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Humidity in Regularly Played Historical Brass Instruments.

The Possibilities and Limitations of Preventive Conservation

Abstract  Historical brass instruments that are piayed reguiariy face a number of risks
to their preservation in the iong run. Apart from mechanical damage caused hy intensive
handling and normal wear and tear, one of the major threats is the interior humidity
accumulated through and during piaying. As far as brass instruments are concerned, no
investigations have yet been undertaken to measure the amount of humidity accumu-
lated during piaying and its damage potentiai. With the aid of climate measurements
and compiementary tests, the effective corrosive impact of reguiar piaying on the inte-
rior surfaces of brass instruments was assessed over a Period of several months. Based
on the insights gained there, potentiai preventive conservation strategies were evaluated,
and maintenance measures suggested that musicians could impiement in situ and with

ease.

Introduction  In the context of historically informed performance practice, musicians
increasingiy reiy on original instruments dating from the period in question. When
performing works of eariy music, originai brass instruments are rareiy used, for the
simpie reason that they have become Very rare; instead, people reiy on modern repiicas.
But as far as works of the nineteenth and eariy twentieth centuries are concerned, piayers
like to use original instruments, chieﬂy because there are still enough originai instru-
ments to be found on the market and in musical collections, and because it is deemed
justiﬁabie to use them in the context of historicaﬂy informed performances. To judge
whether it is permissihie to reiy on a certain historical instrument, conservators revert to
the assessment procedure deveioped hy Robert Barclay, which relies on the standards
“rarity”, “fragiiity” and “state”, and offers a valuable decision-making protocoi.I

Apart from the normal risk of mechanical damage, using historical wind instruments
above all involves the danger of humidity accumulating inside the instrument through
and during piay; this posesa threat to their long-term conservation. The potential damage
impact varies greatly, depending on the material. While the humidity fluctuations caused

hy piaying have been investigated as far as woodwind instruments are concerned, this has

Robert Barciay: The Preservation and Use of Historic Musical Instruments. Display Case and Concert Hall,
London 2004, PP- 233—244.
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yet to be done for brass instruments.> The present investigation set itself the task of
examining the climatic changes caused by piaying in order to shed iight on the changes
to the interior surface textures brought on by moisture in regu]arly p]ayed, historical brass
instruments. In addition, our aim was to put forward measures to reduce the risk of
humidity-related damage caused by frequent piaying. This investigation was conducted
in the context of the interdiscip]inary research project “Brass instruments ofthe rgth and
eariy 20th centuries between iong-term conservation and use in historicaﬂy informed
performance practice”, funded by the Swiss National Science Foundation3 Brass instru-
ments dating from the nineteenth and eariy twentieth centuries were lent to musicians
with the intention that they should piay them reguiariy over a period of several months.
At the end of the project, a performance of Igor Stravinsky’s original, 1913 version of Le
Sacre du Printemps was scheduled. The instruments under examination came from private
and pubiic collections whose collection concepts expiicitiy made provision for piaying
their instruments.

In the context of this project, the Conservation Department of the Swiss National
Museum was given the task of assessing possible approaches to preventive conservation
and of coming up with easily impiementable maintenance measures that the musicians
could apply regulariy over an extended period of time. The measures proposed thus had
to be viable outside a normal conservatory setting and generaﬂy accessible, primariiy to
musicians who do not necessariiy have in-depth specialist know]edge of conservation. In
other Words, these measures had to be different from the procedures normaﬂy utilised
by conservators in a iaboratory setting.

Brass is an alloy of copper (Cu) and zinc (Zn).# From a conservation perspective,
instruments made of this material are regarded as being not particulariy problematic.
This is because brass is a stable material when kept ina dry, poHutant-free environment.>
The investigations in this study were restricted to damage occurring inside brass instru-
ments ﬂirough regular p]aying. There is a comprehensive literature on the changes and

damage to the outer surfaces of brass instruments that are played reguiarly, and on the

Ilona Stein: Blasfeuchte in Holzblasinstrumenten, in: Studien zur Erhaltung von Musikinstrumenten. 1:
Holzblasinstrumente, Firnisse, ed. by Friedemann Hellwig, Miinchen 2004 (Kolner Beitrige zur Restau-
rierung und Konservierung von Kunst- und Kulturgut, Vol. 16), pp. 9-121.

See www.hkb-interpretation.ch/projekte/korrosion (all links in this article last consulted 18 October
2022).

Hannes W. Vereecke/Bernadette Frithmann/Manfred Schreiner: The Chemical Composition of Brass
in Nuremberg Trombones of the Sixteenth Century, in: Historic Brass Society Journal 24 (2012), pp. 61—
75

Lyndsie Selwyn: Metals and Corrosion. A Handbook for the Conservation Professional, Ottawa 2004, pp. 62—
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problems stemming ﬁ'OITl normal wear and tear. Robert Barciay makes frequent reference
to various conservatory concerns caused by regular piaying.6 For an overview ofthe range

of’ possibie damage to brass instruments, see Panagiotis Pouiopouios and Arnold Myers.7

Preventive conservation method The aim of preventive conservation is to avoid, or at
least reduce as best as possible, the risks involved during the storage and use of cultural
items, in order to ensure their iong-term preservation. This requires proactively iden-
tifying potential risks and damage to both individual ob_jects and entire collections, and
taking measures to protect these items from harm. A successful preventive conservation
strategy will thus entail registering and understanding an object in terms of its materiality
and present condition, while at the same time recognising all the risks and darnage factors
that an object or group of objects could be subject toina speciﬁc usage context. Piaying
brass instruments reguiariy comes with a multitude of risks. In contrast to dispiaying
instruments in an exhibition or hoiding them in storage, these piaying risks are often
difficult to determine and assess.

Since we are well aware of the many risks that come with lending out and playing
instruments over a period of several months, we relied on a wide range of preventive
approaches. First and foremost in this respect, we wanted to raise the users’ awareness
about the concept and aims of preventive conservation. After carefully selecting the
musicians, and before handing them their instruments, they were instructed about the
basics of preventive conservation and asked to handle the instruments carefuﬂy and
ensure their correct maintenance. The terms of use and the maintenance instructions
were given in writing (see Appendix). The products to be used were specified, as were the
measures required for the correct maintenance of the tuning slides and valves. During
the entire project, the musicians were supported and monitored by a trained conservator.
Halfway through the project and at its end, the musicians and all the specia]ists involved
in the project met up to compare and discuss the usage and maintenance practices

adopted.

Evaluation of products To ensure reliable functioning, the movable parts of'the instru-
ments must be treated on a regular basis. The oils and greases app]ied to the various

valves and tuning slides must be absoiute]y safe in conservation terms, given that they

Robert Barclay: The Preservation and Use of Historic Musical Instruments. Display Case and Concert Hall,
London 2004; and The Care of Historic Musical Instruments, ed. by Robert Barclay, Edinburgh 1997.

Panagiotis Poulopoulos/Arnold Myers: Investigating and Preventing the Deterioration of Historic
Brass Instruments in EucHMI, in: Diagnostic and Imaging on Musical Instruments. Selected Proceedings

of the 1st and 2nd International Workshop, Ravenna 2010/2011, ed. by Emanuele Marconi, Florence 2016,

PP-55-58.
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come into direct contact with the instrument. Various commercial products were tested
as to their stabﬂity and chemical inertness. For this purpose, a simp]e test series was
devised in which small plates of different brass alioys were exposed to different oil and
grease sampies in small, closed glass jars covered with a foil fora period of several months
(see Figure 1). The samples were arranged so that a third of each formeriy polished and
degreased brass p]ate was submerged in the product to be tested, while the upper two
thirds were exposed toits gaseous components. Inasecond test set-up, brass powder was
mixed with the different products in porcelain vessels, and exposed to 120° Celsius in an
oven for a period of twenty-four hours. The musicians were subsequentiy instructed to
use those products that had produced no corrosive effect on the sampies in the two tests.8
Assessment of instrument cases and covers  With regard to the transport and storage of
the instruments during the project, various instrument cases and covers were discussed
and assessed. The problem of keeping instruments in cases and covers made of non-age-
resistant materials is known, as these materials often tend to be chemicaﬂy unstable and
emit poﬂutants.9 Careful assessment is therefore required, not least because the materials
are in direct contact with the instruments and because the concentration of poﬂutants
tends to rise quite quickiy within closed cases and covers, and can damage the instru-
ments. The materials used in the cases and covers were systematicaﬂy assessed by means
of an accelerated aging test regarding their stabiiity and chemical inertness.”™ For the
project, oniy such cases and covers were used that the test results showed were suitable

fOI‘ iong—term usage.

Climate tests In order to ascertain the climatic conditions in the interior of regulariy
piayed brass instruments, temperature and humidity were measured in mu]tip]e test
series before, midway through, and after piaying, with the aid of electronic data log-
gers (Figure 2). Through SensoTs measuring merely 6mm in diameter and connected
by cable with the ioggers over a distance of up to 100 cm, we were able to measure the
climatic conditions within the instruments at different points over an extended period
of time.™ Measuring was carried out in storage spaces under very stable climatic condi-

tions (T 18-20°C, 50 % RH); the room climate was recorded as a reference value.

The key oils and tuning slide greases selected were La Tromba Cork Grease, Denis Wick Advanced
Formula Valve Oil with pTFE, Hetman Synthetic Lubricant 17 Key Oil MEDIUM KEY, and Hetman
Tuning Slide Grease 8 Tsa.

See Klaus Martius/Markus Raquet: Instrumentenkisten. Schutz und Sicherheit?, in: vDR Beitrige zur
Erhaltung von Kunst- und Kulturgut 2005/1, pp. 123-128.

See Lorna R. Lee/David Thickett: Selection of Materials for the Storage or Display of Museum Objects,
London 1996 (British Museum Occasional Papers, Vol. r1).

MsR145 data logger with humidity (re) and temperature (t) sensor, working between -20 and +65°C
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the corrosiveness of dif-

ferent oils and greases

ment using data |oggers
for climate testing on

a trumpet

In a first Phase, we tested the interior climatic changes generated by playing on modern
brass instruments. Then, after determining the test parameters, we carried out systematic
climate measurements on all 16 instruments involved in the project (5 trumpets, 8 horns,
1 trombone, 1 Wagner tuba, 1 tuba). Relying on awide scope of instruments ensured that
the insights gained were valid for different instrument types featuring varying tube
lengths and diameters, and thus diverse forms and volumes.

The test series showed that the climatic effects caused ]Jy playing are compa.rable for
all instrument types we examined.™ Figure 3 shows a typical curve progression during

playing. Within the first minutes of playing, the humidity scores within the instruments

and between o and 100 % relative humidity, with an accuracy of +2% (MsR Electronics GmbH, Mett-
lenstrasse 6, 8472 Seuzach, Switzerland, www.msr.ch).
Emilie Cornet: Approches pour la conservation préventive des instruments de musique en cuivre de la collection

Burri a Berne, unpublished report, Swiss National Museum, Affoltern am Albis 2013, pp. 6-9.
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rise to over 9o % of relative humidity (r#). The moisture-saturated air condenses on the
inside walls, forming dropiets and local patches of water, to the effect that the relative
humidity values remain exceedingiy high over several days. Even when the valve and
tuning slides are emptied after use and left out to dry, relative humidity within the
instruments does not recede below 70 % re within 24 hours. One surprising ﬁnding was
that, even after the maximum recording period of 20 days, relative humidity within the
instruments did not recede below 60 % r (Figure 4).

As far as the temperature is concerned, the tests showed that the temperature rises
moderately during playing as expected, owing to the musician’s hody and breath tempe-
ratures. However, these temperature changes due to playing present no probiem for the

preservation of the instruments.

Methods of drying  The high humidity, far above the values measured for the ambient
air, suggests that corrosion within the instruments is highiy probable. From a conserva-
tion perspective, our first priority must be to dry the instruments rapid]y after use in
order to avoid corrosion damage. The use of moisture absorbers, solvents, heated air and
compressed air was tested, but the specia] project requirements meant that these were
deemed inappropriate, since they could not be applied hy the musicians independently,
ona daﬂy basis, and in separate locations. However, active drying with the heip of fans
meets all requirements; it is easy and poses no risk to either the instrument or the
musician. Climate tests have shown that the use of fans is a high]y efficient drying
method.B

For this project, we used fans especiaﬂy designed for drying instruments that were
powered through a uss port (Figure 5)" next to commercial mini-fans. After playing, the
tuning slides and valves were emptied and then reinserted. With the help of Velcro straps,
the valves were fixed in a position in which all slides were open, aﬂowing an unhindered
airflow through all parts of the instrument. Then the fan was attached to the ieadpipe
(horns: two fans, one to the crook, one to the heﬂ) and turned on. Complete drying was
achieved through the continuous stream of air, so that values matching the ambient
climate were reached within a matter of 1.5 to 3 hours at most. This marks the end of the
drying process.

Figure 6 shows the typical process of active drying with the help of a fan. In this

speciﬁc case, a l’lul’l’lldlty SENSOor was placed 40 Cm away fI‘Ol’I’l the beﬂ, and 2 second SENnsor

See also the three videos, produced in the project by the Paul Scherrer Institute (ps1), mal{ing vi-
sible the humidity in a cornet: https://youtube.com/playlist?list=PL5]-BZoNMhGKjs-u_KKuy7lIK
GuFcLabo.

Produced hy Stephan Berger, cH-2336 Les Bois (www.serpents.ch).
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Ficure 3 Typical climate diagram showing the changes to relative humidity (rH) and

temperature () during the use of a brass instrument over a period of 15 minutes

15

|
-

N

e e e

0 5 10 15
time [days]

eeftrumpet - bell test 2 trumpet - ipe test 2 ambient humidity test 2

Ficure 4 Typical climate diagram showing the changes to relative humidity (rH) at two
separate points within a brass instrument over a period of 20 days if the instrument is not
specially treated and simply left to air dry. The green curve indicating the relative humidity

of the ambient air
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FicurE 5 Fans used to drythe

instruments efficiently
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FIGURE 6 Typical climate diagram showing the decrease of relative humidity

over time inside a trumpet in different places, using a fan as a drying device
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inside the mouthpipe, 20 cm away from the opening. The diagram shows three measure-
ment sequences, with all three producing very similar results. The area around the bell
was dry within a few minutes, the section within the narrow mouthpipe after roughly
60 minutes.

In order to test the efficacy of the preventive care measures proposed, two groups
were defined for the subsequent period of playing. In the first group, the musicians
treated the instruments according to the newiy developed maintenance concept, reiying
on active drying for at least ninety minutes after each period of playing as a prime
measure. The instruments of the second group served as a control; here the musicians
treated them in the habitual way, thatis, the tuning slides and valves were mereiy emptied
and put out to dry after use, without reverting to active drying.

According to the research set-up, the musicians of both groups were asked to play
their instruments over a period of 14 months for at least 5 minutes a day. In order to
correlate any changes found in the instruments according to the mode and duration of
piaying, the musicians were also asked to keep a written protocoi specifying the playing
duration each day, and the care measures applied. On average, the instruments were
piayed 275 times for 6.19 minutes, resulting inan average playing time of 28.3 hours. Three
testing methods (electrochemistry, neutron tomography and endoscopy) were appiied
before the start of the proj ect, after 7 months, and at the end of the fourteen-month period,
to ascertain whether the instruments had undergone any changes and to assess the

effectiveness of the preventive conservation measures.”

Findings and discussion The regular use of historical brass instruments is hard]y com-
patible with the aims of 1ong-term conservation. However, in the context of historica]ly
informed performance practice, the use of certain instruments from collections with a
corresponding utilisation concept is acceptable. In such cases, even more attention
should be given to preventive conservation measures, considering the aims of long-term
preservation.

The climate tests we conducted provided clear evidence that brass instruments
piayed reguiar]y remain permanentiy humid inside if" they are oniy treated conventional-
ly, but not activeiy dried. In the instruments tested, the humidity scores remained at over
60% RH for several days. Under these circumstances, corrosion processes are ]jkely to set
in, that is, parts of the basic brass material are transformed into corrosion products,

leading to a loss of originai substance. Active drying with the aid of fans that provide a

See the articles by David Mannes/Eberhard Lehmann (pp. 83-91); Bernhard Elsener/Tiziana Lombar-
do/Federica Cocco/Marzia Fantauzzi/Marie Worle/Antonella Rossi (pp. 61-72) and Martin Lederger-
ber (pp. 92-96) in this volume.
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flow of air inside the instrument and evacuate the humidity isa highly efficient, easy-to-
implement method of drying. The humidity scores in the different types of instruments
tested were reduced to values matching the ambient climate within a matter of hours,
thus significantly reducing the risk of corrosion. Based on the findings of this study, we
would certainly advise musicians to use fans for drying their brass instruments. After the
period of play, and before the instrument is returned to storage, further conservation
treatments are required. These, however, should be conducted by a qualiﬁed conserva-
tor.®

Apart from active drying as a measure of preventive conservation against corrosive
humidity, the use of corrosion inhibitors, chemical passivation or the appiication of a
protective coating inside reguiaﬂy played period brass instruments are further possible
damage-avoiding strategies. However, these approaches were not further pursued in this
study, as it would have meant making irreversible changes to areas within the instrument
that are difficult to access. Moreover, the efficacy of such measures over time can only be
tested to a limited extent. Last but not 1east, the effect on the acoustic qua]ity of deposits
and overlays inside brass instruments needs further investigation.”?

Aithough the focus of this study was primarﬂy onthe prevention ofhumidity-reiated
damage inside brass instruments, the protection of the instruments’ outside metal sur-
faces was also an aspect of the preventive conservation measures. Despite daiiy use and
handiing, corrosion damage and stains to the instruments’ outer surface caused by sweaty
hands were largely avoided, as the musicians were asked to wear gioves. All in all, sensi-
tising the participating musicians to the goals of preventive conservation was key to the
proj ect’s success. By fuﬂy and correctiy adhering to the maintenance protocoi, mechanical

damage was avoided almost completely, despite the 1ong, intensive period of use.

See Marie-Anne Loeper-Attia: L'impact des restaurations sur la conservation des instruments de
musique de la famille des cuivres, in: Paris — un laboratoire d’idées. Facture et répertoire des cuivres entre
1840 et 1930. Actes du colloque, Paris 2010, pp.58-69, here p. 69.

John P. Chick/Murray D. Campbell/Arnold Myers: The effects of the internal condition of the bore on the
acoustic properties of brass instruments. Paper presented at Musical Acoustics Network Summer Meeting,

Edinburgh, July 2009.
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APPENDIX Terms of use and the maintenance instructions

HKB HEAB BUA

Hochschule der Kiinste Bern
Haute école des arts de Berne
Bern University of the Arts

Merkblatt zur Handhabung von
historischen Blechblasinstrumenten

Das Instrument ist mit grosser Sorgfalt zu behandeln, das Handling ist auf ein Minimum zu
beschranken und nur Projektmitarbeitern gestattet.

Ein historisches Instrument ist immer mit Handschuhen zu spielen (Baumwolle, besser
geeignet sind Nitril- oder Latexhandschuhe).

Nach jedem Bespielen in allen Stimmzlgen und im Korpus das Kondenswasser entleeren.

Pistons regelmissig élen, allerdings nach Méglichkeit nicht aufschrauben, sondern Ol nur
durch Pistonstimmziige eintropfen lassen. Zum Unterhalt und zur Pflege sind
ausschliesslich die von der HKB abgegebenen Produkte zu verwenden.

Bei langerem Nicht-Bespielen des Instrumentes alle Stimmzige entfernen und an einem
sicheren Ort offen lagern. Ablageflachen sollen sauber und gepolstert sein.

Es durfen keine Veranderungen am Instrument vorgenommen werden.
Bei entstandenen Schiaden immer den verantwortlichen Restaurator (Martin Miirner)
benachrichtigen und Reparaturen nur durch ihn ausfiihren lassen.

Transporte nur im zugehorigen Instrumentenkoffer.

Beim Verlust des Instrumentes oder bei irreparablen Schaden ist grundsatzlich die
Privathaftpflichtversicherung des Blasers verantwortlich. Bei Nichtverschulden des Blasers
Ubernimmt das Projekt einen allfalligen Selbstbehalt.

Jedem Instrument ist ein persdnliches Bespielungskonzept zugeordnet, das dieses
Merkblatt erganzt.

Martin Mirner HKB
Verantwortlicher Restaurator

Berner Fachhochschule
H Haute école spécialisée bernoise
Bern University of Applied Sciences
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SNF-Projekt _Korrosion an gespielten Blechblasinstrumenten CR1211_146330/ 1

IN REGULARLY PLAYED HISTORICAL BRASS

"Brass instruments of the 19th and early 20th centuries between long-term conservation and
use in historically informed performance practice"

Bespielungskonzept

o tégliche Bespielung, Spieldauer mindestens 5 Minuten

s Entleeren und lbliche Pflege nach jedem Bespielen (Gruppe A und B)
e Gruppe A: zusatzliche Trocknung mit Ventilator wahrend mindestens

1.5 Stunden nach jedem Bespielen

Wir bitten Sie das Protokoll unmittelbar nach dem Bespielen auszufiillen und folgende
Richtlinien einzuhalten:
Grosste Sorgfalt im Umgang mit den historischen Musikinstrumenten, Handschuhe

tragen, nur die im Rahmen des Projektes getesteten und von Martin Miirner

vorgegebenen Pflegemittel verwenden (Ol: Denis Wick Advanced Formula Valve il With
PTFE, Fett: La Tromba Cork Grease)

erweitertes
Inv.Nr Instrumente [ Jahrgang | Gruppe Pflegemassnahmen Pflegekonzept
B1134. Trompete 11%%%- B Entleeren der Stimmazlige, tibliche Pflege
1900- . T Trocknung mit
B392./556 | Trompete 1920 A Entleeren der Stimmzlge, Ubliche Pflege Ventilatsr
B391./189 | Trompete 11993‘%" B Entleeren der Stimmazlige, libliche Pflege
HKB 5027 | Trompete | 2012 A | Entleeren der Stimmzige, Gbliche Pflege  /00Knung mit
Ventilator
B088. Trompete 1869 B Entleeren der StimmzUge, tbliche Pflege
; G Trocknung mit
B116./116 Horn 1930 A Entleeren der Stimmzlige, tibliche Pflege Ventilator
HKB5004 Horn 1922 B Entleeren der Stimmazlige, ibliche Pflege
. P Trocknung mit
HKBS5024 Horn 1932 A Entleeren der Stimmzige, lbliche Pflege Verditator
HKB5009 Horn 1900 B Entleeren der Stimmziige, Ubliche Pflege
HKB5005 Horn 1920-30 A Entleeren der Stimmzige, Ubliche Pflege Tmcl.mu"g mit
Ventilator
HKB5017 Horn 1900 B Entleeren der Stimmzlige, tibliche Pflege
HKB5025 Horn 1910 A | Entleeren der Stimmzige, ibliche Pflege  1rocknUng mit
Ventilator
B098./761 Horn 1900 B Entleeren der Stimmaziige, tbliche Pflege
HKB5020 | Posaune | 1902 A | Entleeren der Stimmziige, ibliche Pflege  1oCKNUNEMIt
Ventilator
B1414./974 | Wagnertuba | 1936 B Entleeren der Stimmaziige, Ubliche Pflege
K236 Tuba 1820 A |Entleeren der Stimmziige, ibliche Pflege  1/00Knung mit
Ventilator

Schweizerisches Nationalmuseum. | Sammlungs

3

zentrum. | Lindenmoosstrasse 1, 8910 Affoltern am Albis |
T.+41(0)58 480 13 13 | F. +41 (0)58 480 13 41 | sammlungszentrum@snm.admin.ch | www.sammlungszentrum.ch
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SNF-Projekt _Korrosion an gespielten Blechblasinstrumenten CR1211_146330/ 1
"Brass instruments of the 19th and early 20th centuries between long-term conservation
and use in historically informed performance practice"

Bespielungsprotokoll

Spieldauer mindestens 5Minuten

Entleeren und normale Pflege immer (Gruppe A und B)

Zuséatzliche Trocknung mit Ventilator (Gruppe A) mindestens 1.5 Stunden
Ol: Denis Wick Advanced Formula Valve Oil With PTFE

Fett: La Tromba Cork Grease

Handschuhe tragen

Datum Bemerkungen

Spieldauer
Entleeren
Ventilator

Schweizerisches Nationalmuseum. | Sammlungszentrum. | Lindenmoosstrasse 1,8910 Affoltern am Albis |
T.+41(0)58 480 13 13 | F. +41 (0)58 480 13 41 | sammlungszentrum@snm.admin.ch | www.sammlungszentrum.ch
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