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Humidity in Regularly Played Historical Brass Instruments.

The Possibilities and Limitations of Preventive Conservation

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

Introduction In the context of historically informed performance practice, musicians
increasingly rely on original instruments dating from the period in question. When
performing works of early music, original brass instruments are rarely used, for the
simple reason that they have become very rare; instead, people rely on modern replicas.
But as far as works of the nineteenth and early twentieth centuries are concerned, players
like to use original instruments, chiefly because there are still enough original instru-
ments to be found on the market and in musical collections, and because it is deemed
justifiable to use them in the context of historically informed performances. To judge
whether it is permissible to rely on a certain historical instrument, conservators revert to
the assessment procedure developed by Robert Barclay, which relies on the standards
“rarity”, “fragility” and “state”, and offers a valuable decision-making protocol.1

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 play; this poses a threat to their long-term conservation. The potential damage
impact varies greatly, depending on the material. While the humidity fluctuations caused
by playing have been investigated as far as woodwind instruments are concerned, this has
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yet to be done for brass instruments.2 The present investigation set itself the task of
examining the climatic changes caused by playing in order to shed light on the changes
to the interior surface textures brought on by moisture in regularly played, historical brass
instruments. In addition, our aim was to put forward measures to reduce the risk of
humidity-related damage caused by frequent playing. This investigation was conducted
in the context of the interdisciplinary research project “Brass instruments of the 19th and
early 20th centuries between long-term conservation and use in historically informed
performance practice”, funded by the Swiss National Science Foundation.3 Brass instru-
ments dating from the nineteenth and early twentieth centuries were lent to musicians
with the intention that they should play them regularly 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 public collections whose collection concepts explicitly made provision for playing
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 implementable maintenance measures that the musicians
could apply regularly over an extended period of time. The measures proposed thus had
to be viable outside a normal conservatory setting and generally accessible, primarily to
musicians who do not necessarily have in-depth specialist knowledge of conservation. In
other words, these measures had to be different from the procedures normally utilised
by conservators in a laboratory setting.

Brass is an alloy of copper (Cu) and zinc (Zn).4 From a conservation perspective,
instruments made of this material are regarded as being not particularly problematic.
This is because brass is a stable material when kept in a dry, pollutant-free environment.5

The investigations in this study were restricted to damage occurring inside brass instru-
ments through regular playing. There is a comprehensive literature on the changes and
damage to the outer surfaces of brass instruments that are played regularly, and on the

2 Ilona Stein: Blasfeuchte in Holzblasinstrumenten, in: Studien zur Erhaltung von Musikinstrumenten. 1:

Holzblasinstrumente, Firnisse, ed. by Friedemann Hellwig, München 2004 (Kölner Beiträge zur Restau-
rierung und Konservierung von Kunst- und Kulturgut, Vol. 16), pp. 9–121.

3 See www.hkb-interpretation.ch/projekte/korrosion (all links in this article last consulted 18 October
2022).
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problems stemming from normal wear and tear. Robert Barclay makes frequent reference
to various conservatory concerns caused by regular playing.6 For an overview of the range
of possible damage to brass instruments, see Panagiotis Poulopoulos 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 long-term preservation. This requires proactively iden-
tifying potential risks and damage to both individual objects 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 damage factors
that an object or group of objects could be subject to in a specific usage context. Playing
brass instruments regularly comes with a multitude of risks. In contrast to displaying
instruments in an exhibition or holding them in storage, these playing 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 carefully 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 specialists 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 applied to the various
valves and tuning slides must be absolutely safe in conservation terms, given that they
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come into direct contact with the instrument. Various commercial products were tested
as to their stability and chemical inertness. For this purpose, a simple test series was
devised in which small plates of different brass alloys were exposed to different oil and
grease samples in small, closed glass jars covered with a foil for a period of several months
(see Figure 1). The samples were arranged so that a third of each formerly polished and
degreased brass plate was submerged in the product to be tested, while the upper two
thirds were exposed to its gaseous components. In a second 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 subsequently instructed to
use those products that had produced no corrosive effect on the samples 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 chemically unstable and
emit pollutants.9 Careful assessment is therefore required, not least because the materials
are in direct contact with the instruments and because the concentration of pollutants
tends to rise quite quickly within closed cases and covers, and can damage the instru-
ments. The materials used in the cases and covers were systematically assessed by means
of an accelerated aging test regarding their stability and chemical inertness.10 For the
project, only such cases and covers were used that the test results showed were suitable
for long-term usage.

Climate tests In order to ascertain the climatic conditions in the interior of regularly
played brass instruments, temperature and humidity were measured in multiple test
series before, midway through, and after playing, with the aid of electronic data log-
gers (Figure 2). Through sensors measuring merely 6mm in diameter and connected
by cable with the loggers 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.11 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.
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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 a wide 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 by playing are comparable for
all instrument types we examined.12 Figure 3 shows a typical curve progression during
playing. Within the first minutes of playing, the humidity scores within the instruments

F i g u r e 1 Test set-up using
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for climate testing on
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rise to over 90 % of relative humidity (rh). The moisture-saturated air condenses on the
inside walls, forming droplets and local patches of water, to the effect that the relative
humidity values remain exceedingly 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% rh 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 % rh (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 body and breath tempe-
ratures. However, these temperature changes due to playing present no problem 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 highly probable. From a conserva-
tion perspective, our first priority must be to dry the instruments rapidly after use in
order to avoid corrosion damage. The use of moisture absorbers, solvents, heated air and
compressed air was tested, but the special project requirements meant that these were
deemed inappropriate, since they could not be applied by the musicians independently,
on a daily basis, and in separate locations. However, active drying with the help 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 highly efficient drying
method.13

For this project, we used fans especially designed for drying instruments that were
powered through a usb port (Figure 5)14 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, allowing an unhindered
airflow through all parts of the instrument. Then the fan was attached to the leadpipe
(horns: two fans, one to the crook, one to the bell) 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 humidity sensor was placed 40cm away from the bell, and a second sensor
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F i g u r e 3 Typical climate diagram showing the changes to relative humidity (rh) and

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

F i g u r e 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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F i g u r e 5 Fans used to dry the

instruments efficiently

F i g u r e 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, 20cm 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 newly developed maintenance concept, relying
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, that is, the tuning slides and valves were merely 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
playing, the musicians were also asked to keep a written protocol specifying the playing
duration each day, and the care measures applied. On average, the instruments were
played 275 times for 6.19 minutes, resulting in an average playing time of 28.3 hours. Three
testing methods (electrochemistry, neutron tomography and endoscopy) were applied
before the start of the project, 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.15

Findings and discussion The regular use of historical brass instruments is hardly com-
patible with the aims of long-term conservation. However, in the context of historically
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
played regularly remain permanently humid inside if they are only treated conventional-
ly, but not actively dried. In the instruments tested, the humidity scores remained at over
60 % rh for several days. Under these circumstances, corrosion processes are likely to set
in, that is, parts of the basic brass material are transformed into corrosion products,
leading to a loss of original substance. Active drying with the aid of fans that provide a
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flow of air inside the instrument and evacuate the humidity is a 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.16

Apart from active drying as a measure of preventive conservation against corrosive
humidity, the use of corrosion inhibitors, chemical passivation or the application of a
protective coating inside regularly 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 least, the effect on the acoustic quality of deposits
and overlays inside brass instruments needs further investigation.17

Although the focus of this study was primarily on the prevention of humidity-related
damage inside brass instruments, the protection of the instruments’ outside metal sur-
faces was also an aspect of the preventive conservation measures. Despite daily use and
handling, corrosion damage and stains to the instruments’ outer surface caused by sweaty
hands were largely avoided, as the musicians were asked to wear gloves. All in all, sensi-
tising the participating musicians to the goals of preventive conservation was key to the
project’s success. By fully and correctly adhering to the maintenance protocol, mechanical
damage was avoided almost completely, despite the long, intensive period of use.
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A p p e n d i x Terms of use and the maintenance instructions
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