
The Cbluhs O h i o  Health kprtmmt h 8  developed a radon sumey 
Â£oma that can be * m t e d  ly local juriBdictifm8 w i t h  lhdted financial 
and personnel remumes* b q g h  mordinath of r e m s  and exper th  of 
locals state, and Weral agencies as w e l l  asa prhate ~ U S ~ S S ~  mS 4 
Udver8itieSa -h & h f O r I & h  d y  be -kt& % 
Â£orma provides a nem of tecldques includw air mql ing  utilizing both a 
volunteer groq deploying brt-term detectors and a randaily selected grow 
dqloying long-term detectors in addition to constructfcm mater%als private 
water t3upp1ys and mil gas testing. Establiskd proc&~et3 are strictly 
observed to preseme statistical signi-e. By gridding th 
investigation area, date i s  m e  site specific than zip code dam and allows 
a correlation with local gedogyS yet retains participant ccmÂ£identiali~ 
Timugh carehl utilimtion of remumess a a ~ l  survey is d m t e d  
at a mmgeable cost. 

A need existed for radon in-titm in Cblunbus, Ohio. Altbqgh 
state agencie~ enplqed persumel cqetent b radiatbn ismess little 
researchwasbehg conducted to  determine radcm levels in mst of t k  
statels major m m o l i t a n  areas. lkreforea it becane necessary fir 
@lwibus t o  develop a mrkable and cost efhctim research format t o  
adequately chracterize the fiequemy and distributb of elevated indoor 
r3dm levels in Coluttbus and Rx~Win -a Ohio. 

lh mwey format is des to achieue eigk goals: 1). Incr- tb 
cmnuni?~ marere88 of radma appmcimte the eequency of elevated 
radon 1-ls in blmbusa 3). fdentiQ "Hot &KStd' or areas of high 
amentraticxw of elevated radon hiss 5). e s t b t e  levels of r h  
-wea 6). determine tb coutributh of -esa 7). w w  
- v a r i a t b s  In murce comentratimsa a d  81.1 currela- r a b  data w i t h  
geological data* 

~~~t of a m y  design t o  achieve the eight gods has resulted 
in  a f ldb le  research ~trategy tht can be hplenentd at minim1 costs 
with luted personnel, and deliver reliable informath t k  
st* area. A of stdy parmeters allms tk iuclwion of -ted 



The project director shuld be able to  dedicate 90% of th working &y 
to the radon project* A project director sbu ld  becane -liar w i t h  =A, 
DOE* d NIOSH radon data ~ 1 1  tb BEIR IV r m *  Access to 
S u b s ~ i a l  t e c h i d  libraries w i l l  pennit the project director t o  ampire 
expertise in tk major areas of th project designe. In  a d d i t h  t o  
tech-1 docunents, the project director s h l d  develop a nebwrk of 
experts, aside from tb steering camnittee, u b  can assist in Mliq 
specific techical questions as they arise* 

The fmction of the steering camdttee is to provide s u p w i s h  in 
6l?lecticm, hl-t and *hentation of m & b d s  and pmcedures* ' J h  
steering camnittee w i l l  also serve as ' a  peer review ikr mmey findings* 
The steering cannit- shnuld hide for each techical area of the project 
design at least cm w i t h  expertise h t h ~ t  area* m e  should be 
research dented* Selection of steering c d t t e e  mders recognized by 
tb amunity will be of value inmustering camunity support* A 8- 
wlllhgms~ to participate fn cannit- activities is a necesauy b g m d h t  
in an eÂ£Â£ec maher* 

Cmmdty support w i l l  be essential to a mcessful radon suneye 
~ l t h o r g ~ t i o n s ,  tb media, a d  local b u 6 ~ s e s  interested in or 
eqgaged in radon test*, ccmultaticm or 
m a l p e a m d h h f i  dissemh 
abut t b  mm ' X b  support group w i l l  also pruve valuable in releasing 
m a l t s  at the ccqletion of the survey* T b  6- pq w i l l  not, 
b r ,  b a f m l  camittee hut a loose association of interested per- 
& o r g m i z a t ~ *  



A significant mhr of s t d y  parmetem require carefil cun~ideratim. 
Issues such as study validiw and the overall s q e  of t h  mrwy should be 
introduced at this point i n  the design  la^ a "wish listtt of features 
sbuld  be drawn up. Also, a arehl h e n t o r y  of amilable resources s b u l d  
be detailed. 

No attenpt w i l l  be nade b r e  to delineate all of the features of 
volunker and randau meys. Only bmd generalizations w i l l  be used to 
k a c t e r i z e  the difÂ£erence as t b y  relate t o  radon studiesm Volunteer 
m e y s  are generally inexpnsiw and occasionally t'free'l of agency cost, (1) 
bwver the largevolume of results are usually skmed and the nature, 
extent, and cause of error is difficult, if not hpossible, to determine. 
Iack of control mr  mst of the critical  step^ in a volunteer suwey can be 
frustrating &r tk ret3earckm Randan mweys, while redwing t k  ermr 
introduced by volunteer mrveys, carries varying -ees of re l iab i l i~  
subject to the randan dec t ion  design and pmcedums. Alb-h a great 
degree of control i s  exercised over tb critical steps, mdntainhg the 
control is the  muning and m e  expensive t h n  a volmteer eurvey* 

A questhrdxe can be designed t o  investigate strmtural features, 
local geol=ic conditicme, o r  a q  ~ n m t ~  tb researcher m l d  like t o  
examine i n  relationship w i t h  radon levels. A wide variety of questioxmaires 
have been used in previous m e y s m ( 2 )  It is e Â £ k t i v  to  use an existing 
questionmire since ame i n k u a t i m  on tldx e f Â £ e c t i ~  is  availablem A 
coqosite of existing ques t iondres  can d m  be eÂ£kt ive  

Ana lp i s  of i n h m a t b  can be d w t e d  in a variety of q s .  
Frecpe ly ,  zip c d e  is as site -if& as inkmation is mailable. Zip  
code data may mt be sa t i~fac tory  Sor correlation w l t h  h l  geology or 
h l  C O n S t n X t h  c ~ ~ C M S ~ ~ B O  &idd* the hlf 
mile square (160 acres) a d  plotting tk data using a qstem of mudnates 
can penriit significant site specificiq7 while minmining ~ i d p n t  
conKdentialitym A substantial mount of personml time can be reccmred by 
h d n g  t k ~  participant obtain the site coodinate3 rather than hmhg an 
qloyee determine a l l  site coordinates. 



An inventory of data c8pabilities w i l l  begin to place 
restricths on the leqgth of th questhndre* Estimate the W t d e  of 
d t y  reqxme, particularly if a volmteer f m t  is dected, to 
determine the adequacy of a data manag-t qmtsm* The rmnagment sysm 
h u l d  be as Â£lexibl as possible to waxmudate m u l t i . 1 e  am1ysi.s of 
data* 

In addition to existing Staffa ~lunteers can be recndted frau a nuder 
of sources* -1 colleges and universities can p&e a pool of 
mlmteers w b  w i l l  assist w i t h  a variety of duties in order to =the 
course rw-tsa  Interested qloyees of othr agencies as -11 as 
qualified mders of tk cmmunily can fill vacamies left by a deÂ£iciem 
of h d s *  Wsting qloyees hve been lawn to volunteer time tward 
interesting and wortW1e pursuits 

The foal  point of most radon sumeysa particularly the initial radon 
survey in c e v  is to  chracterize t h  levels of radon gas in  
residential buildings In oder t o  -lute the h l t h  risk associated with 
radon q o m e a  it is  necessary to  m e  radon levels* T k  US EPA has 
22t2blished a fomkt for ecreeniqj residences to  Uentm stmtures with 
elevated radon levels. (3) k metbds can be q b y e d  to obtain residential 
data: Volunteer or randm dection- 

When the volunteer and randan sectbn metb-38 are both used in parallel 
surveys, one method my be used as a quality c h k  against th o t k .  'Ih 
large wlum of d t  s k d  data mrm~lly associated w i t h  volunteer 
surveys a n  be correlated with m e  re-le randm eelection data to expmd 
t b  re-hers abiliw to interpret the Â£Wings 

Acther s i g d f h t  a6pect of residentid radon testing is th variatbn of 
sbrt-term and long-term tests* It is  recogdd that the radon level in a 
strwture vade~  ikm to  ma mth to &, to 
to  b u r *  kgments have been presented wes t*  the longer the test 
period, the mre representative of a season is t b  test (4) h i d e r i n g  
these aqectsa the survq de~ign presented here w i l l  consist of a dmt-term 
mlmteer screening metM and a long-term randan ~ l e c t i o n  screening 
mthd, f011-q proCâ‚¬ib C O I I ~ ~ ~  m-1~. 

E h y e n t l y a  a sbrt-term volunteer survey is conducted by providing 



detectors a t  a r e d d  cost while a televisicm or other media news 
v i g o ~ ~ ~ ~ l y  p-ta the m m  A large m m t  of data i~ 

collected in a sbrt period of time a t  little or m expense t o t b  
researcher. 

A short-term volunteer mmey consists p r h r i l y  of tk following 
el-ts: 1) detector selecticm, 2) vendor 4 laboratory selection, 

selection, 4) detector distribution, 5) mmgement of finds, 6 
questionnaire mmgment, 7) site-specific infomation, 8) data management, 
and 9) quality control. W h  of thse  elements must b addressed bSore t h  
VOlm- Can b hddAMm 

Selection of a detector is t b  first step. Chrcoal &era alpha 
tra&,(S) and electret(6) detection devices are qpqriate  5x sbrt-term 
volunteer sampling. Elec t re t s  w i l l  be cmbersane to we and, dqmding on 
the damage the ~ h l l ~  w i l l  -, -1d p m  m i ~ m  Alpha tr& 
xtmsuranents are mmdent to hmdle, simple Â£o tb volunteer to  me, but 
are expensive because a nuder of large volmteer survqs have been 
cmducted using c h a r d  detectors, t h y  are r m e d  & volmteer 
surveys . 

Selection of the detector vendor w i l l  necessarily inclde  a varieq of 
considerations. Expedmce w i t h  volunteer mmreys of this type is an 
h p m  @ifiCathm 'lh wl- of response to  tb mmey w i l l  create 
unique problems h r  the labratory analyzing the detectors and a researck 
w i l l  be a t  an dvantage to mid associatian with t h s e  problems. Another 
obvious qualification i s  the capacity of the laboratory to prcmptly analyze 
the detecbr8. S h c e  m s t  radon laboratories can expad the detection 
apparatus by adding modules, it is m e  inportant to  consider the m&er and 
qualification8 of tb mployees, r a t h r  t b  the quantity of detectiun 
equipment. Data mmgernent c q a b i l i q  is  another qualification a 
pmspectis~ vendor mu~t k m t r a t e *  I f  a laboratory xmets these 
qual i f ica ths  and expresses tk willingness to work closely with t h  
researcher, tk laboratory sbuld receive every ccmdd=athm Iastly, the 
cost of the detector and analysis to  tb volunteer s h l d  be considered Â£r 
these criteria allaboratory can be e l e c t d m  

A short-term radon m e n e n t  is usually conducted using a ''worst case" 
scenario i n  which the test is  cmduted in  the lowest livalbe area of tb 
h e  and the test area is kept closed tko@ the duratbn of t b  
awwmtm W ~ I I  mbtd th k t -  tb w-t w i l l  
represent th highest radon h l a  a structure w i l l  at*. ' h i s  sampliqg 
scenario is  designed t o  determine the highest rach level w i t h i n  the tested 
structure and does mt necessarily relate to  occupant exposure. 

Media cowrage will play an active role in  t b  survey by cmmha t ing  
the intent of tb m q y ,  the availability of detectors, and generally 
raising camunity awareness of radon to  gemrate interest in partidpath. 
It is necessary to select one m n k r  of a mdia to act as a 'kpmd' .  
While it is not necessary to include W on the project steering 
c d t t e e ,  it is necessary to keep t k  hEmmd of a l l  aspects of the 
survey once they have initiated coverage* Whether print, television or 
radio is selected, the researcher nust e d m t e  tk m s  presenting 
radon data ff responsible reporting is decided. 



Detector distribution can be achieved by two avenues. An established 
retail outlet, such as a grocery store or hardware store is selected as 
distributor. A display, provided by the vendor, is placed in the store and 
identified in a way that distinguishes the survey detectors from other 
detectors sold by the retail outlet. Volunteers purchase the detector as 
they would other merchandise. Distribution at a regional shopping center or 
similar facility is another method of distribution. With a regional 
distribution format a third party is engaged to the method of distribution 
will  dictate the management of funds. When detectors are distributed 
m h  a retail outlet a wbleder retailer relationship is  es~lished 
between the vendor and the distributor. When a regional distribution format 
is employed, the third party handling distribution collects the detector and 
analysis fee, accounts for unsold detectors along w i t h  sale proceedso 

Questionnatre distribution is *ilitated by effective preparation. 
Questionnaires are included in the detector packet with the detector number 
preprinted for identification. When the detector i s  purchased, the 
volunteer completes the questionnaire and encloses it when the detector is 
sent for analysis. The laboratory collects the detectors during analysis 
and the researcher t b n  obtains the quest iomake~ fraa the labratory. 

Site specific information can be obtained by requiring volunteers t o  
identify the coordinates within which their residence lies. The 
coordinates are then recorded on the questionnaire and replaced in the 
envelope. Another method of obtaining site specific data is to obtain the 
addreses of tb volunteers fran the laboratory and hmdq penscmml obtain 
the coordinates by plotting each address on a map of the survey area, the 
latter is extremely time consuming. 

A review of data mnag-t capabilities is pndent. b n f i r m  tht the 
ftafa management system can accommodate the volune of data collected. 
Reexamine th a b i l i e  of data  madpu la th ,  especially the ability t o  
manipulate the data when the estimated amount of data is entered. 

Quality control can be approximated by submitting a timber of 
duplicates, blanks, and sp l i t s  to the laboratory. However, this proves t o  
be a quality control on the laboratory rather than reflecting the 
reliabil i ty of the survey data. 

Since volunteers control the handling of the detector during the test, the 
sbmr htmduced by mishandling renders b r a t o r y  error of lesser 
consequence. If another quality check such as a concurrent long-term survey 
or other exist tog research i~ wailable, quality control on tb volunteer 
survey seems m v o  om. 

In general, a long tern random survey is accomplished by selecting a 
sample group from a list of randomly generated telephone numbers. Long term 
detectors are distributed t o  participants usually a t  no cost t o  their 
participant, along with a questionnaire. The detector is deployed for the 
desired duration and returned t o  the researcher with the completed 
questionnaire. 



A long term random survey consists of the following elements : 1) random 
selection of participants, 2) detector selection, 3) detector location 4) 
detector distribution, 5) vendor and laboratory selection, 6) questionnaire 
mmaganent, 7) site specific inform~tb,  8) data mmaganent, and 9) qualiw 
~ ~ m m l .  Each of the e M s  must be addressed be-ebeginning t h  
-eY* 

Random selection of participants can be tedious and, consequently 
expensive. Many methods are avanable to  generate a list of random 
telephone nunhers with adequate geographic representation of the study 
area. An acceptable list can be obtained from several sources including 
universities and private companies. Small batches of telephone numbers 
should be segregated and an exhaustive attempt should be made to contact 
each telephone and the participation of each qualified telephone should be 
s t re~sed to  minhize the nmeleas bias of a high ratio of mn-participaticm. 

Detector selection w i l l  be limited to  alpha track am3 electret 
measurement m e t h o d s *  T b  method of detector distribution s h l d  be 
established before a detector is selected* 

A long-term radon masuraent w i l l  d h i d s h  the sQd-e of 
short-term ELwtuations due to a longer meammat period. Wbn the 
detector i s  placed in the room of the structure where the occupants spend 
most of their time, the radon levels obtained become more representative of 
occupant exposure. It is necessary to  r d r  that the readings obtained 
are screening measurements and not annual averages. 

Detectors m y  be distdbuted through the mil or through placement by 
personnel. When detectors are sent through the ma i l ,  alpha track detectors 
may prove more efficient because of the cost savings of mailing smaller 
+tector. Howsver, i f  p e r m 1  are to  place the detectors electrets may be 
as efficient as alpha track detectors if the cost of the shell is not 
prohibitive. Detector placement by personnel is preferable to  m a i l  
distribution because of the error introduced by participant handling of the 
detector with m a i l  distribution. 

Vendor selection for long term random surveys is facilitated by the 
limited number providers. Because these vendors have experience with 
surveys and because the volume of detectors is small In comparison with 
short term -volunteer surveys, the researcher may find that vendor selection 

based more on cost and support services rendered by the vendor than on 
other qualiÂ£icath of a laboratory. 

A questionnaire is delivered to  the participant at the time the detector 
is distributed. A self addressed scanned envelope is included with the 
questionnaire and the participant is encouraged t o  return the completed 
questbmafre ~ t e l y .  A chck list of participants w i l l  allow t h  
researchr to remind tbse w b  are tardy in tb return of t b  q u e e t ~ e .  

Data management s b l d  be s t r a i g h t h m d *  Mst  data systems w i l l  be 
able t o  handle the volune of data generated. A personal computer should 
provide an adequate capacity for data storage and manipulation since the 
volune of detectors in the long-term random segment w i l l  be substantially 
smaller than the short-term volunteer segment* 



Quality control is  an essential e h m t  of a randan mmey. Since ermr 
introduced from many sources, particularly error from participant handling 
of detectors if detectors are delivered by personnel, is removed it becomes 
a simpler task t o  identify error introduced by personnel handling and other 
error factors. At least ten percent of the random q l e  should be used for 
quality control. Duplicates, blanks, spli ts ,  and standards should be 
deployed in mmer that w i l l  allow t b  identification of errur introduced 
from every source the researcher suspects can skew results. 

Source sanpling is not always a fruitful  endeavor. Of the three sources 
for indoor radon: so i l  gas, water supply, and construction materials; t b  
fomer ia acknowle@ed to be the a1 significant wee in mst meas of 
this country. (7) Before a statement of & s nature can be made with any 
degree of reliabil i ty i n  describiqg a qecific area, testing must be 
conducted t o  verify the conclusion. A local agency should closely examine 
its c d m t  to radon investigation and reemhe fhencial  resources 
before enbaridng on source sampling. Although correlations between elevated 
sourceand elevatd indoor radon levels h been deammtrated, applying 
these principles to a community nay be more expensive than productive. 

SOIL GAS SAMPLDC 

Soil gas sapling is sinply described as extracting gas samples h the 
soil  t o  determine the radon content of the soil  gas. Soil gas sampling 
e m ~ i s t s  of t h  following e-ts: 1). identification of testing routes, 
2) . site specific Information, 3) . field method, 4) . laboratory method, 5) . 
equipment daign, a d  6). quality mml. mtMs below are  cost 
effective while delivering usable results . Other methods may prove less 
cumbersome and provide more precise information. 

The f i r s t  step In Identifying soil gas routes is to examine the geologic 
characteristics of the study area. Testing is conducted almg lines 
perpendicular to  geologic features In order t o  detect variations In s o i l  gas 
concentrations of radon due to changes in eologic feature. Another 
significant factor is accessibility of the saqfing lines. Direct access of  
-ling sites by roads facilitates an accelerated ~~ schedule. 
&mimion of owner, when present is necessary. 

Si te  specific information can be obtained by plotting site data on a 
f l o f m - d e - ( N - ) .  T h h  gr id  can be adapted fmn 
the grid used In air sampling by drawing linebetwe each existing line 
on the nap. For a broad survey of the samp area it is not necessary to 
record the s i t e  location specifically. I f  an anomaly is detected, the 
Whte area of tb s ib  grid  w i l l  be hwst igated in greater detail. 

At each sample s i t e  and equilateral triangle with sides of one meter in 
length is filmed by driving soi l  gas probes to a depth of 314 meter. 



The cavity of each probe is  evacuated and a 30cc sample of soil gas is 
extracted from each probe. Ssscples are Identified by sample number, date, 
time, grid coordinates, probe depth, and operator. Samples are capped and 
transported t o  t k  laboratory for analysis. 

Laboratory procedure is  to f i l t e r  the grid sample into an evacuated 
Lucas ce l l  and counted for two minutes. The readings ace adjusted t o  the 
t b  tb q l e  was drawn Safqles must be held h r  at least 5 minutes to 
allw subsmt ia l  decay of tbmn, amther alpha emit* coqment of mil 
gas.. 

T b  so i l  pmbe is a steel t u b  w i t h  5/16" outside diameter d 3/32 
Inside diameter. Five holes 1/16" in diameter are drilled 314 of 1 m e t e r  
from the lowest driving block. Each probe is measured and the capacity is 
calculated to determine the amount of evacuation necessary to expel surface 
air before drawing a soil gas sample. 

Quality control i s  achieved by introducing at least 10 percent 
duplicates, spli ts ,  and blanks into the laboratory analysis stream. In 
addition t o  quality control factors, some allowance should be made for the 
diurnal effect exhibited by radon In so i l  gas as veil as annual 
fluctuation. (8) 

W a t e r  supply sampling includes selecting a lumber of walls 
geographically distributed around tb study are fir t b  purpose of 
determining the potential contribution of water supplies t o  indoor radon 
levels. 

It has been determined that  radon in  public oundwater supplies do not 
present a significant public health threat. f 9) Surface waters have not 
exhibited radon concentration high enoygh t o  contribute t o  indoor radon 
levels. (10) Procedures necessary to purify groundwater t o  a potable state 
and the tine and handling methods used t o  deliver wa te r  t o  the consumer 
efficiently strips radon from the wate r  supply. Private water supplies, 
however have demonstrated elevated radon levels, particularly In the 
northeast. (11) 

An effective water suppl testing survey will  include the following 
elements: 1). site selection, 2). laboratory selection, 3). site specific 
information, and 4) . quality control. 

Wells are included in the private water supply sanple based on the 
water-bearing geologic Â£ormatio i n  which t b  well lies. An -tian of 
local, county, or state  records permits the researcher t o  inspect the well 
diggers log to determine the geologic formation of individual wells. 
Descriptions of the location of wells, particularly with older wells, may 
not be sufficient t o  find the well and another wel l  must be selected to 
replace it in the survey. Otter important factors are the accessibility of 
the w e l l  and permission of the owner. 



A laboratory for radon In water analysis is selected by scrutinizing the 
method enployed by the laboratory, the reputation and rel iabi l i ty  oE t h  
laboratory, and the cost of the test* The field procedures of any 
laboratory selected should not require ski l ls  unavailable t o  the researcher 
and the procedures slmuld be easily inplemnted. A reliable laboratory that 
has demnstrated its ability o t  analyze radon in water s h l d  be selected* 
The cost of the tests should not be so high as to preclude an adequate 
number of samples. 

Si te  specificity is achieved by enploying the grid system previously 
discussed* I f  participant adidenthlity is not a - of the survey, 
longitude and latitude may be used for site location since this information 
is frequently available from the w a l l  diggers log. 

By Including an appropriate nunfcer of blanks, duplicates and spli ts ,  
quality can be controlled* In addition, as wells are selected more than one 
we l l  should be selected from each of the water-bearing formations included 
In the survey. 

&mstruction material sampling is a process by which d s  
constructim materials are exdned to determine its radon entanation 
capaciQ. Specific mterials emmined inclde cment, a variety of 
aggregate, brick, and stone. (12) The contribution t o  indoor radon levels is 
determined fmn the surface area and th enamtion capacity of ccms tmcth  
material in individual homes* Generally only broad conclusions cannot be 
drawn from construction material testing* 

A construction m a t e r i a l  samp survey consists of the following 2). site selection, 3). method and elements: 1). materials selection, 
laboratory selection, a d  4) . qualiw control. Dealing w i t h  these elenmts 
will prepare the researcher for the survey. 

A list of frequently used bullding mterials am be obtained by 
contracting local building trade organizations* Building m a t e r i a l  
manufacturers and users have cooperated to supply materials for testing* 
Origin Information has also been provided for aggregate t o  allow the 
woearcher t o  extrapolate findings to other customers of an aggregate 
P-â 

Sampling sites are selected to represent the geographic distribution of 
construction materials across the study area. In some study areas sampling 
nay prove expensive if local providers of construction materials are not 
available m d  materials nwt be ob- f r a n  a distant mume* 

The method of construction m a t e r i a l  analysis described herein is 
expensive and an exemination of alternative methods my uncover a mre cost 
effective method. O f  particular Interest is a method employed by Harrel and 
Umr* Ehmation capacity is determined by grinding the construction 
m a t e r i a l  t o  increase the surface area aid analyzing the m a t e r i a l  by gamma 
spectroscopy. A laboratory w i t h  an established reputation in gmnna 



spectroscopy should be selected. 

Quality control is achieved by Introducing duplicates into the ample 
stream. In addition, quality control procedures are employed by the 
laboratory performing the gamma spectroBcopy. 

DATA REPRESENTATION 

For visual inspection of the data maps are drawn t o  represent the 
findings of each segment of the survey. Using the coordinates previously 
associated with site specificity short-term air results, long-term air 
results, . soil  gas results, w a t e r  analysis results, and construction m a t e r i a l  
analysis results are plotted on individual mylar naps and overlaid existing 
maps of geologic features. 

cawssm IMPACT 

A significant %tor, particularly of personnel reqdrements, during a 
radon survey that Includes a short-term volunteer segment of the type herein 
described is community response. The researcher is usually deluged with 
telephone inquiries and correspondence. For the purpose of preparing to 
accommodate these responses it is useful t o  segregate inquiries into two 
groups : Initial responses and contingency responses . 

Initial responses can easily overwhelm an unprepared agency. It is not 
uric- for o m  or  bm telepbne lines to be t ied q m n t ~ u s l y  Â£o three 
or  four days once media coverage begins. Even a small article in a 
newspaper may t i e  vp an enployee for an entire day with c d t y  response. 
General i n q u h h  are best W l e d  by s d i n g  a -Met or packet of 
general radon information. Specific questions must be handled individually 
and a worker should possess a general knowledge of the health effects of 
radon and radon mitigation technology. An adequate supply of l i terature on 
these topics and a list of agencies, organizations, and experts for 
referrals will expedite responses . 

Contingency plans should include a prepared response for any outcome the 
findings cmld present. The research agemy s ~ l d  have written 
contingencies for low, moderate, and elevated radon readings in the overall 
survey area as we l l  as contingencies for neighborhoods with elevated 
levels. Plans shu ld  be w l e t e d  hefore t b  suruey is M t i a t e d  because 
time demands during the survey, particularly once data is generated, will 
preclude planning at that time. 

When considering the community impact of a radon survey it is prudent t o  
consider the needs of the business community, government agencies, and the 
media. Building industries and real  estate professionals wil l  be affected 
by raising community awareness of radon. Other agencies, both within and 
adjacent t o  the study area, should receive timely updates of survey progress 
and findings. 'I& media w i l l  perceive a need i k  rqylar qdates and pacing 
tk release of data may be a solution t o  untimely media intrusions. 



COSTESTIMATES 

@st estimates will mt incluse dollar amunts. E&mates w i l l  be 
broken down Into two categories: 1) equipment which wil l  include supplies 
and laboratory analysis, and 2). personnel resources. Equipment will be 
described and personnel r ~ a m t s  w i l l  be expressed in burs allowing 
anyone e s t h t i n g  the cost of a similar st* can obtain quotes &w 
equipment and apply local enployee costs. Whenever possible, personnel 
mqdmmts w i l l  be expressed as burs per -tion perhmed to hcilitab 
estimation of surveys of varying magnitude. the cost of the researcher is 
assumed* Some of the personnel requirement described below can be performed 
by the re- and t b  associated cost remved frm t b  e s t h t e *  

The magnetic aspect of short-term volunteers surveys is  that the agency 
expends little or no funds throughout the entirety of the survey* Detectors 
and their analysis are paid for by the participants and publicity is 
provided by the media "sponsor". Personnel costs aseocieated with 
short-teem volunteer surveys Include provisions for a full-time employee t o  
answer general telephone requests far the period of time that detectors are 
distributed plus an additional week. Data entry will  require from 5 to 10 
minutes per response to sort, qualify, scad enter radon results and 
questlonnarie data* If an enployee is to plot the coordinates for site 
specific Information, an additional minute per response will be required. 

Long-term random survey equipment necessary t o  comlete the study 
Includes a list of randomly generated telephone numbers, detectors, acid 
mileage* Randomly generated telephone listings vary widely in cost 
depending on the extent of qualifications the list has met .  Detector cost 
will vary somewhat with manufacturer, however it is important t o  inlcude the 
mniber of detectors to be used for quality control beofre estimating cost. 
the cost of mileage to deliver and retrieve detectors t o  participant homes 
is 20 miles per participant based on a 675 square mile survey area with the 
distribution point centrally located. Cost for other area conformations can 
be extrapolated from this model. Personnel costs will include 2 hours of 
telephone permntml t h e  t o  discover one willing, qualified participant 40 
minutes of delivery persorml time t o  deploy and retrieve d e t m s  and 5 to 
10 minutes per response t o  enter data. 

Soil gas mqliqg w i l l  require a so i l  probe t o  extract amples, syringes 
to transport samples, and a monitor to analyze samples* A variety of 
mnufacturers offer systens capable of this p r o d a r e  and some can eliminate 
the need fbr traqxxting staples* In addition toachoiceofsystem, 
lease or purchase m e m e n t s  are available to accomodate a flexible 
funding arragenment. Personnel costs will consist of combined field and 
laboratory persome1 re&rments of about 20 minutes per site* 

W a t e r  supply sampling w i l l  necessitate the p h e  of test kits and 
analysis* M q  cannercia1 and udversity laboratories have the capacw to 
reliabley analyze radon i n  water. Personnel requizanent8 w i l l  include 3 
hours per site to select sites and 30 minutes per site to draw samples. 

Cmstruciton mter ia l  sampling costs will  include laboratory analysis by 



p m s  spectorscopy and is mailable fmn private and cmmemial Iabortories, 
persame1 costs w i l l  entail about 30 minutes per mqle to  obtain the sauple. 

The complete 
the eight original 
segment* through 

m e y  outline is  c q o d  of 8-t8 designed to  achieve 
goals of the survey format. The short-term voluntary 
F u b l i c i ~  p-es $ m d i a  coverage, w i l l  meamrably raise - 

c u k m i t y  awards of radon and -related issues. Data prwided Emat 
both the short-term voluntary t and the long-term random segment will 2tr enable th resamher to appr te t k  frqwncy of elevated radon 
levels. Throqh a r e h l  mnagenent of tb qwstbmdre, h ~ i n g  
characteristics that contribute to elevated radon levels can be identified 
i f ,  Indeed, any housing characteristics contribute to elevated radon levels 
in th m y  aree. 'RE sbrt-term mlmteer and a - t e r m  rdan =pent8 
will serve to identify "hot spots" should any be present. By locating 
detectors in tk main living aree in tb long-term rdan ~egnmt, levels of 
radon exposure can be more closely approximated. The source sampling 
segmnts w i l l  allow confident recmmndations far r-th OpthBe By 
quantifying source contributions and the pattern of variation, possible "hot 
spots" can be predicted in areas where inadequate indoor radon data is 
available. Bkpping of results w i l l  a l l w  identificatim of ary correlations 
with geologic data. An agency with a database of this nature is prepared to 
respond to community issues relating to indoor radon levels. 
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