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ABSTRACT

Public perception of arsenic in nineteenth-century Britain encompassed a variety of things:
criminal poison, useful medicine, and a raw material for manufacturing an array of goods.
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During this era, Henry Carr tested wallpaper and fabric samples sent in by private

individuals and manufacturers, as part of an early effort in gathering scientific data to
inform and protect consumers against chronic arsenic poisoning. In 2022, eight wallpaper
samples that Carr had tested were acquired by Winterthur Library. These samples were
analyzed by polarized light microscopy, scanning electron microscopy with energy
dispersive X-ray spectroscopy, X-ray fluorescence, and Raman spectroscopy to identify the
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presence of arsenic. Of the eight wallpaper swatches, seven suggested trace-to-elevated
levels of both arsenic and copper. Two swatches were confirmed as having the arsenical
pigment emerald green (copper acetoarsenite) specifically. Research into these wallpaper
samples furthers the legacy of knowledge gathering and sharing in order to protect
everyday users by contributing to toxicology research in library and archives materials.

Introduction

This paper offers a twenty-first-century analysis of
eight wallpaper swatches previously examined for
arsenic by a nineteenth-century consumer protections
advocate and toxicologist. Through this technical
study, the history of these objects can be better under-
stood, as well as affecting present awareness of arseni-
cal materials in library and archive collections. New
analytical results from this project can add to the his-
torical record by identifying the makeup of these
objects more concretely and by contributing to toxi-
cology research in library and archives materials by
sharing knowledge of arsenic-based materials.

This paper first gives a literature review of the
history of arsenic use and regulation of copper-
arsenic pigments. This review of historical regulation
is focused on nineteenth-century Britain. Though
arsenic was in demand elsewhere in the world,
Britain was the largest producer and consumer of
arsenic during this time (Whorton 2010, xiv). Addition-
ally, the origin of the collection of wallpaper swatches
that this materials study was conducted on is from
approximately 1860-1870s Britain, further contribut-
ing to the literature review’s focus on Victorian Britain.

Following this review, different analytical methods
that were used to examine this collection, including
polarized light microscopy, scanning electron
microscopy with energy dispersive X-ray spectroscopy,
X-ray fluorescence, and Raman spectroscopy, are then
discussed. This involves the review of the effectiveness

of each of these instruments in detecting copper-
arsenic pigments. The scope of this analysis was
focused on the detection of copper-arsenic pigments
though it should be noted that arsenic can be found
in other materials associated with wallpapers during
this time, including dyes, mordants, glue, and sizing.
Though no longer papering the walls of most British
homes, wallpaper swatches remain a common collec-
tion material in library and archive collections around
the world. These objects are invaluable as an aid in
understanding past consumer protections as well as
in helping inform present safe handling and storage
practices for these objects and others like them.

Background information on the Carr-Taylor
wallpaper collection

In February 2022, a collection of Victorian wallpaper
and silk samples was acquired by Winterthur Library.
This collection acquisition and resulting technical
analysis project stems from the larger Poison Book
Project, which is currently ongoing at the Winterthur
Museum, Garden & Library as well as the University
of Delaware. The Poison Book Project is focused on
the identification, handling, and storage of toxic pig-
ments in Victorian-era publisher’s bindings.

The wallpaper samples for this technical study were
held in the Alfred Swaine Taylor Family Collection for
over a century before being made available for sale
at auction (Quaritch Ltd 2021, 85). Some of the
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samples refer to specific passages in Our Domestic
Poisons by Henry Carr. These swatches include
written notes by Carr describing arsenic tests con-
ducted on them and were postmarked to Alfred
Swaine Taylor’s address (Figure 1).

Henry Carr (1817-1888) was a British civil engineer.
Later in life, he studied the use of arsenic in domestic
fabrics. He wrote pamphlets, including Our Domestic
Poisons (1879), and gave lectures on the subject
(“Henry Carr Obituary” 1889, 364-368). Much like Dr.
Robert C. Kedzie through the Shadows of the Walls of
Death (1874) in the United States, Carr in Britain was
dedicated to raising public awareness of the dangers
of arsenical wallpapers through Our Domestic Poisons
and other works. His works compiled numerous cases
of those who were incurably ill until the wallpaper in
their bedrooms was removed. This included the case
of Carr's own family, where four young relatives of his
were seriously ill until the wallpaper in their nursery
was removed (Carr 1880, 6). In Our Domestic Poisons,
Carr directly advocated for the government inspection
of domestic goods, and to establish legislature prevent-
ing the manufacture and sale of domestic goods with
toxic substances. He recommended that consumers
obtain a written guarantee from sellers stating that
the goods they purchased were free from arsenic and
that consumers should also get their goods tested as
a precautionary measure (Carr 1879, 48-49). Carr
tested hundreds of samples from private individuals
and manufacturers using the Reinsch and Marsh pro-
cesses (see ‘Review of historical methods for detecting
arsenic’ below) (“Henry Carr Obituary” 1889, 368).

Alfred Swaine Taylor (1806-1880) was known as the
‘father of British forensic medicine’ and was a toxicolo-
gist and medical writer. He developed the first test for
detecting arsenic in human tissue in 1836 (Coley 1991,
413-420). A likely real-life inspiration for Sir Conan
Doyle's Sherlock Holmes, Taylor was most known for
his medical expertise during murder trials involving
acute arsenic poisoning (Barrell 2017, 275). In 1858, he

; WA W v A5

gave evidence before a UK Parliamentary Select Com-
mittee regarding the dangers of chronic arsenic poison-
ing in wallpaper, though in general he was wary of any
actual government intervention against manufacturers
(The Star 1858, 3). His preferred approach was through
publicizing the dangers of chronic arsenic exposure to
better inform the public as they made their own
choices while shopping (Coley 1991, 898-901). Edu-
cation campaigns were key in influencing public
demands which would in turn affect what was being
sold to them. As the 1872 Annual Report of the State
Board of Health of Massachusetts noted, ‘the demand
ceasing, the supply will cease; and a correct taste in
color will find its gratification in agents which possess
no poisonous character’ (Draper 1872, 57).

Carr was in regular communication with Alfred
Swaine Taylor regarding the testing of wallpapers for
arsenic and cited him on several occasions throughout
Our Domestic Poisons along with numerous other che-
mists and medical practitioners. The practice of using
arsenic in wallpapers and similar materials was ulti-
mately phased out in part because of Carr and
Taylor's efforts in raising awareness of the presence
of arsenic in domestic papers and fabrics.

History and regulation of arsenic

A byproduct of the smelting industry in the 1800s,
arsenic was cheap and readily available (Whorton
2010, xiv). Urbanization and industrialization in the
late-eighteenth century opened the British market for
greater manufacturing of domestic goods, including
wallpapers, which in turn resulted in greater manufactur-
ing of domestic goods containing arsenic. By the nine-
teenth-century, arsenic was widely used in consumer
goods, including fabric, candy, toys, and wallpaper.
Technological innovations such as continuous rolls of
paper in the late-eighteenth century and machine-
printed, decorative patterns in 1841 enabled wallpaper
to become increasingly affordable and accessible. In
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Figure 1. (a) Three of the wallpaper swatches analyzed in this study with notes by Henry Carr attached. (b) Envelope that the
wallpaper swatches were stored in when originally mailed to Alfred Swaine Taylor along with a strip of copper metal that

likely was used in Henry Carr’s tests for arsenic.
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1858, Taylor proclaimed that wallpaper now ‘furnishes
arsenic to the millions’ (Whorton 2010, 204-205).

By 1837, the medical community was beginning to
question the use of arsenic in consumer goods, and
this became a more widespread concern in the
1850s. However, at the same time, there were still
medical and business professionals who continued to
argue that copper arsenite in consumer products was
safe and unable to volatilize and become airborne
(Scheindlin 2005, 61). Later research in the 1890s
would definitively confirm that copper arsenite could
in fact volatilize into arsine gas under humid con-
ditions. Mold living in wallpaper paste could convert
arsenic salts into di- and trimethylarsine gasses
(Scheindlin 2005, 61). In response to cases of wallpaper
poisonings, wallpaper manufacturers generally
embraced the strategy of plausible deniability. Many
even claimed that they could lick or even eat their
papers without ill effect. Questioning absolute cer-
tainty and raising doubts about scientific consensus
were key in forestalling public opinion and avoiding
regulation (Whorton 2010, 207-208).

Until 1851, there were no legal restrictions whatso-
ever on the sale of arsenic in Britain. By 1819, there
were semi-regular attempts to regulate poisons, includ-
ing arsenic, without success. These attempts tended to
focus on the prevention of accidental deaths via acute
arsenic poisoning, arguing for proper labeling, colored
bottles, and locked cabinets for storage. Accounts of
accidental poisonings, suicides, and murders were
common in the medical and lay press of the 1840s. Sen-
sational Victorian murder trials during this time also
helped keep arsenic and crime at the forefront of
public interest. This led to the passage of the Arsenic
Act of 1851 in Britain, which placed some restrictions
on the sale of arsenic, including requiring sellers to
maintain a record of who they sold arsenic to, how
much was sold, and why. The Pharmacy Act of 1868
limited the sale of poisons to qualified pharmacists.
Rather than a newfound governmental interest in
public safety, regulations were likely more linked to
the desire for medical and pharmaceutical reform, legit-
imizing the professions and acquiring a monopoly of
practice for its members (Bartrip 1992, 53-60). Neither
of these acts restricted industrial, medicinal, or agricul-
tural applications of arsenic (Bartrip 1992, 894).

Free market capitalism policies and government
indifference contributed to slow policymaking. Acts like
the Pharmacy Act, which dealt only with the sale of
pure arsenic, did not restrict the use of arsenic or other
toxic chemicals in the manufacturing of consumer pro-
ducts. Reports of acute arsenic poisonings from arsenic-
laced consumer products can be found until the 1940s.
However, this does not include chronic arsenic exposure
- the lack of sensation made these cases much less news-
worthy. The rise of aniline dyes in the 1860s, which were
as bright as arsenical dyes, helped phase out the use of

arsenic in domestic goods. This marketplace develop-
ment, along with a rise in consumer awareness, led by
media and private citizen campaigns, helped bring
about the decline of the commercial use of arsenical
compounds more so than direct government interven-
tion (Bartrip 1992, 899). By 1900, new wallpapers in
Britain were largely arsenic-free - though cases of
chronic poisoning would linger with old wallpapers still
in use (Whorton 2010, 225).

Review of green pigments

A note about color correlation

Color is not the only indicator of the presence of arsenic,
although green papers and fabrics of this era are more
likely to be found containing arsenic. Arsenic com-
pounds were commonly used as a pigment, in particular
greens that were noticeably vibrant and striking for
their time, which may have contributed to the false
impression that only vivid greens were harmful to
health. Arsenic compounds can be in a variety of
paint types (Whorton 2010, 218). It can be found in
the dye, mordant, or material substrate in any color or
even be colorless. Arsenic was added to glue and
sizing due to its powerful antiseptic qualities. This was
known and understood within the scientific community
during Carr’s time, though it was less well understood
with the public (Carr 1879, 5-6).

There were many common names for these arsenic-
containing green pigments: emerald green, Scheele’s
green, Paris green, and Schweinfurt green. These were
all often used interchangeably and inaccurately (Tedone
and Grayburn 2022, 11). The copper arsenite group in
particular covers at least 10 pigments associated with
the historical pigment term ‘Scheele’s green,” and it is
thought to be a mixture of compounds. Copper arsenite
samples are commonly found mixed with copper acet-
oarsenite (‘emerald green’) and can also bear a strong
resemblance to organo-copper complexes, making their
identification difficult without further analysis. Copper-
arsenic pigments were also commonly extended with
barium sulfate, calcium sulfate, calcium carbonate,
copper carbonate, magnesium carbonate, and aluminum
oxide, adding a further level of difficulty in their identifi-
cation from impure samples (Eastaugh 2008).

Mid-nineteenth-century wallpaper-manufacturing
manuals indicate that green pigments were often actu-
ally mixes of yellows and blues. Common yellow pig-
ments included chrome yellow, yellow ochre, yellow
iron oxide, and Persian berries. Common blue pig-
ments included Prussian blue, artificial ultramarine,
and blue verditer. Scheele’s green and emerald green
were also used. Pigments were generally mixed with
a gelatin sizing or adhesive. Prior to applying color, a
white ground was generally applied, which normally
included whiting and/or lead white as well as sizing
(Lynn 1981, 59-64).
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Green

Unlike yellow or red, historically, there was a lack of
organic green dyes that produced the kind of rich,
vibrant color that was both desirable and replicable.
Many greens were also known to be difficult to
work with and reactive. For example, verdigris was
prone to blackening as well as reacting negatively
when mixed with other pigments. Its difficulties in
mixing and application likely contributed to green’s
early association with capriciousness and poison
(St. Clair 2017, 209-212). In the late-eighteenth
century, two inorganic green pigments were developed,
both containing copper and arsenic, that finally seemed
to capture the consistent, vibrant greens that consu-
mers longed for: Scheele’s green and emerald green.

Scheele’s green

In 1775, Swedish scientist Carl Wilhelm Scheele discov-
ered the compound copper arsenite (CuUHAsOs) whilst
studying the element arsenic. The pea-green shade
was immediately recognized for its commercial value
in a green pigment-starved market. In 1777, Scheele
noted that his primary concerns about the commercia-
lization of Scheele’s green were that the pigment was
poisonous and that someone else might end up receiv-
ing credit for the pigment’s discovery (St. Clair 2017,
224-226). Scheele’s green quickly became extremely
popular and was used in a range of products, including
artists’ pigments, wallpaper, and confectionery. In
1871, The British Medical Journal noted that most
English homes had arsenic in their wallpaper. This
rise in popularity coincided with a rise in reports of
cases of suspicious deaths and illness. Scheele's
green is a copper arsenite, though its specific compo-
sition is not certain and might have varied depending
on production conditions. The pigment remains
difficult to definitively distinguish from other copper-
arsenic-containing pigments though combined ana-
lyses using Raman, Fourier transform infrared spec-
troscopy (FTIR), and polarized light microscopy (PLM)
shows promise (Herm 2021, 197-200). ‘True Scheele’s’
is thought to be copper arsenite (CuHAsO3) with basic
copper carbonate (Cu,(OH),COs). ‘German Scheele’s
green’ has a higher copper content and contains
copper hydroxide (Cu(OH),) (Herm 2021, 190).

Emerald green

Also known as Paris, Schweinfurt, or Vienna green,
emerald green was discovered between 1798 and
1812 and began to be manufactured in 1814. It is the
compound copper acetoarsenite with the chemical
formula Cu,(AsO,)g(CH3CO,), (Herm 2021, 189-190).
It was a more durable pigment than Scheele’s green,
but it still had the same tendency to blacken when
exposed to sulfur-bearing air or mixed with sulfur-con-
taining pigments. It quickly dominated the market for

a variety of consumer goods, largely replacing
Scheele’s green (Douma 2008).

Review of historical methods for detecting
arsenic

Marsh process

The Marsh test was developed by James Marsh in 1836.
It produced arsine gas within a glass U-tube apparatus
(Figure 2). The gas would precipitate as a black sub-
stance if arsenic was detected (Barrell 2017, 37-40).
This test was developed from the previous work of
Carl Wilhelm Scheele and Johann Daniel Metzger,
and it was the first reliable analytical test for detecting
arsenic (Caudill 2009). This test was far from foolproof -
though it was more reliable than previous methods,
which most popularly involved smelling a garlic odor
upon heating a sample with charcoal (Bartrip 1992, 58).

Reinsch process

The Reinsch test was developed by Hugo Reinsch in
1841 to detect heavy metals in biological samples.
The test involves dissolving the biological sample in
hydrochloric acid and then inserting a copper strip
into the solution. The copper is removed, washed
with water, and allowed to dry. Resulting color depos-
its on the copper indicate the presence of heavy metals
(Reinsch 1841, 244-250). A dull black deposit indicates

Apparatus for the Application of Marsh’s Test.

Figure 2. Diagram of the apparatus used for detecting arsenic.
The suspected arsenic sample is added to a glass flask (A) with
zinc and sulfuric acid. The flask is sealed with a cork and has a
funnel tube (B) and an exit tube (b). Arsine gas would be pro-
duced, which is highly flammable. When the gas traveling
through the reduction tube (d) is lit (B), the arsine decomposes
into metallic arsenic which can be precipitated onto glass or
porcelain as a black substance. (National Library of Medi-
cine/Public Domain).
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the presence of arsenic, which can be confirmed by
placing in potassium cyanide solution - the black
coating will dissolve if it is arsenic. This method is sensi-
tive to arsenic (dull black), antimony (dark purple),
bismuth (shiny black), and mercury (silver deposit) (For-
ensic Toxicology). The Reinsch test was commonly
favored by Taylor in his own arsenic tests. He preferred
it over the Marsh test due to it being easier to distinguish
arsenic results from antimony, tin, lead, and bismuth
(Coley 1991, 421). However, like the Marsh test, this test
could also yield contradictory results. Taylor himself
famously made an error with the Reinsch test, resulting
in evidence being withdrawn in the trial of Thomas
Smethurst in 1859 (Barrell 2017, 216-341).

For this study, the sample materials look like they may
have been tested with the Reinsch process. Some of the
copper samples remain pinned to the tested papers.

Modern testing methods

Twentieth and twenty-first-century arsenic testing have
been primarily focused on testing drinking water in
addition to having regulation standards for air levels in
the workplace and for animals used for food (Center
for Disease Control 2013). The testing of arsenic in cul-
tural heritage collections is a relatively new practice in
comparison to arsenic testing in general. Spot test
methods were first used with museum collections and
are reminiscent of the Marsh method, where a test sol-
ution forms arsine gas and then reacts with the indicator
test strip containing metallic salts. These include the
Weber's test and Macherey-Nagel paper which are both
inexpensive and freely available testing methods.
Testing of cultural heritage materials has most commonly
been practiced with natural history collections, where
arsenical pesticide use on collection materials was stan-
dard practice worldwide until the 1980s (Péquignot,
Marte, and Von Endt 2006, 145-149). The effects of
exposure to the toxic materials used on these collections
is a present safety concern (Knapp 2000).

Analytical, non-invasive methods for arsenic testing
are also possible and have become increasingly
common for the analysis of cultural heritage materials.
Multi-technique approaches based on complementary
spectroscopic techniques are effective for non-invasive
pigment identification of art and cultural heritage
materials. This type of analysis, most commonly with
X-ray fluorescence (XRF) and Raman spectroscopy,
has been conducted on a variety of cultural heritage
materials. In general, the field of toxicology research
for library and archive-related materials is still very
much in its early stages with some more recent
efforts seen in testing book cloth with the Poison
Book Project (Tedone and Grayburn 2022). Given the
number and variety of people in regular contact with
library and archive materials, including researchers,
librarians, archivists, conservators, curators, and

students, having data quantifying the presence of
heavy metals in collection materials is key to establish-
ing informed and consistent safety protocols.

Materials and methods

Testing on the historical wallpaper swatches in the Carr
collection was conducted at the Scientific Research
and Analysis Laboratory at Winterthur Museum. Non-
destructive (X-ray fluorescence, Raman spectroscopy)
and minimally destructive (polarized light microscopy,
scanning electron microscopy-energy dispersive X-ray
spectroscopy) methods were used during this analysis.
(Results are detailed in Table 1).

Nitrile gloves were used during all handling and
testing. Kimwipes were used to wipe down all surfaces
to remove potential arsenic traces while avoiding the
introduction of moisture, which would risk activating
the production of arsine gas.

Polarized light microscopy (PLM)

Polarized light microscopy involves the taking of small
samples (less than 1 mm) and mounting them on
slides to view them under different polarized light con-
ditions. Optical microscopy allows for the detection of
pigment size, shape, color, refractive index (RI), pleo-
chroism, birefringence, and crystallinity. These
different properties aid in the identification of specific
pigments. Generally, emerald green (copper acetate
arsenite) is easily identifiable via PLM in comparison
to other copper-arsenic pigments due to its distinctive,
platy spherulites, birefringence, low relief, and RI
greater than 1.66. Other pigments within the copper
arsenite group (including Scheele’s green) contain a
wider range of optical properties and as such are
more difficult to identify without further analysis.
Pigment samples were taken from each wallpaper
swatch in a discreet location, such as near an edge or
an area of flaking paint. A Nikon SMZ1500 stereomicro-
scope was used for sampling with #15 stainless steel
scalpel blades. New scalpel blades were used for
each wallpaper swatch to avoid cross contamination.
The samples were mounted in Cargille meltmount (RI
1.66) and viewed through a Nikon Eclipse E600 POL
PLM microscope at up to 1000x magnification. NIS
Elements D, 5.00.00 software was used to image
samples. Trace pigment particles remaining on the
scalpel blade after sampling that had not transferred
to the PLM slides were saved for SEM-EDX analysis.

X-ray fluorescence (XRF)

This is an analytical technique to determine the elemen-
tal composition of materials. This process involves the
excitation of a sample with X-rays followed by the
detection of emission of secondary or fluorescent
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rays. This technique is non-destructive and can be per-
formed in situ. XRF can be particularly helpful with the
elemental analysis of metals and of inorganic pigments.
Each color in the wallpaper swatches was analyzed.
Analysis was performed with the handheld Bruker
Tracer IlI-SD XRF spectrometer using a rhodium tube
(40 kV high voltage, 9.6pA anode current, 25um Ti/
305um Al; 15 kV high voltage, 55.00uA anode
current, no filter with vacuum) for 30 s live time
irradiation. The spot size is oblong in shape, approxi-
mately 1 cmx0.5 cm. A zero-background plate
(design courtesy of Institute for the Preservation of
Cultural Heritage, Yale University) was placed behind
the wallpaper swatches to mask elements. Spectra
were interpreted using ARTAX version 7.4 software.

Scanning electron microscopy with energy
dispersive X-ray spectroscopy (SEM-EDX)

Like XRF, SEM-EDX is used to determine elemental
composition of materials. Unlike XRF, SEM-EDX can
detect elements in different types of organic pigments
and additives in addition to inorganic materials. SEM-
EDX mapping also allows for more precise spatial res-
olution. Elemental maps of the sample can be
created, showing specific elemental concentrations
and morphology across a paint sample.

Leftover trace paint samples collected during PLM
analysis slide preparation were used for SEM-EDX, avoid-
ing additional material loss for analysis. For this analysis,
each sample was mounted to an SPI Supplies Zeiss alumi-
num slot head stub (12.7 x 3.1 mm) with SPI Supplies
double-sided carbon tabs (12 mm diameter). This was
done by briefly pressing each scalpel blade used for
PLM sampling against each carbon tab, transferring the
trace of paint. For mounted cross-sections of paint, SPI
Supplies conductive carbon paint (colloidal graphite in
isopropanol 20% solids) was applied on the side and top
surfaces of the casting medium, without covering the
cross-section itself, to prevent charging. The sample was
examined using a Zeiss EVO MA15 scanning electron
microscope with LaBg source at an accelerating voltage
of 20 kV for the electron beam, working distance of
approximately 10 mm, and sample tilt of 0°. The EDX
data was collected with the Bruker Nano X-flash® detector
6 | 30 and analyzed with Quantax 200/Esprit 1.9 software.

Raman spectroscopy

This is a spectroscopic technique used to determine
vibrational modes of molecules. The technique relies
on the inelastic scattering of photons. This technique
gives data on the molecular structure of the materials
analyzed. This method is reproducible, sensitive, non-
destructive, and can be performed in situ. Many
organic and inorganic molecules can be detected
with Raman, including copper-arsenic compounds.

This technique was conducted following XRF to better
identify specific compounds, helping confirm pigment
types. Identification was conducted by comparing exper-
imental data to a reference spectral library data.

A Renishaw Invia Raman spectrometer (785 nm
diode laser) in conjunction with WIRE 3.4 software
with extended scan from 100 to 1200 cm™', 20X objec-
tive lens, exposure time of 30 s/scan for 30 accumu-
lations and 5% laser power was used. Raman data for
both Cu-As-pigments were published by the University
College of London (UCL). Spectra were collected with
Omnic 8.0 software and analyzed in this program
with the University College of London (UCL) and
various reference spectral libraries.

Results and discussion

For this technical study, each of the wallpaper swatches
were first tested with handheld XRF to gauge the presence
of elemental arsenic. Of the eight wallpaper swatches, five
suggested notable levels of arsenic and copper and two
others had more trace amounts based on the relative
intensity of the XRF signal. Further testing with polarized
light microscopy, SEM-EDX, and Raman spectroscopy
was conducted on the wallpaper swatches. With this
additional testing, the copper-arsenic pigment emerald
green was confirmed in two wallpaper samples, though
one of which had more trace amounts.

Five of the wallpaper samples with green paint were
determined to be a mixture of blue and yellow pigments
rather than a copper-arsenic green pigment. Despite not
having detectable levels of copper-arsenic pigment,
three of these five wallpaper samples still tested positive
for arsenic, suggesting an alternative arsenic source that
is not a copper-arsenic pigment.

Analysis results of one of the emerald green
swatches (Figure 3) are detailed below and in
Figure 4. Further summary of the data of each of the
wallpaper swatches is found in Table 1.
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Figure 3. AL7131-N wallpaper swatch where emerald green
was identified during the course of this study.
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Figure 4. XRF (a) and Raman (b) spectra obtained from the green paint on the AL7131-N wallpaper swatch (Winterthur Library
2022-005). In (b), the wallpaper Raman spectra is shown in comparison to University College of London reference Raman spectrum
of calcium carbonate, emerald green, and French ultramarine blue. PLM (c) images of plane polarized (left) and cross-polarized
light (right) of emerald green from the same AL7131-N wallpaper swatch at 1000x (Winterthur Library 2022-005).
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Table 1. Summary of relevant elemental and molecular analysis data.

Analysis
Sample Name(s) and Description performed Results® Interpretation®
AL7131-H PLM Mix of blue and yellow,
giving the appearance
of green
i s . « XRF Ca, Fe, Cu, As Calcium carbonate,
%/{\A, 6 ANBUNALCan, Trace: S, Ti, Cr, Ni, Ba emerald green/
U ol e SEM-EDX Ba, Ca, Cu, As, Cr, Pb Scheele’s green,
'_L N k o cmﬁ’t Trace: S, K barium sulfate
ot 29/ WLoc 99 Raman 1251, 1086, 2828 Calcium carbonate,
2 PNEy A e chromium oxide
Bookplate/inscriptions: Slightly arsenical/Spare bed room 21 Cedars Rd/not
thought requisite to be changed/for casual visitors occupying a short time
Additional Note: 21 Cedars Rd was Carr's Clapham residence (‘Medicine’ 2021, 85).
AL7131-1 PLM Mix of blue and yellow,
; giving the appearance
awdud o ba el o dvmefpbe of green
M\ D{ NMOW - A s‘&l\ucALBw{t XRF Ca, Cu, As, Pb, Fe Calcium carbonate,
. s dl ., Trace: Cr, Ba, Ni emerald green/
W “'1" ha ) Tovna L Cw(m ﬂ"" SEM-EDX Ca, Cu, As, S, Pb, Cr, Fe Scheele’s green
o {d(/(/k oanra ; ' 4 Raman 1088, 549, 391, 334 Chromium oxide,
Gea. p. 5. 0w OlOVRAAL fivi B g calcium carbonate
Bookplate/inscriptions: Marked on back of sample-book/NON-ARSENICAL/put up in
dining room 21 Cedar Rd/afterwards taken down/see p. 5. our domestic poisons
Additional Note: Page 5 of Our Domestic Poisons reads:
Even where a certain amount of care is taken, there is no security without an
examination of the actual paper delivered. For instance, a paper marked ‘non -
arsenical’ having been selected by the writer from a sample-book of one of the first
manufacturers in London, the paper when delivered was found to be ‘highly
arsenical’ (Carr 1879).
AL7131-) PLM Mix of blue and yellow,
giving the appearance
. of green
QJLQ,Q/V]AQ aﬁ ] XRF Ca, Pb, Fe, Cu, As, Zn, Cr  Emerald green/
: 9 b o % Trace: Ni, Ba Scheele’s green,
Thi o‘/w-wi.g Lo Wém w: SEM-EDX  Ba, S, Zn, Cr, Ca barium sulfate,
5 e ( e « [9 <+ Trace: Cu, As, Pb chromium oxide
SR0E fhadle sy g k"“”L Wpteg 1} Raman 2158, 1180, 547

Novim eeaccd fo pasq wa Mncght - s
domg o pes rceepl onee ho wnwd
o mic by o menshbonia, - e i g e
Lo

LA OLOA

Ma @

(Continued)
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Table 1. Continued.

Analysis
Sample Name(s) and Description performed Results® Interpretation®
Bookplate/inscriptions: arsenical/The dining room Mr S[tibbs] [noting]/case p 31 -
a bulfinch [sic] hung in this/room ceased to sing in a fortnight — never/sang for a
year, except once when removed/for a time to a neighbors, — now sings the/paper
being removed to the Dr. Stenhouse residence case noted on page 31 of Our
Domestic Poisons (Carr 1879).
AL7131-K PLM Mostly a mix of blue and
g yellow; fair amount of
. . white and red; possible
‘ WO by trace amounts of green
| = AT N o XRF Ca, Pb, Fe, Cu Emerald green/
{Yﬁ‘,;ok‘l«;i" e LL Wokav L Trace: Ni, Cr, Ba, S, Zn, Scheele’s green,
As, Hg barium sulfate
SEM-EDX N/A N/A
Raman 1087, 284
-
PLM PLM
Bookplate/inscriptions: No arsenic/Bed room 21 Cedar Rd
AL7131-L PLM Mix of blue and yellow,
giving the appearance
- J= : of green; possible trace
s . amounts of green
Cofpjren /‘“i ‘:”{ﬂkfﬁwln l@ A/fwl XRF Ca, Fe, S, Cu Emerald green/
. 2 e W Trace: As Scheele’s green,
SEM-EDX Ca, Pb, Cr, S chromium oxide
Raman 1086.41, 281.71 Calcium oxide,

Bookplate/inscriptions: Copper boiled with each paper for 5 minutes _

ultramarine,
chromium oxide

(Continued)
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Table 1. Continued.

Analysis
Sample Name(s) and Description performed Results® Interpretation®
AL7131-M (bottom swatch) PLM Mix of blue and yellow,
giving the appearance
of green; possible trace
amounts of green
XRF Ca, Pb, Cr, Fe Calcium carbonate,
Trace: Cd, Ni, Zn, Cu chromium oxide
SEM-EDX N/A N/A
Raman 1087, 840, 540, 401, 377,  Prussian blue,
359, 337, 359, 338, 279 chrome yellow,
calcium carbonate
AL7131-N PLM Green: Different sized, Emerald green,
rounded edges, lily pad French ultramarine
shape; 2.5-5 ym;
transparent; > 1.66 Rl;
birefringent;
pleochroism
Blue: Small, similar sized,
irregular shape; 0.6-2.5
um; transparent; < 1.66
Rl; red under Chelsea
filter
XRF Cu, As, Fe, Ca Emerald green/
Trace: Pb, Ni Scheele’s green,
SEM-EDX Cu, As, Ca, Fe, S, Pb calcium carbonate
Raman 1087, 951, 832, 712, 545,  Emerald green,
485, 427, 371, 322, 282, calcium carbonate,
242,217,173, 154, 126 French ultramarine
Bookplate/inscriptions (recto): Specimen of arsenical green and/arsenical blue both
heated/with strong liquid ammonia./3rd May 1879/[?7]
Bookplate/inscriptions (verso): Arsenical Green/Papers/Mr. Carr
AL7131-0 (bottom swatch) PLM Blue: Small, similar sized,  French ultramarine,
. irregular shape; 0.6-2.5 emerald green
- pm; transparent; < 1.66
g Rl; red under Chelsea
| filter
& Green (trace): Different
B sized, rounded edges,
; S lily pad shape; 2.5-5 pm;
: transparent; > 1.66 RI;
birefringent;
pleochroism
v ; XRF As, Ba, Cu, Ca Emerald green/
i | g Trace: Fe, Ni, S, Zn Scheele’s green,
SEM-EDX Cu, As, Ca, Fe, S, Pb barium sulfate,
calcium carbonate
Raman 1087, 313, 210

?Bolded elements indicate major elements detected.
bBlank cells indicate inconclusive results.

PLM particles can range in size from 1 to 50 pum. Spherulites

or rosettes are one of the most visually recognizable
features of emerald green particles. Along with their
shape as well as their green coloring, the particles

For AL7131-N, particles exhibiting characteristics of
emerald green were identified. Characteristics of
emerald green include a wide size range where
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are sometimes referred to as ‘lily pads’. Emerald green
is also transparent, with moderate relief and a refrac-
tive index (RI) greater than 1.662. Under cross-polar-
ized light, emerald green has low birefringence
(Eastaugh 2008). These features were all seen during
PLM analysis of the AL7131-N wallpaper swatch.
Overall, this technique was helpful with pigment
identification of the wallpaper samples in this study.
It is a relatively simple yet powerful method for dis-
tinguishing and identifying pigment mixtures. Of the
instruments used, this method is likely the most acces-
sible in terms of equipment cost and training needed.

XRF

When using XRF to identify emerald green, qualitative
XRF spectra consistently indicate strong peaks for
copper and arsenic at an approximate 1:1 ratio,
which was seen with the AL7131-N swatch.

This technique was the fastest and most efficient at
elemental identification of arsenic without requiring
the removal of a sample. This technique was useful
for quickly detecting elemental arsenic and copper in
the swatches rather than specific compound identifi-
cation. Of the methods used, this technique would
likely be the most helpful in rapid and non-destructive
testing of library and archives materials for arsenic.

SEM-EDX

For the AL7131-N swatch, SEM-EDX was able to detect
copper and arsenic. This technique was helpful in pro-
viding a more in-depth elemental analysis than XRF.
The mapping function would be especially helpful
with cross-sections of paint, though it also proved to
be useful with examining the distribution of the
pigment mixtures for this report’s samples.

Raman

Raman spectra peaks consistent with copper acetoar-
senite (emerald green) were visible with swatch
AL7131-N. There were characteristic bands at 951,
371,242,217, and 154 cm™".

Overall, this technique was helpful in distinguishing
specific pigments such as emerald green.

It did give the most inconclusive results overall,
likely due to the large amount of cellulose present,
which is not very Raman sensitive. This technique
was the most time intensive of the methods explored.

Conclusion

Ultimately, a combination of analytical techniques and
instrumentation can help give more overall certainty
regarding interpretation. For elemental detection of
copper and arsenic, X-ray spectroscopy (including

portable XRF and SEM-EDX) is especially helpful in
identification though it cannot distinguish specific
compounds. Raman spectroscopy and PLM are both
able to identify specific pigments, including emerald
green. Two of the eight wallpaper swatches in this
study were identified as having emerald green.

Definitively identifying Scheele’s green specifically
remains challenging as its chemical composition was
historically variable. The pigment remains difficult to
distinguish from other copper-arsenic-containing
pigments though multiple analyses with PLM, XRF,
SEM-EDX, and Raman shows promise. Identifying
specific pigments in collection materials helps with
dating objects. In the case of copper-arsenic pig-
ments, studying the composition of arsenic can
help shed light on the object’s overall makeup. The
majority of the wallpapers in this study tested posi-
tive for arsenic without the confirmation of a
copper-arsenic pigment, suggesting that historical
wallpapers of a range of colors had similar health
implications to the infamous emerald green-colored
Victorian wallpapers.

Analysis of impure paint mixtures is a complex,
labor-intensive process requiring significant training
and practice to gain greater familiarity. Further exam-
ination of a broader Raman spectral range and of the
wallpaper layers beyond the topmost paint layer is rec-
ommended for further pigment identification beyond
copper-arsenic pigments. Cross-sectional analysis
would be useful in examining the chronology of
layers. Fiber identification of the substrate could
assist with obtaining more manufacturing information
on the wallpapers. FTIR analysis would also be helpful
with strengthening the certainty of specific pigment
identification.

Though arsenical wallpaper is no longer on walls,
it is in cultural heritage collections, and the onus is
still on the individual to make informed decisions
and stay safe. Given the number and variety of
people in regular contact with library and archive
materials, having more information regarding the
presence of harmful heavy metals on materials that
are often directly handled by a wide variety of
users is key to establishing informed and consistent
safety protocols. When handling collection materials
suspected of containing heavy metals, it is best prac-
tice to avoid prolonged skin contact, as well as inges-
tion or inhalation with the materials. It is also
recommended that nitrile gloves be worn when
handling and that hands should be thoroughly
washed with soap and water after use. Additional
care and handling tips can be found at the Poison
Book Project website.

Continued research in these materials and others
furthers a legacy of knowledge gathering and
sharing by contributing to toxicology research in
library and archives materials.
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