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Contexto fisico de la cueva de
Altamira

(Qué es el seguimiento ambiental?

Resultados temperatura, agua, gases,
influencia antrépica

Investigacion




La Cueva de Altamira

e Situacidon
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La Cueva de Altamira

Entrada

Cruce

Descubierta en 1868, Modesto Cubillas.

 Marcelino Sanz de Sautuola 1875

Grabados y pinturas por toda la cueva
* Bisontes, ciervos, caballos y jabalies

Edad desde 13.000 hasta 35.600 afios BP

Lista de Patrimonio Mundial por la
UNESCO desde 1985

“Valor universal excepcional”

Pozo
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Sala de Policromos




Ayuntamiento de
Santillana del Mar
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Estado de conservacion tras i . .
0000 afios... Sistema de baja ¢Condiciones de

oscilacion ambiental equilibrio?

;(Cual es el

ambiente
“natural”? :Como
conservar
el arte?

Influencia humana?



Accesibilidad




;Qué es el
SEGUIMIENTO
AMBIENTAL?

VARIABLES Fisico
Quimicas de
interés para la
conservacion

Control y

minimizacion de
RIESGOS




VARIABLES Fisico
Quimicas de
interés para la
conservacion

“More is different”
Philipp W. Anderson
Nobel 1977
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CAUSAS DE DETERIORO

Desprendimiento del soporte
(estabilidad mecanica)

Corrosion por contaminacion quimica
(poco probable, aislamiento)

Disolucion y arrastre de pigmentos
(lento, inexorable)

Descamacion
(disminucién humedad,
dilataciones/contracciones)

Precipitacion de carbonatos
(evaporacion rapida, precipitacion directa)

Destruccion por microorganismos
12
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Mecanismos de deterioro

- DESCAMACION

- Disminucion de propiedades adhesivas de los pigmentos/Dilataciones y contracciones de
los materiales del techo

- Cambios relevantes de humedad
- Cambios bruscos de temperatura del techo

- DISOLUCION DE SOPORTE Y ARRASTRE

Proceso inexorable por el bano continuo del techo de Policromos
Caracter incrustante/agresivo del agua, CO2

Pluviometria, vias y caudales de infiltracion

Ciclos de evaporacion condensacion
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 Campo de
Temperaturas
(aire, roca)

e Humedades:

* Precipitaciones
y caudal de
infiltracion
Analisis
quimicos del

agua de
infiltracion

* Gases traza
(Radony CO, )

Iustracion:
Yolanda Gonzalez




;Como se hace el
seguimiento
ambiental?




;Como se hace el
seguimiento
ambiental?

Equipamiento de Procedimientos
precision rigurosos y
validados

Equipo humano
altamente
cualificado

Gestion y analisis
de datos



Seguimiento ambiental en Altamira,
historia

Programa PLAN

DE CONSERVACION

de investigacion
2012-2014

ESTUDIOS IPCE-CSIC

PREVENTIVA

Hasta 177.000 Estudios 11.320 Estudios
personas/ aino de Villar pers/ afio CSIC

dprox. z]olge) &

1977 1983
N Vs

Primer cierre temporal Aperturalimitada Cierre temporal

con propuesta por observacion de

de seguimiento puntos de algas.
Lascaux, Prevencion.

Apertura limitada al
publico
5 personas/semana

de la cueva al publico
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Programa de investigacion para la Conservacion Preventiva y
de Régimen de acceso a la cueva de Altamira

PROGRAMA DE INVESTIGACION PARA LA CONSERVACION PREVENTIVA Y REGIMEN DE ACCESO DE LA CUEVA

2012 - 2014 :
* Definicion de métodos de trabajo SISTEMATICOS

PROGRAMA DE INVESTIGACION PARA LA
CONSERVACION PREVENTIVA Y REGIMEN DE
ACCESO DE LA CUEVA DE ALTAMIRA

* Definicion de respuestas frente a riesgos para la (2012-2014)

conservacion VOLUMEN |
7 i',\.u' L : ! |

INFORME FINAL

Direccion Cientifica: Gaél de Guichen
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Plan de Conservacion Preventiva (PCP)

* Fase 1
* Analisis de documentaciéon / modificaciones sufridas
* Condiciones medioambientales cueva y entorno

 Estado de conservacion

 Fase 2

* Identificacion y valoracion de los riesgos

 Fase 3

 Establecer protocolos actuacion

PROGRAMA DE INVESTIGACION PARA LA
CONSERVACION PREVENTIVA Y REGIMEN DE
ACCESO DE LA CUEVA DE ALTAMIRA
(2012-2014)

VOLUMEN IV _

PLAN DE CONSERVACION PREVENTIVA DE LA
CUEVA DE ALTAMIRA

DIRECCION CIENTIFICA: GAEL DE GUICHEN

[ &= = m csic %
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L 1 1
1 S ta 0 e rO t O C O O S PROGRAMA DE INVESTIGACION PARA LA
CONSERVACION PREVENTIVA Y REGIMEN DE
ACCESO DI IEVA DE ALTAMIRA
14)

* PO1- Normas de acceso
* P02- Control del biodeterioro

DIRECCION CIENTIFICA: GAEL DE GUICHEN

* P03- Seguimiento de la concentracion de gas radon —— o

* P04- Condiciones ambientales

* P05- Seguimiento de humedades y puntos de goteo
* P06- Seguimiento del estado de conservacion

* P07- Estabilidad geoldgica-estructural

* PO8- Control de las actividades en las superficie de la zona de
influencia de la cueva
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LEYENDA EQUIPO DE SEGUIMIENTO

0. EXTERIOR 2. CRUCE 5. HOYA
-T*alre - T* aire (sup, medio e Inf) - T* gire (sup, medio e inf)
- T* suelo (2 niveles) - T* roca (suelo) = T™ roca (suelo)
- HR alre - HR aire (medio) - HR aire (medio)
-COz nire -COz gire -COz ake
- Presion - Presitn
3. PASILLO POLICROMOS
1. VESTIBULO - T* alre cada 10 cm 6.POZO
- T* aire (sup, medio e Inf) - T* aire (sup, medio e Inf)
- T* roca (suslo) 4. POLICROMOS (Ver Plano 2) - 1" roca (suelo)
- HR alre (medio) - T* aire (sup, medic e inf) - HR aire (medio)
-CO2 sire -T*roca- IR (techo, 2pios) - CO2 ok
- Presitn - T* roca (suelo)
- HR aire (medio)
-COz alre
- Presion
LEYENDA GENERAL
— Bordes del suelo Q columnas naturales
—w— Curvas de nivel &) Muros y afiadidos artficiales
[0 Escaleras
Orictacitr | Facher N* Prano:
Programa ALTAMI+D
Ne Rav: Fobo 2016 01
G2: Seguimiento Ambiental ey
Ubicacién puntos de medicién g
10 2




Seguimiento ambiental: Medios técnicos

a2 Q Temperatura de la roca en el techo

Temperatura del aire a 10 cm del techo

= Temperatura del aire con termometro de mercurio

 Temperatura del aire, humedad relativa,
Presion atmosférica y CO, a media altura

Temperatura del suelo con termémetro de mercurio

Temperatura del aire a 10 cm del suelo

Temperatura del suelo

SB CAUTION
oy Radon o

* Medidas en continuo ™™

* Medidas integradas en el
tiempo




Seguimiento ambiental: Medios técnicos

Sistema Remoto

REVISIONES Y
ASISTENCIA
REMOTA

N
M

DATOS ONLINE

DROPBOX

REGISTRO
HISTORICO DE
DATOS
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Miles de datos
monitorizados

diariamente
ensibilidad 0,01 °C, 1 ppm

Datos en Sala de
Policromos cada
minuto en tiempo
real
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Entradas de seguimiento (12 minutos)

* Seguimiento in situ para el control adicional de parametros (quincenal)
* Lectura de los termometros Hg calibrados
» Cambio de detectores de radon
* Agua de infiltracion
* Humedad
« CO2
* Particulas

* Medidas de conductividad y pH in situ




Campo de
temperaturas

\}V\

/
/

Kandinsky:. Dance Curves: On the Dances of
Palucca (1926).



¢Como evoluciona el campo de
temperaturas?

éPor qué se pueden superar los limites
de accesibilidad?
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Temperaturas: Control de calidad

Temperatura (°C)

Factor correlacion TSA/Hg

Correlacion Termoémetro Policromos

16,0
) —— Termodmetro Hg
1 5,5 - —— Data Logger
15,0 - \

HVATATATE

13,0 -
1,10
= Factor Correlacion
b —-—- Limite superior
—-—- Limite inferior
1 ’05 e )
1,00 A”"‘ = -
0’95 e e I
0,90 I I I I I I I I I I
™ ) © A S &) Q N o) 3
N N N N N N q Q:
@‘1/ @‘19 @‘lz @‘19 \,.19/ ,\,19’ @‘19 @‘19 \(199 \q>’19 \(199
\ Q& A\ \ \ Q Q& Q& Q& Q& Q&




TEMPERATURAS

Aire Exterior
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T [Cueva] (°C)

Policromos

Exterior ‘ ’ Hall Cruce Hoya Pozo
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Temperaturas

—— Hall —— Cruce —— Policromos
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Temperaturas

Medias anuales

2016
2017
2018
2019
2020
2021
2022
2023
2024

14,02
13,86
13,99
13,82
14,52
13,97
15,21
15,22
14,46

14,26
14,37
14,18
14,32
14,49
14,41
14,40
14,76
14,97

2015

—e—Exterior

—e—Policromos

ceo®

2016 2017 2018 2019 2020 2021 2022 2023 2024 2025

Exterior: 0,14 °C/ano

Policromos: 0,08 °C/aio
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Temperaturas: Propuesta nuevo limite

T =T +|T

|+ S
acceso |n|a::|al flnal

T = Temperatura predicha

.. del mes del ano anterior
inicial
Tfinal del mes del afno anterior

S: Sesgo promedio de los dos
meses anteriores
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(1)
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---o--- Prediccion Excel (2C)
e T media Real (2C)

14/08/2013 27/12/2014 10/05/2016 22/09/2017 04/02/2019 18/06/2020 31/10/2021 15/03/2023 27/07/2024 09/12/2025 23/04/2027
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Temperatura (°C)

Temperaturas

0,8

0,6

0,4

0,2

-0,2

-0,4

-0,6
14/08/2013 27/12/2014 10/05/2016 22/09/2017 04/02/2019 18/06/2020 31/10/2021 15/03/2023 27/07/2024 09/12/2025 23/04/2027

- -@ - T2 (Predicha-Real) (2C)

Calculo limite actual

2015 0,09
2016 0,13
2017 0,02
2018 -0,03
2019 -0,11
2020 -0,15
2021 +0,09
2022 +0,06
2023 +0,48
2024 +0,37
2025* -0,01

Te + | TiniciaI'TfinaI | -S

T.= Temperatura estimada
Tinicial del mes del afio anterior
T::.o del mes del afio anterior



DEC BRI

uc Caida de pigmento, Disolucién y arrastre

- Influencia de la condensacion
- Ciclos naturales

co,] § T(Roca) | || T(Roca) § 1

Condensacion Evaporacion
Natural Natural
- >
Enero Junio Diciembre

- Gradiente techo/aire
(condensacidon/evaporacion)

Temperatura Techo frente a media altura en Policromos

16,0
Temperatura
—— TTecho
15,5
$ 1501 | : \‘ |
© N / ‘
—_ 1 ; | “
3 y r' / “‘
S 145 « s’
(] f !
Q 1 / |
5 , \
14,0 \\ /
_ u/
13,5 %
13,0 T T T T g T g T y
01/12/2017  01/12/2018 01/12/2019 01/12/2020 01/12/2021  01/12/2022

Fecha

Equilibrio dinamico:

Condensacion (Tt < Ta): dic — jun
Evaporacion (Tt > Ta): jun - dic
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Gases e hidrologia

. Como evolucionan las concentraciones
de gases traza interiores?

cVaria la cantidad de precipitacion con
respecto a afios anteriores y/o los
caudales de entrada de agua en
Policromos?

cVaria la composicion geoquimica del
agua en los puntos de seguimiento?
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C (Bg/m3)
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Comparativa Policromos datos mensuales 2016-2023
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2018 ——2019 —€—2020 —0—2021 —@—2022 =@=2023 e=@m2024 —@—2025

Maximos en 2018 Maximos en 2024-2025

Primer semestre: Similar nivel de confinamiento con respecto al
historico
Segundo semestre: Diferencia en tasa de produccion de CO2



Dinamica de gases

Periodos de Desgasificacion-Recarga anual (C </> 2000 Bg/m?3)

-m

2016
2017
2018
2019

2020
2021
2022
2023
2024

6 Junio
1 Junio
23 Mayo

2 Junio

18 Junio
8 junio
1 Junio
28 Mayo
21 Junio

4 Noviembre
9 Septiembre
15 Octubre
25 Septiembre

12 Noviembre
3 Octubre
31 Octubre

19 noviembre

10 noviembre

100
145

115
147
117
152
175
142

Variabilidad fechas de
recarga (mes+)
“Abrupto”

Variabilidad fechas
desgasificacion (dias)
“Progresivo”



Agua: Pluviosidad e Infiltracion

Goteo Anual (L)
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Parametro

Agua:

Composicion guimica

pH

CO.2 (mg/l)

HCO, (mg/I)

CI- (mg/)

NO, (mg/l)

NO, (mg/l)

S0,2 (mg/l)

Na* (mg/l)

K+ (mg/l)

Ca*2 (mg/I)

Mg*2(mg/I)

TDS (mg/l)

Ca/Mg

H.COy—

+
Caz+

i

H* + HC03

>—> H,O

3
COz £ =— = 0OH +HCO:

PUNTOS DE MUESTREO

v

CaCO3(s)

Roca, suelos

o sedimentos

COT (mg/l)

VS CONJUNTO

IS>0
pH > pH (equilibrio)
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Agua: Composicion quimica

IS en Sala Policromos (2012-2024)

3,5

—eo— ARAGONITO
—e— CALCITA
—e— DOLOMITA
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Agua y CO2 edafico

Precipitacion (mm)

CO,(ppm)

Precipitacion frente a CO, Edafico y Policromos

— Policromos

Suelo { M MMW

Lluviay
transporte de
agua
enriquecida
en CO2 al
final del
periodo de
desgasificaci
on

cTiempo de
residencia del
agua?
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VISITA PUBLICA

1967 - 1975: 150.000 personas / afio
1977: 37.000 personas / afno (max 500 personas/dia) *
1977 - 1982: Cierre al publico

1982 - 2002: 11.300 personas / ano
2002 - 2014: Segundo cierre al ptblico

2014 - ... : Visitas experimentales/pablicas

* 5 personas + 2 guias / semana
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DEFINICION DE LIMITES

Basada en valores histoéricos
“Acceso” y “Alarma”

TaccesozTe + | TiniciaI'TfinaI | +S

7,5 Tqccesibilidad )
. : 37,95 (
Tinicial del mes del afio anterior ) 1013,25
T del mes del afio anterior Taccesivilidag= Limite de acceso de temperatura ese mes
S: Sesgo promedio de los dos X=promedio historico de H, de ese mes.

meses anteriores

CO2,acceso= COZ + | Medmax_Medmin |

C 0,= Promedio mes historico
Med. .., mediana 5 afios valores maximos ese mes.
Med_ .., mediana 5 afios valores minimos ese mes.

IMPORTANTE!

Limites no definidos con relacion a procesos de deterioro, sino con relacion al
ESTADO “NATURAL” de la Sala



CO2 y ocupacion

Carga (personas x minutos)
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CO2 y ocupacion

Estimacion del aporte de CO2 por las visitas en la cueva de Altamira en el
periodo Oct24 a Mar25 (ambos incluidos) para la Sala de Policromos.

Una parte del
CO2

Se toma como referencia el incremento promedio experimentado en las visitas pablicas:

A[CO2] = 80 ppm _ 14 PP _ PP
~ 7personas - 8min  persona-min  carga ge nerado
queda
Carga total (Investigacién + piiblico)
Mes (personas - min) acumUIadO
Octubre 2024 1626 I I
Moviembre 2024 543 en a sa a
Diciembre 2024 396 dura nte el
Enero 2025 330 -
Febrero 2025 483 peﬂOdO de
Marzo 2025 537 o o
Oct. 2024 a Marzo 2025 | 3915 Conflnamlent
o de gases

Por lo tanto, el aporte de CO2 en el periodo mencionado es:

ppm

8[C02] = A[CO2] - carga total = 1.4 carga

- 3915 carga = 5872 ppm



INFLUENCIA DE LAS VISITAS EXPERIMENTALES EN LA T

Visita Experimental: T,

sala Policromos

aire
14,2
14,1
3 14 —N,Ne.l de Alarma
~ Limite de Acceso
o
=] —T Aire (°C)
e
o
8. 13,9
S
|—
13,8
13,7
13,6
gt 0:00 002 930 a2 gAt :00
208 7082 208° 2018° 2038 208 2018°
| [ [ | [ [ [
07—|°% 03|°% 03|°% 03|°% 03|°% 03|°% 0A|°%

Fecha/ Hora

Limite Acceso:
Te + Variacion ano anterior

Nivel Alarma;
Inicial + 0,4 °C

3+Guia /15 min/ 2+Guia

AT =0,2 °C



Concentracion CO, (ppm)

INFLUENCIA DE LAS VISITAS EXPERIMENTALES EN EL CO2

1500

1400

1300

1200

1100

Visita Experimental: CO, sala Policromos

==Nijvel de Alarma
Limite de Acceso

1000 —CO2 (ppm)
900 M
800
700
600
|101 19 03|0$|1°1 o °3|03|101$ on:t® 03|03|10'&% 0o 03|03|101% a2t oalosrlox% 193? °A|°%I1°m 0000

Fecha/ Hora

Limite Acceso:
CO2 historico + Variacion anos anteriores

Nivel Alarma:
Inicial + 400 ppm

3+Guia /15 min/ 2+Guia

ACO2 =100 ppm
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Isotopos estables

Uso de gases como trazadores de
procesos de ventilacion

Estimacion de dosis por inhalacion de
radon interior

Caracterizacion de eventos de
desgasificacion/recarga de corto
periodo
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Spatiotemporal distribution of 5'*C—CO> in a shallow cave and its
potential use as indicator of anthropic pressure
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ABSTRACT

Article history:

Received 18 December 2015
Received in revised form

25 May 2016

Accepted 29 May 2016
Available online 3 June 2016

Keywards:

Carbon stable isotopes
Cave microclimate
Cave air ventilation
Altamira Cave

Cave management

This study deals with the spatiotemporal dynamics of COz and its isotopic composition (5°C—C02) in the
atmosphere of Altamira Cave (northern Spain ) over two annual cycles. In general terms, the cavity shows
two distinet ventilation modes, acting as a OO0y reservoir from October to May (recharge stage), while
actively exchanging gases with the outside atmosphere between July and September (discharge stage). In
recharge mode, the in-cave air shows higher and relatively homogeneous COz values (3332 + 521 ppm)
with lower 8C—C05 (—23.2 £ 0.4%:). In contrast, during the discharge stage, the 00, concentrations are
lower and relatively more variable (1383 + 435 ppm) and accompanied by higher §™C-C0; (up to
—12%c). This seasonal pattern is controlled by the distinet rates of exchange of air masses with the
external atmosphere through the annual cycle, as well as by changes in the production of COz in the soil
and natural fluctuations in the concentration of dissolved inorganic carbon transported by drip water
into the cave. In contrast to the interpretations of previous studies in Altamira Cave, no local air intakes
into the deepest cave sections were flagged by our 5C measurements. This finding is also supported by
analyses of €Oz and “*Rn in air, density of airborne particles and air temperature. In addition, pre-
liminary experiments examining the visitor-produced disturbances on §*C—C0; were conducted during
the various cave ventilation stages to explore the potential use of this parameter as an indicator of an-
thropic pressure in caves. Our data show that visits (overall stay of 60—85 min; Le., 4 people for 20 min)
significantly affected 5 C—C02 (up to A5™C - —2%) in the Polychrome Hall of Altamira Cave under
conditions of low natural 00y (discharge stage), whereas it remained almost unaltered under circum-
stances of high CO» concentration (recharge stage) This demonstrates that 5*C—C05 is sensitive to
perturbations produced by visitors during certain periods.

i 2016 Elsevier Ltd. All rights reserved.

Origen del
CO2
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condensacion

de

CO, concentration
July 2012*
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Fig. 5. Spatial distribution of CO, concentration and its 3*C in Altamira Cave in July 2012 (Garcla-Anton et al. 2013), July 2013, July 2014 and August 2015 (this study). Note that the
small anomalies in CO; concentration and 3**C observed in Well Hall (red circles) in 2012 were not repeated in 2013, 2014 or 2015. (For interpretation of the references to colour in

5"c-co,
July 2013

N

r

this figure legend, the reader is referred to the web version of this article.)
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5°C-CO,
August 2015
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air fluxes [] artificial cave door
Thiz manuseript was handled by Marco Borga, In cave environments, water vapor condensation oceurs naturally when warmer/wet air massez flow close to ~
Editor-in-Chief, with the awmistance of Huade colder cave surfaces. Artificial mi 1i perturbations in show caves can enhanee this process, leading to
Guan, Associate Editar . - . R . VENTILATION PERIOD a n o
: potential deterioration of rock art and degradation of speleothems. Here we investigate the triple oxygen and
. hydrogen isotopic itions of condensation water in Alt Cave (Cantabria, northern Spain) to evaluate (June to October)
mgmt the potential of stable isotopes in the study of condensation mechanizsms in caves. We assess the role of cave
Cave monitoring ventilation in the spatiotemporal iSDt_O])l.l: vmabi]ity.ofl:.mdmaﬁm water in Altamira Cave. To thiz end, water external
Condensation water drops that condensze mtura]ly]gn aril:lﬁﬁcml supperts in different partzj;)f the cave were collected for 7 years and vapour
Stable isatopes their isotopic compositions (§ ' 0, & "0, D and derived parameters *'O-excess and d-exeess) were compared to
Oxygen-17 those of droplets with no apparent dripping taken from the cave ceiling (i.e. presumably condensation water) and .
Triple oxygen isotopes fact dopping pointz (Le. infiltration water) during the same period. Condensation waters in the outmost cave -
sectors, closer to the entrance, show higher 5'70, 8'*0 and 8D values during the cave ventilation period (June to
October) compared to the rest of the year. This seazonal pattern can be lained by ch in the contributi
of two meisture sources for condensation: advection of allochthonous water vaper from outside during the cave P Ie T LT L
ventilation period and recycling of vapor from cave dripwater during the stagnation "o‘:hihonous" JOTPPECET TP .
period. In contrast, the izotopic values of condensation waters in the inner cave sectors are similar to those of ".;n-cave
infiltration water, with insignificant seasonal variability. This that water ion in the inner cave autochthonous \ -
sectors iz sourced by autochthonous vapor, with no significant contributions of external moisture, even during s R REOLE condensation
the cave ilation period. We that allochth water vapor il P i in the Sk X
Hall and does not affect significantly the rest of the cave. These results are relevant for the management of =
Altamira Cave and for future L igati on J i hani; in cavitics elsewhere.

STAGNATION PERIOD
(November to May)

autochthonous

condensation g

in-cave

vapour autochthonous

condensation
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HIGHLIGHTS

GRAPHICAL ABSTRACT

The distribution of radon concentration
reflects the air exchange rates in the cave.
Knowledge of environmental conditions
is relevant in the rock art conservation.
Main gaseous charge-discharge process-
es occur seasonally at Altamira cave.
Radon continuous monitoring is a valu-
able tool for studying atmospheric
dynamics.
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The use of radon as an atmospheric tracer in the Altamira Cave over the past 30 years has provided relevant in-
formation about gaseous exchanges between the Polychromes Room, the adjoining Chambers inside the cave,
and the outside atmosphere. The relatively simple physico-chemical behaviour of radon gas provides a marked
advantage over other tracer gases that are usually present in high concentrations in hypogeous environments,
such as CO;. Two types of continuous radon measurement were undertaken. The first involves active detectors
located in the Hall and Polychromes Room, which provide radon concentration values at 1-hour intervals. In ad-
dition, nuclear solid track etched detectors (CR-39) are used in every chamber of the cave over 14-day exposure
periods, providing average radon concentrations. In this paper we show some of the specific degassing and re-
charge events identified by anomalous vanations in the concentration of radon gas in the Polychromes Room.
In addition, we update knowledge regarding the degree of connection between chambers inside the cave and
with the outside atmosphere. We venfy that the connection between the Polychromes Room and the rest of
the cave has been drastically reduced by the installation of the second closure in 2008. Except for point exchanges
with the Crossing zone generated by a negative temperature gradient in that direction, the atmosphere of the
Polychromes Room remains stable, or else it exchanges matter with the outside atmosphere through the karst
interface. The role of radon as a tracer is demonstrated to be valid both to reflect seasonal cydes of degassing
and recharge, and to analyse shorter (daily) period fluctuations.

© 2017 Elsevier B.V. All rights reserved.
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Abstract: A study is presented on rapid episodes of air exchange in the Polychrome Room of the
Altamira Cave (Cantabria, Spain) using continuous monitoring of radon and CO; tracer gases, as well
as environmental parameters such as internal and external air temperature. For this, criteria have been
developed to carry out an inventory of these types of events during the 2015-2020 period. Most of the
degassing-recharging events occur over several hours or days, especially during spring and autumn.
This means that the room can be significantly ventilated during these short periods of time, posing an
exchange of energy and matter with potential impact in the preservation of the rock art present inside.
In addition, the hypothesis that temperature gradients between the internal and external atmosphere
is one of the main factors that induces degassing has been tested. To this end, correlation analysis
has been carried out between the different magnitudes involved in this study, such as radon and
CO; concentrations, and air temperature gradients. A total of 37 degassing-recharging events have
been analyzed for the 5 year studied period. The distribution of the duration of the events have been
described, as well as that of the correlations between the degassing and recharge stages of each event,
showing significant values of r coefficients for the correlation with temperature gradients between
the internal and external atmosphere.

Keywords: radon; CO3; tracer; rock art; cave
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CrossMark
Abstract
The atmosphere of caves is a special environment where it is necessary to take
into account some particular characteristics when assessing the radon dose.
The equilibrium factor (F) between radon and its progeny, and especially its
unattached fraction (), is a key parameter in radon dose evaluation. In order
to consider the specific features of the atmosphere in the Altamira Cave, the
radon and particle concentrations have been measured. The mean annual radon
concentration inside the cave over the period 2013-2019 is around
3500 Bqm ™ with a standard deviation of 1833 Bg m™" and this exhibits
seasonal variations. This value surpasses all internatiomal (WHO, IAEA.
ICRP) upper action and reference levels (occupational and non-occupational ).
Dose rate levels expressed in jSv h™! were estimated for four different
equilibrium scenarios between radon and its progeny ~'*Po, *"*Pb, "*Bi and
*4Po. The most recent dose conversion factors have been used and the
contribution made to the dose by the unattached fraction of radon progeny f,
has been also assessed from the particle concentration. The results suggest that 0.001

Dose Rate (mSv / h)

the mean annual dose levels show variations of up to 500% due to the range of ' ' ' ' ' ' ' ' ' ' ' '

F and the f, considered in this study. Given the high radon concentrations S o0 X ot N ° N o 9\' o oV o0
usually found in show caves, the best way to reduce this vanability and its s N W a W » 5 a < O W 0
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Abstract

Commercial facemasks have become a common tool during the COVID-19 pandemic.
They are cheap, simple to use and some are capable of filtering out most particles in the
air, protecting the user. These qualities are usually employed in relation to hurtful viruses
or contaminants, but they could also be used to prevent the radicactive dose due to
radon, which is the second leading cause of lung cancer worldwide. For that reason, the
main goal of this study is to verify if facemasks could prevent radon decay products from
entering the potental user's lungs. Since these decay products are the main source of
radioactive dose, several commercial facemasks were tested by exposing them to raden
and then measuring the presence of radon daughters by gamma spectroscopy. Reusable
facemasks made from materials such as cotton, polyester or neoprene appeared to be
inefficient with only 40% filtering efficiency, Polypropylene woven masks being the only
exception, with 80% efficiency. Surgical masks presented filtering efficiencies between
90 and 98%. FFP3 and FFP2 proved to be the most reliable, almost completely filtering out
radon daughters with filtering efficiencies up to 98%. Results prove that the use of
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IIntegrated Sciences Department, University of Huelva, Faculty of Experimentl Sciences, Huelva, Spain
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reproductionand distribution of the work without further permission provided the original work is attributed as
specified on the SAGE and Open Access pages {htipsi/ius. sagepub. com/en-us/nam/open-access-at-sage).
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Figure |. Idealized scheme of the placement of the primary and secondary facemaks during the
samplings.
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Lineas futuras...

» Caracterizacion experimental del factor de
equilibrio entre el radon y sus descendientes

»Estudio puntos caida de pigmento
»Evaluacion ambiental del impacto antrépico
» Influencia calentamiento exterior

»Modelo ambiental integrado

> Etc...



A MODO DE CONCLUSION...

» El seguimiento Ambiental es una herramienta
esencial tanto para la gestion cultural como
para la generacion de conocimiento basado en
la evidencia cientifica.

»La cantidad y, sobre todo, la calidad de la
informacion acumulada tienen un valor
fundamental para su uso y estudio futuros

» Altamira “respira” profundamente solo una
vez cada afio, y necesitamos ver como lo hace
muchas veces para entenderla y conservarla
mejor
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Pictures Source: Altamira’s Museum
http://www.culturaydeporte.gob.es/mnaltamira/home.html
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Temperatura cueva (°C)

Cambios dinamica interna
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E Radon y CO,: Control de calidad

CcO;,: Calibracion realizada in-situ Nov. 2021

Radon: Detectores Pasivos CR-39 (Radosys RSKS)
Monitores en continuo: Radon Scout (SARAD GmbH)

LaRUC: Laboratorio acreditado para Ensayosy Calibracién (SO 17025)
Ejercicios de Intercomparacion
Ensayos en paralelo entre técnicos

Determinacion del factor de calibracién en la cdmara de radén

Radon : Dosimetria

IS0 17025
NO1204 7 LEZ219

Actualizacién marco legislativo

Posibilidad determinacion factor
de equilibrio por medida de
descendientes.

Evaluacién mads precisa de dosis

BASIC PROCES of RDPs in AIR

radon decay->claster formation->neutralization>atached to aerosols particle
« inhalation or deposition at the surface

RADON INHALATION
RADON DECAY PRODACTS AEROSOLS

CLUSTER
posmve  FORMATION

ATACHNEN
— &
~

b
I .
~ s
Rn-222{ ) oecay NEUTRALISATION
®— e Jdit )
e cLUSTER ATACHMENT o
FORMATION |
0.4 nm " I Ce— DEPOSOTION
0.5nm +5nm 5nm + 5000 nm IN RESPIRATORY TRACT
UNATTACHED ATTACHED
FRACTION FRACTION
The fraction of the potential alpha energy concentration
of short-lived RDPs
that Is not attached to the ambient asrosol. Particle Diameter (nm: 10° m)

WLIRUC wuna A Basic Training Course in Radon Metrology & ControliCiuidia) a1 14g/57 1) fe 0 2016
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PROPUESTA 22 CIERRE

APERTURA DIC-ENE > VENTILACION
CIERRE INFERIOR FEB > VENTILACION ATENUADA
APERTURA MAR - ABR - VIAY? | > VENTILACION/REDUCCION CO2

!

CIERRE JUN -JUL - AGO

!

CIERRE SUPERIOR SEP - OCT- NOV | > PREVENCION
NIEBLAS/HIDROAEROSOLES

) PREVENCION PARTICULAS




UC Concentracion de Particulas

DE CANTABRIA

Concentracion de particulas en la Sala de Policromos
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UC pH - Equipamiento

Thermo Scientific
Equipo: Orion Star A329
Sonda: 913600 Flat Surface

Toma de muestra superficial
Calibracion disoluciones patron:
pH=4,7,9

SENSIBILIDAD + 0.01 pH
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FEBRERD MARTO - 15 MaYO
l.cA'.,'v- e -

L5 MAYO - SEPTIEMBRE

Periodo Estado Accion sobre Policromos
puerta
A: Lamas
superiores
B: Lamas
inferiores
Noviembre-Enero A: Abierta Ventilacion
B: Abierta
Febrero A: Abierta Ventilacion atenuada
B: Cerrada
Marzo -hasta 15 Mayo A: Abierta Ventilacion
B: Abierta
15 de Mayo- Septiembre A: Cerrada Prevencion paso de
B: Cerrada particulas/hidroaerosoles
Octubre A: Cerrada Prevencion paso
B: Abierta hidroaerosoles
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