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SUMMARY

The chjective of this study is to demonztrate the feasibility of
estimating cumulative exposure aof individuals to low concentrations of
radon by mgasuring the amount of Fb-210 in their skeletons. This
report presents progress tn date establishing the validity of an in-
viva technigque to measure skeletal burdens of Fbh-210, accumulated from
exposure tn radon and radon progeny.

With the skeletal content of Fb-210 and a madel for Fb
metabalism, cumulative evposure to radon and its short-lived dacghters
(radon/daughters? may be celculated for use in deriving a dose-

respons2 ralationship between lung canczer and exposure Lo
4

Data are presented for 29 subjects =xposed to "above-average" Rn
concentrations 1n their homes, showing the correlatiaon between
measyred Th-210 bordens, and measured pCi/l and WLM exposure
estimates, Their results are compared to measurements of a population
of 28 eubcects presumed exposed to average concentrations, i.e.,
<1pCi /1.,

Measurements of a Fenneylvania family exposed for a vear in a
home with sn extremely high radon content are also presented. This
family was naot part of the NYS subject selection but was included in
the study when the opportunity to measure them arose.

Rezults of an ongning study of the biological half-time of Fb-210
rn man are also presented. These measurements, of a retired radiation
worter with a 40 year old skeletal burden of Fb-210, have been in
progrees for about 1Oyrs.  Although ot planned as part of this
contract, they are presented because of their relevance to the prablem
of establizhing a meaningful correlation between lung cancer incidence
and radon/daughter rxdiation dose to the lungs. It is the first
report of a measurement, in man, aof the half-time of this iscatope.

Finally, progrezs on the determination of Fb-210 in samples of
food, tobacco and mine air abtained $rom the Yunnan Tin Corporation in
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Czj:w City, FRC, is reported,

"ok mdius ko0

It is nmow universally actepted that a relationship exists between
pulmonary deposition of alpha-emitting radionuclide particulates and
lumg zancer.  Thus epideniclogists, radiation health specialists and

-

radiation biologists agree that a technique which yields estimetes of

comulative evposure to Rn oand ite alpha-emitting decay products would
be an essential tocl teo the establishment of this relationship -
zzp2sially one in which the suposed individual acts as his own
zampler /dosimeter, thereby i1nsuring the accuracy of the estimate on a
"person-spacific” basis.

The EFA radon corcentration Yaction" limit of 4pCi/l in air has
teen promulgated using in part, data obtained from the uranium mining,

zcupational experience, involving men laboring in extremely high
concentratinns of radon/davghters. Exposures, even in "higher than
rage" homes, are not only much lower in general, but also may

ve large differerces 1n the amount of radon/daughters inhaled
2rasee of far le2ss streuwcus haome-oriented activities. The
cunulative amount of radon/daughters inhaled is of couwrse what ig
rRepensibile for the radiation dose to lung tissue, and the Fb-210
messuremant technique —an yvield an estimate of this amount.
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This far, FPh-210 ressurzments have bean performed on 29 subjects
living 1n homes along the "Sauthern Tier" section of New York State
with abgve-aver age levels of Rn, and 24 control subjects working at
.00 Langa Laborstary, NYUMT. Four members af a family from
Fernzylvaria who lived ore2 yea~ in a home with extremely hiagh radon
lavels - on the order of 20006pCi/1 - were also measured. The control
gulnyects liva In an srea known to have home levels averaging about
1p1 /1, whereas subjects’ homes range from T0pCi/l to 70pCi/l.  The
Jifference in measured FL-210 skull burdens between controls and
subjects is distinct., 0Ff the 29 subjects, 14 show levels from 78pCi
ta T01pli and 15 were below & detection limit of about 70pCi, whereas
Z7 of the 24 controls are below the detection limit. Three of the
four members of the Fennsylvanta family have measurable burdens of Pb-

210, with the highest found in the youngest son(éyrs old) who spent

-
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tha firet vear of his life there.

Methaodn [ Da 2

Subigot Selection: Using the Radon Exposure Registry of the New York
State Health Department , co-investigators in the Bureau of
Environmental and Occupational Epidemiology select homes in which
radon evposure levels of more than 100 WLM had been reported. A
letter (Figure 1) reqguesting their participation in the NYU/NYS Fb-210
study is mailed to each of the selected home owners . 14 the response

i3 positive, NYUMCUIEM investigatore are notified and follow up with =2
phone 22ll to arrange a measurement date, Thus far the percentage of
posiiive responses has bheen sbout SO%. To extend the number of
subiects 1n the current study, the identification level will be
lowsred to SOWLM,

ER-210 Meszurement: Fb-210, a bone-sezeker and the longest-lived
daughter product of radon, may be measured externally by detection of
its 47keV gamma-ray (abundance = 4%) with NaI(T1)/Csl{(Tl), "phoswich"”
detectors, placed arourd the subject’s head. These detectors were
2crzll s designed and develonesd at NYUMC/IEM(1) for the detection and
meazurement of low-energy ({200keV) photon emitters such as Pb-210,
The shkull 19 the selzscted measurement site bocause it is a large bone
mass with relatively little overlying tissue, thus minimizing
abszrption of the 47vel photon. Also, the relatively small variation
n skull eize aver a wide range of body sizes and weights yields & Fb-
10 calibration factor (cpm/unit Fb-210 in skull) which has a minimum

For th2 measurement, six, 18min. counts are accumulated - F0min.
total. The subjects are placed in a comfortable, semi-reclining
position on 2 padded, variable-position chair, in the NYUMC/IEM whole-
body counter, and can watch televigion or listen to music during the
measurement., The zix periods are divided into groups of two, 1Smin.
periods. After ZOmin., the subjects are given the opportunity to walk
about before resuming the measurement. During the measurement, three
phoswich detectors are placed in reproducible positions around the
subject’s head; i1.2., on each side and at the top (Figure 2). At the
same time, a measurement is made with the 8Bx4in. Nal(Tl) detector in
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ody counting position to aceount for possible contributieon
0 skull count from other nuclides which may be present,
sample, to a medical procedure invalving radicisotopes that
may have been =2:pozed to recently.

Mpazarensrt Eoeults

Fhozwich detector spectra for each of the six, 1Smin. counting
pericds are acqguired and stored in a PC-based., multi-channel analyzer
= m. The spectrs are converted to ASCII and ported to a program,
Lan in the LOTUE 127 mazro languege, which analyzes the counting
data and presents thz final result of the measurement - pCi of Fb-210
in the suhiect’™s skull. Figure T shows the program®s output of an NYU
zontrol zabliect measurement:; Figure 4, the cutput of one of the NYS

Ui
S
)

The first line of the output lists the subject’s name, age,
height and weight. "Head Measurements" lists the tape measurements
(CIEC.mferznce Eront to Back and Chin to Crown) and caliper
measurements (DIAMeter Eront to Back, Chin to Crown and Side to Side)
of their head size. The latter are taken far possible future
refinement of the skull calibration factor. The central portion of
the output, "Fh-210 MEAGUREMENT RESULTS". lists the total counts faor
2ach 1Emin. period, summed over three separate regions aof the
sunject’s spactra; (1) the Fb-210 peak region, "Eh _cnt" = the sum of
72 channels (approx. I0-40keV), (2) a Low-Energy region, "LE cnot" =
sum of Z4 channels immediately below the Pb-210 peak channels, and (%)
a High Erm=rgy region, "HE _cnb" = the sum of 24 channels immediately
above the Fb-210 peak channels. The standard deviation (8D, ! sigma)
for each zZount in each region is also calculated. The LE and HE
regiaons are used to obtain the subject’s Fb-210 peak region background
correction, discuss2d in detail b=low.

Coun<s in the threes regions are summed in the next line as
"MEAN(com) " ~ the mean, and standard error of the mean, of the counts
for the N pericds. Conversion to cpm allows for the possibility that
N may noct always be & for each subject. For example, the children, &
and ?Pyre. old ,of the Pennsylvania family were in the WBC for four,
1Smin, perinds. "REGDR(cpm) " is the mean and standard error of 90,

]
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1dhr. messurements of a bhead nhantom, summed over the LE, HE and Fb-
<10 regions. The "UORrected BEGDR" is the product of the "CORrection
EACTor" and the ms=an and standard error of the head phantom EBKEDt(cpm)
in the Fb-210 region. The CORrection FACTor is the average of the "LE
CORrection" and "HE CORrection" factors, obtained by taking the ratio
of the MEAN(zpm) and BEGD(cpm) in the LE and HE regions, respectively.
The errors shown are the propagation of the counting errors i1n each
reglion.

Background, an important compenent in any measurement of
radivcactivity, is especially impartant in measurements which are at or
near the limits of detection since these limits are functionally
related to the tackground, For measurements of human subjects, i1t 1s
often paossible to measure a control subject of the same age and size
as the subject as background. In the case of Pb-210 hawever, it is
impossible to find anyon2 who has not been exposed to radon/daughters
- everyone must have a Fb-210 burden - and thus another method must be
found to obtain thza "subject"”" background.

Inside the whole-body counter, the subject’s background counts 1in
the Pb-210 region are due to (1) "room" backaround, i.e., external
sources such as cpsmic-ray interactions and radioactivity 1n the
detectors, building materials, soil, etc., and (2) low-energy,
Compton-scattered pihctons and bremssteranlung photons from K-40 1n the
subject’ s body. The former 13 reasonably constant and statistically
predictable; the latter - subject ¥-40 contribution - is much more
variatle. "Sublect" background is thus the sum of predictable "room”
background counts, and a variable contribution due to the subject’s K-
40 content - which 1s a function of size and age. A reliable method
tor prediction of this variable contribution has been derived with the
use cf a head phantom containing potassium and calcium dissolved in
water, as described below.

"BEGD (cpm) " are the counts in the Fb-210 region from a head
ghantom in the same position between the detectors as a subject’s
head. The head phantom used for background contains 8gm of potassium
- obtained from values given in "Reference Man" (2) - as the
approximate amount af V' in an adult head. The phantom also contains
100gm of Ca, to match the photon scattering and absorption conditions
of an actual head., Repeated, long term measurements of this phantom

&
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yields a statistically "well-known" count of "room" background, plus a
contribution from the H-40 contained in the B8gm of K -~ and will differ
(+/-), from the variable "subject" background only by the unknown
increment due to the sublect’s actual skull ¥ content, which may be
dif ferent than that of the phantom. Thig incremental difference ig
zecounted for by using the LE and HE region corrections discussed
abave. As shawn 1n the output (Figure I or 4), the ratio af the
counts in these regicns, taken from the subject and phantom counts,
vields the CORrrection FACTor used to add aor subtract the counts
nzcessary to match the phantom spectrum to the subject’s spectrum. In
this menner a statistically well-known "subject" background - the
Cdfrected BEED - is obtained for the subject in the Pb-210 region.
(e2e NOTE 2elow)

Art =xample of the fit obtained from this procedure is shown i
Figure 3, a pheoswich spectrum of the head measurement of a control
subject with the corrected background spectrum overlapped. The
overlap was obtained by multiplying the head phantom spectrum by the
CORrection FACTor aobtained from the LE/HE correction routine. Note
the much smaller deviation in the corrected background spectrum (the
averaje of 30, 14hr. backgrounds) compared to the subject spectrum
{the average of six, 1Smin. spectra). It is the CORrected BKGD. that
is subtracted from the mean of the subject’'s gross caunts to obtain
the "NET CNT" in the Fb-210 peak region.

HOTE: "Background as defined here are all the counts in the Fb-210
region of interest that are not due to FPb-210, specifically. This
definition of background should not be confused with that background
due tc the presence of Fb-210 from sources other than radon/daughter
decay, 2.9., food and tobacco. These - lattier sources of background
must be accounted faor in the model relating concentration to expasure.



DOE/ER/H0944~-02

Two criteria are of importance when measurements of radiocactivity
are made (NCRF, 1985;NCRF,1989). 0Ona critafiun, the "critical level" or
Ley, 1is important to decide whether or not activity is distinguishable
as being abave background. The second, the LLD or "lower limit of
detection, inlicates the smallest sample count rate necessary to state
that activity is pre=sa2nt with a preselected degre=e of certainty, i.=2.,
that the net count cbtained is greater than the critical level. The
critical level is the sample count rate which must be present in order
to state - when the sample is counted over and over - that only 1-
alpha times will the Type I error be made, i.e., saying activity is
prezant when 1n fact it is not.

Le = knlphntso

Farprna = the value of the upper percentile of the standardized
normal variate corresponding to the preselected risk
(alpha) for concluding falsely that activity is
present. For our counting, alpha is taken to be 0.1,
for which ka.pna = 1.28.

So = the ecstimated standard error for the net sample count
rate when the sample activity is actually zero.

So = (Ra/Ta + Sa/n)t72

Te = sample count time.
Re = background(corrected) count rate.
Su/n = standard error of n background measurements

Thus a corrected subject background, typically of the order of
Z20cpm, and the background standard error of 0.2144, vields a critical
level of 1.12cpm or 1.12/17.8 = approximately BOpCi for the current
detection system. The critical level varies however, being dependant
on age and weight of the subject, and ranges between &40pCi and F0pCi.
This valuz is also often called MDA or minimum detectable activity.

The ather criterion, sometimes preferred, is the LLD.

LLD = (kalpha + kneta)X¥So

a
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EFbeta = the value of the standardized normal variate for a
predetermined d=agree of confidence(l-beta) for
detecting the presence of activity. Usually
kbeta is selected to equal kalpha.

This value, when used, indicates the count-rate necessary in a
sample in ordzr to detect its presence above the critical level. That
is, when the sample is counted over and over, only beta times will the
Type Il er-or be made, i.e., saying no activity is present in the
sample when in fact activity is present.

Results below the "critical level" count-rate (C.L. on the
orint-out) will be reported by the program as no detected activity,
i.e., "lese t e S8Bince the CORrected BKGD is different for
each subject, the critical level will also be different. The C.L., in
pCi, is the ratio of C.L. in cpm and the "CALibration EACtor" 1in
cpm/nCi¥10C0, The final result, "SkEull BPR-210" in pCi, is shocwn with
its 1 sigma S.D., above the dotted line.

isxmmacx nf Regults Ta Date

A summary of the Fb-210 results thus far for the NYS5 subjects,
the NYU caontrol subjects, and the FPennsylvania family (OTHER), are
shown in Table 1. As stated earlier, the difference between the two
populations is apparent. Twznty three of the 24 NYU control subjects
are below the critical level. It should be noted that the one control
subjzct withh a measurable Fb-210 burden is an inveterate smoker, and
tobacco i3 a known source of Fb-210 intake. Of the subjects, 14 of
the 2% measured thus far are below the critical level; the others have
skull burdens ranging from 78 to Z01pCi. As shown, the highest burden
was measured in L,W., the youngest in the family from Pennsylvania.

He lived the first year of his life in a house which had a measured
~adon concentration of abaout 2000pCi/l. After that year, the hcuse
#2535 "remediaeted” to a value well below the EPA’s 4pCi/l1 suggestad
action level.

No data are currently available for radon concentrations in the

Q
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NYU control subjects homes. However, in a report of extensive
measurements of home exposure levels taken throughout New York State
for the NYSERDA(ZI), it i3 shown that homes in the area surrounding the
location of NYUMC/IEM in Tuxedo, NY, have low, average radon
cancentration values (1pCi/1) relative to the homes along the Southern
Tier (40-S0pCi/l), whare all of thz NYS subjects reside. 0OFf course,
this does not acceocunt for variability among individual homes, which
may be be high. M=aasurement of tha NYU control subject homes is
propos=ed for the coming year.

Table 2 lists the Pb-210 results of the 29 NYS subiscts along
with thz2 measurements of radon concentrations in their homes, as
obtained from the Mew York State Department of Health, Bureau of
Environmental and Oczcupaticonel Epidemionlogy. Shown are the measured
values of radon concentratiomns in pCi/l in the basement (B-pCi/l), the
ist fleoor (1-pCi/l), and 2nd floar (2-pLCi/l). The concentration data
was mbtained from charcoal canisters and track-etech detectors mailed
to home owners who had been screened previously and were interested in
participating in the Radon Registry study. The canisters were
returned for readout after exposing them in the basements of their
fomes for a short period. The track-etch detectors were kept and
exposed in the living zres of the home for a period of one year, as
per Health Department instructions. For the data obtained thus far,
only nne Znd floor exposure was actually measured. The other 2Z2nd

floor concentrations were assumed to be the same as those measured on
the ist floor.

Table 3 lists the WLM exposure estimates for each of the NYS
subjects. WLM estimates were calculated from the measured
concentration values - assuming S04 radioactive equilibrium between
radon and daughters - and estimates of the percentage of time spent in
the hous= and in the locations listed, as abtained during the Health
Department’s interview of the subjects.

Note that the entries in Table 1, listed as less than C.L., have
been changed to values of the order af 20+pCi in Table 2. As stated
above, since radon is ubiguitous, 1t is not possible for anyone to
have zero exposure and a zero burden aof Pb-210. Thus, for a
correlation analysis of the data in Table 2, a linear extrapolation
was assumed between zero and the critical level for each subject, and

10
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2 value is assumed for those with a measurement result below the
critical level which 1s half their critical level.

The correlation analysis of the data in Tables 2 and 3 is shawn
elow the tables. Figures & is a plot of Fb-210 vs. total radon
centration. The fit, as indicated by the "R" value in Table ¥, is

N o

|

on
ot strong. Givan the nature of the radon concentration measurements
it would be cerhaps unduly optimistic to expect a better fit. Any of
the following corditions that might account for the lack of a very

strong fit:

) Hnowledge ar correction for variability in the Rn/daughter
concentration due to ventilation changes, building changes,
2.3., construction additions and/or subtractions, etc.,
which may have occurred before the measurments of radon
concentrations took place.

2) Accaunting for changes in residency for significant periods
during the total exposure perind, e.g., vacations,
retirement, visits, etc.

R The wide variability nf individual lung function parameters
and changes in these parameters over the exposure period.
For example, development aof emphysema, bronchitis, colds,
etc.

4) Changes in the composition of the indoor air particulate.
For erxample, starting or giving up smoking, smoke from
others in the house who smoke - permanent residents or
quests, dust lcads in the house from cleaning. The kind of
home-heating system used, e.9., baseboard vs blown hot-air.

5 Changes in radon concentrations aver the seasons. Even
though an average concentration is obtained by leaving a
track-etch detectar in place for a year, this measures the
average at that position only.

6) Fb-210 acquired from living in another home which had a high
radon concentration before moving to the present one, in
which the concentration has been measured.

11
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7 The burdense shown still contain a contribution due to other
saurcaes of Fo-210, diet and smoking, which have not as ye<«
bern taken into account. This contribution will be
calculated from the known levels of Fb-210 in foodstuffs,
tobacco, etco, in the literature, and subject histories
ciztained during irnterviaw at NYUMC/IEM, Calculations
indicate Liese contributions to be of the order of 40pli-
50pTi, depending on age, smoking/dietary history, etc. Ir
sone cases, these zZontributions will be a signi{icant
fractinn of the total burden. It is thus very important to
abtain thke best possible evstimate of tham to arrive at a n=2t

burdere of FH-210 due only to radon/daughters measured in the
home environment.,

The correlation however between Pb-210 and total radon
concentration - i.e.. the "trend" of the data - is shown 1n the
analysis to be strongly positive with an excellent "p" statistic,

"huz 1t can be stated that there is a strong and definate correlation
sztween the radon concentrations measured in the NYS subjects’™ homes
and the burdens of FPb-210 ag measured with the in~-viva technique.
Coircident with this analyszis, Tables 4 and 9 and Figures 7 and 8 show
g game analysis performed on separated male and female subjects.
female data shows an even stronger correlation than the grouped
dzxt s, while the males show & much poorer correlation. This may
1ndicate the fact that subjects in this group are for the masht part in

24

¥

4

=

theyr 4G who were raised in an era in which woman may have spent
mich more of their time at home and ~ at the risk of sounding sexisht -
may have spent more time in the basement doing laundry, etc. In any
=vent 1t 18 further evidence of the power of the in-vivo methodology
10 that 1t 1e possible to distinguish so clearly a difference i1n the
actual erposure of the two populations, otharwise indistinguishabie
from observation of the radon concentration and/or WLM estimates.

As shown in Table T, the correlation between Fb-210 and WLM
estimates 1s poor. This is as expected since the actual value of WL
15 unknown - a value of S50% equilibrium is assumed - and the amaount of
time used in the estimate of WLM is ocbtained from the subjects’
recollection aof the the time spent inm various areas of their bhome, for

must, periaods of 70 ar 40 years, at the time of interview. Although
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necessary Lo make the WLM estimate, this undoubtedly represents the
weakest area in the evaluation of exposure.

It is at this point that the value of the Pb-210 measuremants
becomes evident. From the Fb-210 measurements, it will now be
possible to calculate the amount of radon and radon progeny in pCi/Zday
which each subject inhaled to result in the observed body burden of
Fb-210 at the time 2f the measurement, and from this, to calculate the
resulting radiation dose to the lungs from the estimated exposure.

The model for the a:posurs estimate and the assumptions necessary for
its use are now under active study.

From the results obtained thus far, it can be stated with
certainty that the phioswich detector system currently in place at
NYUMC/IEM is capable of measuring Pb=-210 burdens in persons who have
been exposed for long periods in homes with radon concentrations near
"average" levels. This is made possible with the use of the new
technique discussed above to obtain subject backgrounds with small
errors by taking advantage of the stability of phantom backgrounds
measured repeatedly with long counting times. As shown in the Fb-210
measurement results, there is a distinct difference between the
subjects exposed in homes with "higher-than-average' concentrations of
radon and those exposed 1n homes with “"normal” levels. Many of the
NYS subjects in fact had measured burdens greater than 136pCi, i.e.,
twice the critical level. This amount (ZxC.L.) is generally accepted
as statistically "detectable". These results are taken as
confirmation of the technique; validation haowever, will have to await
the acquisition of more data and additional correlation of measured
Fb-210 burdens and the other measures of exposure.

Erototvpe Detectar: As was pointed out, there is no one who has zero
exposure to radon and a zero burden of FPb-210. Thus, while the
critical level of &8pCi for the current system is apparently capable
of detecting and measuring the Pb-210 burdens of people living in
homes with average concentration levels of 40pCi/1 to SOpCi/l, it

13
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would be advantageous for future measurements utilizing the in-vivg
technique, to lower it to the order of 10pCi/1l ta 20pCi/st. To work
toward accomplishing this, another task was undertaken for the current
vear. This is to test a new design of the phoswich detectaor which
should increase the sensitivity of the measurement by about a factor
of 4 which, with the concurrent increase in background, should
decrease the CT.L. to the order of 29pCi. This is important sincze, as
was pointed cut abave, Fb-210 burdens of people living in homes with
"mormal" concentrations are expected to have shkull Fb-210 burdens in
this range. This task is currently underway, and a prototype of aone
section of the new detector is now under construction. Figure 8 shows
the design of tha p-ototype secticn. The square face adds about 234
mare active debtection area cver that of a comparably dimensioned
cylindrical phoswich. As indicated in the drawing at the top of
Figure 9, the individual sections can bHe arranged in various positions

relative to each sther. For measuring Fb-210 in the skull, the
detector, zonsisting of eight of the sections, would be arranged
around the head as shown in the bottom drawing. A cylindrical

phoswich placed at the top of the head would complete the system.

Measurement of Ph-210 E!_jler;j;;al Half-life

One of the most important parameters in any model relating the
skeletal content of Fb-210 to an =stimate of the cumulative exposure
to radaon/daughters is the bioglogizal half-time of FPb-210 in bone. Ta
date, values for this parameter have been derived from various animal
studies, @ach of which has had som2 significant drawback leading to
related uncertanties in the result. For example, two of the most
prevalent limitations noted in a majority of these studies are an
insufficient time-period over which the measurements have bezn carried
ouvt, and an inappropriate animal species in which to perfarm
binkinetic studies of a "bone-seeking'" element such as lead.

For the present study, we are fortunate to have the cooperation
of an individusl who not orly has a skeletal burden of over 200nCi of
Fb-210 but who has been available to us for measurement over the last
10 years. He is 65 years old and ocbtained his Fb-210 burden
approximately 40yrs ago - probably by direct inhalation while he was

14
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packaging the ischtope for commercial sale. The first measurement of
his skull burden was pzrformed by Pomroy on 3/26/80(4), Since then,
ws have performed an additional 4 measurements. Referencing Fonroy' o
reasura2m2nt as time 0O, we have a measurement at t=137 days, two on day
2429 and another on day 3888, In addition, urine collections were
made on days 2629 and 3585. Thits we can now obtain a preliminary
stimate of the biclogical retention and effective halftime of FbE-210
N ma

n
n

-
2

at long times after an acute exposurs.

Figure 11 shows the phoswich spectrum of Fb-210 in this subject’s
skiill,y measured on 7/1%/90. His skull burden as of that date was
C2.8nCi. A plot of his body burden versus time is shaown in Figure 12.
~3 shown, thao estirate nof effective half—-time from the curve is
zalculated as 1B 1+/-4.8yrs, The urine samples obtained during two of
the measurement dates - day 2629 and day 589 - were chemically
analyzed and indicate an average excretion rate of 5.51+/-0.32pCi/day.
Yzing the formala

A = Ap - Ret

il

where A activity at some time t days

Ro = activity at time = O

Ne = rate of excretion = 9.51+/-0.732pCi/day
t

time 1in days

the value obtained for biological half-time, for a body burden of
226.46+\-28.8BpC1 at time O, is B4.3+/-B.3yrs. This igs compared to a
value of 27 vyears given in ICRP II. From this and a value of 22.2yrs
tcr the physical half-time, the effective half-time is calculated to
bz 15.9+/-4.2yrs, 1n good agreement with the effective halflife
cbtained from the ln-vivo measurements. From the physical halflife of
22.2yrs. the loss by decay of the isptope at day 3585 is calculated to
be S5F.8+\-20pCi. The loss using an effective halflife of 18.1+/-
4.8yrs is calculated to be 71.1+/-20pCi at the same point in time.

The losse due to urinary excretion is calculated from the above
excretion rate(S5.51+/~-0,.32pCi/day) as 19.8+/-1.1. The difference
between the loss due to physical and effective halftimes of 71.1 -
52.8 = 21.3nCi is accounted for with the urinary excretion. Thus at
this point in time, i.e., approximately 40yrs. after the intake, 1t
appears that Fb-210 escretion is occurring by the urinary route only.

13
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This will be checked in the near future with the analysis of a 24hr
fz2cal sample.

Eravince, FRC

Fifty-one samples have been obtained from the Institute of Labor
FProtecztion, Yunnan Tin Carporation, Gejiu City, Peaoples Republic of
China, for determination of their Fb-210 content, 0f these S! sample-
sy 14 are regiconal foods, 7 are regional tobaccos, and I2 are mine air
filters taken at various levels of the largest tin mine in th2 area.
Data from these samples will ke used to ascertain whether it will be
nacesss "y Lo get additional samples of these materials to obtain a
zarrection factor for sacondary sources of Fb-210 intake in a study of
the Fb-210 skeletal burdens in a large population of retired tin
mir2rs of the Yunnan Tin Corporation, in Gejiu City.

The tin miner Fb-210 measurements are a part of a lung cancer/ca-
se~cantrol study of this population which can provide valuable intfor-
mation on the correlation of Fb-210 skeletal burden and radon/daughter
exposdre to lung-cancer incidence. The tin-miners are representative
of « population mid-way between the very high uranium miner occupa-
t1anal exposures and the current "higher-than-—average" environmental
exposures 1n this country. Because of the importance of establishing
3 dose-response relationship for the tin-miner population, additional
furding to ow current DOE contract was supplied for the above sample
daterminations.

The Ph-210 content of these samples are being determined by
intillation detectiaon of their beta-particle emission., The method
1s based on the solvent extraction of a lead bromide complex into
Filquat-3IZ6. Pb-210 is isolated from most interferences. Its
da. ghter, Hi-210, is separated from Fb-210 and the beta activity is
reasured radiometrically after ingrowth.

[l

b
[

Sample Freparatinn

The samples are prepared for beta counting as follows:
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1. Wet ash with concentrated HNOx , add lead carrier, reduce to
dryness and add M HBEr.

2. Determination - strip the lead from the sample by coambining with
Aligquat-2746 in a separatory funnel, separating the organic and aqueous
phasa2e. The organic phase is washed with O.1M HEr. The lead is
stripped by shaking with caoncentrated HCl. The strip solution is then
gridized in a beaker with concentrated HNO3.

Z. Ingrowth of Bi—-210 - The Bi-210 is separated from the parent Pb-
210 by precipitating Bismuth Oxychloride (BiOCl), and centrifuging.
The final Fb-210 solution is stared for 2-3 weeks to allow the
ingrowth of Bi-210. After the 2-7 week ingrowth of Bi-210 the
solution is again precipiated as BiQCl on a Whatman #42 filter paper.
the filter i3 then mounted on a 1 inch plastic ring and disc, covered
with Aluminum foil, (7.2 mg/cm?2), and Mylar film. The precipitate 13
then counted in a beta scintillaiton counter.

[ | t 1

The Fbh-210 disintegration rate is calculated using the following
formula:
dpm of Fb-210 =(RaY,Yz) /7 (GD)

where R, = net counting rate of sample

Yy = recovery factor for lead carrier (to be determined by
Atomic Absaorption)

Yo = recovery factor for bismuth carrier (to be determined by
welight of filter)

E = counter efficiency

G = growth factor (growth of Bi-210 from first milking to
final milk)

D = decay factor (decay of Bi-210 from final milking to time
of counting)

17
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Analvsis ot these samples has not as yvet been completed.
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TABLE 1: Results of Measurements of Pb-210 (pCi in skull) in NY&
Radon Register Zubjectz (NYS SURBJ), NYU Persconnel (NYU
SUBJ)., and the Fennsyvlvania family

NYS NYU PENN.

SURJ. Pb-210(pCi) SUBJ. Fb-210(pCi) SUBJ. Pb-210(pCi)
MEC 78+/-T73 JCE <C.L. SJIW 57+/-32
DL 170+/-6& MTL «C.L. DMW 172+, -45
CFH <C. L. XWW <C.L. MW oL
FKE 301+/-5 MAM «C. L. CW 275+ -48
FCM 93+/-53 REM <C.L.

MM <C.L. EW <C.L.

HEE 109+,/-28 DJJ WCL L

TJR 216+/-45 38C <C.L.

JEM <C.L. TAK <C.L.

ERM 142+/-62 JC <C.L.

CHT <C.L. RMG S L.

SET <C.L. GRL <C.L.

WHH <C. L. VM 81+/-68

EEH 121+/-47 MAS <C.L.

JRF <C.L. EM <C.L.

MAF <C.L. MH <C.L.

CF 93+/-54 BGW <C.L.

PJC 92+/-59 EHC «C.L.

RRA 192+ ,/-44 CMG <C.L

BB 184+/-70 AS <C.L.

VJR g2+,/-170 PJ <C.L.

OAS <C.L. MDC <C.L.

CBS <C.L. RP <C.L.

EJR 108+/-83 BAT <C.L.

VJR C. L. AD <C.L.

ADS 96+,/-128 LJO <C.L.

HRS <C.L. FK <«C.L.

MAS <C. L.

MJS <C. L.

NOTE: The Critical Level (C.L.) for both groups was calculated as
the mean and standard deviation of the mean for each group and is
68.75+/-1.46 pCi and 68.13+/-2.15 pCi for the NYS and NYU grcups
respectively.
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Regression Output:

Cons*tant

S5td Err of Y Est

R Squared

Mo. of Observations
Degrees of Freedom

X Coefficient(s) 0.981617
Std Err of Coef. 0.28133A
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TABLE 3 - Regression of Skull Pb-210 on WLM
ALL SUBJECTS



REGRESSIC

N of SKULL Tb-210 on WLM:

Subj =n210C WLM Sex
MEC 7& 261.8 o
JDL 17C 261.6 2
HEE o] 277 .1 1
TJIR CLlE 288.3 2
BB 184 154.7 1
VJ B3 3z 207.3 2
RRA 14z 100.3 1
JRF 28 151.8 1
MAF 37 114 .1 2
CF 23 77.9 Z
TFH 27 208 .4 3
WKH AV 213.9 z
JRM 36 2.4.7 1
ERM 142 236.4 2
WHH 2€ 191.1 1
EEH 1ol 163.8 o
CHET 2R 217.8 1
SET zE 36.8 2

JC 9z 206.2 2
PCM 32 142 .1 1
PMM 33 215 .1 2

EJR 10& 176.8 1
VIR 37 231.3 2
MJS 45 173.1 2
HRS 3¢ 147.7 1
MAS 24 143.1 2
0OAS 28 176.3 1
ADS 98 156.1 1

Fizrezzion Qutput:

Tovmistant

321 Err of 7 Ezt

R =Squared

Noooof Observaticons

Tezgrees of Freedanm

¥ Coefficierntis; 0.276268
3td Err of Ccef. (.220329

ALL SUBJECTS

41.03726
£7.90838
¢.0&87022

28

26



TABLE 4 - Regression of 3kull Pb-210 on Rzden Circsntration
FEMALE SUBCECT?S
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TLELE & - Regreszicn zf Skull Pb-210 on Radon Cencentration
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FIGURE 1 - Copy of Letter Reguesting 3utject Participation



g
NOV 09 /90 16:22 NYS ENVIRONENTAL HEALTH , P.2

STATE OF NEW YORK
DEPARTMENT OF HEALTH

Corning Tower

The Governor Nelson A, Rocketelier Empire State Plaza  Albany, New York 12237

Dawvig Axairod. M.D.
Commessner

OFFICE OF PUBLIC HEALTH
Lnca A Randoiph. MO, MP
Orrecry

wiam F Leavy
Exacutvy Deputy Duscior

Dear Resident:

Recently you agreed to participate in the New York State Health Department‘s
Radon Exposure Registry. You also filled out a short questionnaire about your
health and your residence that was monitored for radon. We are new inviting you
to participate in another phase of our radon health studies.

As you may know, radon detectors like those used in your heme can measure the
amount of radon in the air, but not the amount a person actually inhales.
Researchers at New York University (NYU) have developed a method to measure the
radioactivity remaining in the body as a result of inhaling radon. They have
2]so received funding to test a limited number of residents this year, and would
like to provide you with more information about the testing procedure.

Briefly, you would travel, at your convenience, to the NYU facility in
Tuxedo, Orange County - with time and travel expenses paid by NYU. The test
Tnvelves sitting In a comfortable, reclining chair for an hour, watching
television or 1istening to a cassette tape with the radiation detectors nearby,
Also, since many other factors affect the amount of this radioactivity in your
body, you would be asked about the types of food you eat and your smoking habits.

We hope that you will be interested 1n this opportunity to contribute to this
Tmportant study and to learn more about your own perscnal radon exposure. Ne

believe the study will contribute to a better understanding of the connection
between radon in homes and public health. . '

If you want to learn more about this measurement technique, the NYU
researchers, Dr. Norman Cohen and Dr. Gerald Laurer, will provide you with details
and can answer any questions you may have. Please respoend by completing and
returning the attached form in the enclosed postage-paid envelopa. One of my
staff may be telephoning you within the next few weeks to discuss any questions
you have. In the meantime, if you wish to contact us, please call Carole Ju or
Nicholas Teresi of my staff (collect) at 518-458-6212.

Thank you for your attention.

Sinceraely,

ce
Alice Stark, Ur. P.H.
Director

Bureau of Environmental and
Occupational Epidemiology -

Enclosure
/kjk



NOV 89 ‘99 16:23 NYS ENVIRONMENTAL HEALTH

NEW YORK STATE DEPARTMENT QF HEALTH
BUREAU OF ENVIRONMENTAL ANO OCCUPATIONAL EPIDEMIOLOGY

RESIOENTIAL RADON EXPOSURE REGISTRY

NAME:
ADDRESS:

TELEPHONE:

Check one box:

{ } Yes, I am interested in receiving more information about
this radiation testing technique. 1 give my permission to

have more detailed information provided directly to me by
New York University.

{ )} No, I am not interested in receiving more information.

w
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FIGURE & - Control Subject Program Output



NAME

SURJECT MEASUREMENTS

Gerard Laurer

HEAD MEASUREMENTS:

= e e o s e e

m

WGT: 108 kg
Diam:
Diam:
Diam:

24.5 cm
20.5 cm

c-C
F-H
S-HB 16.0 cm

MEAN (cpm)
EEGD (cpm)

AGE: 60 HGBT: 2.0
Cirec: C-C 72.0 cm
Circ: F-B &1.0 cm

HE cnt HE SD

289 17.00

Z04 17.44

TS99 18.95

T20 17.89

Z2b6b6 146,731

T064 17.49

20,49 0.89

15,30 0.0932

Q.40

€ — T~ —— > " s o " S Tt an Y - T - o T S v Ao S o i A " Sy T e HT MY n S e e o e o s S T et S et ST SN e e S e e e

LE COR
HE COR
COR.FACT.

C.L. (cpm)
Cal.Fact,
C.L. (pCi)

LE cnt LE SD
112 10.58
122 11.05
136 11,46
123 1.93
115 10,72
124 11.14

8.24 0.24
b6.49 0. 0290
1.2 0. 0403
1.Z4 0, 0562
1.31 0,046
0.97 cpm
12.80 cpm/nCi
67.96 pCi

Sk

Fb-210

0.48 cpm

Lesse Than M.D.A.
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S N i T e O T T T B e s T LR L P N IR DPRSr WP L BRI e P PR v, B L eV

WYS SURJIECT MEH%URENENT

Name: C.W, Age: Hat: Wgt:

HEAD MEASURENMENTS: Circ., C-C 60.5 cm Diam. 8-S 14.0 om

LECSESSSERSSIESESS Circ. F-E G&3.5 cm Dizm., C-C 2Z1.% cm
Diam. F-B 18.3 em

e e i v ot oy hme o o s e e e e s s o e T e v e S e T

No. LE cnt LE SD HE cnt HE SD Fb ecnt Fb 8D

i 91 Q.54 214 14,8635 689 Z2b6.20

2 111 10.54 294 15.94 668 2%. 8%

3 111 10,549 245 15,65 647 25,326

4 106 10,70 242 19,54 671 29.90
MEAN (cpm) b.93 0,22 15.92 0,58 44,352 0.863
EKGD (cpm) &.49 0, 0290 15,30 0. 0932 38.2 .Z2144
LE COR 1.08 O, 0487 COKR. EkGR. 41, 51 OL23 cpm
HE COR 1.04 O,0n8z e e e e i et o e
COR.FACT. 1.06 0, 0710 NET CNT. 4,01 .67 cpm
M.D.Cnt. 0.79 cpm
Cal.Fact. 12.80 cpm/nCi Sk Fb-210 2721 47 pCi
MID'AU S‘\.-'-‘l?q pCi ﬁlllll.l..ﬂl-nlnl.l.l.l.llllllol.ll'.'.'-.".




Corrected Background to Subject Spectrum
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FIGURE 7 - Regrezsion of Skull P:-210 vs Radon Concentration

o FEMALE SUBJECTS
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FIGURE 2 - Regression of Skull Pb-21C
MALE SUBJECTS
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FIGURE 10 - Example of Ccnnection of I Detector Sections;
Skull Counting Geometry with Complete 8 Section Detector



TN 178" steel

O ( ‘. (r} \\:\\ /

N\,




Spectrum of 25nCi Pb-210 Skull Burden
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Effective Half-time of Pb-210 in Man
~ Preliminary Estimate
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