 8 c t e r i a  sample and YE w i l l  be used t o  
measure thermophil ic  ac t inomyci te r  

NOTES: L i g h t l y  P e a s e  O-ring s e a l s  twice per r e e k  w i t h  stopcock 
p e a s e  t o  he lp  sea l  during sampling. 

Return samplers t o  l a b  ( E D )  once per r e e k  f o r  flclr c a l i b r a t i o n .  

Keep spare  marking pen in s u p p l i e s  in case agar p l a t e s  need t o  
be labe led .  
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1. Daring s e t u p s ,  complete  supplemental q a e s t i o n s  for O W L  monitoring 

2. During setups, g i v e  horncorner 8pprmal c a r d  for TVA energy 8 o d i t .  Way be 
picked up during l a t e r  v i s i t  if homeowner wisher .  Note on data tbeet  
r b e n  completed. 

3 .  Brief  homtcrrncr on d e s i r e d  informataon on wood s t m e  8nd kerosene heater 
orate  during setup. Leave u s a g e  form with  hmecrrner. 

During pickup, complett rood s t o v e  and kerosene heater u s a g e  l og  a s  m ~ c b  
as poss ib le .  

4 .  

House Number 

Name: 

- I agree to participate in an energy audit. Please forward my name, 
address, and phone number to the appropriate utility representative. 

- 1 do not agree to participate in an energy audit. 

Signature: Date 

Power Distributor: __ T X  5 2 7 0  
( 1  1 - 8 5 )  - 
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Kerosene-Rea t e r  Study 

I n s t r u c t i o n  L i s t  

1. Save t h i s  in format ion  packct...yoa w i l l  need i t  t o  record in foma-  
t i o n  on  i t  on a r e g u l a r  bas i s .  

2. Bemave b o  (2) t u b e s  from the  b8g marked "NFH. " 

3. Record t h e  I. D. Number p r i n t e d  on t h e  tube onto t h e  "Data Sheet" 
(page 2) a s  w e l l  as t h e  T&g and Date the  tubes  a r e  uncapped. 

4 .  Remove t h e  red cap  from the  tube and save it. S l i d e  t h e  
tube i n t o  one of t h e  cl ip-holders  provided. 

5 .  Place 2 tubes  i n  t h e  room where the  kerosene hea te r  i s  
opera  t i ng. 

6 .  Place t h e  tubes  a s  follcrrs. . .  
- 2-6 f e e t  from t h e  f l o o r  - a t  l e a s t  6 f e e t  away from the h e a t e r  
- a t  l e a s t  6 inches  from wall  

7 .  Leave t h e  tubes  out f o r  one r e e k  (e. E., Sunday t o  Sunday) 

8. Record t h e  d a i l y  usage i n  house of kerosene hea te r .  Use the  "Daily 
Usage Log" (page 3 ) .  

9 .  Recap t h e  tubes  a f t e r  one week and r eco rd  t h e  Time 8nd Date on 
page 2 and p lace  t h e  tubes i n  the  bag marked ''USED. " 

10. Repeat the  process  f o r  each r e e k  of t h e  Study u n t i l  t he  
packager a r e  picked up i n  mid-Herch. 
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Data Sheet 

Week 1: 

Week 2: 

Week 3: 

Week 4:  

Week 5: 

Week 6 :  

Week 7: 

Week 8 :  

Week 9 :  

Week 10: 

I D  Number 1: 
Date Uncapped 

Date Capped 

I D  Number 1: 
Da t e  Uncapped 
Time Uncapped =/pm 
Dato Capped 
Time Capped mipm 

I D  Nmaber 1 : 
Date Uncapped 
Time Uncapped mlpm 
Date Capped 
Time Capped amlpm 

I D  Number 1 : 
Date Uncapped 
Time Uncapped un/pm 
Date Capped 
Time Capped m/pm 

ID Number 1 : 
Date Uncapped 

Date Capped 

I D  Number 1: 
Date Dncappe d 
Time Uncapped r m l p m  
Date Capped 
Time Capped =/pm 

I D  Nmnber 1: 
Da t e  Uncapped 
Time Uncapped am/ pm 
Date Capped 
Time Capped m/pm 

I D  Number 1: 
Date Uncapped 
Time Uncapped am/ pm 
Date Capped 
Time Capped unl pm 

I D  Nmuber 1: 
Date Uncapped 
Time Uncapped m/pm 
Date Capped 
Time Capped unlpm 

I D  Number 1: 
Date Uncapped 
Time Uncapped mlpm 
Date Capped 
Time Capped rmlpm 

Time Uncapped OZU/pm 

Time Capped =lpm 

Time Uncapped m/pm 

Time Capped d p m  

Number 2:  
Date Uncapped 
Time Uncapped m/pm 
Date Capped 
Time Capped .m/ pm 

ID Number 2:  
Date Uncapped 

Date Capped 

I D  Number 2:  
Date Uncapped 
Time Uncapped mlpm 
Date Capped 
Time Capped d p m  

I D  Number 2 :  
Date Uncapped 
Time Unca ppe d mlpm 
Date Capped 
Time Capped am/ pm 

I D  Number 2:  
Da t o  Uncapped 
Time Uncapps d =/Pm 
Da t e  Capped 
Tima Capped mlpm 

I D  Nomber 2 :  
Date Uncapped 
Time Uncapped mlpm 
Date Capped 
Tima Capped w p m  

IDMumber 2 :  
D a t e  Uncapped 

Date Capped 

I D  h’mnber 2: 
Date Uncapped 

Date Capped 

I D  &umber 2 :  
Date Uncapped 
Time Uncapped am/ pm 
Date Capped 
Time Capped am/ pm 

I D  Number 2: 
Date Uncapped 
Time Uncapped am/ p m  
Date Capped 

Time Uncapped .mf pm 

T i m  Capped -1pm 

Time Uncapped mlpm 

Time Capped mlpm 

Timc Uncapped -/pm 

Time Capped =/Pm 

Time Capped -1 pm 
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Kerosene Beater  
Daily Usage Log 

Honday Tpe sday Wedne sday 

Week 1: hours  hours  hour s 
used - used - used - 

Week 2: hours hours  hour s  
used - used _I used - 

Week 3: hours  hours  hour s 
used - used - used - 

Week 4: hours hours  hours  
used - used - used - 

Week 5 :  hours  hour s  hours  
used - used - used - 

Week 6 :  hours  hours  boa r s  
used- used-  used - 

Week 7:  hours hours  hours  
used - used __ used - 

Woek 8 :  hours  hours  hours  
used - used ~ used - 

Week 9 :  hours  hour s hours  
used - used - used - 

Week 10: hours hoar  s hours  
used I_ used - used __ 

Thursday Fr iday  Saturday Sunday 

hour s hours  hours  hoar s 
used - used - used __ used __ 

hoar s hour I hours  hours  
used - used - used __ used - 

hours hours  hours  hours  
used - used __ used - used - 

hour s hours  hour s hour s 
used - used - used - used - 

hours hours  hours  boar s 
used - used - used - used - 

hours hours  hours  hours  
used - used - used - used - 

hours hour s hoar s houx s 
used - used - used - used - 

hours hours  hours  hour s 
used __ used - used - used - 

hours hour s hour s hour s 
used - used - used - used - 

hour s hour s hour s hour s 
used - used __ used I used - 
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KEROSENE STUDY 

CSTESTIONNAIRE 

Last Name I.D. # 

1. What is t h e  name of the kerosene heater? 

2. What is the model? 

3. What is the BTU output? 

4. In what room is the kerosene heater used? 

5. How far (in feet) are the sample tubes from t h e  kerosene heater? 

6. About when was the last time you changed the wick? 

7. When burning, is the flame in the k.erosene heater blue? white? 

8 .  Is the kerosene heater the convective type ( i . e . ,  round) or the radiant type 

( i . e .  a square)? 

no 
I_ yes - 9. Picked up tubes? 

Picked up usage log? yes no 

Picked up T.E. cups? yes no 
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APPENDIX C . 3  Analyses Protocols 

- S F  Track-Et.ch Radon Detectors (Terrades) 

- PF-1 P a s s i v e  Forrnal.dehytle Hoi-iitor (AQR) 

- Pol.ynuclear Aromatic Hydrocarbons 

- M i  c 1-0 o r gar1 i srns 
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INTRODUCTION 

The latest group of Track Etch radon detectors have 

been systematically exposed and returned to Terradex for 

analysis. The 640 detectors from batches 21 and 23 were 

exposed to amounts of radon ranging from 118 to 1406 

pCi/l-days. To insure accuracy, the exposures were 

carried out by three independent testing agencies. These 

were the U.S. Department of Energy's Technical 

Measurements Center operated by Bendix Field Engineering 

Corporation in Grand Junction, Colorado; the U.S. Bureau 

of Mines in Denver; and the U.S. Department of Energy's 

Environmental Measurements Lab in New York City. These 

exposures and subsequent analyses represent the first 

conclusive results we have for batch 23 and statistical 

improvement of our calibration coefficient for batch 21. 
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EXPOSURE 

In each of the 16 runs 4 0  detectors were exposed 

simultaneously to radon concentrations ranging from 74.3 

to 225.1 pCi/l. Table 1 lists the radon concentration and 

duration of exposure for each run. The exposure is a 

product of these two factors. In each run, the 4 0  

detectors used consisted of eight sets of five identically 

composed detectors, one set from batches 21 and 23 in each 

of the four configurations: F, M, SF, SM. 
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Bendix 

TABLE 1 

EXPOSURE CONDITIONS FOR CALIBRATION OF TRACK 
ETCH RADON DETECTORS 

February, 1986 

11/11/85 
11/12/85 
2/05/86 
2/03/86 

U . S .  B of M 11/24/85 
11/31/85 
12/06/85 
12/13/85 

EML 8/30/85 
8/30/85 
8/30/85 
8/30/85 

12/09/85 
12/11/85 
12/13/85 
12/16/85 

Run 
-#- 

1 
2 
3 
4 

1 
2 
3 
4 

1 
2 
3 
4 

1 
2 
3 
4 

Radon 

( PCi /1) (days) (pCi/l) -days 
Concentration Duration Radon Exposure 

200.9 7.0 1406.3 
199.6 3 -0 598.8 - 1195.9 

- 776.4 
- 
- 

153.8 3.72 572.1 
225.1 3.00 675.4 
223.8 3.96 886.9 
220.1 3.33 732.9 

129.6 6.66 864 
146.5 4.66 683 
105.3 3 .O 316 
113.4 1.04 118 

83.3 2.73 227 
83.2 4.73 394 
78.5 6.74 529 
74.3 9.74 724 
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RESULTS 

After routine processing a calibration coefficient for 

each batch/configuration combination is calculated. This , 

is done by first calculating the average track density of 

the five identically composed detectors and then dividing 

this average by the exposure reported to us by the 

independent testing agency. The calibration coefficients 

from all 16 runs are then averaged. to produce the 

coefficients which we use to determine the exposure of our 

commercially available detectors. Table 2 lists the 

coefficient calculated for each of the 16 runs in each of 

the 8 batch/configuration combinations. 



T a b l e  2. 

D a t e  

Run # 

FI 21 

% ME 21 

* FI 23 

6 ME 23 

$ SF 21 

5 SM 21 

SF 23 

SM 23 

qt 

c, 

aa 

-r 
c, 

cn 

0 

CALCULATION OF CALIBRATION COEFFICIENT (February,  1986) 

BENDIX U.S.B. o f  M. ENV I ROFlMENTAL FIEASUREHENTS LABORATORY 

11/11 11/12 2/5 2/3 11/24 11/31 12/6 12/13 8/30 8/30 8/30 8/30 12/9 12/11 12/13 12/16 

#1 82 13 14  I1 82 63 14  #l R2 r13 14  #l # 2  # 3  # 4  

.0546 

.0387 

.0636 

.0503 

.0183 

.0174 

,0190 

.0221 

.0493 

,0385 

.0569 

.0451 

.0177 

.0181 

.0184 

.0202 

.0596 

-0360 

.0714 

,0438 

.0174 

-0187 

-021 2 

,0239 

.0571 

.0338 

.0632 

-0378 

.0172 

.0166 

.0201 

.0182 

,0565 

,0487 

,0752 

.0586 

.0190 

.0205 

,0222 

.0279 

.0623 

.0487 

.0673 

.0541 

.0214 

,0188 

.0226 

-0229 

.0638 .0560 

,0503 .0409 

.0918 ,0716 

.0572 .0552 

.0208 .0209 

.0211 .0214 

.0223 .0248 

.0227 .02112 

.0474 .0437 

,0320 .0288 

.0788 .0821 

.0379 .0340 

.0188 .0163 

.0145 .0157 

.0177 .0175 

.0177 .0167 

.0482 

.0209 

.0158 

.0138 

.0182 

. 01 88 

.04l5 

.0132 

.0419 

. 01 42 

.0161 

-01 36 

.0205 

. 01 56 

.0409 

.0219 

.0439 

.0261 

.0169 

. 01 54 

.0206 

.0181 

.0429 

.0255 

.0418 

.0299 

.0170 

,0159 

,0221 

.0185 

.0397 

.0299 

.0433 

.0338 

.0193 

.07 78 

.0191 

.0179 

.0398 

.0299 

.04 56 

.0342 

.0187 

.0165 

.0206 

.0167 
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CONCLUSION 

The final step involves averaging the coefficients for 

each of the 16 runs and calculating the standard deviation 

of this mean. 

configuration combination with the corresponding 

calibration coefficient and its associated error estimate. 

The table below lists the batch/ 

CALIBRATION COEFFICIENTS 

February 1986 

Confiqurations 

F121 
ME21 
F123 
ME23 
SF21 
SM21 
SF23 
SM23 

* & z  = standard deviation 

0.0503 
0.0345 
0.0617 
0.0396 
0.0182 
0.0174 
0.0204 
0.0199 

of the mean. 

4.3% 
7 . 5 %  
6.6% 
8 . 4 %  
2 . 4 %  
3.5% 
2 . 5 %  
4.1% 

Terradex is committed to maintaining its outstanding 

record of accuracy despite the pressures of increasing 

volume and interest. 
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901 Grayson Street, Berkeley, California 9t-10 US.\ 

February 1985 

OPERATING CBARACTERISTICS 
OF THE P F - 1  PASSIVE FORNALDENYDE ~IONITOP, 

T h e  P F - 1  P a s s i v e  F o r m a l d e h y d e  M o n i t o r  a l l o w s  r a p i d ,  s i m p l e  
a n d  i n e x p e n s i v e  s c r e e n i n g  o f  pprn-pph l e v e l s  o f  a i r b o r n e  f o r n a l d e -  
h y d e  i n  h o n e s  a n d  o f f i c e s .  T h e  f o l l o w i n g  i s  a s u m m a r y  o f  t h e  
o p e r a t i n g  c h a r a c t e r i s t i c s  o f  t h e  P F - 1 .  

C o n d i t i o n s  - f o r  S a m p l i n q  

T h e  PF-1 m o n i t o r  s a m p l e s  f o r m a l d e h y d e  f o r  p e r i o d s  u p  t o  o n e  
w e e k  i n  i n d o o r  e n v i r o n m e n t s .  T h e  m o n i t o r  i s  s u s p e n d e d  f r o 3  t h e  
c e i l i n g  u s i n g  t h e  a t t a c h e d  r i b b o n  a n d  t a c k .  When t h e  c a p  i s  
r e m o v e d  t h e  PF-1  b e g i n s  t o  s a m p l e  f o r m a l d e h y d e  i n  t h e  a i r .  
P r e p r i n t e d  l a b e l s  a r e  p r o v i d e d  s o  t h a t  s a m p l i n g  i n f o r m a t i ' o n  c a n  
b e  r e c o r d e d  a n d  a t t a c h e d  t o  e a c h  m o n i t o r .  Two m o n i t o r  a n d  o t h e r  
n e c e s s a r y  i t e m s  a r e  p r o v i d e d  i n  a m a i l i n g  k i t .  

An a 1 y t i c a 1 ?.I e t h o d 

A Q R I  a n a l y z e s  t h e  e n t r a p p e d  f o r m a l d e h y d e  u s i n g  t h e  c o n m o n l y -  
u s e d  c h r o m o t r o p i c  a c i d  m e t h o d .  T h e  s p e c i f i c  p r o c e d u r e  i s  a 
m o d i f i c a t i o n  o f  t h e  m e t h o d  s t a n d a r d i z e d  b y  t h e  X a t i o n a l  I n s t i t u t e  
f o r  O c c u p a t i o n a l  S a f e t y  a n d  H e a l t h  (?:IOSH P & CAM 1 2 5 )  a n d  i s  
a v a i l a b l e  u p o n  r e q u e s t .  F o r  l a b o r a t o r i e s  p e r f o r r n i n g  t h e i r  own 
a n a l y s e s  A Q R  c a n  p r o v i d e  " s p i k e s "  a n d  b l a n k s  f o r  q u a l i t : <  
a s s u r a n c e  p r o g r a m s .  

P r o d u c t  P e r f o r m a n c e  

A f r a c t i o n  o f  e a c h  l o t  o f  PF-1  m o n i t o r s  i s  e x p o s e d  t o  a 
c a r e f u l l y  c o n t r o l l e d  t e s t  a t m o s p h e r e  o f  f o r m a l d e h y d e  g a s  f o r  o n e  
w e e k .  T h e  a i r  c o n c e n t r a t i o n  o f  f o r m a l d e h y d e  i s  n o m i n a l l y  0 . 1  ppm 
a n d  t h e  r e l a t i v e  h u m i d i t y  i s  5 0 % .  P F - 1  m o n i t o r s  a r e  a l s o  t e s t e d  t o  
v e r i f y  t h a t  " b l a n k s "  a r e  a c c e p t a b l y  l o w .  X o n i t o r s  d e m o n s t r a t i n g  
a c c e p t a b l e  p e r f o r m a n c e  a s  d e t a i l e d  b e l o w  a r e  r e l e a s e d .  

A c c u r a c y  & P r e c i s i o n  

M o n i t o r s  a r e  r e l e a s e d  f o r  u s e  w h e n  t h e - t w o  s i d e d  t o l e r a n c e  
l i m i t s  f o r  t h a t  lot i n d i c a t e  t h a t  t h e r e  i s  a 95: p r o b a b i l i t y  t h a t  
a t  least 7 5 %  o f  t h e  m o n i t o r s  p r o d u c e  r e s u l t s  w i t h i n  f 2 5 Z  o f  t h e  
k n o w n  a i r  c o n c e n t r a t i o n  o b t a i i l e d  s i a u l t a n e o u s l y  f r o n  reference 
b u b b l e r s .  B e c a u ' s e  t o l e r a n c e  l i m i t s  c o m b i n e  b o t h  t h e  mean a n d  t h e  
v a r i a n c e  i n  a s i n g l e  s t a t i s t i c ,  s p e c i f i c  v a l u e s  o f  t h e s e  parame-  
t e r s  ( q e a n  a n d  v a r i a n c e )  v a r y  f r o n  l o t  t o  l o t .  ? o w e v e r ,  b o t h  
t h e  b i a s  ( o b s e r v e d  x i n u s  t r u e  c o n c e n t r a t i o n )  a n d  t h e  r e l a t i v e  
s t a n d a r d  d e v i a t i o n  f o r  a g i v e n  l o t  a r e  t y p i c a l l y  l e s s  t h a n  19Z.  



13 - 7 5  

If a g r o u p  o f  PF-1 n o n i t o r s  were e x p o s e d  t o  t h e  sane f o r n a l d e h y d e  
c o n c e n t r a t i o n ,  t h e  m e a n  a i r  c o n c e n t r a t i o n  o b s e r v e d  f o r  t h e  g r o u p  
w o u l d  t y p i c a l l y  b e  w i t h i n  1 O X  o f  t h e  t r u e  c o n c e n t r a t i o n .  

R a n g e  -" o f  Q u a n t i t a t i o n  

R a n g e  f o r  a o n e  wee!< e x p o s u r e :  3.025-1.0 P P F I  

Blanks 

N o n i t o r s  a r e  r e l e a s e d  f o r  u s e  when  b l a n k  v a l u e s  f o r  p a c k a g e d  
m o n i t o r s  a r e  f o u n d  t o  c o n t a i n  l e s s  t h a n  9.91 ppm e q u i v a l e n t s  
o f  f o r m a l d e h y d e  ( a s s u m e s  3 o n e - w e e k  e x p o s u r e ) .  3 e a s u r e d  
b l a n k  v a l u e s  a r e  a v a i l a b l e  u p o n  r e q u e s t  f o r  e a c h  l o t  o f  PF-1 
m o n i t o r s .  

T y p i c a l  e q u i v a l e n t  sir c o n c e n t r a t i o n  o f  b l a n k :  

0.005-0.007 P P P  
S t a b i l i t y  

E s t a b l i s h e d  s h e l f  l i f e  o f  PF-1 m o n i t o r s  p r i o r  t o  e x p o s u r e :  

6 m o n t h s  

E s t a b l i s h e d  stahility o f  e x p o s e d  TF-1  m o n i t o r s  p r i o r  t o  
a n a l y s i s :  

1 z o q t h  

R e l a t i v e  ! I u n i d i t y  R a n g e  

Yinirnum r a n g e  o f  r e l a t i v e  h u n i d i t y  o v e r  w h i c h  t h e  ? C - 1  
n o n i t o r  c a n  d e t e c t  f o r m a l d e h y d e  c o n c e n t r a t i o n s  o f  0 . 1  p p n  
( u n d e r  c o m b i n e d  c o n d i t i o n s  o f  h i g h  h u m i d i t y  a n d  h i g h  f o r x a l -  
d e h y d e  c o n c e n t r a t i o n  t h e  s a m p l i n g  p e r i o d  s h o u l d  b e  s h o r t e n e d  
t o  f i v e  d a y s ) :  

30  - 8 0 4  RH 

I n t e r f e r e n c e s  

T h e r e  a r e  n o  known i n t e r f e r e n c e s  a t  t h i s  t ime .  A snall 
n u m b e r  o f  c o n p o u n d s  i n t e r f e r e  w i t h  t h e  c h r o n o t r o p i c  a c i d  
a n a l y s i s  a p p l i e d  t o  t h e  PF-1 T o n i t o r ,  b u t  t h e s e  c o m p o u n d s  
a r e  s e l d o m  e n c o u n t e r e d  i n  i n c ! o o r  e n v i r o n m e n t s  a n d  ar.2 n o t  
e x p e c t e d  t o  b e  c o l l e c t e d  b y  t.he s e l e c t i v e  t r a p p i n g  azent 
e n p l o j r e d  F E  t h e  P P - 1  m o n i t o r .  
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Pro t ocol  

Po r 

Polynuclear k c m a t i c  Corpoundr Yearuraents  
i n  the  Kingston-Harriaan 300-Hooro Study 

Y. Uris l ,  G. E. Miller,  T. 6. Dreibelbis ,  and T. V o - D i n h  
Health and Safe ty  Research Division 

Oak Ridge National hboratory  
Oak P i d p ,  Tennessee 37831 

S u b  i t tad t o  

U.S. Cons8aer Product Safety Coanission 
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I 

There i s  increas ing  i n t e r e s t  i n  monitoring t h e  expornre of people t o  
twlynuclear  r r a r t i c  (PNA) caponnds  emitted i n  indoor e m i r o m a n t s  f r a r  t h e  

abor t ion  of f u e l s  and f r a  v r r i o u s  domett ic  a c t i v i t i e s  and 8 s  crooking rnd 
Y & g a r o t t e  smoking. Be8lth a tsctsment  s t u d i e s  could be cos t ly  because these  

%* t u d i s r  r equ i r e  extensive and long-term monitoring and 8 m l y s i s  prograas  
-+ irtvolvfng l a r g e  numbers and t h e  use of aoph i s t i ca t ed  8 l u l p t i c a l  techniques,  

chra8tography/mass s p e c t r m e t r y  (GC/rrS) e In many s i t r u t i o n s ,  a screening 
phase t o  i d e n t i f y  c r t i d  problem rroas c8n reduce t h e  cos t  of monitoring 
programs and he lp  s e l e c t  a h i& PNA ooncentract ion groups t h a t  shonld be 
oonsidared f o r  more extensive study. 

op 

such as high-perf ormanee 1 iquid  uhsmrtography (HKC) and gas 

The primary ob jec t ive  of t h i s  t a s k  i s  t o  eva lua te  the  e f f i c a c y  of a 
screening method based on synchronous lminescence (SL) f o r  PNA ccmgeunds i n  
a i r  t u p l e  ex t r ac t s ,  and t o  8sress t h e  use of 8 pass ive  PNA monitor developed 
a t  OBNL t o  de t ec t  PNA vapors and a e r o s r l s .  The experimental protocol  f o r  t h i s  
p r o j e c t  is presented i n  t h e  following sec t ion .  

I. Sampling Protocol  

SuPples w i l l  be obtained using two d i f f e r e n t  sampling methods. PNA 
badges developed a t  0iW.L rill be used a s  a p r r s i v e  sampling device f o r  
polynucle i r  arcmatic hydrocarbons, Sample o r t r a c t  s frsm t h e  Harvard 
p a r t i c u l a t e  snmplers rill a l w  be obtainod. I h o  badges w i l l  be co-located 
with t h e  o the r  pass ive  samplers on a rack  designed t o  hold t h e  s u i t e  of 
pass ive  samplers. In 8 subset (5%)  of h a e s  where the main a c t i v i t y  a rea  
being sampled i s  not loca ted  near t h e  combustion tource ( o . g h ,  t h e  roodstove. 
A second pass ive  sampler rill bo l oca t ed  nea r  t h e  smrce .  

.In t h e  sampling protocol f o r  t he  o ther  planned t u p l e s  two consecutive 
weeks of urmpling rill take place wi th  t h e  samplers being changed a t  t h e  end 
of the f i r s t  week. ij, samplers rill be put i n  place f o r  t h e  second week. 
Tho PNA samples and t h e  concurrent p a r t i c u l n t e  samples w i l l  only be taken  
during one of t h e  sampling reeks.  A l l  300 hcmer rill be sampled wi th  a t  l east  
t h e  PNA badge/par t icu la te  sampler combination during t h e  winter  soason. 

In a subset of up t o  20% of t h e  houses s a ~ p l e d ,  t he  Earvard p a r t i c u l a t e  
u r p l e r  rill be backed up with tro IdD-4 tuber  i n  paralXe1 t o  t t 8 p  8ny vapor 
phase PHAs t h i t  r a y  erorpe the  p a r t i c u l a t e  samplers. h e 1 i B i n a t y  t e s t s  have 
shown t h 8 t  using t r o  tubes  i n  p a r d l o 1  does not dograde the flow 
c h a r a c t e r i s t i c s  of t he  samplers. The p a r t i c a l a t e  88mplers operate  a t  a flow 
r a t e  of four l i t e r s  per  minute. Scopdng studies w i l l  be perfoamed t o  
determine i f  these a r e  any e f f e c t s  r e l a t e d  t o  sample v o l m e  aad fluw through 
the  tubes  such a s  l o s s  of t h e  l i g h t e r  PNA compounds. 

11. Extrac t  Protocol 

Samples received f o r  a m l y r i c  w i l l  be e x t r a c t e d  a s  soon I S  poss ib l e  a f t e r  
a r r i v a l  t o  minimize evaporation losses 8nd a h a i c a l  degrad8tion. 
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I t 0  t y p e s  of e x t r a c t i o n  procedure w i l l  be used. (1) T h e  t e f l o n  f i l t e r s  
frcm t eh  a i r  f l a  . u p l i n g  rill be e x t r a c t e d  w i t h  methylene ah lo r ide  and 
ml t rasonic  a g i t a t i o n .  Th i s  r o l u t i o n  rill w a p o r a t e  8nd t h e  r e s idue  rill be 
l i w l v r d  i n  a s tandard  volraae of methanol f o r  r t o r r g e  and a n r l y s i s .  (2) The 
Ibp-l tubes rill be a t t a c h e d  t o  a syringe f o r  washing w i t h  methanol and t h e n  
methylene ch lo r ide .  The oombined e x t r a c t s  a re  d r i ed ,  d i so lved  i n  a r tandard  
wctZme of methanol f o r  r to rage  and ana lys i s .  

I. An a l r t i c a l  P ro toco l s  

"he Synchronous LIlninescence (SL) Technique : 

Conventional l a i n e s c e n c e  spectroscopy u t i l i z e s  e i t h e r  8 f i x e d  m i s s i o n  
ar e x c i t a t i o n  r a v e l  ength. T i t h  synchronous e x c i  t a t i o n  spectroscopy, t h e  
3=inescence s igna l  i s  recorded while bo th  emission and e x c i t a t i o n  
mzmchrcmators a r e  shul taneously scanned; t h e  r ave leng th  i n t e r v a l ,  AA, 
between t h e  two ionochrcmatorr  i s  kept cons tan t  throughout  t h e  reasuxdment. 
*wed s e l e c t i v i t y  without  l o s s  of simp1 i c i t y  i n  experimental  protocol  i s  
t k a  r a i n  a d v a n t a p  of t h i s  method. In genera l ,  t h e  s p e c t r a l  s t r u c t u r e  of t h e  
mmposite mixture  i s  more reso lved  because t h e  s p e c t r a  of t h e  ind iv idua l  
amponents a r e  s i m p l i f i e d  and t h e  bandwidth narrowed. The decreare  of 
spec t r a l  over lap  f r a a  v a r i o u s  components i n  t h e  mixture  i s  another  a t t r i b u t e  
& the  synchronous technique.  

The concept of synchronous e x c i t a t i o n  aan be app l i ed  both t o  
~ ~ r c s c e a c e ,  i.e. , synchronous flrrorimctry (SP), and t o  phosphorescence, 
e.&., synchronous phosphor i re t ry  (SP). In t h e  case  of Sp, t h e  S tokes  
shift, i.e.,  t h e  wavelength d i f f e rence  between t h e  0-0 bands i n  emission and 
absorpt ion,  de te rminer  t h e  opt imm value of A L  which i s  o f t e n  s e t  a t  3 110. 
]pot SP, it is t h e  s i n g l e t - t r i p l e t  energy d i f f e r e n c e  t h a t  determines t h e  
wimp r a l w  of M. 

% SL Analv t ica l  Pro tocol  

In t h i s  work we u s e  a t h r e e  s t e p  protocol  i n  o r d e r  t o  o b t a i n  a r i d i n g  
i-x, based on SL, of a i r  sample e x t r a c t s .  The f i r s t  s t e p  i s  s e r i a l  d i l u t i o n  
of t he  samples. The second s t e p  i s  obta in ing  SL s p e c t r a  of the  d i l u t e d  
u r g l e r .  The t h i r d  r t e p  c o n s i s t s  of ranking t h e  samples. 

The aomputer program developed t o  c a l c u l a t e  ranking index f o r  SL 
mumivcs, a t  inputs ,  t h e  peak he igh t  i n t e n s i t i e s  of a p r w i o u s l y  determined 
number of emission bands or  t h e  in t eg ra t ed  s p e c t r a l  a rea ,  t h e  s e n s i t i v i t y  
factor of t h e  d e t e c t o r ,  t h e  d i l u t i o n  f a c t o r  of t h e  umple ,  and peak he igh t  of 
.; given band of a h o r n  s tandard  re ference  sample. These peak h e i g h t  
En tens f t io r  a r e  then  rrorrected t o  t h e  re f  erence s tandard,  normal ized t o  t h e  
unity s e n s i t i v i t y  s c a l e  of t h e  s p e c t r a e t e r  and o r i g i n a l  d i l u t i o n  of t h e  
r s l p l e ,  and summed. The ranking program can a l s o  oo r rec t  f o r  s p e c t r a l  
a x t i f a c t s  such as f i l t e r  e f f e c t s  and energy t r a n s f e r  aommonly encountered i n  
luminescence measruomentr. Tho tormod r a l w  of t h e  peak he ight  f o r  oach 
mmple i s  s to red  i n  a one-dimensional a r ray  and used a s  8 b a s i s  f o r  ranking.  
hcnuse most of t h e  PNA ampounds f luo resce ,  t h e  r a t i o n a l e  of t h i s  ranking 
prcrtocol is based upon t h e  idea  t h a t  tho h igher  t h e  t o t a l  peak he igh t  of t h e  
SI.. bands, t h e  more aoncent ra ted  the  samples a r e  i n  PNA species .  The SL 
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ranking index i s  a r e l a t i v e  nmiber proport ional  t o  t h e  t o t a l  peak he ight  of 
t h e  major SL m i s s i o n  bands. The r e l a t i v e  r taadard  dev ia t ions  of t he  da t a  
obtained were t y p i c a l l y  5 SI. 

Values of SL and ITP obtained from e x t r a c t s  from t he  Harvard a i r  u r p l e r r  
rill be c a w r e d  t o  H S C  da ta  t o  s s t 8 b l i . h  the c o r r e l a t i o n  r t r t i s t i c r .  

XI. Roar Temperature Phosphorescence (ET€') Technique using t h e  PNA P ~ r r i v e  
Monitor 

me PNA Passive Yonitor 

Tbe PNA dosimeter i s  a self-contained, badde-site p8ssive monitor. The 
device is l igh tweight  (-20 g) and 08s be oonvebently worn by 8 person o r  
placed a t  a s t a t i o n a r y  loca t ion .  me monitor c o n s i s t s  of a holder ,  a f i l t e r  
paper subs t r a t e ,  and an interchangeable d i f f u s i o n  chamber. The h e a r t  of t h e  
dosimeter i s  t h e  untple c o l l e a t i o n  o e l f u l o r i c  t n b s t r 8 t e  t r e8 ted  with a hervy- 
rtaa chemical sach BS t h a l l i m  ace ta t e  or l e a d  a c e t a t e .  The monitoring 
procedure is based on t h e  measn raen t  of t he  q u a n t i t y  of t h e  WAS t r ans fa red  
t o  t h e  s u b s t r a t e  surface r i a  molecular d i f f u s i o n  in a i r .  The matt Y, of PNA 
capormds  collected a t  t he  sorbent surface is given by: 
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n e  PTP Techniaue 

The R T P  method i s  a r e l a t i v e l y  new 8pprO8Ch based on t h e  d e t e c t i o n  of 
phosphorescence f r a  organic a a p o u n d s  adsorbed on various s o l  i d  s u b s t r a t e s  
such 8s f i l t e r  paper, s i l i c a  gel ,  and sodium acetate6.  A t  roam temperature,  
phosphorescence of organic cmpouads i s  normally a very weak emission t h a t  i s  
d i f f i c u l t  t o  de tec t  i n  l i q u i d  s o l a t i o n s  or i n  t h e  gas phase. Th i s  is daw t o  
the  f a c t  t h a t  the  phosphorercsnce i s  almost t o t a l l y  quenched by c o l l i s i o n s  i n  
l i q u i d  and gas samples, o r  i s  deac t iva t ed  by i n t r u o l e c a l a r  v i b r a t i o n s  and 
ro t a t ions .  The conventional phosphorescence technique, therefore .  t y p i c a l l y  
r equ i r e s  lor temperature e q u i p e a t  and f rozen  so lvents  t o  reduce the  
p robab i l i t y  of there  quenching processes  so t h a t  the  phosphorescence s igna l  
ray  be more e a s i l y  detected.  Unlike conventional phosphorhe t ry ,  t h e  R T P  
technique does  not use cryogenic technology. This f ea tu re  i s  one of t h e  main 
a t t r i b u t e s  of t h i s  method for rou t ine  a p p l i c a t i o n s  and f i e l d  measurements. 

The unique f e a t u r e  of t h i s  dosimeter i s  t h e  dual use of t h e  h08Vy-at~11 
chemical a s  t h e  sorbent agent and a s  t h e  BTP inducer.  The paper s u b s t r a t e  of 
t he  dosimeter i s  t r e a t e d  with a heavy-atcm chemical t ha t  enhances t h e  PIT 
emissions of the  PNA cwpnnds. This  process,  known as externa l  heavy-atrm 
per turba t ion ,  provides an invaluable  a i d  t o  BTP detec t ion .  
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Draft P r o t o c o l s  f o r  Biogen Sampling of t h e  Kingston-Harriman Homes 

R. L. Tgndal l  

=er S e l e w  

1.1 )56 - : The Andersen v i a b l e  impac to r  w i l l  be u sed  for  

c o l l e c t i o n  of a i r b o r n e  particles i n  t h e  home env i ronmen t s .  A 

m o d i f i e d  single stage v e r s i o n  o f  t h e  'Andersen sample r  [referred t o  

as NIOSH-6 (146) Andersen sample r ]  w i l l  be used i n  place of  t h e  

o r i g i n a l  m u l t i s t a g e  impac to r .  I n  t he  K6 Andersen sample r  a Pe t r i  

d i s h  c o n t a i n i n g  c u l t u r e  media LS p l a c e d  on t o p  of t h e  I n s t r u m e n t  

base p l a t e .  

1.2 L f _ t t o n e  - Hi& Vo-e S a  : The u t i l i t y  o f  t h e  L i t t o n - t y p e  

sampler  is r e c o g n i z e d .  The s a a p l e r  may be u s e d  where a i r b o r n e  

c o n c e n t r a t i c n s  o f  m l c r o o r g a n i s n s  i s  expec ted  t o  be v e r y  low, 

such  as  w i t h  J&&QQ&& . C o n s t r a i n t s  i n  u s i n g  t h i s  sampler  i n  a 

large number of' houses is r ecogn ized .  

e r  Ca- 

The N 6  Andersen samplers are ca l ib ra t ed  t o  a i r  f low rates recommended by 

t h e  m a n u f a c t u r e r  (28 l i t e r s  p e r  m i n j .  A i r  f l o w  rate th rdugh  samplers 

are checked on a weekly b a s i s  u s i n g  a rotameter. The L i t t o n - t y p e  

s a m p l e r s  are cal ibrated by t h e  manufac tu re r  and are used  a t  a n  air 

c o l l e c t i o n  ra te  of  800 liters p e r  minute.  

. .  3. SamDler Dlsmfect im 

For use i n  t he  f i e l d  the  N 6  Anderser s ample r  is decontaminated by 

immersion i n  70% e t h a n o l .  Excess e t h a n o l  i s  d r a i n e d  away and t h e  s i e v e  

p la te  a l lowed  to  d r y  b e f o r e  its next  use.  The L i t t o n - t y p e  High Volume 

sampler  i s  f l u s h e d  th rough  w i t h  e t h a n o l  and s te r i le ,  d i s t i l l e d  water 

P r i o r  t o  use.  The l a s t  r i n s e  i s  r e t a i n e d  and compared w i t h  te3t samples 
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f o r  proper in te rpre ta t ion  of r e s u l t s .  

4, G u l h r e  Media 

Most of the media used i s  for  the detect ion of three c lasses  of 

microorganisms, namely fungi,  bac te r ia ,  and thermophilic actinomycetes. 

These media are  recommended because they provide good general support 

f o r  growth of microorganisms. 

required f o r  the growth of L g g k n d h  and f o r  the i d e n t i f i c a t i o n  of 

f ree- l iving amoebae e 

4.1 Media for  Gene.ral D e t e c d  : Malt 

I n  addi t ion,  more s p e c i f i c  media i s  

e x t r a c t  agar - ingredients  per l i t e r  of d i s t i l l e d  water: 

Malt ex t rac t  20 43 
Peptone 1 g  
Dextrose 20 g 
Agar 20 g 

4.2 m f o r  General Detect- Enumeration of Bacteria arnh 

-c Actinomvceteq : Ingredients per l i t e r  d i s t i l l e d  

water: Trypticase soy agar - 40 g 

: Charcoal yeast e x t r a c t  agar p la tes  (Gibco Co.) . .  4.3 

a re  used f o r  attempted i s o l a t i o n  of alia from high volume a i r  

samples or i n  the N 6  Andersen sampler. Nonnutrient agar p l a t e s  

seeded w i t h  a lawn of E. aU. are  used f o r  i s o l a t i o n  of f ree- l iving 

amoebae. 

4.4 m u b a t i o n  : Kalt ex t rac t  agar p la tes  are  incubated for  2 t o  5 days 

a t  35OC. 

for  2 days a t  35OC. 

i s o l a t i o n  a re  incubated a t  5OoC f o r  3-7 days. 

a t  s ingle  impaction s i t e s  on p la tes  from the N 6  Andersen sampler 

Trypticase soy agar p la tes  f o r  bacter ia  a re  incubated 

Trypticase soy agar for  thermoactinomycete 

Duplicate counts 
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p l a t e s  are avo ided  as  are  the c o u n t i n g  o f  c o l o n i e s  t h a t  grow a t  

s i tes  o t h e r  t h a n  t h e  400 i m p a c t i o n  l o c a t i o n s .  

5 -  - 
C u l t u r e  media i s  checked f o r  s t e r i l i t y  and a b i l i t y  t o  s u p p o r t  t h e  growth 

o f  t h e  o rgan i sms  b e i n g  collected. These i n c l u d e  W o s ~ o r i t l e r ,  

AltarnariaY - 9  - 9  -8 w, MiCrOCDCCllS, 

F Y V  , and . Culture p l a t e s  are also 

i n s e r t e d  i n t o  t h e  sample r  ( w i t h  pump of f )  and t h e n  checked for 

s t e r i l i t y .  Random bac ter ia l  c o l o n i e s  are  also a n a l y z e d  m i c r o s c o p i c a l l y  

and ,  i n  t he  case of p o t e n t i a l  pa thogens ,  e n z y m a t i c a l l y ,  t o  v e r i f y  colony 

i d e n t i f i c a t i o n .  S i m i l a r l y ,  i d e n t i f i c a t i o n  of random f u n g a l  and 

a c t i n o m y c e t e s  c o l o n i e s  are confirmed by m i c r o s c o p i c  a n a l y s i s  of wet 

mount p r e p a r a t i o n s .  

6. Lo- 

Duplicate, two-minute samples  on TSA p l a t e s  w i l l  be t a k e n  i n  t he  

a c t i v i t y  room o f  t h e  test  home f o r  d e t e r m i n i n g  bacterial  p r o f i l e  and  

degree of r e p l i c a t i o n .  D u p l i c a t e  two-minute samples  6n ME p l a t e s  w i l l  

a l s o  be t a k e n  i n  t h e  a c t i v i t y  room f o r  d e t e r m i n i n g  f u n g a l  and 

a c t i n o m y c e t e  c o n t e n t  o f  t h e  i n d o o r  a i r .  One  two-minute sample on TSA 

and ME p l a t e s  w i l l  be t a k e n  o f  t h e  o u t s i d e  a i r  for comparison w i t h  

i n s i d e  a i r .  I n  a s u b s e t  of homes two-minute samples on bo th  TSA and ME 

plates will be t a k e n  a t  t he  air discharge of  c e n t r a l  air c o n d i t i o n i n g  

d u c t s ,  h u m i d i f i e r s  and r e f r i g e r a t o r  d r i p  pans f o r  comparison of these 

m i c r o b i a l  p o p u l a t i o n s  w i t h  t h a t  of t he  g e n e r a l  i n d o o r  a i r  samples 

o b t a i n e d  from t h e  a c t i v i t y  roorc. Water *om h u m i d i f i e r s  w i l l  also be 

a n a l y z e d  f o r  m i c r o b i a l  f l o ra  i n c l u d i n g  and f r e e - l i v i n g  
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7 .  

amoebae. E i t h e r  ten or t h i r t y - m i n u t e  a i r  s a m p l e s  u s i n g  t h e  L i t t o n - t y p e  

h i g h  volune o r  N 6  Andersen s a m p l e r ,  r e s p e c t i v e l y ,  w i l l  be  t a k e n  p r o x i m a l  

t o  a r u n n i n g  h o t  water shower or f a u c e t .  Hot water from shower  h e a d s  or 

f a u c e t s  w i l l  be t a k e n  f o r  J&&mUa. ,and general m i c r o b i a l  a n a l y s i s  and  

refrigerator d r i p  pan water w i l l  be  a n a l y z e d  f o r  f ree- l iv ing  amoebae and 

b a c t e r i a l  c o n t e n t .  

The f o l l o w i n g  m i c r o o r g a n i s m s  w i l l  be i d e n t i f i e d  and enumera ted  (CFU p e r  

m 3 1: 

Acremonium SPP. 
AJ$sma% SPP. - SPP. 
!alaama SPP. - SPP. 
Muax SPP. - SPP. 
Eusarium SPP. 
Othe r  predominant  f u n g i  
IThermoactinomvcete SPP. - SPP. - SPP. 
.EhzuuZ SPP. 
StaDhvlscoccusaureus 

SPP. 

m i d  e r  u 
O t h e r  w l o c o c c u s  spp .  
Stre-occus aaUya2m 
O t h e r  S k g p t o c o c c u s  spp .  

t o b w  t e r  spp .  
P_seudomonas 3PP. - 3PP. 
JJ&amua SPP. - SPP. 
Other  p redominan t  b a c t e r i a  
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APPENDIX C . 4  Summer Phase P r o t o c o l s  
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DUAL IMPACTOR SkMPLING PROTOCOL 
( S u m m e r  ) 

The f i e l d  protscoi  +or the  s u m m e r  ic t h e  s a m e  ai the winter's, e x c e p t  
. t h a t  no secc?nd w e e k  samples will be t a k e n .  
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XAD-4SORHERNT TUBE SAMFLING PROTOCOL 
(Summer 1 

Same cic the w i n t e r  p r o t o c o l  excep t  +or t h e  following: 

Codes 1-4: O n e  ( 1 )  house p e r  week 

Codes .  5-8: l ' h r e p  (3) houses per  week::, w i t h  one ( 1 )  of  t h e  t h r e e  h a v i n g  
a replicate s e t u p  
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F'NA V W O R  SFSMPLING PROTOCOL 
(Summer 1 

1. Ten ( 1 0 )  of t h e  smokers' and six (6,) af the  non-smokers' h~3u5~5 
w i l l  be monitored during t h e  f i r s t  week; in t h e  ACTIVITY RM 

2. F o u r  (41 o f  the t e n  smok.et-s' houses will have triplicate 
m e a s u r e r e n t s  made at the same 1 cstat i an 

3. Six G+ t h e  Smr3C::er-5' house.., will have a single PNA cell 
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FORMALDEHYDE SQMFLING PROTOCOL 
(Summer 1 

T h e  f i e l d  protoccll f o r  t h e  s ~ i r n m e r  is t h e  same a5 t h e  winter's, b u t  
fout- (4) h o u s e s  will have second week :  f o r m a l d e h y d e  samplers. 
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PFT PLACEMENT PROT[JCOL 
( S u m m e r  1 

1. C h i . c i  to set- that all Sout-ceE are  still present, i f  c l t h e r w l c _ c  
as1 t h e  f a m i l y  i f  their whereabouts a re  known 

- I f  a ~ , i l v e r  scurce  is C.nc?wn to frave been removed f r o m  the 
hause, replace it w i t h  another  c . i l v e r  source ,  r e c o r d  its I D  
number  on t t - , E ?  coverc,heet 

- I f  a s i lver  source's whereabouts cannot be determined, r e p l a c e  
t h e  missing one cIr ones w i t h  b l a c i  sourceisf and r e c o r d  its 5 5  
numt?e!- o r t  ths  c o v e r  sheet 

- Tf a r G T i  r ;oci.rce!s) ic- r r t i s s i n g  du not r e p l s c e  i t . ,  s i m p l y  w r i t e  a 
c3m:nen:: ar t  the triver shect .  
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OCCUPANT EEHAVIOUR OUESTIONNAIRE 

2. The  q u e s t i o n s  pertaining to c o m b u s t i o n  m a y  be  omitted 

- .:*. I f  rmre t t lan t h r e e  questinnnaires p e r  WETI.: are no t  g i v e n  duE ta 
an absent o c c u p a n t ,  outstanding questionnaires m a y  be i s c , u e d  
aver- t h e  phane 



1 3 . 9 3  

HSPH REPLICATE PM2.5 STUDY 

1. A second pc!mp  ill be placed i n  the STUDY FR w i t h  an H S W  i m p a c t o r  

I 2 .  O n e  t l )  replicate will be made in touses w i t h  code 1-4 per w e e k  
(nan-smokers )  and t w o  ( 2 )  replicates will be made in h o ~ ~ s e s  
w i t h  c D d e s  5-8 p e r  wee\. .  ( smokers )  

3 .  T h e  replicates w i l l  be r-urI f o r  b o t h  weeks 
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HAKVARE SUMMER SAMPLE CHECKL I ST 

1. The q u e s t i o n n a i r e  may be issued a t  a n y  t i m e  

2. T h e  q u e s t i o n n a i r e  may alsa be i s s u e d  over  t h e  phone 
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June 11, 1986 

Technica l  C o n t a c t :  R, L. Tyndal l  (MTS-524-0686] 
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The p r o t o c o l s  for n i c r o b i a l  sampl ing  o f  t h e  240 hones ( I ) ,  t h e  40 

homes (11) and t h e  10 homes (111) w i l l  u t i l i z e  t h r e e  i n i t i a l  i s o l a t i o n  

media. T r y p t i c a s e  soy aga r  (TSA) is  used for i s o l a t i o n  of the  a e r o b i c  

bacteria. Charcoal  y e a s t  e x t r a c t  (CYE) agar is used for  i so la t ion  of 

w. Fungi are i s o l a t e d  u s i n g  m a l t  extract a g a r  (ME). Approximately 

240 homes w i l l  be monitored f o r  fungi and bacteria. 

I. The p r o t o c o l  for  s a m p l i n g  o f  the  240 homes is as follows: 

1 .  

2. 

3.  

4. 

5. 

6. 

7. 

Dupl i ca t e  ( i . e . ,  s imul taneous)  2 minute a i r  samples  on TSA p l a t e s  

and d u p l i c a t e  2 minute  a i r  samples on ME p l a t e s  w i l l  be t aken  i n  t h e  

a c t i v i t y  room of 120 homes. 

Duplicate 2 minctb a i r  samples on ME plz tes  p l u s  a d d i t i o n a l  2 

minute  a i r  samples on FE and TSA p l a t e s  w i l l  be taken i n  t h e  

a c t i v i t y  room of 120 homes. 

Tdo mimte a i r  samples on one 143 and one TSA p l a t e  w i l l  be t aken  a t  

an  o u t s i d e  l o c a t i o n  a t  200 hones. 

Dupl i ca t e  2 m i n u t e  air samples on kiE and TSA p l a t e s  will a l s o  be 

t a k e n  a t  an o u t s i d e  l o c a t i o n  a t  40 hcmes. 

A TSA o r  ME p l a t e  will be i n s e r t e d  i n t o  t h e  sampler once each day 

wi thout  t u r n i n g  on the pump. This w i l l  s e r v e  a s  a c o n t r o l  p l a t e  

for  evidence of background o r  ope ra to r  contamination. 

Hot water from a l l  l o c a t i o f i s ,  p r e f e r a b l y  from shower heads w i l l  be 

c o l l e c t e d .  

A i r  temperature  and h u n i d i t y  as  well as h o t  water tempera ture  w i l l  

be taken.  

T h i s  p r o t o c o l  a l lows  f o r  sampling for b a c t e r i a ,  fung i ,  and t .hermophil ic  

act inomycetes  i n  240 homes and d u p l i c a t i o n  of  the  b a c t e r i a l  and fhngal  

p l a t e s  i n  120 of the homes. Dupl i ca t ion  of funga l  and b a c t e r i a l  p l a t e s  is 

a l s o  effected i n  t h e  o u t s i d e  s m p l i n g  o f  40 o f  the homes. The f u n g a l  p l a t e s  
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(ME) are incuba ted  a t  25-3OoC and colonies i d e n t i f i e d  accord ing  t o  

genus. The bacter ia l  (TSA) and ac t incmycete  (MZ) p l a t e s  are incubated  a t  

35' and 5OoC, r e s p e c t i v e l y ,  wi th  c o l o n i e s  i d e n t i f i e d  accord ing  t o  

genus. The water samples are examined by t h e  direct  f l u o r e s c e n t  an t ibody 

test ( D F A )  f o r  q u a n t i t a t i o n  of .kg&neU. 

11. Twenty of t h e  f o r t y  houses will be selected on t h e  basis of high 

t o t a l  m i c r o b i a l  c o n t e n t  or presence  of  p o t e n t i a l  pathogens,  as i n d i c a t e d  by 

results of  the w i n t e r  sampling and/or  a v a i l a b l e  tine d u r i n g  the s p r i n g  

sampling. Twenty o f  t h e  f o r t y  hones w i l l  be randomly chosen. 

The protocol f o r  sampling of t h e  s u b s e t  of 40 homes for p o s s i b l e  

m i c r o b i a l  sou rces  is as fo l lows :  

1. 

2. 

3 .  

As a s u b s e t  of t h e  240 hones t h e  40 hoines w i l l  be saxpled  as 

described i n  p r o t o c o l  1. 

A f i f t e e n  minute  zir s a z p l e  (Anderson) using d u p l i c a t e  ME p l a t e s  

will be t aken  fo r  p re sence  of thermophi l ic  ac t inomycetes .  

1 TSA, 2 ME and 1 CYE p l a t e  each will be  used i n  2 min air s a n p l e  

(Anderson) of  v a r i o u s  sou rces  of m i c r o b i a l  a e r a s o l s .  These  

i nc lude :  AC duc t  o u t l e t s ;  refrigerator d r i p  pan o u t l e t s ;  

humdi f i e r s ;  dehumid i f i e r s ,  i f  a e r o s o l  producing;  window AC u n i t s ;  

wh i r lpoo l s ,  saunas ,  h o t  t ubs  and water-damage areas. I n  a d d i t i o n ,  

d u p l i c a t e  CYE p l a t e s  will be used t o  take 10 min s a n p l e s  a d j a c e n t  

to running h o t  water f a u c e t s  x showers. 

P o t e n t i a l  sources of indoor  m i c r o b i a l  aerosols w i l l  be sampled as 

i n d i c a t e d :  

Equipment Needed: Water sampling b o t t l e ,  thermometer,  quad-pod ( for  w a l l  AC 

u n i t s ) ,  ex t r a - long  x b i n g  ( f o r  wall AC u n i t s ) ,  and a 
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Plexiglas s h i e l d  t o  d i r ec t  a i r  from the  v a r i o u s  s o u r c e s  

t o  t h e  a i r  sampler.  

The p l a t e  ho lde r  should be placed immediately a d j a c e n t  t o  

the  v e n t  l o c a t e d  on the bottom f r o n t  of the  refrigerator. 

D i s i n f e c t  Plexiglas  s h i e l d  and p l a c e  i t  over t h e  p l a t e  

h o l d e r s  w i t h  t h e  open face o f  t he  s h i e l d  f l u s h  w i t h  t h e  

vent  face. Use t ape  to  seal up v e n t  area t o  e i the r  s ide 

o f  s h i e l d .  Open t h e  r e f r i g e r a t o r  door u n t i l  you h e a r  t h e  

f a n  cyc le  on and begin sampling for  two minutes.  Use one 

TSA, one CYE and two ME p l a t e s .  Record house I D  and 

l o c a t i o n  on to  data  sheet and p la tes .  

Ref rigera t o r s  : 

Shower I-leads : Turn on h o t  water to shower head and c o l l e c t  f i r s t  l i t e r  

of water i n  a sampling b o t t l e .  Let water  run u n t i l  s team 

begins  t o  b u i l d  up and begin sampling f o r  a ten-micute 

€WAC : 

i n t e r v a l  w i t h  d u p l i c a t e  CYE p l a t e s .  When adequate  

i n  bathroom has been b u i l t  up ,  t u r n  off ho t  water. 

large bathrooms, t h e  p l a t e  h o l d e r  nay be p laced  o n  

t u b  s i l l  wi th  the shower c u r t a i n  behind i t  t o  

p reven t  undue d i l u t i o n  of t h e  stem. 

If u n i t  is on when e n t e r i n g  home, t u r n  t h e  AC and 

steam 

I n  

t h e  

WAC 

f a n  o f f .  I n  e i ther  case, r eco rd  the  s t a t u s  of t h e  usage 

j u s t  p r i o r  t o  s a m p l i n g  on to  the  data sheet.  

s h i e l d  and p l a c e  i t  over  f l o o r  v e n t  ( i f  p r e s e n t )  w i t h  

open s i d e  f a c i n g  forward, s h u n t i n g  air over the p l a t e  

h o l d e r  p laced  a d j a c e n t  t o  t he  vent .  If the v e n t  is 

l o c a t e d  i n  the  wal ls ,  u s e  quad-pod w i t h  ex t r a - long  

D i s i n f e c t  
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AC Wall Uni t s :  

Humidi f ie rs ,  

D e h u m i d i f i e r s ,  

U h i r l  Pools ,  

Saunas,  Hot Tuba 

and Water Dmage 

Areas : 

t u b i n g  t o  raise p l a t e  h o l d e r  t o  an a d j a c e n t  p o s i t i o n .  

Turn o n  HVAC fan and AC u n i t  and b e g i n  sampl ing  f o r  two 

minutes .  Use one TSA and CYE p l a t e  and two )?E p l a t e s  and 

record h o u s e  I D  and  l o c a t i o n  o n t o  data s h e e t s  and p l a t e s .  

Follow the  same p r o c e d u r e  as HVAC, using t h e  quad-pod t o  

p o s i t i o n  h o l d e r  i n  a n  a p p r o p r i a t e  p o s i t i o n .  

P l a c e  s a n p l e r  proximal t o  any o b v i o u s  o r  s u s p e c t e d  aero-  

sols or  t o  water damage area and sample u s i n g  the type 

end number of p la tes  as i n d i c a t e d  for t he  

r e f r i g e r a t o r  and HYAC s a n p l i n g .  

The p l a t e s  w i l l  be i n c u b a t e d  and r e s u l t a n t  c o l o n i e s  characterized a s  

i n d i c a t e d  f o r  t h e  p r o t o c o l  I s a m p l i n g .  I n  a d d i t i o n  a n y  c o l o n i e s  i n d i c a t i v e  

of p a t h o g e n i c  bacteria o r  f'ungi w i l l  be t r a n s f e r r e d  t o  fresh media fo r  

f u r t h e r  s p e c i a t i o n  and p o s s i b l e  t y p i n g .  

Also, when p o s s i b l e ,  water samples  w i l l  be o b t a i n e d  from t h e  a p p l i a n c e s  

and the t o t a l  bacteria p o p u l a t i o n  determined by the s t a n d a r d  plate count  

method. D u p l i c a t e  ME p l a t e s  w i l l  also be i n c u b a t e d  a t  50' for  d e t e c t i o n  

of t h e r m o p h i l i c  a c t i n o m y c e t e s .  Microbial p a t h o g e n s  w i l l  be c o n c o m i t a n t l y  

q u a n t i t a t e d  on t h e  same plates  and t r a n s f e r r e d  t o  f r e s h  media for f u r t h e r  

s p e c i a t i o n  and p o s s i b l e  t y p i n g .  The u a t e r  samples will a l s o  be tested for  

the  p r e s e n c e  of f r e e - l i v i n g  amoebae. If p o s s i b l e ,  t h e  t e m p e r a t u r e  of t h e  
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water w i l l  a l s o  be measured. 

When p r a c t i c a l ,  t h e  m a n u f a c t u r e r ,  Eodel number, a g e ,  general c o n d i t i o n  

and o r i g i n  of the water f o r  the a p p l i a n c e s  w i l l  be noted and r e c o r d e d .  

111. The p r o t o c o l  for s a n p l i n g  t e n  of t h e  240 house s u b s e t  w i l l  include 

t e s t i n g  f o r  nonviable  biogens.  Approximately one h d f  of t h e s e  10 t es t  

h o u s e s  w i l l  be s e l e c t e d ,  p a r t l y  on  t h e  basis  of known a l l e r g y  problems i n  

ofie or more of  t h e  occupants .  

1. Sample each house u s i n g  both p r o t o c o l s  I and 11. 

2. Water samples  w i l l  be o b t a i n e d  from p o t e n t i a l  s o u r c e s  i f  p o s s i b l e .  

3. I n  a d d i t i o n ,  i r ipinger  and/or  L i t t o n - t y p e  high-volume s a m p l e r s  w i l l  be 

u s e d  t o  take 30 minute  air samples  i n  l o c a t i o n s  i n d i c a t e d  i n  protocols I 

and 11. A l l e r g e n s  p r e s e n t  i n  t h e  air w i l l  be c o l l e c t e d  and d e p o s i t e d  i n  

150-300 r2. of  s te r i le  w a t e r  as  i n d i c a t e d  i n  the f o l l o w i n g  d e s c r i p t i o n s .  

The Sci-Wed Model K - 3 A  L i t  ton- t y p e  high-volume air sanpler i s  designed 

to  co l lec t  p a t i c u l a t e  m a t t e r  c o n t i n u o u s l y  frcm a large a i r  s m p l e  (naxinum 

of 1 x l o 3  L i n i n )  and d e p o s i t  i t  i n t o  a s m a l l  amount of l i q u i d .  T h i s  

effects  a c o n c e n t r a t i o n  factor  on  t h e  order of 1 x 10 d u r i n g  a 1/2-h 

sampl ing  p e r i o d .  

5 

The Greenberg-Smith impinger  air sampler is  a s imple  vacuum-driven 

d e v i c e  capable of p r o c e s s i n g  air a t  a p p r o x i m a t e l y  25 L/min.  The "inhaled" 

a i r  i s  p a s s e d  through s te r i le  f i l t e r e d  w a t e r  so tlnat t he  p a r t i c u l a t e s  r e m a i n  

i n  t h e  water phase.  A second r e s e r v o i r  is connected i n  series w i t h  t h e  

f irst ;  most p a r t i c l e s  i n a d v e r t e n t l y  c a r r i e d  through the  first r e s e r v o i r  w i l l  

be collected i n  the  second.  I n  o u r  e x p e r i e n c e ,  bacter ia  are r a r e l y  found i n  

t h e  second r e s e r v o i r  even when t h e  first is  p o s i t i v e ,  i n d i c a t i n g  t h a t  t h e  
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first r e s e r v o i r  g e n e r a l l y  t r a p s  the m a j o r i t y  of t h e  p a r t i c u l a t e  matter, I n  

these tes t s ,  the  smplers w i l l  be r u n  ,Tor 30 m i n u t e s ,  p r o c e s s i n g  a p p r o x i -  

mately 0.75 x lo3  L of air. 

r e s e r v o i r s  are conbined and a n a l y z e d  f o r  a l l e r g e n s .  

4. 

After sampl ing ,  t h e  two 150-mL water 

The c o l l e c t a t e  i s  c e n t r i f u g e d  t o  c o n c e n t r a t e  t h e  a l l e r g e n s  p r e p a r a t o r y  

t o  analysis by t h e  d i r e c t  f l u o r e s c e n t  a n t i b o d y  (DF'A) t echnique .  Waters 

i n  which t h e  a i r b o r n e  a l l e r g e n s  were d e p o s i t e d  w i l l  be c e n t r i f u g e d  a t  

2000 x g f o r  45 n i n  a t  room t e m p e r a t u r e  t o  c o n c e n t r a t e  suspended  

p a r t i c u l a t e s .  A l i q u o t s  of t h e  c e n t r i m g a t e s  w i l l  be exanined  u s i n g  DFA 

w i t h  a n t i s e r a  p r e p a r e d  a g a i n s t  allergens of i n t e r e s t .  Sub-samples 

(0.010 mL) w i l l  be p i p e t t e d  i n t o  p r e d e s i g n a t e d  'I-nn-dian wells on 

t o x o p l a s n o s i s  s l i d e s .  Negat ive  c o n t r o l s  w i l l  be f l u o r e s c e i n - c o n  juga t e d  

sera prepared from the  pre immuniza t ion  sera of r a b b i t s  l a t e r  immunized 

w i t h  t h e  allergens. Samples w i l l  tlc viewed u s i n g  e p i f l u o r e s c e n c e  

microscopy.  

5. A n t i s e r a  to  two classes of a l le rgers  w i l l  be  u s e d  i n  the  DFA t e s t .  O n e  

class of a l l e r g e n s  w i l l  be f u n g a l  and tile o t h e r  w i l l  be chosen i n  

c o n s u l t a t i o n  w i t h  CPSC staff .  

Fungal a n t i s e r a  w i l l  be  o b t a i n e d  by i m u n i z a t i i o n  of liew Zealand w h i t e  

r a b b i t s  w i th  a m i x t u r e  of rnycel l iun and spores  of A s p e r g i l l u s ,  Mucor and 

P e n i c i l l i u m .  The serum w i l l  be c o n j u g a t e d  w i t h  f l u o r e s c e i n  i s o t h i o c y a m a t e .  

The f l u o r e s c e i n  tagged a n t i s e r a  will be reacted w i t h  t h e  a l l e r g e n s  pre- 

vious ly  d e p o s i t e d  i n  t leasured amounts o n t o  t h e  t o x o p l a s m o s i s  slides. The 

average nurnber of f l u o r e s c e c t  pieces of f u n g i  o r  spores p e r  m i c r o s c o p i c  

f i e l d  w i l l  be determined and t h e  c o n c e n t r a t i o n  of a l l e r g e n  p e r  c u b i c  meter 

of a i r  w i l l  be a s c e r t a i n e d .  The s p e c i f i c i t y  o f  the  t e c h n i q u e  der ives  n o t  
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so le ly  from the sntisera but also r e l i e s  on only coun t ing  f luorescent  d e b r i s  

indi ca t  ive of f u n g a l  morphology. 
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OAK RIDGE NATION‘4L LABORATORY 

olrnf INDOOR AIR STUDY NOTES 
Number 2 Health and Safety Research Division January 1986 

INDOOR AIR STUDY NOTES is our attempt to biiting NOTES to a new study group (see 300-home 
keep study participants informed of the progress, Kingston/Harriman item below). Should you have 
logistics, and results of our various indoor air quality comments or suggestions, please let us know. We 
field studies. NOTES will be issued quarterly while hope you find our NOTES useful and informative. 
our studies are under way. This quarter we are distri- 
--------------------___L________I_______---.,-------.---- 

FOURSTATE TENNESSEE VALLEY IAQ STUDY 

WINTER SCHEDULE for home visits: Chattanooga CITIES INCLUDED in our Indoor Air Quality 
- placement week of January 6, pick-up week of Janu- (IAQ) study are: Oak Ridge, Tennessee (6  homes); 
ary 13; Birmingham - placement week of January 27, Chattanooga, Tennessee (9  homes); Rossville, Georgia 
pick-up week of February 3; Huntsville/ ( 5  homes); Birmingham, Alabama (20 homes plus 10 
Florence/Tupelo - placement week of February 24, energy efficient homes); Huntsville, Alabama (8 
pick-up week of March 3. Homes in Oak Ridge homes); Florence, Alabama (8 homes); and Tupelo, 
area are tentatively scheduled for sample placement Mississippi (4 homes). 
on January 16 and sample pick-up on January 23. 

THANKS FOR PROMPT and accurate return of the 
SPRING SCHEDULE for home visits: Chattanooga second week samplers for nitrogen dioxide. Please 
- placement week of April 7, pick-up week of remember to record both the time and date when you 
April 14; Birmingham - placement week of close the samplers. This monitoring helps us evaluate 
April 23, pick-up week of May 5;  Huntsville/ the variation In concentration from one week to the 
*lorence/Tupelo - placement week of May 26, next. 
pick-up week of June 2. Homes in Oak Ridge area 
are tentatively scheduled for sample placement on ENERGY AUH”’S will be scheduled by representa- 
April 17 and sample pick-up on April 24. tives of either TVA or Alabama Power Co. for those 

homeowners who agreed to such a survey. if you have 
SCHEDULES ARE TENTATIVE at present. We will not returned the energy audit request (the bottom of 
call to schedule specific times to visit your home. We last quarter’s NOTES), please fill it in and return it 
will try to contact you if our projected arrival time Or call US collect about the surveys. We would like to 
differs from the scheduled time by more than complete this phase of the study in time to correlate 
30 minutes. If you plan to be away during the week results with Our indoor air quality measurements. 

scheduled for your city, please inform us so that we 
can adjust if possible. DO YOUR HEATING/COOLING DUCTS leak? 

Conditioned air (Le., heated or cooled) can escape 
STUDY STAFF: Ken Monar, Jeff Quillen, Mike through openings in duct work which runs through 
Capacci, Charles Clark, Charles Dudney, and Alan unconditioned living spaces (e.g., garages, outside 
Hawthorne. You can contact us at (615) 574-6829 Or heat Pumps). Pollutants in garages may also enter liv- 
(615) 576-2712. Students with the University of Ala- 1% spaces this route. We Plan to perform a simple 
bama Birmingham will be assisting with measux- tes: to evaluate the difference in air exchange rates 
ments in the Birmingham area. whzn the central fan of the heating system is operat- 

ing and again when it is off in a subset of study 
PRELIMINARY SUMMARY RESULTS of our first homes. Study staff will be contacting you to describe 
quarter of measurements will be presented In our next the measurement and to see if you would be willing to 
quarter’s issue of NOTES. We hope you will find this participate in this additional measurement. 
preview interesting. 

MElASUREMENTS IN THE 10 new “energy effi- 
cient” homes in the Birmingham area will begin with 
the winter quarter measurements and extend for four 
subsequent quarters. 

NOTES is prepared by Measurement Applications Group, Health and Safety 
Research Division, Oak Ridge National Laboratory, whlch IS operated by 
Martin Matetta Energy Systems, Inc., for the US. Department of Energy, 
under Contract No DE-AC05-840R2 1400. 
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OAK RIDGE NATIONAL LABORATORY is working 
with the Harvard School of Public Health to measure 
indoor air quality in 300 homes in the 
Kingston/Harriman area of East Tennessee. This 
effort will support the Harvard Lung/Air Quality 
Study, which will measure indoor air quality in 300 
homes in each of six cities in the United States. In 
addition to the "core" series of measurements (nitro- 
gen dioxide, respirable particulate matter, water 
vapor, and air exchange rates), we will be conducting 
supplemental research sponsored by the Tennessee 
Valley Authority, the Electric Power Research Insti- 
tute, and the Consumer Product Safety Commission. 
We will be measuring levels of additional indoor pol- 
lutants and evaluating the impact of various energy 
using/conserving practices on indoor air quality. Most 
of the measurements will be made at the same time 
as measurements performed for the Harvard 
Lung/Air Quality Study. Monitoring will generally 
be conducted with passive sampling tubes or with 
small air pumps operated while field technicians are 
placing the sampling tubes. Following is a list of the 
supplemental activities included in the ORNL 
research. 

Measure radon levels 
Measure formaldehyde levels 

Measure organic vapor and aerosol levels 

Measure bacteria and fungi levels 

Measure air mixing between zones of house 

Assess degree of weatherization of house 

WHY ARE WE CONDUCHNC THIS STUDY? 
There are several reasons for conducting a study of 
indoor air quality. One objective is to obtain an esti- 
mate of the distribution of indoor pollutant levels in 
homes. Another objective i s  to see if there is a rela- 
tionship between respiratory health and levels of 
selected indoor pollutants. The relationship between 
various housing characteristics and indoor air quality 
is also of considerable interest. 

RESEARCHERS AT THE HARVARD School of 
Public Health will contact homeowners on a regular 
basis to obtain respiratory symptom data from the 
Health Calendars being kept on the school children. 
If you have questions about this aspect of the study, 
you should contact them directly. 

AS PART OF OUR EFFORTS to evaluate the rela- 
tionship between indoor air quality and degree of 
weatherization, we would like to have TVA-trained 
energy auditors conduct a free survey of your home. 
These surveys will be the same as those conducted by 
TVA distributors throughout the Tennessee Valley 
area. With your approval, we will arrange for this 

free survey. You will be asked to fill in an energy 
survey request card during the field team's initial 
visit. 

UPON COMPLETION of the study you will be pro- 
vided with the indoor air quality information on your 
home. Specific homeowner identities will be main- 
tained as confidential information. We hope you will 
find this information interesting and valuable. 

RADON SAMPLING CUPS will remain in each 
house throughout the winter monitoring period. Dur- 
ing March, the winter samplers wilI be exchanged and 
replaced with a summer sampler, which will be picked 
up at the end of the summer monitoring period. 

THE SMALL SILVER AND RED PELLETS used to 
measure the exchange rate between indoor and out- 
door air are to remain in the houses until the end of 
the summer monitoring period. If you have had a 
problem with the sources staying in place, please 
secure the sources with tape or give us a call (or you 
may store them in a safe place until we return for the 
summer monitoring). 

IF YOU HAVE NOT YET HAD two weeks of moni- 
toring in your home during the winter phase of the 
study, we should be visiting you in the near future. 
We are performing measurements in about 20 new 
homes each week and will have visited all houses by 
the end of February. 

A REPEAT MONITORING PERIOD of two weeks 
will be conducted in each home during the summer 
phase of the study. Measurements will be conducted 
between the beginning of May and the end of August. 

THE CONSUMER PRODUCT SAFETY COMMIS- 
SION is supporting additional monitoring for nitro- 
gen dioxide in homes with actively used kerosene 
heaters. A major component of the study will be 
weekly measurement of levels using a series of sam- 
pling tubes provided to the homeowner. If you use a 
kerosene heater at least a few times per week and are 
interested in participating in this extra monitoring, 
please give us a call (collect, if a long-distance call) 
for additional information. 

STUDY STAFF Celeste Daffron, Chuck Orebaugh, 
Marty Cohen, Ken Monar, Larry Bull, Charles Dud- 
ney, and Alan Hawthorne. Please feel free to contact 
us at any time (376-0089 or 576-27 12). 

Alan R.  Hawthornc, Ph.D. 
Charles S. Dudney, Ph.D. 
Measurement Applications Group 
Health and Safety Research Division 
Oak Ridge National Laboratory 
P.O. Box X 
Oak Ridge. TN 37831 
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INDOOR AIR STUDY NOTES is our attempt to being conducted: a 70-home study in four states 
keep study participants informed of the progress, throughout the Tennessee Valiey (see below) and a 
logistics, and results of our various indoor air quality 300- home study in Kingston/Harriman, Tennessee 
field studies. NOTES will be issued quarterly while (see back page). Should you have comments or 
our studies are under way. Two major studies are now suggestions, please let us know. 
--------------------_________U___I____I_------------,-- 

FOUR-STATE TENNESSEE VALLEY IAQ STUDY 

SPRING SCHEDULE for home visits: Chattanooga 
- placement week of April 7, pick-up week of 
April 14; Birmingham - placement week of 
April 28, pick-up week of May 5; 
Huntsville/Florence/Tupelo - placement week of 
May 26, pick-up week of June 2. Homes in Oak 
Ridge area are tentatively scheduled for sample place- 
ment on May 12 and sample pick-up on May 19. 

A FINAL VISIT to retrieve our passive radon moni- 
tors (plastic cups) will be made approximately 12 
weeks after the spring visit. If you are planning to be 
away on vacation (it’s that time of the year!), please 
let our field team know so they can adjust schedules 
if possible. 

SCHEDULES ARE TENTATIVE at present. We will 
call to schedule specific times to visit your home. We 
will try to contact you if  our projected arrival time 
differs from the scheduled time by more than 
30 minutes. 

STUDY STAFF: Ken Monar, Jeff Quillen, Mike 
Capacci, Charles Clark, Ray Foley, Charles Dudney, 
and Alan Hawthorne. You can contact us at (615) 
574-6829 or (615) 576-2712. Students with the 
University of Alabama, Birmingham, will be assisting 
with measurements in the Birmingham area. 

THANKS FOR YOUR FAVORABLE response for 
energy surveys by utility trained personnel. More 
than 90% of the participants agreed to an audit. This 
information will be most valuable to us when we ana- 
lyze the study data. 

WHEN WILL WE get a final report on the study? is 
a question many of you have asked. Following the 
final quarter of monitoring, we will be analyzing the 
data and preparing a final report to the study spon- 
sors. Around the beginning of 1987 the report will be 
issued and a copy sent to you along with a detailed 
list of specific information on your house. We will 
also provide some additional information that will be 
helpful to you in interpreting what various pollutant 
levels mean. As always, homeowner identity and 
addresses will be maintained in confidence. 

PRELIMINARY DATA for several of the pollutants 
monitored during the first quarter are shown in the 
table below (excludes energy efficient houses in Birm- 
ingham - data from upstairs location). 

Average first quarter pollutant concentrations by city 
- 

Pollutant 
City Radon Nitrogen Formal- 

Radon Progeny Dioxide dehyde 
(pci/L) (WL) (ppb) (ppm) -___ 

Oak Ridge 2.81 0.010 5.1 0.115 
H:,xson 1.38 0.014 4.3 0.097 
Chattanooga 1.49 0.006 4.8 0.049 
Rossville 1.81 0.010 5.1 0.075 
Hintsville 15.3 0.039 3.7 0.065 
Flxence 2.01 0.019 3.9 0.106 
Tupelo 0.65 0.007 1.9 0.152 
Birmingham 1.28 0.009 8.2 0.070 

GIJIDELINES FOR GENERALLY ACCEPTABLE 
levels of the various pollutants are: Radon less than 4 
pCi/L, radon progeny less than 0.02 WL, nitrogen 
dioxide less than 50 ppb (EPA annual outdoor stand- 
ard), and formaldehyde less than 0.1 ppm. A few 
homes were significantly above the guidelines for 
radon exposure, and we hzve notified the participants 
and provided additional information. Each participant 
will be sent two pamphlets prepared by the Environ- 
mental Protection Agency, A CITIZENS GUIDE 
TO RADON: What I t  Is and What to Do about It  
and RADON REDUCTlON METHODS: A 
Homeowner’s Guide, as soon as they are available for 
distribution. 

- 

SHORT-TERM MEASUREMENTS of air exchange 
between indoor and outdoor air were made in 20 
homes in Birmingham and 20 homes in the other 
study cities during the winter quarter of monitoring. 
Measurements will be repented during the summer in 
20 of these houses to assess seasonal differences. Spe- 
cial thanks go to those homeowners participating in 
this study. 

(continued on back) 
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THE WINTER SAMPLING PHASE of the 
Harvard/ORNL Indoor Air Quality Study was suc- 
cessfully completed during March. All of our staff 
involved in  the study wish to express sincere apprecia- 
tion to study participants for their cooperation, espe- 
cially in scheduling. Much valuable data are being 
obtained on residential indoor air quality, and we 
hope you take pride in being an important part of this 
contribution. We look forward to providing you with 
specific information on your home following comple- 
tion of the study and data analysis. 

THE SUMMER MONITORING PHASE will begin 
in  mid-May and extend through the end of August. 
The sampling procedures will be very similar to those 
of the winter phase; the major difference is that the 
long questionnaire will not be administered during the 
summer phase. Study staff will be contacting you to 
schedule your two-week monitoring period. 

DURING THE LAST TWO WEEKS of April and 
the first week of May, study staff will be exchanging 
passive radon monitors (plastic cups) in all houses 
(unless the monitors were changed during March). 
The new monitors will be picked up at the end of the 
summer. 

AN IMPORTANT COMPONENT OF OUR indoor 
air quality study involves the characterization of the 
degree of home weatherization during the study. TVA 
has statistics on home weatherization status of over a 
million homes in the Tennessee Valley area. Informa- 
tion that we gain on the relationship between indoor 
air quality and degree of home weatherization will be 
valuable in interpreting information in this large TVA 
data base as well as for our study. One item that was 
not completed as planned during the winter phase was 
collection of signed energy audit cards. In order for 
TVA trained surveyors to perform a free survey of 
your home, we must have a signed card indicating 
your approval for us to give them your name and 
address. We do not have these cards for many of the 
participants. During the exchange of radon monitors 
(see above), the field teams will be collecting cards 
from those homes for which we do not have a record. 
Your assistance in this matter is greatly appreciated. 

A SUBSET OF ABOUT 50 HOMES have been paru- 
cipating in a more intensive investigation of indoor air 
quality in homes with kerosene heaters. This study is 
sponsored by the Consumer Product Safety Commis- 
sion. Weekly measurements of nitrogen dioxide levels 
in the room with the heater were made for approxi- 
mately ten weeks. In addition, a usage log was main- 
tained during this period. Four houses were monitored 
in  detail to obtain levels of several combustion related 
pollutants every 6 min for about one week. Samplers 
and log sheets will be collected from all these homes 
during the radon monitor exchange period (see 
above). Special thanks is expressed to all homeowners 
who participated in  this special study. 

THE SMALL SILVER AND RED PELLETS used to 
measure the exchange rate between indoor and out- 
door air are to remain in the houses until the end of 
the summer monitoring period. If you have had a 
problem with the sources staying in  place, please 
secure the sources with tape or give us a call (or you 
may store them in a safe place until we return for the 
summer visit ). 

WHEN WILL W E  get a final report on the study? is 
a question many of you have asked. Following the 
summer period of monitoring, we will be analyzing 
the data and preparing a final report to the study 
sponsors. Around the beginning of 1987, we will send 
you a summary of all the measurements made in your 
house. We will also provide some additional informa- 
tion that will be helpful to you in interpreting what 
various pollutant levels mean. As always, information 
on homeowner identity and addresses will be main- 
tained in confidence. 

STUDY STAFF: Celeste Daffron, Chuck Orebaugh, 
Larry Bull, Marty Cohen, Ken Monar, Kevin Iron- 
sides, Charles Dudney, and Alan Hawthorne. Please 
feel free to contact us at any time (376-0089 or 
576-27 12). 

Alan R. Hawthorne, Ph.i). 
Charles S. Dudney, Ph.D. 
Measurement Applications Group 
Health and Safety Research Division 
Oak Ridge National Laboratory 
P.O. Box X 
Oak Ridge, TN 37831 

,VOTES is prepared by Measurement Applications Group, Health and Safety 
Research Division, Oak Ridge National Laboratory, which is operated by 
Martin Maietta Energy Systems, Inc., for the U S .  Department of Energy. 
under Contract No. DE-AC05-840R21400. 
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