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Thoron ex ha la tion rate can be ob tained through the com bi na tion of the “ac cu mu la tion cham -
ber” tech nique and RAD7. Thoron’s rapid de cay causes the in take path and the air flow rate
to be come im por tant fac tors in cal i bra tion. In field con di tions, since the flow rate of the in ter -
nal pump in RAD7 will change as the volt age of the bat tery de creases, the big dry ing tube is
more suit able for a long mea sure ment than the small dry ing tube. We de vel oped the method
for recal i bra tion of the thoron con cen tra tion read ing of RAD7 based on the cal i bra tion fac tor 
for 222Rn, and ob tained the thoron ex ha la tion rate from soil sur face near by the Ra don Lab o -
ra tory of the Uni ver sity of South China. This method can be ap plied to de velop and im prove
in stru ments for mea sur ing the ra don ex ha la tion rate.
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INTRODUCTION

220Rn, also known as “thoron” is a nat u ral de cay
prod uct of tho rium. It has a half-life of 55.6 sec onds
and emits al pha ra di a tion. In door sur veys in Eu rope
and Asia re vealed that the dose con tri bu tion due to the
in ha la tion of 220Rn and its prog eny can equal or even
ex ceed that of 222Rn and its prog eny [1]. Now a days,
the sig nif i cance of 222Rn has been rec og nized and the
in ter est in the mea sure ment of the in door 220Rn con -
cen tra tion has been in creased [2-4]. Ma jor part of
220Rn co mes from the top layer of the earth. Mea sur ing 
the ex ha la tion rates for thoron in di cates sig nif i cant
pres ence of thoron in in door en vi ron ment which is
also sup ported by in door mea sure ments of thoron and
its prog eny [5]. Thoron ex ha la tion rate mea sure ments
may be per formed by the “ac cu mu la tion cham ber”
tech nique [6]. The ex per i men tal set-up for thoron ex -
ha la tion rate mea sure ment is con ducted by a solid state 
nu clear track de tec tor. How ever, this method needs a
long time to ob tain the re sults.

  RAD7 is much less sus cep ti ble to ra don-thoron
in ter fer ence due to its abil ity to dis tin guish the iso topes
by their unique al pha par ti cle en er gies. It sep a rates ra -
don and thoron sig nals and counts the two iso topes at
the same time with a lit tle in ter fer ence from each other.
Some re search ers had used RAD7 in a lab o ra tory to de -
ter mi nate the 222Rn and 220Rn ex ha la tion rates from

build ing ma te ri als, si mul ta neously [7]. As the man ual
of RAD7 in di cates, the RAD7 cal cu lates thoron con -
cen tra tion on the ba sis of the count rate of the 6.78 MeV
al pha line of 216Po. Thoron’s rapid de cay causes the in -
take path and the air flow rate to be come im por tant fac -
tors in cal i bra tion. The RAD7 fac tory cal i bra tion for
thoron is based on a stan dard RAD7 in let fil ter, a stan -
dard 3-foot long, 3/16 inch in ner di am e ter vi nyl hose,
and a stan dard small (6 inch) dry ing tube. The thoron
con cen tra tion in the in ter nal cell of RAD7 is about 50%
of the orig i nal sam ple; the thoron read ing is in tended to
com pen sate, al ready, for the loss of the sam ple by de -
cay. It means that the read ing value of thoron con cen tra -
tion from RAD7 is the dou ble of the real thoron con cen -
tra tion in the in ter nal cell. De vi a tion from this
ar range ment can change the thoron re sults.

Gen er ally, a small dry ing tube is suit able for
mea sur ing thoron con cen tra tion. In this case, the
interspace vol ume of the small dry ing tube is so small
that can be ig nored. The man ual of RAD7 also in di -
cates that the big dry ing tube will last for days un der
con tin u ous op er a tion at high hu mid ity in the NOR -
MAL mode, be fore it needs re gen er a tion. But the
small dry ing tube con tain ing 30 g of desiccant will
last for only a few hours. The big dry ing tube is more
suit able for long mea sure ments than the small dry ing
tube.

The man ual of RAD7 in di cates that RAD7 has
enough bat tery ca pac ity to go for two to three days
with out any ex ter nal power source. So, RAD7 can be
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used to per form the thoron ex ha la tion rate mea sure -
ments from soil sur face in field con di tions. How ever,
the flow rate of the pump will change as the volt age of
the bat tery de creases, and the big dry ing tube is more
suit able for long time mea sure ments than the small
dry ing tube. In this pa per, we will pres ent the method
for recalibration of thoron con cen tra tion read ing in or -
der to ob tain the ac cu rate thoron ex ha la tion rate. All
the us ers of RAD7 can use this method and the data to
recal i brate the thoron con cen tra tion read ing of RAD7
with out a stan dard thoron source.

METHOD FOR MEASURING
THORON EXHALATION RATE
FROM SOIL SURFACE

The ex per i men tal set-up for thoron ex ha la tion
rate mea sure ment con ducted by RAD7 is pre sented in
fig. 1. Be cause the linked pipe line is short, the thoron
con cen tra tion in the ac cu mu la tion cham ber is de ter -
mined by the fol low ing dif fer en tial equa tion
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where CV is the thoron con cen tra tion in the ac cu mu la -
tion cham ber, CR – the thoron con cen tra tion in the in -
ter nal cell of RAD7, J – the thoron ex ha la tion rate, S –
the area of the cham ber bot tom, V – the vol ume of the
ac cu mu la tion cham ber, V0 – the in ter nal hose vol ume
from the in ter nal cell to the ac cu mu la tion cham ber, L –
the flow rate of the pump, l – the de cay con stant of
thoron, lleak – the cham ber leak age co ef fi cient, and lb

– the back-dif fu sion co ef fi cient.  JS/V pres ents the
yield of the thoron ex ha la tion, (l + lleak + lb)CV  pres -
ents the yield of the thoron de cay, leak age and

back-dif fu sion, (L/V)CV  pres ents the yield of thoron
drawn to the in ter nal cell of RAD7 by the in ter nal
pump, and ( / ) / )L V C V L

R
(e- l 0 pres ents the yield of

thoron sent back from the in ter nal cell by the in ter nal
pump.

As far as thoron ex ha la tion rates are re garded,
the ef fects of leak age and back dif fu sion were not ob -
served and eval u ated be cause of the short half-life of
thoron. The half-life is only 55.6 s and we con firm that

l o .lleak + lb (2)

Since V0 is small, eq. (1) can be pre di gested as
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Ac cord ing to the smooth flow equa tion [8], the
thoron con cen tra tion at the in let of the RAD7, C1, can
be ex pressed as

C C

V

L
1

1

=
-

Ve
l

(4)

where V1 is the interspace vol ume of the big dry ing
tube and the pipe vol ume.

The sam ple de cays slightly as it passes from the
RAD7 in let to the in ter nal cell, and the air flow is also a 
smooth flow and the in ter nal cell in let con cen tra tion,
C2, can be cal cu lated as
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where V2 is the in ter nal hose and dust fil ter vol ume,
which is 29 ml.

Within the RAD7 in ter nal cell, the air flow is tur -
bu lent. Ac cord ing to the tur bu lent flow equa tion [8],
the equi lib rium thoron con cen tra tion, CR, will be de -
ter mined by the for mula
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where V3 is the vol ume of the in ter nal cell of RAD7.
Equa tion (6) is just the same as the for mula given in the 
man ual of the RAD7.

When the thoron con cen tra tion in the ac cu mu la -
tion cham ber reaches the steady-state,
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Thus, eq. (3) can be re writ ten as
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Equa tion (6) can be re writ ten as
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By in sert ing eq. (9) into eq. (8) the fol low ing
equa tion is ob tained
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Fig ure 1. Thoron ex ha la tion rate mea sure ment scheme.
(the vol ume of the ac cu mu la tion cham ber is 4 L, the
interspace vol ume of the big dry ing tube and the pipe vol -
ume from the ac cu mu la tion cham ber to the in let or
RAD7 is 450 ml, the in ter nal hose and dust fil ter vol umes
in the RAD7 is 29 ml, the vol ume of the in ter nal cell of
RAD7 is 0.723 L)
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The equa tion can be used for es ti ma tion of the
thoron ex ha la tion rate from soil sur face in the ac cu mu -
la tion cham ber.

THE METHOD FOR RECALIBRATION
OF THE READING OF RAD7 AND
ESTIMATION OF V1

The read ing of thoron con cen tra tion from RAD7 
is dou ble of the real thoron con cen tra tion in the in ter -
nal cell. Some re search ers pro posed that the mea sure -
ment sen si tiv ity of the RAD7 for 220Rn is about 30%
less than its sen si tiv ity to 222Rn. The re ports of Jap a -
nese In sti tute of Ra dio log i cal Sci ences (NIRS) in di -
cate that the cal i bra tion fac tor of the RAD7 for 220Rn is 
roughly 1.25-1.3 [9, 10]. The re ports of the Uni ver sity
of South China in di cate that the cal i bra tion fac tor is
1.40 [11]. In this pa per, we de ter mined that the cal i bra -
tion fac tor of RAD7 for 220Rn is 1.35 and it is the mean
value of the re ports of NIRS and Uni ver sity of South
China.

Thus, eq. (10) can be writ ten as
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A kind of self-made thoron flow-through solid
source was used as thoron stan dard, which is sta ble
enough with a rel a tive de vi a tion of 2.5% over 5
year, with rel a tive hu mid ity range from 50% to 90%. 
The em a na tion  per cent age  of  this  thoron  source  is  
96.5 + 3.0%.

For the in clud ing the interspace vol ume of the
big dry ing tube filled with desiccant, the ac cu rate
interspace vol ume of the desiccant is not known. Fig -
ure 2 shows the solid flow-through thoron source [8]
was used to ac cu rately mea sure the interspace vol ume
of the big dry ing tube and the pipe vol ume. V1 can be
de ter mined by eq. (12)
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where is A is the thoron ac tiv ity em a nated from the
solid flow-through thoron source.

V1 450= mL (13)

EXPERIMENT AND RESULTS

RAD7 with cal i bra tion fac tor for 222Rn of 1.12 is 
used to per form the thoron ex ha la tion rate from soil
sur face mea sure ment near by the Ra don Lab o ra tory of
the Uni ver sity of South China. The area of the cham -
ber’s bot tom is 430 cm2, whereas the vol ume is 4 L; the 
vol ume of the in ter nal cell of RAD7 is 0.723 li ters
(Pro vided by Dr. Derek Lane-Smith, the pres i dent of
DURRIDGE Com pany, Inc.); the de cay con stant of
thoron is 0.756 min–1.

The set tings of RAD7 are as fol lows: cy cle, 30
min; mode, sniff; pro to col, thoron. Be cause there is no
ex ter nal power source in field con di tion, this mea sure -
ment was per formed only by the bat tery in the RAD7.
Since the flow rate of the pump changes with de creas -
ing of the bat tery volt age, we re corded the volt age of
the bat tery in each cy cle, and ob tained the flow rates of 
the in ter nal pump for var i ous bat tery volt ages, in the
lab o ra tory.

Be cause suf fi cient time is needed for the thoron
con cen tra tion in the cham ber and the in ter nal cell of
the RAD7 to achieve equi lib rium, the first da tum is
dis carded. Ta ble 1 lists the ex per i ment data and the
thoron ex ha la tion rates ob tained by eq. (11).

From tab. 1, we can find that the thoron ex ha la tion
rates from soil sur face are rel a tively sta ble when the
weather con di tions are rel a tively sta ble. The av er age thoron 
ex ha la tion rate in two hours is 2.85 ± 0.23 Bqs/m2.

Some re search ers in di cated that thoron dif fu sion 
length in the air is very short (2.9 cm); there fore, in
usual cham bers with di men sions of 10 cm mag ni tude
or der, uni for mity of thoron con cen tra tion is not fea si -
ble [6]. How ever, in tab. 1, a cor re la tion be tween the
flow rate and thoron ex ha la tion rate do not ex ist.
Maybe the in ter nal pump of RAD7 forces the air mix -
ing in the ac cu mu la tion cham ber.
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Fig ure 2.  V1 mea sure ment scheme
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CONCLUSIONS

The al pha de tec tor, which is much less sus cep ti -
ble to ra don-thoron in ter fer ence due to its abil ity to dis -
tin guish the iso topes by their unique al pha par ti cle en -
er gies, can be used to mea sure the thoron con cen tra tion 
in the “ac cu mu la tion cham ber” and the thoron ex ha la -
tion rate can be ob tained. In field con di tions, the flow
rate of the in ter nal pump in RAD7 will change while
the volt age of the bat tery de creases, the big dry ing tube
is more suit able for long mea sure ments than the small
dry ing tube. These pa ram e ters are very im por tant for
mea sur ing thoron con cen tra tion. Thus, the cal i bra tion
fac tor for thoron is not suit able to cal i brate the thoron
con cen tra tion read ing of RAD7. We de vel oped the
method for recal i brat ing the thoron con cen tra tion read -
ing of RAD7 based on the cal i bra tion fac tor for 222Rn.
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Table 1. Experiment data and the thoron exhalation rates

Cycle Measured value ´1.12
[Bq/m3]

Air pressure
[hPa]

Temperature
[°C]

Relation humidity
[%]

Battery voltage
[V]

Flow rate
[mlmin–1]

Thoron exhalation rate
[Bqs–1m–2]

2 580 ± 186 1017 8.4 73.2 6.18 430 2.70 ± 0.87

3 542 ± 180 1017 6.7 78.7 6.12 415 2.65 ± 0.88

4 556 ± 182 1017 6.5 82.6 6.09 395 2.91 ± 0.95

5 582 ± 186 1017 5.9 83.1 6.06 385 3.15 ± 1.01
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Janliang TAN, Detao KSIAO

METODA  REKALIBRACIJE  RAD7  ZA  O^ITAVAWE  KONCENTRACIJE
TORONA  I  ODRE\IVAWE  BRZINE  EKSHALACIJE  TORONA

SA  POVR[INE  ZEMQI[TA

Brzina ekshalacije torona mo`e se odrediti kombinacijom “akumulacione komore” i
RAD7. Toronov brz raspad razlog je za{to su putawa unosa i brzina protoka vazduha bitni faktori
za kalibraciju. U terenskim uslovima, brzina protoka unutra{we pumpe u RAD7 mewa se
smawewem napona baterije, te je velika cev za su{ewe pogodnija za dugotrajna merewa u odnosu na
kratku cev. Razvili smo metodu za rekalibraciju o~itavawa koncentracije torona zasnovanu na
kalibracionom faktoru za 222Rn i odredili brzinu ekshalacije sa povr{ine zemqi{ta u blizini
Radonske laboratorije Univerziteta Ju`ne Kine. Ova metoda mo`e se primeniti za razvijawe i
unapre|ewe instrumenata za odre|ivawe brzine ekshalacije radona.

Kqu~ne re~i: brzina ekshalacije torona, zemqi{te, RAD7


