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rçvealed significant spaçtral difterences in that case
lhe absence o[ any mmpelllng eyidence tq lhe contrary,

1146+ 1l lB,C arc simply two separ-wc conclude lhat
locetcd closc to c¡ch óther.
John Þanziger, Bob Sanders and Joe \Vo¡pler for

gnd discqçsions.

êtvc- ('63 
I

5t6
I.ITTERSTONATUffi

1.4

dì

t.0 c',o
É

o
.:
60t p

0

(ì
a
co

'Dt
'0
€
rþ

.g
o
.:
d
oc

I l. Turncr. E. L, et ol. Naturc Xlll ( le86).
2. Shavcr, P. A. Astf, Astrcphys. ( 1984).

¡1.
lt.
13.

2il,575-tfl ll'{r},

l. A. Astrophys. !.1//.,136-755

( re80).

No.4
Liègc,1983).

,lt

c,ooo [,q00 0.00q 9.000

Wave tonglh '(l)

Ft. l. Spectra.of tbo quas*re I146+ IItB rnd C. and thcir rntlo
(9/C). Thc posltions'óf ttro tçdshlfhd (z:l,0ll5+0,0003)
ønieslon linc¡ of H ?, Hô and O rtt in t lóó* I I I D, thc atmqsplìçrlp
A and B band¡, rnd tuq cormic.ray ovont¡ (C.R,) are indioalod.

Natural ventilation of the
Prlntings Room in'the Altanrira csve

P, L. Fernándczi, l, Çutierrezt, [- S. Quinddsl,
J..Sptoï & E. Vlll¡rr
t Fundamontal Fhyalcc Dopartrncnt, Scicnce Faculty, and IMedical
Physlm Deportmont, Mcdlcine Faculty, University of Santander,
39{Ð5 Santander, Spain

Thc Altrmlrt crvc (Santlllrnr del Mar, Srnl4ndo¡, Spaln) b
f¡mou¡ for the cclllng of one of its chambcrs, tbe Palntlngs Rooa¡
vhlch ls de*or¡ted wlth palaoollthic paintings. Howevcr, lhe n¡s-
slvs lnflux of vlcltor¡ ¡osulted ln deterlor¡tlot of thcse rupesirlen
prlntlngs rnd the ctve $,rf closod ln 1977 to determine both the
e¡uses ¡nd the maximum number of vlsltor that coukl vlsit the
cave wlthout puttlng the palntlngs at rlskr-3. The nntural ventll¡tlon
of fhe P¡intings Roon is one of lhe most lrnportant f¡ctors in
formulrtlng the m¡ximum occupationrl index for vlsitorc to the
c¡ve. The emisslon of ca¡bon dloxldc ¡nd water vapour by vlsltors
lnslde the ch¡mber is dircctly proportional to tho numbcr of vl¡ilors
and the llme epcnt ln the room. By ventihting the room, lhese
components chould be removed f¡om lhe nlr withi¡ e short pcriod
of time, thus returnlng the ch¡mber to thc prcvailing conditlons
befo¡e vlsito¡s rverc allowed in, lVe report here variations in the
¡?¡Rn concentr¡tlon in thc ¡i¡ of thc P¡lntlngc Room whlch wc
use ¡s t qurntltrtlve index of the natur¡l ventllatlon existlng in
lhls chamber. lVc c¡¡¡led out parrllel st¡¡dies of the tcmperature
¡t difrerent polnts ln the c¡ve and thc evolution of the c¡rbon
dloxlde concentr¡tlon in the ¡ir of the Pglntings Room, ¡nd hence
est¡bllshed the m¡xlmum number of people pcr hour th¡t should
be ¡llowed to vlslú thls ch¡mber.

Radon-222 is a noble gas of the radioactive series of zrBU, an
element that occurs in rocks in the Earth's crust with a concentra-
tion between 2 and 5 p.p.m. (parts pet 106). Because of its
gaseous nature and its greater concentration within the Earth,
râdon escapes through the intersticei of the soil to the atmos-
phere, with an exhalation rate of -l atom c-2s-r. trry'hen this
exhalation qccurs in places with littlc ventilation, the radon
concent¡ation of the air may be high.

The 222Rn concentration ol the ai¡ of the Altamirå cåvo was

"measu¡ed by scintillation cells with a capacity of 5(X)cm!; in
which a vacuum had been created down to I pressure of 50 torr.
These scintillation oells we¡e madc of transparent plastic and

\ Thc oþse¡astions wc¡o made in
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Trble I Mean monthly 222Rn concentration in the air of the Hall and
Paintings Room; and the natural ventilation rate in the Paintings Room
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Fig. f Map of Altamira cave. PR, Paintings Room.

Month

February 1983

March 1983

April 1983

May 1983

June 1983

July 1983

August 1983

September 1983

October 1983

November 1983

Decembe¡ 1983

January 1984

. Location

Hall
Paintings Room
Hall
Paintings Room
Hall
Paintings Room
Hall
faintings Room
Hall
Paintings Room
Hall
Faintings Room
Hall
Paintings Room
Hall
Paintings Room
Hall
Paintings Room
Hall
Paintings Room
Hall
Paintings Room
Hall
Paintings Room

222Plt

concentfation
(pCi/l-')

47 13
76+4

149+8
159+8
162+8
l7l *9
159+9
185 + l2
43t4
67 15
6al

27 lt
ItL2
37+5
t6+2
38f5
3'l +5
58ró

ll7 +7
143+8
173 É9
180+9
177 19
l8lr9

Ventilation
rate

(m3 ¡-r¡

10.3 + l.ó

9.2Ll.l

6.9 a 1.0

t.0 r 0.2

t3.4L2.1

20.3 r 3

t6.9+2.4

t'|.912.6

16.4t2.3

5.1 + 0.8

5.7 f 0.8

9.3+1.2

their internal walls were covered with a film of SZn(Ag). The
emission of a radiation by the radon (rrl2 = 3.8 days) contained
in the air filling the cell leads to this radiation falling onto the
frlm of SZn(Ag), where it produces fluorescencç. The light thus
emitted çan be'detecfed using a photomultiplier tube and the
pulses produced can be recorded.- 

Because two of the short,lived radon daughters, 2r8Po and

"oPo, âre also d emitters, their contribution to the total counting
suppf ied by an air s4mple increases with time until a radioactive
equilibrium is reached between the ràdon and the two daughters.
This equilibrium is reached 3 h after the sample is taken only
if, initially, radon gas was present in the air sample. Therefore,
to calculate the radon concçntration, we carried out a l0-min
counting 3 h after the collection of thc air sarnple assuming that
there was a rad¡oactive equilibrium between the radon and its
daughters. The number ol counts obtained lrom the scintillation
cell when empty was subtracted from each mèasurement result-
ing from fluorescence of the SZn(Ag).

Thè 222Rn concentration was measured in two chambers
within the cave: the Hall chamber, located at the entrance to
the cave; and the Paintings Room (see Fig. 1). Measurements
weÍe made three times per week over a period of I yr between
FeËruary 1983 and January 1984. From these results, we calcu-
lated the monthly average radon concentrations (Table l).

To calculate the natural ventilation in the Paintings Room
from the radon concentrations, we used the simplified model
proþosed by Wilkeninga, which is þased on the fact that the
temporal variation in the radon concentratìon (C) in the air of
this chamber can be expiessed as the sum of the production
caused by radon exhalation from the rock surfaces, the radio-
active decay and the radon loses result¡ng from the natural
ventilation:

fief-^c -lr"-r^, (r)

where E is the radon exhalation rate, S and V the surface and
votúme of the Paintings Room, respectively, Q the ventilation
rate in this chamber, À the radon decay constant and Cn the
radon concentration in the Hall chamber,

In stationary conditions, and assuming that Q=0 when the
radon concentration reaches its maximum value C^u, (in our
case 196 pCi l-'), then

sE|= ÀC^^. (2)

We can calculate the ventilation rdte as

- l/- -a\Q:,rv# (3)
(C - Cn)

To apply this model to the experimental vatues obtained in the
Altamira cave, we calculatéd the natural ventilation in the Paint-
ings Room. Table I shows that values obiained for the ventilation
rate are low throughout the wholç year. Taking into account
the volume of the Pàintings Room, -330 m3, it would take - l6 h
to totally renew the air in the çhamber by natural ventilation in
July, the period of maximuâr:ventilation rate, and -330h in
May, the period q[ minimum rate.

At the same time'as measuring the radon concentration, we
studied two variables that may be related to the ventilation rate:
air-temperature differences between the P4intings Room and
the Hall chamber and the carbon dioxide conôentration in the
air of the Palntings Room.

The Altamira cãve has a single eitrance. In such a static cave,
ventilation currents are principally caused by convectivè air
movements that basically depend on the temperature gradients
between the difterent points into the cave. In the Altamira cave,
the air tempe¡ature difterences between the Paintings Room and
the other chambers, with the exception of the Hall chamber,
are always very small5. TempÇrature differences betweeil the air
in the Paintings Room and that in the Hall chamber are appreci-
ably caused by the influence of the outside temperatu¡e on the
latter so convective xPected.

Figure 2 shows t ues obtained for thç
ventiiation rate in and the temperature
difterenceg between the air of the Paintings Room and the air
ôl ttre Hatt chamber throughout the measurement period. The
correspondence can be observed between the annual variations
in both ventilation in the Paintings Room is basically determined
by convective processes between these two areas.

The carbon dioxide concentration in the air of the Pai¡rtings
Room has its origin from the gas dissolved in thp infiltration
waters that flows into this enclosure. In the same way as the
radon gas, the carbon dioxide.óoncentration in the Paintings
Room is eliminated by natural ventilation ás the air interchangeS
with the outside atmosphere. The experimental measurement of
the carbon dioxide concentration was carried out using an
infrared analyser connected to a continuous trace graph plotter.
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Figure 3 shows the ventilation rate calcu.lated previortsly

togea-her with the monthly mean carbon dioxide concentrations
mõ"sur.d in the Paintings Room. The inverse relationship
between both variables consistent both with the variations in
the temperature difierences between the Hall chambei and the

Paintings Room and with the fact that natural v¿ntilation is the

major iactor affecting changes in the carbon dioxide con-

centration.
Takirig ihto account that a person exhales an ave¡age carbon

dioxide volume ol -17 I h-' (ref.6) our results show that the

maximum number of people that could visit the Paintings Room
for a þerlod of one hour each day in the summer months without
raising the carbon dioxide concentration higher than that seen

in May are 43,74 and 80 visitors in July, August and Septémber,

respeitively.
ôu. r.ruit. indicate a weak natuial ventilation in the Paintings

Room ihroughout the whole year. The ventilation rate shows

minimum 'ùalues in May and November and maximum values

in the sumnier moirths. These results agree with the estimations
obtained from the temperature difterences between the air of
the Paintings Room and that of the Hall chamber'and of the

carbon dioiide concentration in the air of the Paintings Room.

maximum radon concentration and minimum ventilation rate

recorded in May match the minimum absolute value of the

temperature difference between the Hall and the Paintings Room
and the maximum carbon dioxide concentration measured in
this month.
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Fig.2 Variations in the ventilation rate (dashed line) and the

temperature difierences (solid lines) between the Paintings Room
and the Hall chamber'
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Flg. 3 Variàtions in the ventilation rate (dashed line) and carbon

dioxide concentration (solid line) in the Paintings Room. ments. PAN is more cbundant ln tlie Northern th¡n in the Southern


