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KARIN M. GROEN, INEZ D. VAN DER WERF,

KTAAS IAN VAN DEN BERG, and JAAP I .BOON
Netherlancls Institute for Cultural Heritage and FOM Institute for Atornic ancl

Molecular Physics {AMOLF}, Arnsterdatn

Scientific Examination of Vetmeer's

Girl with a PearlBarcing

he background of the Giil with 0 Peail Eatring

seems to be excetr)tional in |ohannes Vermeer'S

oeuvre {fig. r }; the only picture with a compa-

rable dark background is Port tait of a Yottng

Wantan { in Neu. '  York},  dated c. r666-r661 .

Arthur K. Wheelock fr. points out that Ver-

meer,s departure from his norrnal scheme

of silhotretting figures against a white wall

was according to the Duteh tradition and

was meant to enhance the three-ditnensional

effec,t. White backgrounds tend to come for-

ward while dark backgrounds tend to rececle,

bringing the figure into prorninence.i

Presently the background of the Girl witlt

a Pearl Earuing appears utleven and spotted.

I)uring the rgg4-rggS restoration it became

clear that this appearance has nothing to do

with ornamentation 3s, for example, is the

case with the background of The Gitl with

the Red Hat. The poor state of the painting

may be related to earlier restoration proce-

dures. It has been documented that the paint-

ing had [een subiected to several lining and

regeneration treatments. Investigation of the

background was therefore undertaken as part

of a larger study of the techniques and mate-

rials used by Vertneel in this painting.

In r98o the picture was investigated non-

clestructively by I.R.l. van Asperen de Boer

and Arthur K. Wheelock Jr. with infrared

reflectography ancl a stereornicroscope. Dark

underpaint was found under the shadows of

the blue turban, the yellow drapery, and the

flesh. A small chrange in composition was

fould at the back of the neck. As early as r968

two paint samples had been retnoved from

the background along the left-hand and right-

hand edges and analyzecl by Hermann Ktihn

of the l)oeruer Institute in Munich.2 Ktihn

lrac1 found a dark underl ayel on top of a light-

colored ground. The results of the investi-

gations into the paint layers were scarce and

necessitated further research.
This paper discusses the results of rnicro-

scopic examination and chemical analysis of

the background.3 In order to obtain more

cornplete insight into tfue techniques and ma-

terials used by Verttteer, other parts of the

painting ate examined tls well. Restoration

materials introcluced into the painting and

the effects of former restoration procedtlres

are also considered. Results of chemi cal anal'

ysis are presented to illustr ate that these

treatments have changed the chernical colll-

position of the pailting. The paint samples

mentioned in this article can be found in

appendix r. See appendix z for a description

of the analytical methods.

History and Condition of the Painting

The restoration history of the Gitl with a

Penrl Eorcing was, as f ar as noted down, dis-

cussed by |orgen Wadum and others in r gg 5 .1

The gist of their study is 4s follows. In I9o3

the painting came into the possession of the

Royal Cabinet of Paintings Mauritshuis as

part of a bequest by A. A. Des Tornbe of a total

r. Iohannes Vermeer,
Gitl v,ith a Pearl Erufing,
c.  1665-1666, oi l  on canvas,
photographed |une 1994,
after cleaning, before
restoration
Royai Cabinet oi P;rintings

ivlauritshuis, The Hague

r69
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of twelve pictures. About twenty years ear-
l ier, in rBBr, it had been recogntzedas a work
by |ohannes Verrneer. Accorcling to a news-
paper article in the Nieuwe CoLffant in r9a3,
the painting was already in a "deplorable
state of neglect" when it was in the posses-

sion of Des Tombe.s The same article reports
that it was lined by 

" 
certain Van der Haeghen

in Antwerp. This restorer probably applied an
aqueous adhesive, since the original canvas
showed signs of bad shrink age owing to con-
tact with r,vater. This shrinkage has resulted
rrL " cupping" of the paint fihn. For the lining
treatment, Wadum has suggested that starch
was used.

A photograph taken in rgo4 {fig. z} shows
that bits of paint had become dislodged before

that date; the photograph shows retouching

as well. From correspondence about the paint-

ing we know that it had been strongly over-

cleaned and that retouches \^rere visible to the

naked eye.6 In r 9 r 5 and rgzz the picture was

restored again by Derix de Wild. His treatment

rnainly concerned the regeneration of the var-

nish layers.7 A second lining was carried otlt

bV I. C. Traas in 196o. This titne a wax-resin

mixture $/as used, after the retnoval of the

previous lining.
During the rgg4 exatnination it was con-

firmed that the picture had undergone rough

handling in the past because numerous bits

of paint were situated upside down on top of

the paint surface. For example, a tiny, second

highlight in tlr.e earring turned out to be such

a displaced fragment.s The exact original loca-

tion of the disfiguring pieces of paint that

were present on top of the picture surface was

unknown. Nevertheless, they were removed

and used for the study of Vermeer's painting

technique and the possible causes of changes

in the painting materials. Some of the pieces

were found near their probable sourc€; others

were found far removed frorn it. The fragment

containing a mixture that lnay only represent

flesh color, for instance, was {ound to the right

of the pendant of cloth cascading down from

the knot at the top of the turban {sample
168l lqJ.Iu sorne pieces, two sets of original
paint layers were sitting , face to face, ofl top

of each other. One advantage of the unfortu-

nate state of the picture was that the inten-

tional removal of paint samples for exami-

nation could be limited. In all, thirty-eight

chips of paint, including later added fillings

and samples from other restoration rnaterials,

were examined {appendix r }.

Ground and Underpaint

Graund
On examination with the naked eYe, a rather

dense, yellowish-white ground was observed.

This Layer, with a thic,kness of up to 2oo

micrometers {pm} {sarnple rSBllzr l ,  almost

hides the structure of the canvas fabric. Iudg-
ing from the x-radiograph, the paste used for

the ground was applied with a knife rather

than with a brush.e
Microscopic exatnination and Scanning

z. |ohannes Venneer,
GirI with a Pearl Earring

{detail}, photograph taken in
r9o4, showing dislodged
paint and retouchings

r7o GROEN ET AL
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3. Paint cross section of
sample t687 f zz, shadow in
blue drapery, right-hand side,
6 cm frorn the bottom edge
of the picture, 4. r cln from
the right-hand side. Result:

Irl >zz trrm ground
( photograph overexposed);
{z) c. 7 prrr bone black in
grayish-brown medium;
(: l  o-8 /rm bone black, very
little brown ocher in brown
medium; t+) c. 4a pm natural
ultramarine, carbon {bone? )
black, very little of an
organic red pigment, a little
yellow, and brown ocher.
Oil- irnmersi on olrj ective.
Magnification 67ox

4. Paint cross section of
sarnple 1687lz5 from the
yellow iacket. {r ) ground,
contains lead white, chalk,
very little brown and red
ocher, very little very fine
black; {z} c. 5 /rm a dark
layer of yellow, brown, and
very little red ocher, a little
finely ground charcoal black
in brown medium; (l) c. z8
p,m lead white, finely ground
yellow ocher, very little
brown ocher, and finely
ground ultramarine.
Magnification 3o5x

2,3

Electron Microscopy with Energy Disper-

sive Spectroscopy (srru-Eos) showed that the

ground is composed of chalk, lead white,

some ocher, and a little very fine carbon

black, possibly lampblack. The lead white

shows large and small particles, typical of the

so-called Dutch process, tu except that the pig-

ment used by Vermeer seems more homo-
geneous and more finely ground. The binding

medium was identified by Pyrolysis-rrrnAu-

Gas Chrom atography Mass Spectrometry

{ry-rrvrAH-ccMsl as linseed oil (palmitic acudl

stearic acid [n /sl ratio - ), .r ]. t t

Dark Underpaint
As noted above, Van Asperen and Wheelock

found dark underpaint under the shadows of

the blue turban, the yellow drapery, and the

flesh. The black shines through the blue,
yellow, and flesh paint, giving the yellow its

greenish hue, for instance. A small change

in composition was found at the back of the

neck.
The presence of a dark underl ayer was con-

firmed in our examinations of paint cross sec-

tions. Such alayer was found in both shadows
and highlights in the painting. under dark
areas, however, the underpaint is thicker and
brownish-black, consisting of bone black and
some brown ocher {r68 7lrg, zr-24, L6i f ig.  31.
In the lighter areas, a thinner layer contain-
ing yellow and brown and very little red ocher
with a small addition of finely ground char-
coal black is observed {1687lz;,  28; f ig.  4lr .
Different carbon blacks in one painting give

their own distinct effect, and several combina-
tions can be found in old lxaster paintings.i2

Fluorescence images and staining of paint

cross sections containing the bone black layer
indicate that the medium of this layer was

oil rather than glue. In the sample from the

shadow at the jacket (1681lzzl, two under-

lying dark layers were found; one of these two
may be the paint used for sketching in the

figure.
The purpose of the dark underpaint must

have been to brush in a monochrome image

on the smooth, light-colored ground.

Paint Layers of the Figure

In most samples, only one paint Iayet was

found on top of the brownish-black under-
paint; occasionally there are two, wet-in-wet.
Using this simple painting techniQUe, Ver-

meer seems to have adfusted both the color

and the thickness of the final paint layer and

the brownish-black underl ayer in order to

obtain the desired effect. In the light areas, on

top of the thin, dark underpaint there is a

rather opaque top paint layer. In contrast, in

dark areas the dark underpaint is thicker and

the top layer more transparent.
Two representative examples of the con-

stitution and composition of the draperies

illustrate this. Sample r 682 I ,, UiS. : ) derives
from the blue shadow in the drapery. The
greenish-blue shadow was achieved with one

layer of paint, c. 40 pm thick, containing a

mixture of natural ultramarine, very little of

an organic red pigment, chalk, some lead

white, very little brown, and yellow ocher and

black. The underpaint layer was discussed

above. A sample from the yellow in the iacket

{sample r 68 7 lzs, f ig.  4l  shows a c. zB pm

thick layer of lead white, very fine yellow

ocher, and very little finely ground ultra-

marine. The yellow paint is sitting on a c. 5 pm

underpaint of charcoal black with a little

GROEN ET AL t7r
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5. Paint cross section of
sample :1687 lz6, background
to the left of the forehead.
(r ) ground; {z) c. r z pm bone
black; { l} c. z8 ,rm
translucent green layer,
containing welcl {luteolin,
uruc), chalk, a little red
ocher, indigo.
Magnification 305x

6. Paint cross section of
sarnple t687 lz6.
Fluorescence.
Magnification 3o5x

7. Fragment of sarnple
t687 lz6 in inciclent ancl
transrnitted light.
Magnification r24x

yellow-brown ocher, a little lead white, and
chalk in the same brown rnedium. In both
samples the light-colored ground can be seen
underneath the dark underpaint.

Paint samples from the drapery in the Girl
with a Pearl Earfing show that greenish, blu-
ish, and reddish shadows were made by adiust-
ing the hue of the main pigment by color
mixing. In some of the samples there is an
indication that organic red in the mixture
with ultramarine has faded. The shadow of
the jacket may have had a more reddish tone.
There was not sufficient sample material to
identify the organic red in the Gtul with a Pearl
Earuing. In Vermeer/s The Love L,etter (Rijks-

museum, Amsterdam), an organic red was
identified as cochineal , a dye made from the
insect Coccus cacti.

It became clear from the paint cross sec-
tions that Vermeer applied a rather translucent
final paint Layer, especially in the shadows.
These samples derive from areas where the
shadow meets the background and where
the picture is "difficult to read." The edge of
the figure seems blurred; it is not altogether
clear where the figure stops and the back-
ground starts. This soft outline is achieved by
a gradual change in composition of the top
paint layer. Toward the transition between the
clothing and the background, other pigments
were used and the final paint was applied more
and more in a glazrng way. There is one layer
of a translucent glaze, with little coloring mat-
ter and rich in medium. Samples from the back
of the girl's neck {r 58 Z lz+l and along the back
below the headdress {r 68 I I z3 } show only a few
particles of ultramarine, bone black, and lead
white in a medium-rich, yellowish-brown
paint Layer. sEM-EDs and Fourier Transform

Infrared Spectroscopy (nr-rn) analyses proved
the glazeto have a high content of alumina and
chalk, indicating the former presence of now
discolored organic pigments. Reasons for add-
ing chalk to organic pigments were its use as a
cheap bulking agent or as an absorbent {see
below, "PatrttLayer of the Background").

Paint Layer of the Background

At present, after the r gg 4- rgg S restoration,
the background still appears uneven. Various
degrees of gloss are apparent, especially on
the left-hand side of the pictur e; e dull, milky-
grayish green is variegated by seemingly sat-
urated darker spots. Examination with the
stereomicroscope shows that the paint looks
saturated in the original dark patches that
appeared during removal of the old retouch-
ings. This is in contrast to the rest of the back-
ground, where the paint looks washed-out,
matte, and milky. The old retouchings have
obviously shielded these parts from moisture
and light.

The top paint Iayer in the background

172 GROEN ET AL
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Indigotin

Luteoiin8. Hprc-chromatograrn of
sirmple t687!r9 frorn the
background on the right-
hand side of the picture. The
retention tirne, tead frotn the
horizontal axis, is for ltiteolin
r 8. 3 7o and for indigotin
23.7 20 minutes. The three
co1llpotlents rvith retention
tirne arottnd z7 minutes
could not be identif ied.
Additional ur,-t'is - spectra
shorved thart, in contrast to
luteolin and indigotin, the
unknorvn components are
colorless. As the sarnple
cornprised pigment, binding
medinrn, aud possibly sorne
varnish, the peaks are
probably due to organic
marterial other thzrn pigment.

Minutes

is remarkably transparent. Under the filicro-

scope., the translllcent layer appears greenish

in a sample frotn the left-hand side of the pic-

ture {r 63 I lz6l and slightly yellowish-brown-
green in a sample frotn the right {r 6S I lrg and

:-rl. Fronr, lnicroscopic observation of the cross

sections it was not immediately obvious what
pigments consti.tute the translucent/ murky
green paint. In transmitted light a bright yel-

low and in ultraviolet light a fine blue \{rere

observed {r6Sl lz6, f igs. 5 -7}.  Wet-chemical

analysis indicates the presence of incligo and a
yellow dye. This was confirmed by using high
performanse liquid chromatography {Hnrc},
rvhich positirzely iclentified the presence of

both indigo {r 68 I lry} and luteolin {r 68 Z lry
and 26l {f ig. B}. Luteolin, a tetra-hydroxy-
flavone, is the coloring matter of weld. The
presence of indigo was confirrned by Di-

rect Ternperature-Resolved Mass Spectrome-
try {nrrvrs} { t  657 l3r and 34; f ig. 9}.  Both

organic pigments are presetlt in the left-hand

and right-hand sides of the background of

the picture. In addition, linseed oil was cleter-

mined as the binding mediutn {pls ratio : r.7)

with Py-TlvrAH-GCMS.
A mixture of indigo and rvelcl, both being

organic colors, results in a rather translucent
green paint layet. We1d, in Dutch woLtw or
woude, is a natllral yellow dyestuff, obtained
from the cultivated herbaceolls plant Dyer's

Rocket, R esedn Juteol L. It is the oldest Euro-
pean dyestuff ancl the oldest yellor,t' dy. plant

in the world. t3 Weld r,vas used for dyeing silk

and woolen rnaterials as well as for making
paints. In the seventeenth century in Holland
the expression "wel geblaut, wel gewaut" was

used, meaning well-dyed with bltre {indigo)
and well-dyed with yellow welcl.

For use in a painting, the dy* must be

insoluble. Unlike indigo, weld is soluble in

oil and therefore must be precipitated onto

a substrate. Microscopic analysis, FT-IR/ and

sEM-EDS showed that the glaze o{ the bacl(-
ground also contains a high proportion of

chalk, alurn, a little lead rvhite, a little red

ocher, and soITIe proteinaceous material

{r6S7l26}.to The f inding of these organic pig-

GROEN ET AL 173
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scan

g. DTivls-spectrllm of sample
t687l3r found on top of the
paint layer in the background,
top right. Ground + dark
paint + solrre vamish. {a} The
rrc {Total Ion Current}
spectrllm can lre regerrcled as
a surnlrration of mass spectra
from corrponents that have
evaporated frorn the fiiarnent
at differerlt ternperatLrres.
This rrc comprises three
main tetnperatllre regions:
the volatile organic
substances {organic pigrnents/
w:lxes, fatty acicts, and
resins), the poiymer netrvork,
and inorganic substances
(lead rvhite|. {b} In the
spectrLlm frour the lor'r'
terl lperature region (scan

4(r- 5.i ,  the region indicatecl
in the rrcl, several peaks can
be observecl, indicating the
presence of indiga inf z [rnass
to chargel z6z), pahnit ic acid
(:nlz 25611, stear ic acid lnf  z
284), dicarboxylic acicis sr.ich
as azeleic acicl {dic9l i : ,rnlz

20

100
*o{b} Massspectrum 

&iV\-,
zs6 V(-R

i , r t5

ti B0

g

I60
O

E40

700
mlz

9t i ,  r  -52| ,  beeswax \nlz 368,
5gz, 6zo, 648, 676, zo4),  and
highly oxidized abietic acids
lmlz z5 j ,  2gg,3 r  "5,  33o1.
In higher temperatrlre regions
{not shorvn here), proteins
and lead are identi i ied.

indigo

lrrents together rvith chalk and alnm agrees
rather well with writterl sources, for exarnple,
the Secreet-Bcseck of 16o9: "Take \ reld, which
in Latin is called Flortinctorius; they are the
yellowish flowers used by the cloth dyers.
Take the sterxs and the florvers together, as
lnany as yoll want. Make chalk-water {lime}
and pour it over the flowers in a large kettle.

Leave it to boil for such a long time that the
yellowness of the flowers firay be extracted. " 1s

The collrt pirysician Theodore de Mayerne
remarked in r6zo that weld gets its body from
chalk and its color frorn a plant. For manufac-
turing the pigment, he says that the dye has
to be precipitated first onto alum and then
kneadecl r,rrith chalk. 1('

174 CROEN ET AL
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The paint layer in the background of the

Girl with a Peail Enrfing gets its "bo dy" frotn

chalk. To produce an insoluble pigrnent frotn

weld, a rnetal salt is needed to fortl a tnetal-

flavone colnplex that is insoluble and colored.

The pigrnent is the yellow precipitate formed

when alurn is added to tire r,l'eld extrAct.l T

Besides its presence as a mordant for weld,

alum could be present as a substance to tnake

the paint glossy. Indeed, I)e Mayerne advises

rnixrng indigo and other organic pigments

r,vith powdered alutnstone and nut oil, beciruse

the colors will be tnttch lnore "oriental,"
which fohannes van de Graaf trauslated as

"glossy." According to De Mayerne, the ccllor

wil l also be more durable.ls
Weld extract yields the purest and fast-

est yellow shade of all natural yellorn' dyes.

The bright yellon' was still visible, seem-

ingly unchanged inside the paint sarnple.le

The yellowish-brown-green color o11 the

right-hand side of the parntrng (r68I l ry and

2 r l Inay be explained by partial discolora-

tion of indigo. Sorne typical oxidation prod-

Lrcts of indigo, such as isatine, could not J:e

detected, horvever. The other ingredients-

chalk, alum, ocher, and bone black-are all

stable lnaterials.
Originaliy tire backgrouud rnust irave beeu

made with a srlooth, glosst hard, trauslttcellt

green paint, which was macle to look darker

and given depth by o dark underpaint. In acldi-

t ion to the factors lnentioned at the beginning

of this section, partial discoloration of the

indigo lnay have added to the Llnevenness of

the background.

Traces of Former Restoration Procedures

The painting has undergone at least five dif-

ferent types of restorations, solne of which

have been documented:zti {r } starch l ining {Van
cler Haeghen, rSBl) and proilably consolicla-

tion procedures at the f ront with glue; {z } wax-

resi.n l ining {Traas, 196o}; t ; }  "regenerat ion"

with alcohol vapors and probably copaiba bal-

sam {De Wild, r9r S, rgzzl; l+l retolrching of

the paint (Traas , 196o; latgen Wadum , 19941;

{S ) cleaning and varnish removal iDe Wild,

r9r 5; Traas, 196o; Wadurn, r9g4l.  The pos-

sible effects of some of these restorations on

paintings are discussed in this sectio11. In

addition, resltlts of chemi cal analysis are pre-

sented to i l lustrate that these procedures

may change the chemical colxposition of a
painting.

Litting
Linings rvith stal Ch adlr.esives or anitnai gh-re
make paintings vulnerable to J:oth "regenera-

tion" rnetltods :tnc1 aqueous treattrrents, since

alcohol and water cause sr,velliirg of the glue.

Swelli.ng and successive cotltraction of the
glue may callse flaking of parnt layers.rr Aque-

olls lining methocls have not been trsed in tire

Netheriancls very frequenti;' ' Consolidation

of flaking pairrt r,r'ith auimal glue lxay zrlso be

done sepetrately.
HrLC analysis of the black sttbstance in the

cracks in the foreheacl and cheek of the girl

{r 6B z lf i} and black tlaterial from the edge of

cupped paint iu her chin (r6Sl l lB) reveir led

the presence of hydroxyproline, indicating

an auirnal glue. The latio alaninelproliue ) r

rnay indicate a iish glue.22 This seems to

be conf irrned by staining techniqlres {arnido
black, acid fttchsine). Paint layers and grouud

have been stained only slightly positive. Frotn

the cross section it c;rn be obscrvecl thirt the

glue has lrushed black particies frotn the black

underlayel dorvn into tire cracks {fig. Io). The

dark unclerlayer does not seem to be softenecl

by this actiou. Clearly the anitnai gh-re was

used for consolidation of f laking paint.

Wax-resin lipilg rvas colnmon practice iu

the Netherlands since the last ceutury. The

lining material was often tnzrcle by melting

beeswarx with colophony, zrud usuarlly Venice

trlrpentine was added to irnprove the flexibii-

ity of the l ined painting.t3 The application of

the r,rrax-resin tnixture to the reverse of the

painting took place with physical i lressure,
r-rsing hot irous. The rnolten substance \ ras

partiy forced through the cracks to the front

of the painting. Evidence that wax can zrlso

rnigrat e into the paint itself has been obtainecl

very recently by laap Bootl ancl others.r4

Beciruse of the replrte.lly bad effect clf this

rnethod on paintings and because of the devel-

opment of less inr.asive tloclern lining tech-

niques, it is rarely applied ttou'.25

The rvax-resiu tnixture applied by Traas

in r 96o {r 68 T lz) u'as t'nal,vzecl wrth nrn'ts ancl

ry-TMAH-cCIIIS. It was f ognd to cousist of

beesrvax ancl a pine resin {colophony} in rela-

tive amollnts of rogghly 2'. r. No evidence

for the use of Venice tllrpentine was found.

Tfue relative atnouttts of abi.etic acicl {ea},
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ro. Paint cro$s section of
sample t68l l l+, found on
top of the paint layer top left,
above the signature.
Overexposed in order to
show the dark paint layers.
From bottom to top, one can
see the light-colored grotrnd,
the dark underlayer, and the
varnish and glue. The glue
has pushed down the black
particles into the paint
cracks on the left and in the
middle of the sample.
Magnification rz+x

r r. Detail of Girl with a
Pearl Earfing showing the
cracks containing the black
material in the girl's face.
Microphotograph made with
an operation microscope.
Magnification 8.9x

r 2. Py-TMAH-GCMS partial
chromatogram of the ground
layer of sample fi87133. The
various peaks represent the
methyl esters of palmitic
acid {cr6} and stearic acid

{cr8}, due to l inseed oil ,  and
of pinifolic acid, kauranoic
acid, and two isomers of
kaurenoic acid,
demonstrating the presence
of copaiba balsam. In
addition, some highly
oxidized abietic acids
(marked *)have been
identified.

N3836u32

dehydroabietic acid ioHal, 7 -oxo-DHA, and r 5 -

hydroxy-7-oxo-DHA are about 2 : 60 : 27 : r r.26

The degree of oxidation of the resinous frac-

tion is relatively low and reflects the rela-

tively young age and the absence of light and

oxidizing {metal- containing} eatalysts.

No indication for beeswax was found from

chemi caI analysis of dislodged samples {r 687 I

33, 34],  material  from cracks {1681lf i l ,  and

old varnish tt 682 I lzl, indicating that the in-

fluence of the wax-resin lining on the paint-

ing may have been limited. The only excep-

tion is the ground layer from sample r687 l3t,
also a dislodged paint sample, which was

found to contain some beeswax (fig. ql.

Regeneration
The regeneration of blanched varnishes was

generally achieved by exposing the surface

of the painting to alcohol vapors, but occa-

sionally, especially when oil varnishes were

involved, a combination of alcohol vapors

and copaiba balsam was used. An extensive

study of this method, commonly referred to

as the Pettenkofer method-its use, history,

and effects on paintings-was carried out by

Sibylle Schmitt.27 In the Netherlands, the use

of copaiba balsam for restoration purposes is

documented, for example, in the archives of

the Mauritshuis and the Frans Hals Museum

and in a treatise on drying oils by the chemist

G. J. Mulder.z8
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rl. Girl v,ith n Pearl Enrfing,
schematic photograph
indicating the provenance
of the samples
Photogralh b1' forgcu \Vadutlr, l{oyal

Cabinet clf Paintings i\' lauritshuis,

Tire Hague

The negative effects of copaiba balsal11 on

paintings were already noticeable rvhen the

balsam caffIe into extensive llse at the end

of the nineteenth and the beginning of this

centuly. Chernical investigations were later

done,2e and warnings against the use of co-

paiba balsam are frequently found.'lO Copaiba

balsam causes softenitg, darkenitg, and swell-

ing of the paint and rnigration of compollents,

as has been described by Hans Brarurner'ri

and Schmitt..r2 Copaiba balsam, an oleoresin

obtained frorn Leguntinosas trees of the genus

Copaiferc in South Arnerica, was identifiecl in

the brownish-black material that extrucled

from the cracks {16S I lf i} in the forehead and

cheek of the girl {f ig. II}.3t It was also found

in the ground layer of a dislodged fragment in

the backgrouncl arollnd the signature ft 68l I

33l,, but not in the paint layer of the glaze

(r 68 I  l l+l .Small  amounts of balsarn, in acldi-

tion to linseed oil and highly oxidized abie-

tanes,sa have been detected rn an old varnish
r-rnclerlying some retouchings (l68l I lzl. No

copaiba balsarn was found in the wax-resin

rel in ing mater ia l  { r68l lz l .This means that
the balsam was probably introduced by some

surf:rce treatment before the restoration by

Traas in tg6a. We assltme that the copaiba

balsam was used in one of the "regeneration"
treatments by Derix de Wild in r 9 r 5 or r 922-35

The methyl esters of pinifolic acid, kaura-

noic acid, and two isotners of kaurenoic acid

were identif ied by Py-rMAH-GCMS {fig. r2l.

The cornbinatiou of these diterpenoid acids

is characteristic for copaiba balsam obtained

from Copaifern langsdorfii L.'36 This type of

copaiba J:alsarn has also been found in other

paintiflSS, where it has been used for regenel-

ation or as an addition to the paint medium.37

No softening of paint layers, nor any other

visible effect known to be induced by copaiba

balsam/ was observed.

Conclusions

Microscopic examination of paint cross sec-

tions in cornbination with sEM-EDS, FT-IR,

HpLc, DTMs/ and Py-TMAH-GClvrs has shed new

light on the painting techniqr-res used by Ver-

meer in the Girl with a Peatl Ean'ing and on

the effects of former restoration techniques.

On a thick, light-colored ground, Vermeer laid

down the colnposition of the picture in dark

paint of brown and black tones, possibly after

sketching the figr-rre in charcoal black. The

monochrotne bone black-containing under-

paint was applied in a thin layer in areas that

Vermeer intended to be dark in the final paint-

ing. ]n the iighter parts, he thinly bruslr ed a

lighter paint mixture of charcoal rnixed with

yellow and brown ocher. For the final execu-

tion, he applied a single layer of paint for the

different colored areas in both the figure and

the background. In creating the inage, he

gradually changed the pigrnent mixture rvhile

moving from the figure to the background
(ot vice versa). While changilg the pigrnent

mixture, Vermeer chose organic pigments that

could be used in a glazing way, that is, in a

rnedium-rich paint.
In the girl's blue drapery, ultramari.ue was

the tnain constituent, mixed with a yellow

ocher, an organic red, and some lead white.

To obtain different tones in the yellow jacket,
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very finely ground yellow ocher was mixed
with some lead white and ultramarine. The
pigments responsible for the greenish hue of
the background are indigo and weld, a dye fre-
quently used in the Netherlancls.

It is not possible to cite a particular treat-

ment as the reason for the present appearance
of the background. Restorations , partral cov-

erage of the paint by retottchings, darkening

of the linseed oil-rich tnedium, and partial

discoloration of the indigo may have con-
tributed. In the past, the picture has under-
gone several treatrnents with ltrater and glue,

alcohol, and copaiba balsarn. Fish glue has

been observed and is probably a remainder of

treatments to consolidate the paint from the

front. In addition, copaiba balsam from the

South Arnerican tree Copaifetc langsdotfii L.

was found in various parts. From otlr study we

conclude that the effects of copaiba balsam on

the physical properties of the paint layers are

probably limited. The same can be said of the

wax-resin lining applied in 196o, from which

only traces of beeswax have been found.

The cornplicated restoration history and

the f.aet that we are dealing with a delicate

and precious painting make it very difficult to

point to one particular treatment as the rea-
son for the appearance of the background.
Results from various tests, however, point
to the treatments that involved r.vater, more
specifically to the water-based lining from
r88r and the consolidation of cupping paint

with fish glue. Su,'elling and later contraction
have broken up the paint layer so that it t1o
longer works as a gIaze,

The main purpose of this detailed study

of the background of the Girl vvith n Peail
Eslfing \ ras to determine its original appear-
ance. As a side effect we found materials that

shed light on Vermeer's technique. The back-
ground of the painting was originally of an

even, srnooth, glossy, translucent, hard green

paint, made to look darker and given depth

by 
^ 

dark underp atnt. The sttrface of the paint

has since been altered by the e{fects of light

and moisture. Vermeer obviously wanted to
place the girl against a background different

frorn those of The Milkmaid, for instance, and

The GirI with the Red Hat. He rvanted to

convey a perfect illusion of a precious obiect

made of enamel. This scientific examination

has shown that even the painting technique of

the background was adapted for this purpose.
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APPENDIX 1
List  of  Samples Discussed in the Text { f ig.  r3}

Analyses other than rnicroscopic obsetl 'at ious are

intlicated. The srrmplcs $,rcte tetken by Karin Groen

tKGl ancl |orgen lVadtrrn {JW}. Symbols nsccl arc els

iclllo'uvs: A = clisloclgecl frrrgrnent fottncl on top oi the

surfircc; o : sainple relnoved from the paint iayer;
* : restorart ion materials.

. fi87 f z {KGl Wax-re sin liniug tnixttlre, rig}rt-h:rnd

edgc, 9 cm frorn be'lolv. py-TivIAH-ccMS: beestl'itx,

oxicl ized pine rcsin.

M68714 {lW} Original pink pir int, disloclged, ou top

of thc paint rrt the right-hand sicle in thc irackgrotttrd.

Incomplete sarnple; oile la1'cr, c, -5o prn thick, lcad

rvhitc and possil l ly vennil ion.

*"1687 
frS {lW} Black mertcrial irour the broaci cracics

in forcheacl aud cheek, possibly some .. 'aruish prcscnt

in the sample as r^. 'e11. py-'r i \ '1AH-GCeIS: l insecd rl i l

(pls : r.Bl, oxicl ized air ietal les, ancl copai.bzr bals;rur..

"t687fr9 iKG) Aiong the rigirt-hancl cclge 4.r c1rl

frotrr belorr.. ir l  >7o lt l i7 grontrcl; {zl c. ro-24 p111 irotrc

biack in brou'nish-black layer; {3} c. z4 ttnl tr, lnslu-

cent yellorvish-brort 'n laycr, ct lntains chalk, a l i t t le

1eacl n'hite, incl igo 1Hruc), ir"rteolin lHrrcl.

"f i87f zr iKGl Barckgrottncl, bottotn right, r.J c1n

from belou', r.z cltt  from the right-hancl sidc. {r} glue;

tu I c. roo-2oo f{1n gronncl l : lyer, coutaining lead

n'irite, chalk, er little bror,r'u ancl rect ocher, very littie

f ine black; {.1} c. Io pl l} bone ir iack in brou'n tnedit11ll ;

{+} c. za pnt translttcent brotvn l:ryer coutiriniirg chalk,

a l i t t le leacl white, indigo {rvet-chemicai test}, a i i t t lc

recl and |ellon' ocher, a little bl:rck, possibly orgituic

yellorl'.

"fi87 lzz {KG} Sh:rdorv in blue clrapcry, right-ir:rntl

sicle, 6.o ctn frotn the bottom edge of thc lr icture,

4.r cnl frour the right-lurncl side. { l}>22 i{.111 grottncl;

{:} c. 7 ttt'rT botre black in grayish-brolvn tnetlilttn;

t l l  o-8 i-r,rn boue black, very l i t t le l trolvn ocher in

brorvn rneditttrr; t+) c. 40 /.rltt ltatural ltltratn:ttittc,

c:rrbon {bonei} black, very l i t t lc of an orgauic recl

pigrnent, a little yellorv ancl brort'n ocher.

"f i87123 {KG} Edge oi gir i 's Lrlue tt-rr l ' ran, 25.5 c111

frolr be'lorv, r r.-5 ctn from the right-h:grcl siclc.

{ i  } grouncl layer missing in satnple; {z } bone black

in Lrron'u tnecliurn; t.ll c. 27 lr-r7^t graf ish trausluccnt

lays1, contains chalk/ very little ultratl:lritte, t'cl')'

l ittle organic red pigureltt.

"f i87124 iKGl Sarnprle from the ueck of the gir l ,

12.a cm frorn below, rz.8 ctrr frotn the right-hand

sic1e. {r}gronncl ;  {z)  c.B i lm a l i t t lc  bone black in

brolvn mediurn; {;} c. 4 ptrl boue blnrck, brorvu

mecliurn; (+) chalk, et l i t t le ultrain:rr inc, very l i t t lc

fine red ancl yellow iron oxide, arrcl bonc black i1

meclium-rich, Iight yellon'ish-lrrorvtr ureclittul.

"f i87f zS tKG) Yellorv iacket, bottotn eclge, r4.9 c111

f rom the lef t.  ir  ) grouncl, contains lcad urhitc, chir lk,

very l i t t le brou'n anel red ocher, vctlr l i t t le rrerl f ine

black; tzlc. j l.rill it clark layer of ycllcltt', brott'n, rrtttl

very i i t t lc recl ochcl ' ,  i1 l i t t le f inely grounrl charcoal

l ' l l rrck in l 'rrou'n mcdium; {:}c. rS lrm lead rt ' l t i te,

tineiy gronnti yellon' ociter', \rery littlc btnrt'tt ocher,
ancl finely ground ultramrrrine .

"1687lz6 (KGl l lackgrriutrcl to t l te' lcft of thc torchead.
(r lgrount l ;  iz l  c.  r? Frn bone black;  { l }c.  r8 1-r" tn
tr i tnslncellt  green layc'r, coutaining n'cit l  { luteolin,
HlLcl, chalk, a l i t t lc rcd ocher, incl igo.

" t687f zB i I {Gl  Highl ight  in thc yci iou'oloth,  cas-

circling from thc ttiri:eul, 34.r1 cm from the bottotu

edge, ro.4 cm frotn thtr  r ight .  i r )grol tucl ;  lead rvhi tc,

chalk, a l i t t lc yellou'ochcr, autl i t lack; {z} c. r , t t ir}
black prigmc:nt, possibly iinely grouucl cit:trcorrl,

itr lrrorvu meclitun; {:} c. z+ l:-tT'Ilcar1 tyhitt', fiireil'

grclttucl )rcllor,v irou oxitlc.

At68713r { lW} Pai t r t  touncl  on top ol  thc paiut  laycr

in thc backgrottnti, top rigirt. Grolincl *- clark paiut +

vzrrnish.  {nr ivrs:}  incl igo,  l inscct i  o i l  ip ls :  r .3} ,  sol l lc

bccsrvax, higir ly oxicl izecl abietatlcs, l lrotcins, leac1.

" f i87 f 3z iJWl Scraping frorn the rrcry l : trott 'u vartr ish

ne:lr t ire top cdge of thc paintir lg, sincc r9(ro, lrcrhaps
longer, coverccl by extensi\rc o\icrprt i trt .  Liuseetl oi l

{uls : r.6} and highly oxidizetl abictarncs {Drr\IS t11.}.d

rly-Tr\,rAn-Gclr s), co1latiba balsam { i 'y-r}.{AI-I-Gcus},

lead {nlr ts l .

A,16S7 l j  j  t lW) Grounrl + paint fottucl on top of the

paint laycrs, toir 1eft, lrclout the' signil t t lrc. Ground:

l inseecl  o i i  { r , /s :  z.r \ ,  cclpaiba baisam, higir l f  i tx i -

clizecl albietitncs { i'y-r}r:\H- GC lrs I .

At687134 t lWl Sirmple igrouncl + ir i t iut 'r- r 'arnishl

founcl on top of the paint layer top left, above the sig-

nelt lrre. Paint: l insectl oi i  ir /s : t .7\, relativcl) '  high

cBicg diacicl concelltratiot) tp) '- 'rrten-GC.i\ ' is). lVl iole

s:unpie, Drl,rs: incl igo, l inseed oil ,  leacl.

""1687 fjS i|\,1t) Black rn:rtcri.itl frorn thc cciges

of cuppirrg paint r ln thc cir in of thc gir l .  Fish glue

{Hlrc} ;  carbon [bonci  ]  b lack.

APPENDIX 2
Experiureutal Scction

The air;rlyses were pcrforinccl .tt the Nct'herlancls

Institr,rte ior Cultnral Heritagc {rcx} ancl the roni

Institr-rtc for Atomic anc1 iVlolc'cnlat '  Physics {nuorE)
i ir Amsterdaur, ancl psnt-l{cse;trch in Ccleen.

MicroscopSr
Samitle S \vcrc embedtlct l  in polycstt 'r resin, i int l  aiter

grincling ancl polisiring wt're exainiuccl uudcr thc

ivrorAl{. i '  Leica }J.escarch rnicroscopc D&'rl lx at thc ICN.

Magnii ication u1r to I,ooox. Incit leirt ur '- l ight irom

a irigh-trlresstire lrlercltrll \rapot lamp. Filterblock

"violct"  Rp , i , t  i -425, t iKl  "15 - i ,  LI '  460. Thin tn icro-

scotr)e slides werc exauninccl in pol:rrizccl transurittcci
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l ight. For interpretation of the restilts obtained with

sEM-EDs {see belort'}, additional r,r'et-clr.emical analy-

ses \vere performed on salnples t69l  l tB,  19,  zr ,  22,

and z 6.

S canning Electron Microscopjl vrith

Ener gt, Dispersive SpectroscopTr (snm-EDS)
sErvr-EDs \{/as perfonned rvith Philips sEM 5 r 5 and

EDAX pv g8oo at DsM-Research. Electron bearn zo kV'

Sarnples were coated rvith carbon to give the back-

scatterect image and for identification of the elerllents.

F ourier Tr ansform Infrared
spectroscopy (rr-rn)
FT-IR was performed at osnq-Research with a Bruker

rls85 rvith an lR-tnicroscope attached.

High - P eri orm anc e Li qttid

Chromatography (urrc)
The analyses of the organic dyes and the proteins

were carried out rvith HruC at the ICN. Experimental

setup: Waters 616 :nrtc-pl1mp; Waters PDA 996 detec-

tor {detection wavelength 254 nm}; Waters 7r7 Auto

Sarnpler. Colurnns: {organic dyesf Spherisorb oos-z

3 mln, roo lnm x 4.6 mrn; {proteins} Supelcosil rc

r  8De.

HILC of the organic dyes was perfortlecl employing

a procedure according to |an Wouters and Noemi

Rosario-Chirinos.3s Sample pleparation invoived

hydrolysis of the sample rn ith a rvater/rnethanol/

j6o/o HCl reagent. Separation \vas achievecl using the

follorving elution progratll. 66xI z4ef roc: ;,' tnintltes,

l inear gradient to oa/gollroc: 3 minutes. The elu-

ent consisted of {el rvater, (e) methanol, {c} HrPO*

5"/" w f v in water. The i low was r.z mllmin.

HrLC of the proteins \'vas performed rvith the proce-

dure described by Peter |anssen and others 3e and

involved hydrolysis of the sarnple u'ith 6N HCI

to the free atnino acids and derivatizatlon rvith

phenylisothiocyanate {prrc}. The elution pro-

graln started with zanf 76nf 4c in z5 minutes to

zoef 4ov I +oc and then in r tninute to r oaf r on/Soc

for another 4 miutttes. The eluent consisted of {a} o.Z

M NaOAc + 2.5 rr l  rEA with HAc {pH e .+1, {n} water,

{c}  acetoni t r i le.

Pyr olysls- TMAH-Gas Chr on].ato gr ap\y
Mas s" S p ectt' om oft 7r ( ry- TMAH- G clasf +tr

rv-TMAH-GC^,1S was perfonned at AMoLF. Sarnples oi

typically j - ro trg tvere homogenized in a mini glass

mortar and trrade into a Suspension n'ith a fer'r' pl of

a z.S% solution of tetratnethylammonium hydroxide

{rrweH} in rrrater. Aliquots of this stlspension rvere

applied to the alalyt ical f i larnent {Ctrrie point 6ro" C}

and clried in vttctto. Strbsequently, the sarnpie rn'ite

was inserted into a glass liner, flushed r'vith argon,

and placed in the pyroiysis chamber {r9oo C}'+t The

more volatile {methylated} components evapolate

uncler these conditions atld are cold-trapped in the

first part of the column. Inductive heating {6ro" C}

with an RF field is used to pyrolyze the rernaining

material.

cctvrs data \vere obtained using a fused silica scE

Bpxs column iz5 m, o.32 rr lul i .d., o.25 lnlt1 f ihn

thickness) in a Fisons gas chrotnatograph {series B-l6S

HRGC MEGA z) coupled directly to the ion source of a

JEoL DX-to3 doutrle-focusius {E/n} rnass spectrotneter.

Helium \,\ias ttsecl as the carrier gas at a flow rate of

approxirn;rtely z rnl/min. The initial temperirtttre of

the gas chrornatograph \\ras 4oo C. The oven tertpera-

ture was programmed r,vith a ralnp of 6o C/rnin. Ions

r$ere generated by electron ionization tzo eVl in an

iorrization charnlrer, acceleratcd to 3 keV, lnass sepa-

rated and postaccelerated t0 Io keV lrefore detection.

Tlre mass spectroltleter was scatrned irorn mlz 40-

Too, r,vith a cycle titrre of r s. A Inor jvlP-7ooo data

systern was used {or data acquisition and processing.

D ir ect Temp er attrc e - R e s olv e d
Mass Spectrometry (nTrws) +z

DTI\{s experiments were perfonnecl at AMoLF.

Sarnples of typically ro pg were hornogentzed in et

rnini glass tnortar irnd tnade into a suspension with

a few pL of water oI ethanol. Aliquots of the sllspell-

sion \vere applied to a Pt/Rh lglt] filament {roo plll

diarneterl of a clirect insertion probe and dried ilr

vacLlo. Subsequently, the probe rvas insertecl into the

ion source {2oo" C} of a IE6L sx-Io2 double-focusipg

lnass str)ectrolneter {B/E}. The fiiament was telnpefa-

rure progralnrned at a rate of o.5 A/rnin. corresponcl-

ing to abogt (," Cf s, to an end temperature of about

Sooo C. Molecules evapolated frorn the filatneut I iere

ionized {r 6 eV} and accelerated to B keV. The lnass

spectrometer was scanued from rrr lz 2o-r/ooo/ with

a cycle t ime of r s. A IEor MP-7ooo data system was

usecl for data acquisition and processing.
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NOTE S

The authors of this study are involved in Molecular

Aspects of Aging in Art {rvroranr}, a five-ye:rr

ioint project of Dutch art historians, collservatots,

chemists, and physicists. The proiect focuses on

determining the present condition of works of painted

art producecl from the tifteenth to the twentieth

century. MoLART comprises studies , f.ot example, on

the history of Dutch painting restoration. Ernphasis

is put on molecular-level studies ttsiug {spatially
resolved) rnass spectrometry, zn-microscopy, and

infrared and Rarnan spectroscopy. Special attention

is paid to indicators of aging processes such as the

degree of oxidation of terpenoids in resins, lipids, and

proteins.

We are indebted to the Royal Cabinet of Paintings

Mauritshuis for the opportllnity to do the research

described here. We thanic |orgen \[/aclgrn, Nicola

Costaras, ancl Luuk Struick van der Loeff, conserva-

tors in the restoration departttlent of the Maurits-

huis, for their collaboratioll and truitful discussions.

This paper is a result of close cooperation among

researchers at different institlltes. Part of this work

\4ras carried out under the auspices of iutoLART, which

is funded by the Dutch Organization for Scientific

Research iNwo), and of Fundamental Research on

Matter {Eorvr}, which is a subsidiary of Nwo. We are

grateful to Raytnond Heesters of the Netherlands

Institute for Cultural Heritage for the Hprc anetlyses

and want to thank Ton Veertnans {rr-ln}, Sandra

Kernp and Sandra Coolen {sE;vt-Eos} at osn-Research

for their instant supply of analytical results. The

technical assistance of los Pureveen and Leo Spet-

ter {rom} is acknowledged. The slrpport of Agnes

Ballestrem, head of the department of Advice and

Research of the lcN, is gratefully acknowledged.

r. Arthur K. Wheelock lr., lanVernteer {New York,

r9B r  l ,  gz.

z, Hermann Ktihn, " A Study of the Pigrnents and

the Grounds Used by |an Vertleer, " in Reports crnd

Stud.ies in the Histot'y of Art, National Gallery of Art

{rfr/aslr ington, r968}, r 5 4*zoz.

3. In an eatly stage of the rg94 restoration, three

sarnples from top layers in the background rn'ere ana-

lyzed at the Scientific Research Departrnent of the

National Gallery of Art, Washingtoll. Pigrnents such

as Prussian blue were identified; hence the material

\l/as considered to be au addition.

4. |orgen \4radum, Ren€ Hoppenbrottlvers, and Luuk

Strr-rick vall der Loe fi, VernleeI Illuminated: Cort-

servation, Restaratian and Reseuclr, Mauritshtris,

zd ed. {Naarden, r 99 5 }, r B.

5. Nieut+,e Courant, z March r9o3: "in een allertreu-

rigsten staat vall verwaarlozing."

6. Archive Mauritshuis {rgol}, corr. no. 62, signed

"A. Bredius, "

7 . Archive Mauritshuis tr9 r 5 ), corr. nos. zr9, zz5
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