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CLEANING PLASTICS IN MUSEUMS
YVONNE SHASHOUA AND KATHRINE SEGEL

INTRODUCTION
Cleaning involves the removal of all materials 
that either change an object’s materiality 
or meaning and have neither been applied 
intentionally by its creator nor are important 
as signs of its historical use (Bollard (2008)). 
Although all surveys of the condition of plastics 
conducted in museums in the United Kingdom 
and Scandinavia since the 1990s conclude 
that approximately 75% of collections require 
cleaning, few treatments have been developed 
(Shashoua and Ward (1995). This is mainly due to 
the high risk of damaging plastics mechanically 
or chemically when using an invasive cleaning 
treatment.  Plastics which are in a rubbery phase 
at  ambient temperature, such as polyethylene 
and plasticised polyvinylchloride (PVC), are 
visibly abraded by contact with brushes, 
cloths and sponges. Polyethylene containers 
including Tupperware®, are readily scratched 
by green scouring pads or nylon brushes during 
washing. Solvents and detergents applied 
either alone or as part of mixtures in commercial 
cleaning products can both extract additives 
IURP�ÁH[LEOH�SODVWLFV� VXFK�DV�39&�DQG� LQGXFH�
environmental stress cracking in rigid plastics 
such as polystyrene, polycarbonate and 
polymethylmethacrylate.  

Despite the high risks, removal of oily 
ÀQJHUSULQWV�� FDUERQDFHRXV� GLUW� �H[WHUQDO� GLUW��
or crystalline, acidic degradation products 
(internal dirt) from museum objects or artworks 
comprising plastics is essential to maintain their 
VLJQLÀFDQFH��FKHPLFDO�VWDELOLW\�DQG�FRPPHUFLDO�
YDOXH��7KLV�DUWLFOH�VXPPDULVHV�WKH�ÀQGLQJV�RI�DQ�
exhaustive, 2-year evaluation of mechanical, 
aqueous and non-aqueous cleaning techniques 
for their effectiveness at removing external dirt 
and effect on chemical and physical stabilities 
of selected plastics. The research described 
was coordinated by the two authors as part 
of the EU 7th Framework Programme project 
POPART (Preservation of Plastic ARTefacts in 
museums) between 2008 and 2012. The project 
concluded with a conference ‘Preservation Of 
Plastic ARTefacts in museum collections’ held 
in Paris in 2012 and publication of the same 
name. The highlights of both conference and 
publication are available freely on the internet 
http://popart-highlights.mnhn.fr/

POPART was divided into four working groups 
each focusing on different topics such as 
SODVWLFV
� LGHQWLÀFDWLRQ�� FROOHFWLRQ� VXUYH\V��
degradation and active conservation. 
Together with the Cultural Heritage Agency of 
the Netherlands, Victoria and Albert Museum 
in London and Paris-based Laboratories: 
Centre de recherche et de restauration des 
musées de and the Centre de recherche 
sur la conservation, the National Museum of 
Denmark evaluated mechanical, aqueous 
and non-aqueous cleaning techniques initially  
IRU� WKHLU� LQÁXHQFH�RQ� WKH� ORQJ� WHUP�VWDELOLW\�RI�
plastics and afterwards  for their effectiveness 
at removing dirt. The purpose was to assist 
conservators with making decisions concerning 
cleaning plastics.  

This  article will present an overview of the 
state of the art in cleaning plastics prior to the 
start of POPART, describe the research strategy 
and processes to evaluate mechanical, 
aqueous and solvent cleaning of selected 
plastics and conclude with the application of 
323$57·V�ÀQGLQJV�WR�WZR�FDVH�KLVWRULHV��

STATE OF THE ART IN CLEANING PLASTICS
Until the launch of POPART in 2008, conservators 
believed generally that all semi-synthetic and 
degraded plastics were sensitive to water and 
VROYHQWV�� 7KLV� LQÁXHQFHG� WKH� W\SLFDO� DSSURDFK�
to cleaning them. Mechanical cleaning in 
the absence of aqueous cleaning agents 
or solvents was considered the technique 
offering the lowest risk of inducing permanent 
damage and, as a result, conservators chose 
to wipe away dust and loose particles with a 
dry cloth or brush to minimise damage. Where 
dirt was attached to the surfaces of an object 
DV� H[HPSOLÀHG� E\� RLO\� ÀQJHUSULQWV� RU� VWLFN\�
carbonaceous dirt and could not be removed 
with a dry brush or cloth, conservators often 
decided to leave it undisturbed to reduce the 
risk of inducing further damage. 

Until 2008, all published research into plastic 
cleaning by conservators or conservation 
scientists had used visual appearance or optical 
microscopy alone for evaluating whether 
cleaning had caused damage to surfaces. 
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POPART CLEANING RESEARCH STRATEGY  
The research strategy taken in POPART was to 
ÀUVW�DVFHUWDLQ��ZKHWKHU��WKH�FOHDQLQJ�PDWHULDOV�
and techniques evaluated induced changes 
or degradation to model plastics substrates. 
Those that did not induce changes were further 
investigated for the effectivity of cleaning 
WR� UHPRYH� DUWLÀFLDO�� VWDQGDUG� GLUW�� )LQDOO\�� WKH�
most effective and least damaging cleaning 
techniques were applied to real museum or 
VWXG\� REMHFWV� WR� FRPSDUH� WKH� ÀQGLQJV� IURP�
cleaning model plastics with reality. Mechanical 
FOHDQLQJ� WHFKQLTXHV�ZHUH�HYDOXDWHG� ÀUVW�DQG�
only the least damaging and most effective 
techniques were then combined with aqueous 
and solvent cleaning agents. 

MODEL PLASTICS
New, colourless and transparent or pearlescent 
model plastics were used as model sub-
strates to investigate whether cleaning 
would damage the plastics themselves. 
Initially, polymethylmethacrylate (PMMA), 
polyvinylchloride (PVC), unsaturated polyester 
(UP), high density polyethylene (HDPE), 
polystyrene both cast high impact (HIPS) and 
extruded (EPS) forms  were selected as model 
plastics with each POPART partner researching 

RQH� RU� WZR� SODVWLFV� IRU� FOHDQLQJ� �VHH� ÀJXUH�
1). Selection of plastics types for inclusion in 
POPART was based on their high representation 
in museum collections and requirements for 
cleaning. Unsaturated polyester was removed 
early from the project due to its inhomogeneity 
and replaced with cellulose acetate (CA).  
([WUXGHG� SRO\VW\UHQH� SURYHG� WRR� GLIÀFXOW� WR�
clean due to its uneven texture and was also 
discounted from POPART.

CLEANING MATERIALS, CLEANING AGENTS 
AND ARTIFICIAL DIRT
Published literature and verbal recommen-
dations describing  effective and non-damag-
ing materials and techniques to clean plastics 
for industrial and conservation applications 
were used to select twenty-two cleaning mate-
rials, which were also available in all nine POP-
ART partner countries. Materials comprised pa-
per tissues, cotton swabs, natural and synthetic 
cloths, sponges and brushes and compressed 
DLU�IURP�FDQ�DQG�SUHVVXUH�OLQHV��VHH�ÀJXUH�����

Published literature was also used to select 
aqueous- and solvent- based cleaning agents 
which complied with health and safety 
requirements in all partner countries. Aqueous 
cleaning agents included distilled water, 

Figure 1. A selection of model plastics. From left to right; polymethylmethacrylate, plasticised PVC, unsaturated polyester (repla-
ced with cellulose acetate), high density polyethylene, high impact polystyrene and expanded polystyrene (only included in the 
ÀUVW�VWDJH�����SKRWRJUDSK�E\�.DWKULQH�6HJHO��
)LJXU����(W�XGYDOJ�DI�PRGHO�SODVW��)UD�YHQVWUH�PRG�K¡MUH�SRO\PHWK\OPHWKDFU\ODW��EO¡GJMRUW�39&��XP WWHW�SRO\HVWHU��VNLIWHW�XG�
PHG�FHOOXORV�DFHWDW���K¡MGHQVLWHWV�SRO\HWK\OHQ��VODJIDVW�SRO\VW\UHQ�RJ�HNVSDQGHUHW�SRO\VW\UHQ��NXQ�PHG�L�VWDUWHQ�DI�SURMHNWHW��
�IRWR�DI�.DWKULQH�6HJHO��
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anionic and nonionic detergents, 
synthetic saliva and triammonium 
citrate. 

THE AQUEOUS CLEANING AGENTS 
EVALUATED WERE:

• Dehypon LS45, 1% (w/w) in dis-
tilled water, non-ionic detergent, 
cloud point 22°C, fatty alcohol 
C12-C14, experimental criti-
cal micelle composition (CMC) 
0.0598 g/l, supplied by Conser-
vation Resources Ltd. (UK), www.
conservationresources.com

• distilled water
• Judith Hofenk de Graaff deter-

gent, 1% (w/w) of concentrate 
in distilled water, non-ionic de-
tergent, concentrate comprises 
50 g sodium dodecylbenzenesul-
phonate, 50 g tri-sodium citrate 
and 5 g sodium carboxymethyl-
cellulose in 1000 ml distilled water

• Orvus WA Paste, 1% (w/w) in dis-
tilled water, anionic detergent, 
sodium lauryl sulphate. Orvus WA 
paste has an experimental CMC 
of 0.29 g/l, supplied by Univer-
sity Products. The Archival Com-
pany®, www.universityproducts.
com

• Synthetic saliva, used as supplied, 
mucin (35mg per ml), unspeci-
ÀHG� TXDQWLWLHV� RI� [\OLWRO�� PHWK\O-
paraben, dinatrium, benzalkoni-
umchloride and EDTA, supplied 
by Pharmachemie BV (NL), www.
tevapharmachemie.com

• Triammonium citrate (TAC), 2.5% (w/w) in 
distilled water, supplied by VWR & Bie & 
Berntsen, www.vwr.com

Solvents comprised ethanol, isopropanol, white 
VSLULW� �PL[WXUH� RI� SDUDIÀQV�� F\FORSDUDIÀQV� DQG�
aromatic hydrocarbons with boiling ranges 
which typically lie between 150°C and 220°C) 
and xylene.

7ZR� W\SHV� RI� DUWLÀFLDO� GLUW� GHYHORSHG� E\�
FOHDQLQJ� UHVHDUFKHUV� WR� PLPLF� ÀQJHUSULQWV� RU�
sebum soil and oily, carbonaceous soil which 
represented what is commonly known as  
museum dirt were prepared from published 

recipes and applied by brush or bar coater to 
model plastics. Sebum soil comprised palmitic 
acid and 1-propanol (Kuisma et al. (2005)). 
Organic oil soil was prepared by dispersing 
FDUERQ� EODFN� LQ� SDUDIÀQ� RLO� �.RSRQHQ� HW� DO��
��������� $IWHU� DSSOLFDWLRQ� RI� DUWLÀFLDO� GLUW��
samples were allowed to dry for a week at room 
temperature in a covered box before cleaning 
was performed. 

CLEANING PRACTICE
Initially, the effects of each mechanical cleaning 
procedure on clean model plastics were 

)LJXUH����7KH����FOHDQLQJ�PDWHULDOV�HYDOXDWHG�LQ�323$57��SKRWRJUDSK�E\�
.DWKULQH�6HJHO��
)LJXU����5HQVQLQJVPDWHULDOHU�����L�DOW��HYDOXHUHW�L�323$57��IRWR�DI�.DWKULQH�
Segel).



MEDDELELSER  2  · 2013    -   ARTIKEL MED PEER REVIEW66

investigated. From literature and discussions 
with experienced conservators it was clear that 
mechanical action can be applied in either 
linear or circular directions and 5 repetitions 
of each were investigated separately. Twelve 
cleaning products which were found to abrade 
or otherwise change surfaces were removed 
from further participation in POPART. The 
remaining 10 cleaning materials were used to 
apply the aqueous and solvent-based cleaning 
agents. Finally, the six, least damaging aqueous,  
four solvent- based cleaning materials and 
six agents were tested on model plastics with 
DUWLÀFLDO� GLUW�� 6HOHFWHG� VDPSOHV� ZHUH� H[SRVHG�
to accelerated light and thermal ageing 
to investigate the chances of degradation 
induced by cleaning with time. 

 EVALUATION TECHNIQUES
Visual examination of surfaces before and 
after cleaning has long been the primary 
form of evaluation used by the conservation 
profession to determine whether changes have 
been induced by treatment producing such 
symptoms as scratches, deposited residues or 

UHGXFHG� UHÁHFWLYLW\�� :KLOH� YLVXDO� H[DPLQDWLRQ�
is one of the most important  techniques 
to evaluate a conservation treatment, it is 
highly subjective and, therefore, qualitative 
and poorly reproducible. In POPART, it was 
decided to supplement visual evaluation with 
quantitative changes in gloss, contact angle 
and percentage area scratched after each 
cleaning. Gloss is the ability of a surface to 
UHÁHFW� VSHFXODU� OLJKW�� 0DWHULDOV� ZLWK� VPRRWK�
VXUIDFHV�DUH�KLJKO\�UHÁHFWLYH��JORVV\���ZKLOH�YHU\�
URXJK� VXUIDFHV� UHÁHFW� QR� VSHFXODU� OLJKW� DQG�
therefore appear matt. Gloss of test substrates 
before and after cleaning was determined 
XVLQJ�D�UHÁHFWRPHWHU��

Photomicrographs were examined for 
scratches by converting coloured images to 
black and white with a computer photo or 
paint program such as Adobe Photoshop and 
then by calculating the area occupied by 
scratches per unit area using the free program 
Image J (http://imagej.en.softonic.com/). 
Changes in surface energies of model plastics 
induced by cleaning were likely to be caused 
by contamination from residues of cleaning 

Visual examination of soiled PMMA after cleaning 

SEBUM SOIL Dehypon LS45 Distilled water
Judith Hofenk de 
Graaff detergent Orvus WA Paste Synthetic saliva

Tri-ammonium 
citrate Ethanol Isopropanol White spirit Xylene

PVA sponge

Cotton bud

Cotton cloth

Leather chamois

Spectacles cloth

Microfiber cloth

ORGANIC OIL 
SOIL Dehypon LS45 Distilled water

Judith Hofenk de 
Graaff detergent Orvus WA Paste Synthetic saliva

Tri-ammonium 
citrate Ethanol Isopropanol White spirit Xylene

PVA sponge

Cotton bud

Cotton cloth

Leather chamois

Spectacles cloth

Microfiber cloth

Not tested Very good 
cleaning

Good cleaning Poor cleaning Bad cleaning 

)LJXUH����9LVXDO�HYDOXDWLRQ�RI�WKH�HIIHFWLYHQHVV�RI�FOHDQLQJ�VRLOHG�PRGHO�300$��$�WUDIÀF�OLJKW�FRORXULQJ�V\VWHP�
KDV�EHHQ�XVHG�WR�UHSUHVHQW�¶YHU\�JRRG�FOHDQLQJ·�DV�JUHHQ�DQG�¶EDG�FOHDQLQJ·�DV�UHG��(IIHFWLYHQHVV�LV�D�PHD-
VXUH�ERWK�RI�FOHDQLQJ�WHFKQLTXHV·�DELOLWLHV�WR�UHPRYH�GLUW�ZKLOH�QRW�GDPDJLQJ�WKH�SODVWLF�VXEVWUDWH��
)LJXU����9LVXHO�EHG¡PPHOVH�DI�HIIHNWLYLWHWHQ�YHG�UHQVQLQJ�DI�VQDYVHW�PRGHO�300$��)DUYHUQH�IUD�HW�O\VVLJQDO�HU�
EOHYHW�EUXJW�WLO�DW�UHSU VHQWHUH�µPHJHW�JRG�UHQVQLQJµ�VRP�JU¡Q�RJ�µGnUOLJ�UHQVQLQJµ�VRP�U¡G��(IIHNWLYLWHWHQ�HU�
EnGH�HW�XGWU\N�IRU�UHQVQLQJVWHNQLNNHUQHV�HYQH�WLO�DW�IMHUQH�VQDYV�XGHQ�DW�EHVNDGLJH�SODVWPDWHULDOHW�
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Visual examination of soiled PVC after cleaning 

SEBUM SOIL Dehypon LS45 Distilled water
Judith Hofenk de 
Graaff detergent Orvus WA Paste Saliva TAC Ethanol Isopropanol White spirit Xylene

PVA sponge

Cotton bud

Cotton cloth

Leather chamois

Spectacles cloth

Microfiber cloth

ORGANIC OIL 
SOIL Dehypon LS45 Distilled water

Judith Hofenk de 
Graaff detergent Orvus WA Paste Synthetic saliva

Tri-ammonium 
citrate Ethanol Isopropanol White spirit Xylene

PVA sponge

Cotton bud

Cotton cloth

Leather chamois

Spectacles cloth

Microfiber cloth

Not tested Very good 
cleaning

Good cleaning Poor cleaning Bad cleaning 

)LJXUH����9LVXDO�HYDOXDWLRQ�RI�WKH�HIIHFWLYHQHVV�RI�FOHDQLQJ�VRLOHG�PRGHO�39&��$�WUDIÀF�OLJKW�FRORXULQJ�V\VWHP�
KDV�EHHQ�XVHG�WR�UHSUHVHQW�¶YHU\�JRRG�FOHDQLQJ·�DV�JUHHQ�DQG�¶EDG�FOHDQLQJ·�DV�UHG��(IIHFWLYHQHVV�LV�D�PHD-
VXUH�ERWK�RI�FOHDQLQJ�WHFKQLTXHV·�DELOLWLHV�WR�UHPRYH�GLUW�ZKLOH�QRW�GDPDJLQJ�WKH�SODVWLF�VXEVWUDWH��
)LJXU����9LVXHO�EHG¡PPHOVH�DI�HIIHNWLYLWHWHQ�YHG�UHQVQLQJ�DI�VQDYVHW�PRGHO�39&��)DUYHUQH�IUD�HW�O\VVLJQDO�HU�
EOHYHW�EUXJW�WLO�DW�UHSU VHQWHUH�µPHJHW�JRG�UHQVQLQJµ�VRP�JU¡Q�RJ�µGnUOLJ�UHQVQLQJµ�VRP�U¡G��(IIHNWLYLWHWHQ�HU�
EnGH�HW�XGWU\N�IRU�UHQVQLQJVWHNQLNNHUQHV�HYQH�WLO�DW�IMHUQH�VQDYV�XGHQ�DW�EHVNDGLJH�SODVWPDWHULDOHW�

agents or surface inhomogeneity caused by 
VFUDWFKHV��7KH\�ZHUH�TXDQWLÀHG�E\�GHWHUPLQLQJ�
changes in contact angle formed between a 
20 microliter drop of distilled water and surfaces 
of model plastics. 

Because changes in gloss, contact angle 
and percentage of scratches before and after 
cleaning were each independently related to 
surface properties of the plastic being cleaned, 
they could be mathematically combined to 
FDOFXODWH�D�&OHDQLQJ�9HFWRU��0�ZKHUH�0� � ¥�
((% area scratched)2 + (%change in contact 
angle)2 + (%change in gloss)2 for each cleaning 
material/agent combination. Cleaning was  
a measure of both how effective and how 
damaging cleaning processes were. There was 
an attempt to incorporate visual assessments 
into Cleaning Vectors but the result was 
unsatisfactory. However, the trends exhibited 
by Cleaning Vectors were mirrored by visual 
assessment.

POPART RESULTS FOR CLEANING MODEL 
PMMA AND PLASTICIZED PVC
Although mechanical cleaning has been 
generally perceived as the least damaging 
technique to remove dirt from plastics, POPART 
results suggest that the risk of inducing scratches 
or residue deposits  using a dry brush or cloth is 
measurable. It is less damaging to remove loose 
GXVW�SDUWLFOHV�E\�EORZLQJ�FOHDQ�ÀOWHUHG�DLU�IURP�
a can or a pressure line, although the latter can 
be contaminated with lubricant oil. For PMMA 
DQG�39&�WKH�ÀYH�IROORZLQJ�PDWHULDOV�ZHUH�IRXQG�
to be least damaging to surfaces; cotton bud, 
FRWWRQ� ��� PLFURÀEHU� �� DQG� VSHFWDFOHV� FORWKV��
natural (ostrich) and synthetic feather dusters. 
Feather dusters cannot be used in combination 
with aqueous cleaning products or solvent. 
It was concluded that linear rubs removed 
dirt from surfaces, while circular rubs merely 
redistributed it.
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The concentration of scratches was severely 
reduced when combining cotton bud or any 
of the cloths with liquids in the form of water, 
aqueous detergent 
solutions and solvent. 
On clean model 
plastics the aqueous 
cleaning agents 1% 
anionic detergent 
Orvus WA Past, 1% 
non-ionic detergent 
Dehypon LS45, saliva 
and 2.5% triammoni-
um citrate minimised 
scratching and the 
opportunity for resi-
dues to form. How-
ever, when cleaning 
dirty model plastics, 
aqueous cleaning  
agents failed to dis-
VROYH� DUWLÀFLDO� GLUW��
particularly that rep-
UHVHQWLQJ�ÀQJHU�SULQWV�
�VHH�ÀJXUHV���DQG�����
Instead of cleaning 
dirty plastics, aque-
ous cleaning caused 
further damage, 
because any undis-
solved particles were 

moved across surfaces causing abrasion. This 
means that identifying dirt types is of great im-
portance when selecting cleaning agents.  

Visual examination suggested that both 
DUWLÀFLDO� GLUWV� KDG� VWDUWHG� WR� PLJUDWH� LQWR� WKH�
plasticised PVC within a week after application, 
FDXVLQJ�GHIRUPDWLRQ�RI�WKH�PDWHULDO��VHH�ÀJXUH�
5). A month after cleaning had been performed 
the sebum soil was no longer visible whereas 
the organic oil soil appeared more particulate 
²� LQGLFDWLQJ� WKDW� WKH�SDUDIÀQ�RLO�KDG�PLJUDWHG�
into the PVC. Deformation of the material was 
also evident. It is likely that the plasticiser in PVC 
had dissolved the organic components of the 
DUWLÀFLDO� VRLOV� DQG� WUDQVSRUWHG� WKHP� EHWZHHQ�
the polymer chains and away from surfaces. The 
POPART results emphasize the importance of 
cleaning plastics especially PVC, immediately 
after soiling takes place. 

CLEANING PMMA – A CASE STUDY
In order to examine how cleaning research 
on model, new PMMA related to real museum 
objects, Light Sculpture without Light, made 
in 1976 by the Danish artist Gunnar Aagaard 
Andersen was selected as a study object. The 
sculpture, which belongs to the National Gallery 
of Denmark, comprises several white acrylic 
sheets, each ca. 5mm thick. These have been 

)LJXUH����3ODVWLFLVHG�39&�PRGHO�SODVWLFV�GHIRUPHG�RQH�ZHHN�DIWHU�
applying organic oil soil (upper). The deformation persisted despite 
FOHDQLQJ��ORZHU���SKRWRJUDSK�E\�.DWKULQH�6HJHO��
)LJXU����%O¡GJMRUW�39&�PRGHO�SODVW�EOHY�GHIRUPHUHW�HQ�XJH�HIWHU�RU-
JDQLVN�ROLHKROGLJ�VQDYV�YDU�SnI¡UW��¡YHUVW���'HIRUPDWLRQHQ�YHGEOHY�
HIWHU�UHQVQLQJ��QHGHUVW���IRWR�DI�.DWKULQH�6HJHO��

)LJXUH����&OHDQLQJ�WHVWV�ZHUH�SHUIRUPHG�RQ�WKH�HGJHV�RI�*XQQDU�$DJDDUG�$QGHUVHQ·V�
polymethylmethacrylate sculpture Light Sculpture without Light (1976) using triammo-
QLXP�FLWUDWH��7$&���-XGLWK�+RIHQN�GH�*UDDII�GHWHUJHQW��2UYXV�:$�3DVWH�DQG�'HK\SRQ�
/6����SKRWRJUDSK�E\�.DWKULQH�6HJHO��
)LJXU����'HU�EOHY�XGI¡UW�UHQVHSU¡YHU�PHG�WULDPPRQLXPFLWUDW��7$&���-XGLWK�+RIHQN�GH�
*UDDII�GHWHUJHQW��2UYXV�:$�3DVWD�RJ�'HK\SRQ�/6���Sn�NDQWHQ�DI�*XQQDU�$DJDDUG�
$QGHUVHQV�VNXOSWXU�/\VVNXOSWXU�XGHQ�O\V���������IRWR�DI�.DWKULQH�6HJHO��
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adhered to form a series of 
concentric, open boxes.   
When placed in front of 
a natural light source, as 
originally intended by the 
artist, the transparency of 
the acrylic sheets admits 
the light and thus reveals 
the internal spaces of the 
object.  

The sculpture was 
chosen as a study object 
for two reasons. It consisted 
of colourless acrylic sheets 
and was evenly covered 
with a layer of dark oily 
VRLO�DQG�VHYHUDO�ÀQJHUSULQWV�
could be observed in 
raking light. In addition the 
lower part of the sculpture 
was severely scratched. 
0RVW� VFUDWFKHV� ZHUH� ÀOOHG�
with soil which darkened 
the object. Light Sculpture 
without Light represented 
both the model plastic and 
WKH� DUWLÀFLDO� VRLOV� WHVWHG�
in POPART. Unfortunately 
the sculpture cannot be 
viewed as originally intended, because some 
of the joints have failed.  

Cleaning research into model PMMA 
suggested that solvents had performed 
slightly better than aqueous cleaning agents 
at removing both sebum and organic oil soils. 
However  because the artwork was more 
than 30 years old and the plastic was visibly, 
physically damaged and therefore more 
vulnerable to stress cracking when in contact 
with solvents,  caution was required. A selection 
of aqueous cleaning agents was tested along 
WKH�ORZHU�HGJH�RI�WKH�VFXOSWXUH��VHH�ÀJXUH�����
$OWKRXJK� LW� ZDV� GLIÀFXOW� WR� VHH� D� GLIIHUHQFH�
in effectiveness with the naked eye, under 
PDJQLÀFDWLRQ�LW�ZDV�FOHDU�WKDW�2UYXV�:$�3DVWH�
and triammonium citrate were both  the most 
effective at removing dirt and least damaging 
for new, model PMMA. 

It was decided to clean the sculpture with 
2UYXV�:$�3DVWH����DSSOLHG�E\�PLFURÀEHU�FORWK��
This technique was successful in removing both 
WKH�HYHQ�VRLO� OD\HU�DQG�ÀQJHUSULQWV�EXW�QRW�VRLO�
trapped inside scratches. In these recessed 
areas a small cotton bud was found to be 
the most effective tool but cleaning had to 
be performed in the same direction as the 
scratch. Most of the soil was removed this way. 
Although the researchers were aware of the 

risk of environmental stress cracking when using 
solvents in contact with plastics,  trapped  soil 
was successfully removed with ethanol using 
a microscope to help focus on scratched 
areas and to detect any microscopic damage 
including spreading of cracks. The sculpture 
was rinsed with distilled water applied by 
PLFURÀEHU�FORWK�DIWHU�FOHDQLQJ�DQG�QR�GDPDJH�
was detected.  

CLEANING PVC – A CASE STUDY
A crash test dummy, Sierra Sammy,  belonging to 
the Science Museum in London was selected as 
our second case study. The dummy was made 
in the mid 1970s and acquired by the museum 
in 1979. Crash test dummies were used to model 
the motion of a human driver or passenger 
when applying the brakes of a vehicle and to 
predict any injuries arising from not wearing a 
seat belt. The object comprised a mechanical, 
steel structure to replicate the weight (60kg in 
this case) and movement of a human being 
and was covered with plasticized PVC skin to 
add textural and cosmetic properties.

In contrast to Gunnar Aagaaard Andersen’s 
sculpture where the soil layer was clearly only 
VXSHUÀFLDO�� WKH� 39&� VWXG\� LOOXVWUDWHG� GLIIHUHQW�
challenges. After 10 years in a well-sealed 

)LJXUH����0LJUDWLQJ�SODVWLFLVHU�IURP�&UDVK�7HVW�'XPP\�6LHUUD�6DPP\·V�KHDG�LV�VWLFN\�DQG�
WUDSV�GLUW�IURP�WKH�VXUURXQGLQJ�HQYLURQPHQW��SKRWRJUDSK�E\�<YRQQH�6KDVKRXD��
)LJXU����6QDYV�IUD�RPJLYHOVHUQH�VLGGHU�IDVW�L�NO EULJ�PLJUHUHQGH�EO¡GJ¡UHU�IUD�&UDVK�7HVW�
'XPP\�6LHUUD�6DPP\V�KRYHG��IRWR�DI�<YRQQH�6KDVKRXD��



showcase, the phthalate plasticiser included 
in PVC’s formulation, had migrated to surfaces, 
leaving it shiny, discoloured and sticky. The 
plasticiser could be considered an internal 
degradation product. Fifteen years later, 
phthalate plasticiser started dripping from the 
PVC covering the object’s head, hips and 
IHHW� �VHH� ÀJXUH� ���� 7KH� KLJK� FRQFHQWUDWLRQ� RI�
phthalate vapour within the sealed showcase 
caused the vapour to condense and drip. 
Dust adhered to the sticky surfaces, thereby 
altering the object’s appearance. Fourier 
Transform Infrared spectroscopy revealed that 
the dummy’s soil layer comprised phthalate, 
carbon particles and red pigment which had 
been used to represent blood in the dummy’s 
construction. 

POPART research had shown that PVC was 
cleaned more effectively by solvents than 
by aqueous cleaning products. However, 
because removal of internal forms of dirt, such 
as plasticisers, had not been investigated in 
POPART, additional information was required to 
develop a suitable cleaning strategy. Phthalate 
plasticizers are esters and their carbonyl 
(C=O) groups induce polarity but they cannot 
hydrogen bond with other materials readily. As 
a result they are partially soluble in water but 
more soluble when detergents or solvents are 
present. Because the crash test dummy was too 
large to be placed easily in a fume cupboard, 
solvent cleaning was not an optimal solution 
from a health and safety perspective and 
therefore aqueous cleaning was preferred. 

,QLWLDO� FOHDQLQJ� WULDOV� XVLQJ� PLFURÀEHU�
cloths and aqueous cleaning products were 
conducted by the authors. Afterwards, Science 
Museum conservation staff, none of whom 
had participated in POPART were instructed in 
how to perform the actual cleaning in order 
to examine whether conservators could apply 
POPART results to their own collections.

Oily dirt and plasticizer could be removed 
using both non-ionic detergent Dehypon LS45 
and anionic Orvus WA Paste applied by polyester 
PLFURÀEHU� FORWK� IROORZHG�E\�D� ULQVH� LQ� GLVWLOOHG�
water. Detergent was applied by cotton bud 
in recessed areas which were harder to access 
using a light microscope to focus the treatment. 
After cleaning, the dummy appeared paler in 
colour due to the removal of black dirt on its 
surfaces. The PVC skin had neither measurably 

shrunk nor embrittled despite the removal of 
some plasticiser. The dummy was then returned 
to display. Examination of the object 18 months 
after cleaning, suggested that phthalate 
plasticiser has begun to migrate to the object’s 
surfaces once again which indicates  that the 
treatment will require repeating and perhaps 
reviewing.    

  
CONCLUSION
Research into conservation cleaning of plastics 
is an area which had not been extensively 
researched prior to POPART’s launch in 
������ 6RPH� RI� WKH� PDMRU� ÀQGLQJV� KDYH� EHHQ�
counterintuitive and are likely to change 
conservation cleaning practice for plastic 
design objects and artworks. For example, 
mechanical cleaning using a dry brush, cloth or 
sponge, has long been perceived as the least 
damaging technique to remove dirt. However 
it is ineffective for oily or biological dirt such 
DV� ÀQJHUSULQWV� DQG� LQGXFHV� VFUDWFKHV� RQ� ERWK�
thermoplastic and thermosetting materials. 
$GGLQJ�VXIÀFLHQW�OXEULFDQW�LQ�WKH�IRUP�RI�ZDWHU��
detergent solution or solvent to the mechanical 
cleaning material was more effective at 
removing dirt and less damaging to the plastic 
substrate. 

Of the 22 cleaning products evaluated, 
only canned air, natural and synthetic feather 
dusters left all plastics unchanged. Duzzit 
sponges, Scotch Brite sponges and all paper-
based products induced more scratching than 
brushes and cloths. Akapad yellow and white 
sponges, compressed air, latex and synthetic 
sponges and goat hair brushes deposited 
residues. Based on Cleaning Vectors, distilled 
water, Orvus WA Paste, Judith Hofenk de Graaff 
and Dehypon LS45 were the least damaging 
cleaning agents for polymethyl methacrylate, 
plasticised PVC, high density polyethylene, 
high impact polystyrene and cellulose acetate.  
Organic solvents were effective at removing  
ERWK� W\SHV�RI�DUWLÀFLDO�GLUW� IURP�PRGHO�SODVWLFV�
but the increased risk of removing plasticisers 
or inducing stress crazing counted against their 
use where aqueous alternatives were possible. 

Transferring the results obtained by cleaning 
model plastics to real or study objects required 
some adaptations. Dirt on real objects was rarely 
homogeneous or from one source as evaluated 
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in POPART experiments, but could include 
internal dirt such as migrated plasticiser from 
PVC and its associated degradation products. 
Plastics themselves were often degraded 
and discoloured. With time, dirt had migrated 
further into the body of the plastic. Despite the 
DGGLWLRQDO�FKDOOHQJHV�� WKH�JHQHUDO� ÀQGLQJV� IRU�
poor and effective cleaning materials and 
DJHQWV�RQ�WKH�PRGHO�SODVWLFV�DQG�DUWLÀFLDO�GLUW�
evaluated in POPART were also true for real 
REMHFWV��,W�LV�FOHDU�WKDW�WKH�ÁRZ�FKDUWV�GHVLJQHG�
to guide conservators when cleaning plastics 
offer useful starting points and may be found 
freely on http://popart-highlights.mnhn.fr/
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SUMMARY
Although all surveys of the condition of plastics 
conducted in museums in the United Kingdom 
and Scandinavia since the 1990s conclude 
that approximately 75% of collections require 
cleaning, few treatments have been developed 
mainly due to the high risk of damaging plastics 
mechanically or chemically using an invasive 
cleaning treatment. Despite the high risks, 
UHPRYDO�RI�RLO\� ÀQJHUSULQWV��FDUERQDFHRXV�GLUW�
(external dirt) or crystalline, acidic degradation 
products (internal dirt) from museum objects 
or artworks comprising plastics is essential 
WR� PDLQWDLQ� WKHLU� VLJQLÀFDQFH�� FKHPLFDO�
stability and commercial value. This article 
presents the results of structured research into 
cleaning polymethylmethacrylate (PMMA) 
and plasticised polyvinylchloride (PVC) which 
comprised part  of the collaborative EU 7th 
Framework project POPART (Preservation Of 
Plastics ARTefacts in museums) between 2008 
and 2012. An exhaustive study of the risks 
associated with mechanical, aqueous and 

solvent-based cleaning of both new, model 
plastics and real objects is presented. A PMMA 
sculpture from 1976 by Danish artist Gunnar 
Aagaard Andersen and a Crash Test Dummy in 
plasticised PVC from the mid 1970s are selected 
as study objects and successfully cleaned using 
the guidelines developed for model plastics 
DQG�DUWLÀFLDO�GLUW�

KEY WORDS
POPART, plastics, polymethylmethacrylate, pol-
yvinylchloride, mechanical cleaning, aqueous 
cleaning, solvent cleaning

YHTEENVETO
Iso-Britannian ja Skandinavian museoissa tehdyt 
muovisten museoesineiden ja taideteosten 
kuntokartoitukset osoittavat, että arviolta 
75 % kokoelmista on puhdistusta vailla. 
Puhdistusmenetelmiä on kehitetty vain vähän, 
koska voimakas mekaaninen tai kemiallinen 
puhdistus voi aiheuttaa vaurioita. Muoviesineiden 
merkityksen, kemiallisen vakauden ja kaupallisen 
arvon säilyttämiseksi on riskeistä huolimatta 
kuitenkin välttämätöntä poistaa rasvaiset 
sormenjäljet, hiilipitoinen lika (ulkoinen lika) ja 
happamat hajoamistuotteet (sisäinen lika). Tämä 
artikkeli kertoo järjestelmällisestä tutkimuksesta, 
jossa puhdistettiin polymetyylimetakrylaattia 
(PMMA) ja plastisoitua polyvinyylikloridia 
(PVC). Tutkimus oli osa EU:n seitsemättä 
Framework-yhteistyöprojektia, POPARTia, joka 
toteutettiin vuosina 2008-2012. Artikkelissa 
esitellään tutkimustulokset kaikista mekaanisen 
puhdistuksen ja vesi- ja liuotinpuhdistuksen 
riskeistä. Tutkimuksessa puhdistettiin sekä uusia 
muovisia mallikappaleita että varsinaisia esineitä. 
Mallikappalemuovin ja keinotekoisen lian avulla 
kehitettiin puhdistussuositukset, joiden mukaisesti 
puhdistettiin Gunnar Aagaard Anderssenin PMMA-
veistos vuodelta 1976 ja plastisoidusta PVC:stä 
valmistettu kolarinukke 1970-luvun puolivälistä.

AVAINSANAT
POPART, muovit, polymetyylimetakrylaatti, 
polyvinyylikloridi, mekaaninen puhdistus, 
vesipuhdistus, liuotinpuhdistus
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RESUMÉ
Selv om alle undersøgelser af plastmaterialers 
bevaringstilstand udført på museer i Storbritan-
nien og Skandinavien siden 1990'erne konklude-
rer, at cirka 75% af samlingerne kræver rensning, 
er der kun blevet udviklet ganske få behand-
lingsmetoder, hvilket bl.a. skyldes risikoen for at 
beskadige plastmaterialet mekanisk eller kemisk 
som følge af en invasiv rensningprocedure. På 
trods af disse risici er det altafgørende at kunst-
værker og museumsgenstande renses for fedte-
GH�ÀQJHUDIWU\N��NXOVWRIKROGLJ�VQDYV��\GUH�VQDYV��
eller sure og krystallinske nedbrydningsproduk-
ter (indre snavs), hvis genstandenes betydning, 
kemiske stabilitet og kommercielle værdi skal 
bibeholdes.  Denne artikel præsenterer resul-
taterne af en systematiseret forskning indenfor 
rensning af polymethylmethacrylat (PMMA) og 
blødgjort polyvinylchlorid (PVC), som mellem 
2008 og 2012 udgjorde en del af det europæi-
ske 7th Framework samarbejdsprojekt POPART 
(Preservation Of Plastics ARTefacts in museums). 
En udtømmende undersøgelse af de risici, der 
er forbundet med mekanisk, vand- og solvent-
baseret rensning af henholdsvis ny model plast 
og rigtige genstande præsenteres. En PMMA 
skulptur fra 1976 af den danske kunstner Gunnar 
Aagaard Andersen og en Crash Test Dummy i 
blødgjort PVC fra midten af 1970’erne blev ud-
valgt som test objekter, og begge genstande 
blev renset med tilfredsstillende resultater ved 
at følge de udviklede retningslinjer for model 
plast og kunstig snavs.

NØGLEORD
POPART, plast, polymethylmethacrylat, poly-
vinylchlorid, mekanisk rensning, vandbaseret 
rensning, solventbaseret rensning
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