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ABSTRACT

Many painted objects within ethnographic collections suffer
from paint loss. In the past, assumptions have been made that
this phenomenon was caused by a low binder concentration,
although binder presence had not been investigated, confirmed
or it's type identified.

Sinple la5oratory methods which can detzct the presence of
binders on a painted object are outlined. They are based on
tests developed for the medical industry and modified by the
author for routine use in conservation. Methods presented
outline procedures to identify three broad chemical groups of
binders used in the manufacture of traditional A~stralian
Iiboriginal painted objects
I.

:

lipids (fats and/or oils) using Sudan Black

8

Sromination test and the Sigma GCI Triglyceride test;

.li

proteins (egg and blood) using Sulphosalicylic Acid
test, Sigma GCI Protein test and the GCI Heme test;

3.

carbohydrates (honey and orchid juice) using the Sigma GCI
Glucose test.

Ciose comparison was found between the reported binders used on
certain object types and those identified.

Literature findings based on anthropological information on
binders and pigments are summarised. They indicated that fat or

oil binders have higher binder concentrations than originally
expected. Rapid lipid binder deterioration has lead to their
present matte appearance. Compared to protein and carbohydrate
binders, used as a paint vehicle or facilitator and/or for
symbolic representation (blood), where used on a range of
ceremonial objects with no long term expectancy and therefore
no requirement to adhere or bind the pigment. The concept of
"effective" binder concentration as opposed to low binder
concentration is discussed.

Implications of these findings of binder presence are discussed
and considerations for preservation and conservation
treatments, which involve consolidation are outlined.

THE IDENTIFICATION OF TRADITIONAL BINDERS USED ON AUSTRALIAN
ABORIGINAL PAINTED OBJECTS PRIOR TO 1970

TABLE OF CONTENTS

Page
List of Tables
List of Figures
List of Plates
List of Appendices

1.0 INTRODUCTION TO THE THESIS
2.0 INTRODUCTION TO STAGE 1 : DATA COLLECTION PHASE
TRADITIONAL BINDERS AND PIGMENTS USED ON
AUSTRALIAN ABORIGINAL PAINTED OBJECTS
2.1 Introduction to Data Collection Phase

xv
xviii
xix
XX

1

10
10

2.1.1 Literature Citations

11

2.1.2 Interviews with Anthropologists

13

2.2 Painted Objects Types
2.2.1 Domestic Objects
2.2.2 Ceremonial Objects
2.2.3 Objects with Influences from
Other Cultures
2.2.4 Paintings on Rock
2.2.5 Archeological Sites
2.2.6 Paintings on Bark
2.3 Interviews with Anthropologists Working
With Australian Aboriginal Collections

33

3 . 0 FINDINGS OF THE LITERATURE REVIEW

-

BINDERS AND PIGMENTS USED IN THE MANUFACTURE OF
PAINTED OBJECTS
3.1 Binders
3.1.1

Animal Binders

3.1.2

Plant Binders

3.1.3

Discussion on Binder Usage

3.2 Pigments
3.2.1

White Pigments

3.2.2

Red and Yellow Pigments

3.2.3

Black Pigments

3.2.4

Blue and Green Pigments

3.2.5

Pigment Summary

3.3 Substrates
4.0 GENERAL CONCLUSIONS FOR STAGE 1
5.0 INTRODUCTION TO STAGE 2 : TEST SELECTION AND

EVALUATION PHASE
IDENTIFICATION OF BINDERS ON PAINTED
MUSEUM OBJECTS
6.0 SELECTION OF TESTING METHODS FOR BINDER

IDENTIFICATION
6.1 Identification Method for Lipids
6.1.1

Preliminary Investigation Methods
for Sudan Black B Testing

6.1.2

Experiment 1 :
Evaluation of Sudan Black B
Determination of Lipid Using an
Embedded Paint Sample

6.1.3

Experiment 2 :
Evaluation of Sudan Black B
Determination of Solvent for Dye
Using a Resin Block

6.1.4

Experiment 3 :
Evaluation of Sudan Black B Solvent
Test for Sudan Black B and Comparison
of Bromination Test Using an Embedded
Paint Sample

6 -1.5 Experiment 4 :
Evaluation of Sudan Black B Bromination
Comparison of Bromination Staining
Using Goanna Fat Films

95

98

6.1.6 Experiment 5 :
Evaluation of Sudan Black B Bromination
Additional Filtration Testing Using
Goanna Fat
100
6.1.7 Experiment 6 :
Evaluation of Sudan Black B Bromination
Filter Paper Extraction of Binder
Using a Paint Sample
102
6.1.8
6.1.9

Preliminary Investigations for
Sigma Triglyceride Test

104

Experiment 7 :
Evaluation of Sigma Triglyceride
Test Extraction of Binder Using Paint
Samples

105

6.1.10 Experiment 8 :
Evaluation of Sigma Triglyceride Test
Determination of Test Sensitivity Using
Dilutions of Goanna Fat
108
6.1.11 Experiment 9 :
valuation of Sigma Triglyceride Test
Filter Paper Extraction of Binder
Using paint Samples
6 -1.12 Experiment 10 :
Evaluation of Sigma Triglyceride Test
Direct Filter Paper of Binder
Using Paint Samples

112

6.1.13 Experiment 11 :
Evaluation of Sigma Triglyceride Test
Direct Extraction of Binder onto Filter
Paper Using Paint Samples
114
6.1.14 Experiment 12 :
Evaluation of Sigma Triglyceride Test
Extraction of Binder onto Filter
Paper Using Paint Samples

6.1.15 General Conclusions for the Lipid
Testing
6.2 Identification Method for Proteins

122
124

6.2.1 Preliminary Investigations for Protein
Testing

128

6.2.2 Experiment 13 :
Evaluation of Ponceau S Determination
of Ponceau Staining to Detect Protein
Using Embedded Paint Samples

131

6.2.3 Experiment 14 :
Evaluation of Ponceau S Determination
of Ponceau Staining to Detect Proteins
(repeat Expt 13)

133

6.2.4 Experiment 15 :
Evaluation of Ponceau S Evaluation of
the Ostwald Procedure Using Paint
Samples

135

6.2.5 Experiment 16 :
Evaluation of Sulphosalicylic Acid
Determination of Sulphosalicylic
Acid to Detect Proteins Using Paint
Samples
6.2.6 Experiment: 1 7 :
Evaluation of Sulphosalicylic Acid
Evaluation of the Ostwald Procedure
Using Paint Samples
6.2.7 Experiment 18 :
Evaluation of Sulphosalicylic Acid
Determination of Centrifugation
to Increase Sensitivity Using Paint
Samples

142

6.2.8 Experiment 19 :
Evaluation of Sulphosalicylic Acid
Determination of Test Sensitivity
Using Blood Samples
6.2.9 Experiment 2 0 :
Evaluation of Ninhydrin
Determination of Ninhydrin to
Detect Proteins Using Blood Samples

146

6.2.10 Experiment 21 :
Evaluation of Sigma Protein Test
Determination of Sigma Test to
Detect Proteins Using Paint Samples

148

xii

6.2.11 Experiment 22 :
Evaluation of Sigma Protein Test
Determination of Test Sensitivity to
Detect Blood Using Blood Samples

151

6.2.12 Testing Procedure for the
Identification of Heme
6.2.13 Experiment 23 :
Evaluation of GCI Heme Test
Determination of Heme Test to
Detect Blood Using Blood Samples

154

6.2.14 Experiment 24 :
Evaluation of GCI Heme Test to Detect
Blood Using Paint Samples

156

6.2.15 General Conclusions for Protein
Testing
6.3 Identification Method for Carbohydrates

160

6.3.1 Preliminary Investigations for
Carbohydrate Testing

162

6.3.2 Experiment 25 :
Evaluation of Sigma Glucose Test
Evaluation of the Sigma Test to
Detect Glucose Using Dried Orchid
Juice

165

6.3.3 Experiment 26 :
Evaluation of Sigma Glucose Test
Evaluation of the Sigma Test to
Detect Glucose Using Paint Samples

167

6.3.4 Experiment 2 7 :
Evaluation of GCI Gum Test
Determination of GCI Gum Test to Detect
Orchid Juice Using Paint Samples
169
6.3.5 General Conclusions for Carbohydrate
Testing
6.4 Summary of Selected Test Methods
6.4.1 Details of Selected Test Procedures

171
172
173

6.5 Identification Flow Chart for Detection

of Binder in Supernatant Extractions

xiii

179

7.0 ARTIFICIAL ACCELERATED HEAT AGEING
7.1 Experimental Work - Testing the Artificially

Aged Binder Samples
7.1.1

Test Procedure

7.1.2

Results of Testing the Artificially
Aged Binder Samples

7.1.3

Results of Testing the Ability to
Identify Binders in Artificially
Aged Paint Samples

7 . 2 General Conclusions of the Artificial

Accelerated Heat Ageing
8.0 MUSEUM OBJECT SAMPLE TESTING
8.1. Experimental Work for the Museum Object

Testing
8.1.1

Results of Sudan Black B Brominatioc
Testing (Test 1)

8.1.2 Results of the Museum Object Sarnple

Supernatant Testing (Test 2-6)
2 . ? Ciscussion of Results from the Binder

Ider~tif
ication Testing
8 . 3 . 1 Sudan Black B Bromination Test
3.3.2

Museum Object Sample Supernatant 'Tests

8.3.3

Control Sample Tests

9.0 VERIFICATION OF RESULTS

10.0 GENERAL CONCLUSIONS FOR STAGE 2
11.0 IMPLICATIONS OF FINDINGS TO THE CONSERVATION OF

ETHNOGRAPHIC PAINTED OBJECTS
12.0 FURTHER RESEARCH

REFERENCES
ADDITIONAL BIBLIOGRAPHY

xiv

LIST OF TABLES

Page
Table 1

Animal Binders

37

Table 2

Geographical Distribution of Animal
Binders

41

Table 3

Plant Binders

43

Table 4

Geographical Distribution of Plant
Binders

Table 5

White Pigments

Table 6

Red and Yellow Pigments

Table 7

Black Pigments

Table 8

Blue and Green Pigments

61

Table 9

Test Methods Considered for Lipid Testing

82

Table 10

Results

Experiment 1

Table 11

Results

Experiment 2

Table 12

Results

Experiment 3

Table 13

Results

Experiment 4

Table 14

Results

Experiment 5

Table 15

Results

Experiment 6

Table 16

Results

Experiment 7

Table 17

Results

Experiment 8

Table 18

Results

Experiment 9

Table 19

Results of Experiment 10

113

Table 20

Results of Experiment 11

115

Table 21

Results of Experiment 12

120

Table 22

Test Methods Considered for Protein.
Testing

126

Table 23

Results of Experiment 13

Table 24

Results of Experiment 14

Table 25

Results of Experiment 15

Table 26

Results of Experiment 16

Table 27

Results of Experiment 17

Table 28

Results of Experiment 18

Table 29

Results of Experiment 19

Table 30

Results of Experiment 20

Table 31

Results of Experiment 21

Table 32

Results of Experiment 22

Table 33

Results of Experiment 23

Table 34

Results of Experiment 24

Table 35

Results of Experiment 25

Table 36

Results of Experiment 26

Table 37

Results of Experiment 27

Table 38

Summary of Selected Tests

Table 39

Weight Measurements After Artificial
Heat Ageing

Table 40

Percentage Weight Loss of Tested
Standards

Table 41

Relative Discolouration of Samples
After Artificial Ageing

Table 42

Pigment Control Sample Results for the
Sigma Triglyceride Test for Binder
Identification Before and After
Artificial Ageing

Table 43

Pure Reagent and Materials Tested
Using the Sigma Triglyceride Test
Before and After Artificial Ageing

Table 44

Sigma Triglyceride Paint Test Results
(Including Binder) Before and After
Artificial Ageing

192

Sigma Protein Test Results (Test 1)
and Sulphosalicylic Acid Test (Test 2)
Before and After Artificial Ageing

193

Table 45

xvi

Table 46

Table 47

Table 48

Solvent and Materials Tested Using Two
Protein Tests (Test 1 and Test 2) Before
and After Artificial Ageing

195

Pigment and Binder Samples Tested Using
Two Protein Tests iTest 1 and Test 2)
Before and After Artificial Ageing

196

Pigment Only Samples Tested with the
Sigma Glucose Test Before and After
Artificial Ageing

198

Table 49

Results for Solvents and Standards
Tested with the Sigma Glucose Test
Before and After Artificial Ageing

Table 50

Pigment and Binder Results from the
Sigma Glucose Test (Test 3)and Gum Test
(Test 4) Before and After Artificial
Ageing

200

Table 51

Object Selection

204

Table 52

Summary of Selected Tests

205

Table 53

Object Results Using Sudan Black i3
with Bromination

Table 54

Results frcm the Object Supernatant
Testing (Teat 2 - 6 j

2C9

Comparison of Results from Museum
Object Samples to Suggested Literature
Binders for Similar Objects

214

Table 55

xvii

L I S T OF FIGURES

Page
Figure 1

Outline of the Scope of the Project

Figure 2

Map of Australia with Geographical
Divisions According to Meehan and Bona

Figure 3

Application Zone at the Supernatant
Fringe

Figure 4

Flow Chart for Supernatant Extractions

Figure 5

Sample A FTIR Spectrum Analysed by
The Getty Conservation Institute,
Los Angeles

Figure 6

Sample B FTIR Spectrum Analysed by
The Getty Conservation Institute,
Los Angeles

Figure 7

Goanna Fat FTIR Spectrum Analysed by
The University of Technology, Sydney

Figure 8

Bovine Blood FTIR Spectrum Analysed by
The Getty Conservation Institute,
Los Angeles

Figure 9

Orchid Juice (Geodorum sp.) FTIR Spectrum
Analysed by The Getty Conservation
Institute, Los Angeles

xviii

6

L I S T OF PLATES

Page
Plate 1
Plate 2
Plate 3

Detail of a Painted Object
Surface with Paint Loss

2

Solvent Testing for Sudan Black B
Staining

94

Painting of a Pukamani Pole by an
Australian Aboriginal Artist

233

Plate 4

Painted Wooden Shield, South Australia
Australian Museum Collection, Sydney
Object Registration Number E 5 9 3 4 4

Plate 5

Painted Wooden Boomerang, Central
Australia Australian Museum Collection,
Sydney
Object Registration Number E 6 4 2 3 5 - 4

357

Painted Wooden Shield, Northern Territory
Australian Museum Collection, Sydney
Object Registration Number E 6 7 4 9 9

359

Piate 6

Plat- 7

Painted Wooden Shield, Queensland
Australian Museum Collection, Sydney
Object Registration Number E 7 8 7 0 5
Painted Wooden Ceremonial Dance 2oard,
Northern Territory
Australian Museum Collection, Sydney
Object Registration Number E 8 0 3 3 5

Plate 9

A Pair of Painted Wooden Clap Sticks,
Northern Territory
Australian Museum Collection, Sydney
Object Registration Number E 8 0 3 4 2

Plate 1 0

Painting on Bark, Northern Territory
Australian Museum Collection, Sydney
Object Registration Number E 8 1 2 2 7

Plate 11

Painted Wooden Dance Board, Northern
Territory
Australian Museum Collection, Sydney
Object Registration Number E 8 5 4 9 9

L I S T OF APPENDICES

Page
APPENDIX 1
APPENDIX 2
APPENDIX 3
APPENDIX 4
APPENDIX 5
EPILOGUE

Raw Data Collected from the Literature
on Pigments and Binders

247

Australian Museum Survey of Aboriginal
Painted Wooden Objects

310

Summary of Pigment Information Collected
from the Literature

329

Summary of Binder Information Collected
from the Literature

343

Museum Objects Selected for Testing

353

1.0

INTRODUCTION TO THE THESIS

Ethnographic painted objects are often distinguished from other
painted surfaces by their matte paint appearance, a porous
painted surface, being light in colour and suffering paint loss
due to poor cohesive and adhesive properties. Paint failure can
be caused by poor paint cohesion, lack or failure of the
binder, adhesion failure between the binder, pigment and/or
substrate, or cohesion failure of the pigment. This is visually
represented by powdering, flaking or crumbling of the painted
layer or pigment particles. Signs such as loose paint found on
packing material and display mounts and the direct loss during
handling or smudging of different pigment colours on the
object's surface also indicate paint failure (refer Plate 1

:

Detail of a Painted Object Surface with Paint Loss).

Conservators of decorated ethnographic objects have for a long
time been faced with the problems associated with paint failure
and/or pigment/paint loss. If paint loss is allowed to continue
unabated, the painted surface will be completely removed from
the substrate, leaving only paint remnants to indicate that it
was originally decorated. The preservation of museum
ethnographic painted object collections involves methods to
prevent or reduce the loss of paint from the decorated surface.
The two main principles are damage prevention and conservation
intervention. Damage prevention involves environmental control,
use of physical

Plate 1

:

D e t a i l of a Painted Object Surface with Paint Loss

supports and protective systems etc to aid in eliminating or
reducing paint loss. As outlined by Michalski (pers.
comm.,1990),unless the object can be stored in an environment
where it will not be subject to nocuous forces such as gravity,
abrasion, vibration, shock, electrostatic attraction or wind
drafts, the paint will be lost. Intervention or treatment of
the painted object involves the stabilisation of the paint by
the introduction of a consolidant. The object treatment will
differ from the treatment of painted surfaces with high binder
concentrations because the consolidant is rapidly absorbed and
paint appearance easily changed. The change in appearance will
also depend on the binder used and the concentration.

The primary objective of this thesis was to determine a simple
method to identify binder presence and type used on
ethnographic painted objects. The secondary objective was to
discuss the implications of binder presence and type to painted
object preservation.

The influence of binder presence and type on the choice of
preventive or interventive treatment can not be under-estimated
and is discussed, based on the findings of this work.

Although an ethnographic painted surface is a combination of
both pigment and binder applied to a particular substrate,
there has been only limited interest and conservation reference
to traditional binders, while on the other hand, inorganic
pigments have been well documented and discussed. With the

disappearance of traditional human cultures and their material
culture, there is an increasing need to identify and
characterise materials and manufacturing techniques for older
ethnographic collections. This research provides information on
the range of pigments and traditional binders used on
Australian Aboriginal painted objects manufactured prior to
1970. This period was selected because after the 19701s,
synthetic or modern adhesives such as wood working glue or poly
vinyl acetate emulsions were introduced into the Aboriginal
craft market.

Preliminary investigations from the literature into the range
of binders used on Australian Aboriginal painted objects
revealed that lipid (fat or oil) based binders appeared to be
used on more object types than other binders. Therefore this
research focuses primarily on lipid binders but information
pertaining to protein and carbohydrate binders is also given.

A major finding of this research is that it is possible to
identify binder presence and to characterise it by using a
simple laboratory test. Identification of a binder has
implications to the selection of appropriate consolidation
treatments, and this is also discussed.

This thesis is presented in two stages:

Stage 1:

Survey of traditional binders and pigments
used on Australian Aboriginal painted objects

Aim :

To identify, from anthropological sources,
the range of traditional binders used on painted
objects. Information on natural pigments is also
presented.

Stage 2:

Identification of binders on painted museum objects

Aim :

To develop and test a simple laboratory method which
could be used to identify the presence of lipid
binders. Preliminary information on protein and
carbohydrate binders is also presented.

A discussion on the implications of these findings to the

conservation of painted objects is also presented.

The scope of this research is outlined in Figure 1.

Figure 1

I

O u t l i n e o f t h e Scope of t h e P r o j e c t

STAGE 1 - Identification of traditional binders and
pigments

Pigments
Binders

I

:

I

Object survey
Object type
Australian Museum Geography

Anthropological
literature citings

STAGE 2 - Identification of
binders used on painted wooden
objects

Identification and
selection of test
procedures

I

I

Object testing

1

FTIR Verification

STAGE 3 - Implications to the conservation of painted
wooden objects

Stage 1 incorporated the data collection phase of the thesis.
First, a literature search was carried out based on
anthropological citations in which a total of 68 publications
were found with 185 relevant citations on binders and pigments

In addition, four anthropologists specialising in the study of
Australian Aboriginal culture were interviewed. Information
relating to object type and location (geographical area) was
collected. Object type was significant and it was found that
different classes of objects appeared to use different binders
(eg. domestic objects had a greater usage of fat and oil
binders while bark had a greater usage of orchid juice). Once
this information was assessed it was possible to characterise
the information relating to binder type and determine an
appropriate test procedure.

Nost material culture studies lacked description of
manufacturing processes or materials and are more concerned
with context in which the object was made. Historic
anthropologist observations are now being scrutinised because
they were often culturally biased and documentation lacked the
entire object manufacture process. Therefore it has become
increasingly more important to verify the materials used, in
this case binder type, by testing.

Stage 2 represented the testing phase, initially a test
procedure using replicate fresh and artificially aged paint
samples was developed followed by testing the developed
procedure on a number of museum object paint samples.

Verification was carried out on two object samples using

'

Fourier Transform Infra-Red Spectrometry which confirmed the
results from the testing procedure. (Originally arrangements
were made to test eight object paint samples but unfortunately
when the time came to test the samples The Getty Conservation
Institute could only test two samples.)

After Stage 2, a discussion and summary section on the
implications of these findings on binder presence and type to
the preservation of painted objects is presented.

STAGE 1:

Data Collection Phase : Traditional Binders and
Pigments used on Australian Aboriginal Painted
Objects

As Kamminga (1988 : 1) states
"one of the most neglected areas of research on Aboriginal
material culture is the study of raw materials used to
make the artefacts."
Reynolds and Bowden (1980:23-24),while examining the
collections of wooden swords in Australian museums, also became
aware of the near total absence of the identification of
materials used (wood, string and wax or resin). They commented
that
"the problem of inadequate documentation is of course not
restricted to wooden swords; it affects virtually all
zthnographic museums and their collections."

2.0

INTRODUCTION TO STAGE 1 : DATA COLLECTION PHASE
TRADITIONAL BINDERS AND PIGMENTS USED ON AUSTRALIAN
ABORIGINAL PAINTED OBJECTS

2.1

Introduction to Data Collection Phase

The data collection phase was carried out between 1988-89.

The

aim of this phase was to identify from anthropological sources
the range of traditional binders used on painted objects.
Information was collected from two sources:
1.

Literature citations

2.

Interviews with anthropologists working on Australian
Aboriginal collections

The remainder of Stage 1 consists of three sections:
Section 2.2 " Painted Object Types" summarises all object types
which were included in the literature review. A description of
each is provided, as well as summary details on geographic
distribution and decoration.

Section 3 "Findings of the Literature Review - Binders and
Pigments used in the Manufacture of Painted Objects" documents
the main results from the literature review.

Section 4 "General Conclusions for Stage 1" presents the
conclusions that can be drawn from the data collection phase on
binders and pigments.

2.1.1

Literature Citations

The literature data was obtained through a literature review
using four main library resources including the Australian
Museum Anthropology library, the Australian Museum main
research reference library, personal library material belonging
to Australian Aboriginal anthropologists at the Australian
Museum and the Australian Institute of Aboriginal and Torres
Strait Islander Studies library in Canberra. Appendix 1
contains a list of all raw data collected from the literature
related to pigments and binders. The review was limited to the
field of written documentation Secause this area held the
greatest amount of information and was easily accessible or
could be obtained through inter-library loan. Other smaller
sources of information such as film held by the Australian
Institute of Aboriginal and Torres Strait Islanders were not
included.

The review primarily examined traditional pigments and binders
and was limited to painted objects manufactured prior to 1970.
This period was selected because after the 19701s,synthetic or
modern adhesives such as wood working glue or poly vinyl
acetate emulsions were introduced into the Aboriginal craft
market.

This study is considered significant to ethnographic
conservation, particularly in Australia, because although this
information is not new, it has not previously been presented in

such detail from a single source.

During the literature search all information available to the
author and which relates to the painting of Australian
Aboriginal

objects was collected and is summarised below. If

no information was found on the use of a particular binder, it
has been indicated in each object category.

Information relating to object type and binder usage is also
discussed.

2.i.2

Interviews with Anthropologists

Interviews were held with four anthropologists who were working
on existing Australian Aboriginal collections and culture to
gain insights into the current Lise of binders on painted
objects.

Those interviewed were:
Ms Kate Kahn, Australian Museum, Aboriginal Collection Manager
Dr Betty Meehan, Australian Heritage Commission
Dr Paul Tacon, Australian Museum, Research Scientist
Mr Phil Gordon, Australian Museum, Aboriginal Liaison Officer
(Mr Gordon is of Aboriginal descent)

In addition, an interview was conducted with Mr Ross Sadlier,
Australian Museum, Research Assistant, Herpetology Collection
to discuss kangaroo and goanna fat which were reportedly used
as a lipid binder.

2.2

Painted Object Types

Painted objects can best be divided into two classes of fixed
objects and portable objects. In the first class are those
objects such as rock paintings, rock carvings, tree paintings
and carvings, ground paintings and ground models. In the second
or portable class are figures or models, weapons, implements
and utensils, ceremonial objects, ornaments or personal
adornment and bark paintings.

The literature review was limited to painted objects defined
as :
portable objects assumed to be made prior tc the 1970's using
traditional materials and techniques with wood as the
substrate.

Portable art can further be divided into three broad
categories:

1.

Domestic objects
- weapons and tools, which include shields, spears, clubs,

bark bags, baby carriers, digging sticks and musical
instruments.

2.

Ceremonial objects
- including dance boards, sacred/secret items,

pukamani poles (ceremonial grave poles made by Tiwi

people of Bathurst and Melville Island) and wooden
coffins.

3.

Objects with influences from other cultures
- including carved wooden heads and figures.

In addition to these three categories, binder information on
the two most widely studied painted surfaces of bark and rock
are also included because there was so much literature and
knowledge about these forms that they could not be ignored. It
was felt that there may be potential to include binders
associated with rock and bark painted surfaces in the testing
stage of the thesis if it was found that there was not enough
information on binders used on painted objects.

2.2.1

Domestic Objects

Domestic objects, except stone grinders, had a relatively high
mobility. Whether an object was designed for transitory or long
term use, the same care and pride went into their crafting.
Many domestic items, such as weapons, were designed to last and
were repaired. In some instances there is also evidence of repainting .

a) Shields

Aboriginal carved weapons and utensils are found all over
Australia. The surfaces of most shields were decorated. In
southern Australia decorations were made with very fine
engravings while in the north they were decorated with complex
painted surfaces.

Protective shields were worked in wood with a variety of stone
tools. The finished shield might be rubbed with animal fat to
prevent cracking and was sometimes painted. Shields from
ccntral Austrelia were carved and decorated with ochred designsand fluting.

A detailed descripcion of shield manufacture can be found by
McConnell (cited by Kennedy 1971:5-6), who reported the
traditional way of making Queensland (Goolmarry type) shields
which were incised and painted. The traditional method
manufacture had two men working on the shield simultaneously;
one working at each end. The shields were wide and irregularly
painted with a variety of patterns but being plain on the
obverse surface and decorated on the other with inlaid red or
white pigment (Berndt et a1 1982:116). Preparation utilised a
flange of buttress root from a fig tree, which had it's surface
chipped away leaving the central areas, one side for the boss
and the other for the handle. The shield was then soaked, dried
and soaked again, and then dried slowly over fire to prevent
splitting. Finally it was smoothed with pumice and painted

Some say that in New South Wales, Victoria and South Australia,
shields reached their aesthetic peak. Throughout the Lachlan
and Murrumbidgee rivers and into Victoria they were shaped with
the outer surface intricately incised and carved with diamond
and herringbone designs. Bow-shaped parry shields of New South
Wales were unique, with incised grooves often filled with white
and red ochres (Berndt et a1 1982:116-117). Murray River
shields were air dried over a heat source for several days and
were never immersed in water, as compared to the Queensland
shields. Reports indicate that giant shields were repaired and
repainted with charcoal mixed with blood after damage in combat
(Roth 1907-10:18).

b) Clubs

Clubs were either ochred (eg. pineapple clubs from Queensland)
or highly decorated and fluted (eg. those from

Melville

Island). There were no documented reports attesting to the use
of any binder.

c) Boomerangs

Boomerangs were not made in some parts of the continent such as
Arnhem Land, Cape York and Tasmania. In central Australia, the
boomerang was made from a carefully chosen curved limb of a
mulga tree. It had a fluted upper surface and a flat underside

neatly finished with adze marks. These boomerangs were given a
coating of red ochre, and when used in ceremonies, were often
elaborately decorated. They were primarily incised, and many
were undecorated or only partially so with simple ochre
markings. Boomerangs from Mornington Island were only ochred
whereas those from central Australia were fluted as well as
ochred. Boomerangs from the Kimberley region were incised and
coloured with a pigment wash (Art of the First Australians
1976:22).

There were no documented reports found on the use of

binders.

d) Spears

A mixture of animal blood, charcoal and water was frequently
rubbed along the entire spear shaft to create a black surface
finish. Such spears were used for hunting whereas fighting
spears were painted with white ochre, yellow clay and charcoal.
Spears made by the Tiwi had highly decorated barbs.

e) Spear Throwers

Spear throwers were plain as well as decorated with ochred
bands or circles. There were no documented reports found on the
use of binders.

f) Implements and Utensils

Many objects from eastern Australia have been stained with
plant juice and polished with ochre rubbed into the incising.
Small carvings are numerous in Arnhem Land. Tobacco pipes can
be found, which were probably introduced by the Macassans from
Indonesia. They were cylindrical and made from the pithy stem
of the lungin bush. The wood is scraped clean, smoothed and the
mouthpiece tapered and ridged. The whole stem is smeared with
red ochre (Berndt et a1 1982:104).

Multi-purpose wooden carrying dishes from the western desert
were traditionally undecorated. Coolamons were made using stone
axes to carve pieces of mulga, eucalypt, bloodwood, quondong or
white gum. Coolamons were not elaborately decorated; the wood
was cut and carved into shape and then covered with ochre
(Identity 1972:18-23). At Ernabella, coolamons were adzed,
scraped with broken glass and finally sandpapered. Poker work
decorations were incised by fencing wire made red hot on an
open fire.

Didgeridoos were traditionally unpainted except for those used
specifically for rituals. The incised grooves were often filled
with white and red ochres (Berndt et a1 1982:105).

2.2.2

Ceremonial Objects

Traditional ceremonial objects were considered impermanent and
only in rare occasions were objects such as sacred boards
carried over distances. In central Australia ceremonial objects
would be made from string and decorated wood with feather down;
bodies were also painted or decorated with down, as were
headdresses.

The ground was also drawn on and decorated. In Arnhem Land
bodies would be painted and totemic emblems made. Afterwards
such articles would be dismantled, the string and feathers kept
for a future occasion.

a) Wood Carvings

Three dimensional sculpture in wood was almost always
religious, directly related to mythological constellations of
the Dreaming, either of a secret/sacred kind or used in the
context of mortuary rites. The prototype of all Aboriginal wood
sculpture probably lies in the secret/sacred emblems
constructed of brush saplings or spears (Berndt et a1

1982:84).

Sometimes they were combined with sacred boards bound with
twine or human hair and decorated with ochre and feather down
designs and hanging tassels. Sculpture in traditional
Aboriginal Australia refers primarily to wood carvings in the
round. Carvings in stone are rare except the sacred t j u r u n g a ,
which were also carved in wood.

Most wood carving or sculpture were confined to isolated areas
of Australia such as Arnhem Land, Bathurst and Melville
Islands, Cape York Peninsula and the north west of Western
Australia. Sculpture combined carving with painting as well as
incising. No piece of sculpture was left unpainted: all were at
least red ochred (Baglin & Mullins 1969:84).

While the art of painting on bark has moved away from it's
traditionally defined social context, even today painted
sculpture has continued to be traditional. The design is
subjugated by ritual demands ~ n the
d
degree of possible
innovation is thercfore limited.

Generally speaking artists pay no more attention to preserving
their sculptures than their paintings. The object is used in
the ceremony for which it was made, after which it is most
cften laid aside and forgotten, left to rot or in some cases
destroyed, with the exception of rock painting.

b) Pukamani Poles

Both bloodwood and ironwood have been used in the manufacture
of poles. They are hard eucalyptus chosen because of their
resistance to weathering and prevalent termite attack. Poles
are carved and evenly smoked and blackened. Not only does this
serve to dry out the surface but also creates a suitable
background for subsequent painted forms. The artist prepares a
binder or fixative from a number of readily available sources

such as beeswax, orchid juice or turtle egg
(Bolton 1979 :33-34).

There are conflicting reports as to the actual purpose of these
binders. Some sources state that binders were deliberately
applied while others state the contrary. Amongst the Tiwi, it
seems fairly widely reported that although the poles would
stand for 40-50 years, they would rapidly lose their watersoluble surface designs and a fixative would be used to reduce
flaking which occurred, once the poles were left to the
elements. As Mountford reported (1958:417-440)"each craftsman
paints his own patterns on the pole he has carved. He seems
unconcerned that the monsoon rains may wash away 311 his
efforts within a few months."

Rolton (1979:33-34)refers to the application of binder as
being similar to that of under-painting. She stated that the
binder could either be used directly or mixed with pigments,
and that it deliberately applied to reduce flaking.

The carving of human forms on poles is considered to be a
recent practice, perhaps introduced at the same time as the
steel axe by Macassan trade or through experimentation of new
shapes. Mountford (1956:427) recorded the use of modern day oil
paints which, in his opinion, produced garish hues.

C) Coffins

Painted wooden coffins were common in northern coastal areas as
well as in north eastern Arnhem Land areas such as Maningrida
and Yirrkala (Berndt et a1 1982:96). The logs are cut from
selected gums which have been hollowed out by termites. The
outer surface was smoothed and then decorated with clan designs
in natural ochres. No documentation was found on the use of
binders.

2.2.3 Objects with Influences from Other Cultures

Some object types are considered to be influenced from other
cultures. This is evident with the Indonesian influences on the
Tiwi Islanders, and the -introduction of new materials generally
after the arrival of Europeans throughout Australia.

After the

establishment of the craft and tourist market, painted objects
were expected to have greater durability. This led to the
introduction of commercial additions such as wood-working
adhesives to hold the pigments together.

a) Carved Wooden Heads and Figures

The first Arnhem Land human figures to attract outside
attention were collected by W. Lloyd Warner at Milingimbi in
1927-28, by D. Thomson at Caledon Bay in the 19301s,and by
W.S. Chaseling at Yirrkala in 1938. However recorded evidence

suggests they were seen by missionaries in the region at least
a decade before. Comparison of early examples demonstrate a
continuing stylistic tradition modified and elaborated in
certain directions. The carving of heads in human form or
quasi-human form were traditional in north eastern Arnhem Land
though there is no evidence of when or how they first
developed. As a rule, they are highly conventionalised. In some
respects they resemble mortuary posts of Bathurst and Melville
Islands (Berndt et a1 1982 : 8 5 ) .

The practice of carving human heads in wood known as Tjambawal
and Banaitja, were thought to be adopted from Indonesian
fishermen during comparatively recent times in the 1900's.

The Tiwi pople have developed unique styles of art relatively
unaffected by those of the mainland. Carved wooden figures, in
the round, are believed to have been introduced to north
Australia by Malay Trepang fisherman from Macassar in the
Celebes. The regular visits introduced sculpture, tobacco
pipes, dugout canoes, and iron and glass for tool making. These
figures became an integral part of ceremonial ritual and were
used to represent tribal ancestors from the Dreamtime.

All human carvings, secular or sacred, were made by men. The
wood was cut to size and the bark removed, trimmed and shaped
by a shovel nosed blade. The decoration was carved and the
surface scraped smooth with a knife blade, tough stone or piece
of shark's skin sandpaper. It was essential that the wood

surface be smooth since sacred totemic or clan designs were
painted on it. Smeared with red ochre as groundwork for the
design, the ochre ritually signifying a spirit being in the
human figure (Berndt

&

Berndt 1948 : 311).

Now ironwood takes precedence over the softwood of the beach
kapok which was used for earlier figures (the softwood is
susceptible to termites). The north eastern Arnhem Landers used
light milkwood of the Leichhardt fig for carving figures
(Bolton 1979 : 75) .

In western Arnhem Land scme small wooden figures such as birds,
animals and fish were painted in ochre, while some were made
from bound grass, painted stones and lumps of beeswax. It is
thought that they originated from sacred and secret characters.

In western Cape York peninsula, a tradition of carved wooden
figures is now recognised as unique in the history of
Aboriginal art, which has continued and grown since about 1950.
Carved wooden ceremonial objects were collected in the 1920's
and 1930's by the anthropologist Ursula McConnell, but these
were largely secret or semi-secret objects, and apart from two
wax figures, simple in form.

In 1962, McCarthy collected a

group of sculptures which are now housed at the National Museum
of Australia. This collection illustrates that the tradition of
carved wooden figures has continued in a modified form.
Although the ochred figures are only used in ceremonies and
have never been made for sale, some small unpainted figures of

totemic animals were being made for the craft market in 1987
(Sutton 1988: 23) .

2.2.4

Paintings on Rock

There are many examples of the earliest surviving Aboriginal
painted surfaces which can be found on rock walls, caves and
shelters. Berndt et a1 (1982:Sl) have suggested that although
only these examples remain, Aboriginal people probably painted
on any clear surface which came to hand, especially as many
still do so on human bodies, walls of bark huts, etc.

Few rock paintings in Arnhem Land have been executed within
living memory. However the techniques and the subject matter of
these rock paintings have been retained and are now manifested
through different painted media. Occasionally, Aboriginal
people drew directly on the rock wall with pebbles of ochre or
charcoal, but more often a paste-like liquid mixture or slurry
was prepared. The evidence of such preparation can be found
today in some sheltered galleries where partly worn ochre
pebbles are present showing the parent rock on which the paint
was ground and mixed (Berndt

&

Phillips 1973:92).

It is difficult to say to what extent binders were used in
Arnhem Land rock paintings, although they are now frequently
added to paintings on bark as a fixative. This may help to
explain why some painting on rock walls are better preserved

than others.

Neither age nor degree of shelter seem to account consistently
for their state of preservation. Perhaps the durability of
paintings does not depend on whether or not a binder was added
but, rather, on the physical and chemical properties of the
pigment and the rock surface as well as weathering processes
they may have been subjected to. The reactions that take place
between paint and rock under the influence of natural agents
may actually determine the life span of the painting (Berndt

&

Phillips 1973:93). Ford and Watchman (1990:23) have also
postulated that even if the paintings contained organic
binders, they have long since disappeared and the stability of
the painted surface is due to other factors such as the
formation of a natural inorga.nicbinding process. Experiments
which compared a range of natural organic binders (fats, blood,
fish glue, pla.nt gums and resins) have suggested that certain
pigments mixed with water alone, are more durable. They comment
that pigments, such as red and yellow ochres when mixed as a
slurry with water alone, will penetrate and bind to quartzite
rocks, to become as permanent as the rock itself. Unfortunately
the same is not true for white pigments, which do not bind
readily and are easily damaged (Ford

&

Watchman 1990:22).

Until recently it was assumed that binders were consciously
omitted from rock paintings (Rosenfeld 1987:21) but research
using Accelerator Mass Spectrometry (Loy et a1 1990:llO-116)
has detected human blood as a constituent of red pigment at two

Australian rock art sites (Judds Cavern in south western
Tasmania, and Laurie Creek, Wingate Mountains in north eastern
Northern Territory). Microscopic and chemical analysis revealed
it's presence in association with hematite, silicates and
carbonates. This detection of human blood is significant, as
ethnographic accounts of Australian Aboriginal ceremonies
indicate that human blood was commonly used both as a binder
for other decorative substances and as a pigment itself (Jones
et a1 1982:17 and Loy et a1 1990:114). General accounts also
confirm that human blood was often used within the context of a
wide range of ritual activities.

2.2.5

Archaeological Sites

Almost every excavation of sites older than 10,000 B.P. has
uncovered quantities of ochre pigment in pellets or as a stain.
Pieces of ochre were obviously used for drawing, with some
fragments having smooth edges. Larger quantities have been used
in ceremonies and accounts exist of supplies being gathered
from certain quarries for this purpose and being traded
throughout the country. Further archaeological evidence at Lake
Mungo (and other nearby sites dating human occupation to well
beyond 35,000 B.P.) have revealed human bones stained red. This
indicates that they had been coated with red ochre, and
demonstrates the long use of ochre as a decorative coating
material (Isaacs 1984 :264).

2.2.6

Paintings on Bark

No study on painted Aboriginal objects could ignore paintings
on bark, especially since there is an overwhelming amount of
information available concerning them. Much of the information
relating to binders and pigments refers to their preparation
and manufacture. It could be assumed that some of this
information would be similar for the preparation and painting
of objects.

In 1973 Groger-Wurm (1973:l-5)wrote a definitive account on
the history and distribution of bark paintings. The earliest
record is found in 1800-1804 with the French discovery voyage
under the leadership of Baudin, in Tasmania. The naturalist on
the expedition, M.F.Peron, document,edburial sites with bark
structures over the grave mounds, with symbolic drawings on the
bark surfaces. Several other records from Tasmania have also
been documented. Painting on bark has also been practised in
Victoria and New South Wales. In 1857, Krefft noted bark
drawings being made near the lower Murray and Darling Rivers.
Lloyd in 1862 mentions Victorian Aboriginals drawing with
charcoal onto sheets of bark. These paintings also had a
ceremonial purpose as documented in the Votes and Proceedings
of the Legislative Council, Victoria 1858-9.

The earliest records primarily relate to bark shelters. In
Arnhem Land, long sheets of stringy bark were bent over a
wooden frame and were often long enough to rest on the ground

on each side. It has been suggested that painting on these
sheets passed away the idle hours during the wet season when
the rain kept the Aboriginals in their huts or rock shelters
(Australian Aboriginal Art 1960-1:ll). Scattered references in
the writings of early explorers indicate that the practice of
painting on bark was wide spread along the east of Australia
and Tasmania although only a few examples now remain.

It is assumed that this practice would also have been apparent
in Queensland, wherever Aboriginal people used sheets of bark
to construct their wet weather shelters. There are no records
from central Australia or north east A~stralia.In central
Australia there are few trees large enough to provide suitable
sheets of bark to build shelters, and the low rainfall and
semi-nomadic life.of the Aboriginals of this area made it
unnecessary to have permanent shelters. In northern Australia,
particularly Arnhem Land and adjacent islands, bark paintings
reached a notable development (Berndt 1964:20 and Massola
1958 :124-7).

The earliest records derive from 1834 and 1837 when Major
Campbell visited Melville Island. The Fronbenius expedition in
1937-8, under the leadership of Petri, collected works from the

Kimberley region in Western Australia. However the area where
bark paintings has flourished and where the art form has
continued to the present day is Arnhem Land and in the north of
the Northern Territory (pers. comm. K.Kahn 1993).

Bark paintings, in traditional culture, were not intended to be
permanent. They were done for an explicit ceremonial purpose or
an impulse for pleasure (Groger-Wurm 1973:3) . Although the
brittle nature of the bark and the unstable nature of the
pigments were in themselves not capable of withstanding time,
the artists used binders to help fix the pigment onto the
surface. Whether this was really an aid to facilitate the
application of the paint or was used as a I1fixativel1can only
be postulated.

Paintings are designed within the requirements of the
traditional style of each area, but within these broad
fr&.meworks individuals make their own unique contribution (Art
of the First Australians 1976). Traditionally there are
distinct regional styles in Arnhem Land:
1.

West Arnhem Land features x-ray and Mimi art with
figurative motifs

2.

North east Arnhem Land features symbolic and colourful
coverage of the entire bark, and at Yirrkala, red is
predominantly used

3.

Groote Eylandt features simple figures, plain background
and characterised by black manganese ore found on the
island

4.

Bathurst and Melville Islands feature almost totally
abstract and ornamental designs

Many bark paintings collected since 1929 have been painted on
neat rectangles of stringy bark flattened under sand and logs.

On many, the artist's have applied a ground coat of black, red
or yellow pigments rubbed over with orchid juice to form a hard
and comparatively smooth working surface.

There are numerous accounts of the bark painting manufacturing
process including that of Tworek-Matuszkiewicz (1989:176-180)
which gives an excellent account involving the stripping,
smoking and flattening of bark (Hoff 1984:lO-13, Allen 1975:7,
Attenborough 1964:64-95, Art of the First Australians 1976:57
and Isaacs 1984 : 178) .

Serndt 2nd Phillips state that the only difference between
paintings on bark and sculpture is that sheets of bark were
first treated by rubbing orchid juices over them to fix the
pigments (1973 : 167) .

There was no archaeological evidence of paintings on bark and
wood found. It was not until the 1870's that paintings on bark
were identified as a characteristic form of art, and another 40
years before Sir Baldwin Spencer made the first substantial
museum collection. Examples of wooden sculpture include the
Toas of Lake Eyre, which appeared around 1904-1905; carved

human heads and figures from Arnhem Land first reported in the
19301s,and the elaborate sculptures of the western Cape York
Feninsula documented in the 1950's. As known today, predominant
collections of painted material are found in north Australia.

It seems apparent that not until European interest and
settlement of Australia, were significant collections of
Aboriginal material identified, collected and subsequently
documented. Therefore we may never know if there are
traditional media not acknowledged by Europeans for 100-140
years, or if they are new forms developed independently of
European contact.

2.3

Interviews with Anthropologists Working With Australian
Aboriginal Collections

At the initial stages of the work several interviews were held
with a number of anthropologists working with Australian
Aboriginal collections and culture. All expressed interest in
this thesis but were more familiar with recent binders being
used.

Ms Kate Kahn (Collection Manager, Aboriginal collection,
Australian Museum) had noted the use of cooking oil now used as
a substitute for kangaroo or goanna fat. She also noted that
bullocks' blood, obtained from the local abattoirs, was being
used instead of human blood for ceremonial painted objects.

Dr Betty Meehan (Australian Heritage Commission) considered
that a range of binders were thought to be used including
orchid juice on bark and blood for ceremonial purposes. Turtle
egg and plant oils were also used.

Dr Paul Tacon (Research Scientist, Aboriginal collection,
Australian Museum) reported the use of goanna and kangaroo fat.

Mr Phil Gordon (Aboriginal Liaison Officer, Australian Museum)
reported that a range of materials were used as binders,
although the traditional binders had now been replaced by wood
working or craft glue.

Mr Ross Sadlier (Research Assistant, Herpetology collection,
Australian Museum) commented that in his opinion it would be
unlikely that kangaroo fat would be used commonly as a
traditional binder. Conditions in which kangaroo would sroduce
fat would be likened to captive or zoo conditions. He
considered that kangaroo meat is extremely lean and fat storage
in natural conditions would be rare. This is in direct contrast
with goanna fat which would be plentiful, particular1.y around
the tail of the reptile. In his opinion goanna fat would be the
most likely fat source.

These discussions supported the feeling that most studies
relating to material culture relate more to the context in
which the object was made rather than the object itself.
Generally it can be assumed that a variety of binders were
used, but from these discussions it was not known if binders
were traded and whether cultural bias played a role in the
determination of binder presence, type and function (used as a
vehicle, paint facilitator or holding some ritual
significance).

After interviewing these anthropologists it was found that the
range of materials said to be used as binders matched well to
the range found in the literature. Although a number of
anthropologists referred to the use of blood for ceremonial
objects, this was not reflected in the literature.

3.0

FINDINGS OF THE LITERATURE REVIEW - BINDERS AND PIGMENTS
USED IN THE MANUFACTURE OF PAINTED OBJECTS

3.1

Binders

Binders have three functions. Not only do they hold the pigment
in place and facilitate the application of the paint medium,
they also have an effect on the appearance of the painted
object. Ethnographic painted objects have traditionally been
described as having low binder concentrations (1-5%) and this
is the reason given for their matte appearance. They are
described as having a low binder volume concentration (BVC) in
relation to pigment volume concentration (PVC).

The binding or fixing of pigments can be performed in one of
three ways:
a.

the binder is applied first, followed by the pigment

b.

the binder and pigment are mixed and applied together;
the pigment is mechanically dispersed in the binding
vehicle or medium to give a more or less fluid paint
or coating

c.

the pigment is applied first, followed by the binder

The first two techniques have been documented as methods for
the application of binders, with no references found to the
third method.

From the literature there were two different classes of binders
outlined, from either animal or plant sources. This information
has been summarised below. Refer to Appendix 3

:

"Summary of

Binder Information Collected from the Literature" for detailed
information collected on binders from the literature.

Animal Binders

3.1.1

There are a variety of types of animal binders mentioned in the
literature which are tabled below

Table 1

:

Animal Binders

Binder
Type

I

I1

Object Percentage
Domestic

I

Ceremonial
-----

Weapon Tool
blood
animal
human
fat or
grease1

:

--

Rock

Total

Bark General

-

--

10%

3%

-

-

3%

10%

26%

13%

-

-

7%

-

17%

37%

-

7%

-

17%

beeswax
or honey

-

3%

7%

egg white
or yolk

-

-

3%

3%

7%

-

13%

salivaZ

-

-

-

-

7%

-

7%

23%

6%

10%

10%

24%

27%

100%

TOTAL
1

2

.

emu, kangaroo, goanna, fish fat or grease

pigment placed in mouth sometimes with some water and
mixed into a thin paste. This is a common practice for the
preparation of pigment for the production of stencils on rocks

NB: urine has been reported to be used to help form an ochre
ball which could then be traded and transported easily rather
than as a binder.

Types of animal binders identified were blood (either human or
animal), fat and grease, beeswax and honey, egg yolk, egg white
and saliva.

Animal binders were prepared in various ways before being
painted onto the object surface. Fat, grease and wax were often
described as being smeared onto the surface or being rubbed
intc the pigment powder. They were not usually mixed with water
as opposed to blood, honey and egg which were mixed to form a
paste or slurry that could be readily painted.

The geographical distribution for all examples of animal
. .

binders found in the collected literature information is
presented in Table 2 (refer to Appendix 3

:

Summary of Binder

Information Collected from Literature). The table should be
referred to in conjunction with Figure 2.

Figure 2

:

Map of Australia with Geographical Divisions
According to Meehan and Bona (1986)

Area Codes
A r e a A : Arid Western desert
A r e a C : Central desert
A r e a D : Darling River Basin
A r e a E : East coast south Queensland and N.S.W
A r e a G : Gulf country
A r e a K : Kimberleys
A r e a L : S.E. and Lake Eyre Basin
A r e a N : Top end Arnhem Land
A r e a S : South East
A r e a W : West coast
A r e a Y : Cape York

Table 2

:

Geographical Distribution of Animal Binders

Geographical Area

Percentage

Queensland
Area Y

17%

Arnhem Land
Area N

37%

S.E coast
Area S and E

3%

Adelaide Plains
Area L

10%

Unspecified

33%

Discussion

There were two main types of animal binders that were referred
to in the literature. These types were blood, either human or
animal (26%) and fat or grease (37%). Significantly, both of
these groups had their highest use within weapons.
Geographically, Arnhem Land (Area N) had the highest recorded
usage of animal binders (37%) followed by the Queensland
district (17%). This data is consistent with the fact that
predominant collections of painted material were found in the
north of Australia, as they are today.

The grouping of Domestic objects illustrated the greatest usage
of animal binders. Bark paintings also showed a significant
percentage of use of animal binders. It is surprising that the
Ceremonial object classification appears to have a
significantly lower rating than expected. Anthropologists often
will refer to the use of blood as a ceremonial symbol,

particularly with red and black pigments, but this was not
reflected in the literature. Perhaps the reason for this is
that documentation concerning ceremonial practices is not
available for general distribution, particularly information
relating to sacred-secret practices and indeed this study did
not aim to collect information on this material.

Plant Binders

3.1.2

There are a variety of plant materials which have been used as
binders according to the literature (refer to Appendix 3

:

Summary of Binder Information Collected from Literature), and
these are outlined in the following table

Table

3 :

:

Plant Binders
Total

Object Percentage

Binder
Type
Domestic

Ceremonial

Rock

3%

5%

Bark General

Weapon Tool
orchid
juice
or sap3

-

-

57%

3%

68%
I

oi l4

3%

-

-

-

-

-

3%

gum5

3%

-

-

-

5%

-

8%

resin6

3%

-

-

3%

7%

5%

18%

-

-

-

-

3%

-

3%

9%

-

3%

8%

72%

8%

100%

extract
of leaf
TOTAL

3

Orchid juice or sap from Dendrobium species, in particular
Dendrobium dicuphum or Dendrobium affine; Geodorum species, in
particular Geodorum pictum or neocaledonicum also known as
Geodorum densiflorum; Cymbidium species, in particular Cvmbidium
canalicultum
4

candle wood; Aleurites moluccana willd; swamp root

5

Acacia species and Melaleuca species

6

Anacardiacca buchanania obavata; Le~tosperum fabricia
forst; Eucalyptus species; paperbark; bloodwood

The botanic names have been given in forms that appear in the
literature text. No attempt has been made to provide current
taxonomy.

NB: At Yirrkala and Oenpelli the orchid juice was rubbed

directly onto the substrate compared to Groote Eylandt where it
was mixed with water and then applied.

Plant binders were predominantly used on bark paintings. There
were only a small number of references to painted objects.

The geographical areas for the information presented in
Appendix 3 on plant binders, were also tallied.to see the
distribution of the collected literature information (refer to
Figure 2). The results are as follows:

Table 4

:

Geographical Distribution of Plant Binders

Geographical Area

Percentage

Queensland
Area Y

8%

Arnhem Land
Area N

62%

General

30%

Discussion

The predominant plant binder was orchid juice (71%), with
reference to three different species. The second largest group
was that of resins (19%). Gums, oils and leaves were also

mentioned as a source for plant binders but in a smaller number
of cases. Geographically, Arnhem Land (62%) featured as the
largest area for the use of plant binders. This correlates well
with the fact that bark paintings were the main source of
information; they feature prominently in Arnhem Land, and this
area has produced significant collections of painted material.

Interestingly, bark paintings featured predominantly for the
use of plant binders compared to animal binders (in which
domestic objects had the greatest numbers) . From these results,
it can be ascertained that for collections of painted objects,
the likely binders would be from animal based sources.

3.1.3

Discussion on Binder Usage

Binders used traditionally were either from animal or plant
sources. Typically these included gums or resins, egg (yolk or
white), blood (human or animal), fat or grease, beeswax, orchid
juice and other plant extracts. From the literature there were
several references to the effectiveness of the binder used.

I1ons (1983:15),commented that
"traditional binders of egg and beeswax have shown
longer lasting adhesive and cohesive properties when
compared to other materials. Poor adhesion and
cohesion in an ochre layer can be caused by too
little binder in the original preparation, natural
drying, poor support preparation or physical damage."
Unfortunately, the literatine survey did not indicate that
these binders, with better cohesion properties, were used in
significant amounts.

Mountford (1966:lO) commented that throughout Arnhem Land, in
the preparation of bark paintings, pigments were ground with
water and sometimes a fixative. Arnhem Landers rubbed the
sticky sap of one of the tree orchids on sheets of bark to hold
the pigments in place. Mountford comments further that this
method was an effective one as long as it was applied thinly,
otherwise the paint tended to flake off. From this observation,
it can be interpreted that deterioration of the freshly painted
surface was evident and methods to prevent this occurrence were
being considered.

Hoff (1984:lO-13)reported that the pigment could be crushed
and then the binder added with water, and could be blended in
large quantities. Dendrobium (tree orchid) juice or acacia gum
were mixed with pigments or rubbed over the surface prior to
the application of pigments. Since 1960, a range of readily
available poly vinyl acetate emulsion adhesives, thinned with
water, have been widely used as binders. This has been a direct
response to the expanding craft market and the demand for
greater durability and permanence of the art work.

Solton (1979:33-34) reported that
"the Tiwi artist prepares a binder or fixative from a
number of readily available sources. They include honey
and wax of the wild bee, esg yolk of the sea going turtle,
sticky gelatinous sap derived from crushing orchid roots
(Dendrobium sp) in water and the crushed leaf of a plant
(Anacardiac~-buchanania obovata) of the mango family
dipped in water to produce a gummy substance. The fixative
is either rubbed directly onto the surface or mixed with
the ochre. The use of binhers reduces flaking . . . "
It is inferred that the binder is added as a good adhesive
between the pigment and the substrate.

Leenhardt (1950:25-31) reported that in the preparation of
totems, nothing exterior to oneself must be used in preparing
the colour paste. In this case blood or saliva were used.
Unfortunately no direct records were found relating to object
type -

There is no evidence which indicates the trading of binders,
although gums and resins were traded and used as adhesives.

3-2

Pigments

According to Goffer (1980:167)
"pigments are finely divided, insoluble coloured materials
used to impart colour to other materials. They do not
usually combine, chemically or otherwise, with the
material to which they impart colour. They are either
applied directly or must be deliberately attached to the
surface by means of a binder."
Pigments can be classified according to three criteria:
a.

origin - natural or synthetic

b.

composition

c.

colour

-

organic or inorganic

The colour classification has been selected for this study
because it provided a classification system without the need
for chemical identification. Refer to Appendix 2

:

Summary of

Pigment Information Collected from the Literature, for a
detailed list of pigment information collected from the
literature.

3.2.1

White Pigments

The varieties of white pigment listed in the literature as
having been used by Aboriginal people were as follows: ashes,
chalk, clay, copi, gypsum, huntite, kaolin, pipeclay and
selenite.

This data can be divided into three main white pigment
groupings and a small miscellaneous group as follows:
-

clays

-

gypsum

-

chalk

-

miscellaneous

:

ashes, burnt alum, eagle dung, etc

The relative proportion of use for each class of white pigment
was calculated based on data collected from the literature
(refer to Appendix 2) and the results are tabulated in Table 5.
Xeferences to white pigment were made in 34 of the 118 pigment
citations.

Table 5

:

White Pigments
Relative
Proportions
(percentage)

Class

TYFe

clay

pipeclay
kaolin

59%

selenite
copi

23%

calcium carbonate
huntite

14%

gypsum
chalk
other

ashes
burnt alum
eagle dung

4%

a) Clay

Clay represents the type of white pigment (59%) most commonly
used in painted surfaces and includes both pipeclay or kaolin.

The term clay is a general one and can refer to any plastic,
variously coloured earth consisting essentially of hydrous
aluminium silicate (formula A1,0,. 2Si0,.2H,O) . The atomic
structure of clay is basically that of a layered-lattice
mineral. Clays generally occur as minute, platy, more rarely
fibrous crystals. An important characteristic is their ability
to lose and take up water according to temperature and ambient
relative humidity. Clay when pulverised and mixed with water
exhibits plasticity; becoming rigid on subsequent drying and
developing hardness and strength on heating. If water
evaporates too quickly during drying, internal stresses occur
which can cause cracking and breaking.

There are five mineral groupings with the most important, for
the white pigments. The Kaolinite Group, (A.I,Si,O,,(OH),) , often
referred to as pipeclay, china clay or kaolin, is the most
significant mineral group for white pigments.

The terrn

kaolinite is usually reserved for pure (iron oxide free) white
clay. It is semi-transparent, finely divided and homogeneous.
It has a low refractive index (1.565) and it is only weakly birefracting. It is inert chemically and when heated it becomes
harder, due to loss of water. It is unaffected by strong acids
or alkalis. It's particles have a sheet-like crystalline
arrangement, while the particles of most other clays have the
shape of thin, flat platelets (Goffer 1980:llO-115).

b) Gypsum

Gypsum is the second largest group (23%) of white pigment found
in the survey and includes selenite which is a transparent form
of gypsum and copi which is a general term for weathered
gypsum. Gypsum is calcium sulphate dihydrate (CaS0,.2H,O) and
is often associated with salt deposits. It is an evaporative
mineral (a sediment resulting from the evaporation of saline
water), found in clays and limestones, and sometimes associated
with sulphur. There are several varieties; selenite, which is
crystalline, transparent and foliated; satin spar, which is
fibrous with a silky lustre; alabaster, which is fine grained,
massive and may be nearly pure white; and ordinary rock gypsum,
a compact granular form, which often contains impurities such
as calcium carbonate, clay and silica.

Gypsum is stable and is slightly soluble in water. It has a
refractive index equal to 1.523 and is weakly bi-refracting.
(Gettens and Stout 1966:117-8 and Roberts et a1 1974:253).

The gypsum mineral is made into a pigment which is suitable for
painting by being burnt to form it's anhydrite. This anhydrite
is equivalent to plaster of Paris. Prior to burning, gypsum is
a crystalline mica-like material which is not readily ground
into a pigment.

c) Chalk

Chalk (whiting, lime white) is the third largest group (14%) of
white pigments and is one of the many natural forms of calcium
carbonate (CaCO,) and the mineral calcite. Natural chalk is a
soft white, grey white or yellow (from iron oxide staining)
rock which is largely composed of the remains of minute sea
organisms (Foraminifera). It is homogeneous microscopically,
and at high magnification ( ~ 4 0 0 ,
x500), fossiliferous remains
in the shape of tiny hollow shells can be seen. It's refractive
index is low, and this helps to explain it's poor covering
power. Chalk is stable, but when heated strongly it ehznges to
calcium oxide (lime), and it is decomposed by acids (Gettens
and Stout 1966:103 and Roberts et a1 1974:lOl). Stability on
acid supports, such as wood, may be affected.

Huntite is also in the carbonate group (CaMg,(CO,),) and is a
compact, chalk-like mass, which is exceedingly fine-grained and
fibrous. It is used on rock paintings and is prized for it's
pure white colour. This pigment is also known to react with
atmospheric sulphurous gases to produce gypsum and magnesium
sulphate (MgSO4.7H,O), which is extremely deliquescent and
remains in solution, slowly leaching out the pigment. These
pigment changes have been documented at Obiri, East Alligator
area and to a lesser extent at Nourlangie and Narandi (Clarke
1976:138-139 and Roberts et a1 1974:285).

Research carried out by North and Clarke (1987:6-8),dealing
with rock art and pigment identification, has shown rock art
pigments such as calcium carbonate undergo chemical changes.
The process of formation of gypsum from carbonates is thought
to be through the reaction of basic carbonate pigments with
atmospheric acidic sulphur-containing gases, the commonest
being hydrogen sulphide (H,S) and sulphur dioxide (SO,) . Recent
identifications of sulphur producing bacteria in close
proximity to the painted surface has also been suggested as
providing the necessary source of sulphur to enable this
reaction to proceed.

The reaction is as follows:

+ H2S

->

CaS + H20 + CO,

CaCO, + SO,

->

CaSO, + CO,

CaCO,
and

The products thus formed are unstable in the presence of oxygen
and water vapour and will rapidly oxidise to form gypsum
(calcium sulphate dihydrate). Gypsum can also be formed by the
breakdown of sulphide ore deposits as follows, although this
only occurs to a minor degree.

CaS + 20, + 2H,O

->

CaS0,. 2H20

and
2CaS0, + 0, + 2H20 - > 2CaS0,.H,O

Gypsum is appreciably more soluble in water than the original
carbonate. The problems associated with high humidity and/or
cyclic conditions are the movement of pigment and it's recrystallisation.

d) Miscellaneous colorants

There was a small percentage (4%) of miscellaneous colorants
such as ashes, burnt alum and eagle dung.

Discussion

The use of white pigment has been documented on all types of
objects and there are also reports of it's mixing or addition
with binders. The information is based on literature
?redominantly relating to the areas of Arnhem Land, the
Kimberley and Cape York Peninsula.

Identification is important in the characterisation of the
painted surface. Using the McCrone technique for pigment
identification (McCrone 1982:ll-34) these pigments can be
distinguished microscopically. Chemical and physical properties
as outlined by Gettens and Stout (1936:Table 1

&

1966:147) can

also be used to distinguish them. Identification can also be
significant information during the selection of an appropriate
conservation treatment technique. As an example, when
considering a water-based consolidant compared to a solvent
based system, the pigment's affinity to water can be considered

as advantageous or disadvantageous, in some instances. Also,
identification can help to indicate alteration products and
hence information relating to past conditions or even
treatments (which cannot be overlooked), although it would be
difficult to distinguish between degradation product and
original pigment using pigment analysis.

Research by Lepoutre and Hiraharu (1989:2077-2084) on clay and
calcium carbonate pigments has shown that the lower cohesive
strength of clay coatings at a given binder level, compared to
CaCO, coatings, is due to a higher void fraction. This makes
the coating more fragile. Better packing ability has also Seen
indicated for CaCO,. This may indicate a difference between the
deterioration of painted surfaces when comparing the pigment
types and suggests that clay painted surfaces may have a
greater tendency to powder.

3.2.2

Red and Yellow Pigments

Red and yellow pigments are generally referred to as ochres,
ferric oxides, ironstone, and more specifically hematite (red)
or limonite (yellow). Other miscellaneous materials referred to
as being used were sundew roots, lining on ant's nests and the
sapwood of trees with a yellow or red colour.

The relative proportions of each class of these pigments was
calculated based on data collected from the literature (refer

to Appendix 2) and the results are tabulated in Table 6.
References to red and yellow pigments were made in 45 and 34
citations respectively from a total of 118 pigment citations.

Table 6

:

Red and Yellow Pigments

Class

Type

Relative Proportion
(percentage)

ochre

limonite
goethite
hematite

88%

other

sundew root
inner ant's nest
sapwood
mercury ore

12%

The largest group (88%) of yellow and red pigment was
represented by ochre. According to Gettens and Stout
(1966:134), an ochre is a natural. earth of silica and clay

which owes it's colour to iron oxide in either the anhydrous ar
hydrous form. Red ochre is coloured by anhydrous iron oxide
iFe,O,), but in yellow ochre the colour is caused by the
presence of various hydrated forms of iron oxide, the chief of
which is the mineral goethite (Fe,O,.H,O) .

Hematite and red ochre are often confused as being one and the
same. Red ochre can be distinguished because it contains some
residue water and is often made by burning yellow ochre.
Microscopically they can be distinguished by shape and by the
presence of impurities, although micro-chemically they are both
identified by a positive result to the presence of iron.

Other sources of red colorants are from the root pustules of
the sundew plant and stained kaolin, while yellow colorants
were derived from the insides of ant nests and sapwood of trees
such as sandalwood. These sources are organic in nature but
only represent a small proportion of the red and yellow
pigments used (12%) .

Research by Cook et a1 (1990:30) has shown that red ochre in a
rock art site (Cloncurry, north western Queensland) has been
made by undergoing a change on the rock face whereby goethite
(FeOOH), the yellow mineral, has been converted to the red
ochre. The reaction has been shown to take place by simple
dehydration. Elevated temperatures decrease goethite's
stability and at a temperature of 40°C or more, conversion can
take place. Fine grain size (less than 1p.m) also favours the
production of hematite and goethite grain size is commonly less
than lpm. Humidity is also an important factor. High relative
humidity and low temperature environments are more likely to
stabilise goethite. Examples have been found of this conversion
on the once monochrome Cloncurry rock painting.

This has implications when considering conservation treatment.
A technique sometimes used to reattach loose paint may involve

a heated spatula to relay the flakes. Obviousiy this technique
should be avoided if goethite has been used as a pigment.

Environmental conditions favourable for this conversion may
also occur during the objects manufacture, it's working life or
in poor storage conditions.

The miscellaneous pigments, being predominantly organic, should
also be studied with care because they would react quite
differently compared to mineral pigments. Changes in
conditions, which could be brought about during treatment such
as a change in pH, may affect the original colour (Lee et a1
1985:184-188).

Discussion

Red and yellow pigments are reported to be used on a variety of
objects. Red pigment has often been considered to hold ritual
or ceremonial significance and was often mixed with blood or
used as a symbol for blood.

Pigment identification and characterisation may give an
indication of changes due to variant environmental conditions
or an inappropriate conservation treatment.

3.2.3

Black Pigments

The most commonly used black pigments were manganese, charcoal
and battery black (a more recent addition). There are also
references to the use of bootblack as well as extremely dark

samples of hematite. References to black pigment were made in
25 of the 118 pigment citations.

Results have been tabulated based on data collected from the
literature (refer to Appendix 2) as follows:

Table 7

:

Black Pigments

Class

TYPe

Relative
Proportion
(percentage)

black

general

8%

manganese

manganese dioxide
battery black

30%
8%

carbon

charcoal

50%

other

bootblack

4%

I

Charcoal represented the largest proportion of black pigment
(50%). It is light and porous and usually retains the fine
strl~ctureof wood or other organic matter, from which it was
made. For that reason it is quite characteristic in appearance
when viewed microscopically. It may be seen as small, opaque,
elongated and splintery particles. It is unusual in that it is
an organic pigment.

The second largest group of black pigments are the manganese.
There are three common manganese ores
a.

Psilomelane ( ~ a ~ n O,,
~ (OH)
~ n ,)
~ ,

b.

Pyrolusite (MnO,)

c.

Manganite (MnO(0H))

:

Battery black is also a manganese ore, being an impure form of
manganese dioxide.

Bootblack (shoe colour of unknown composition) and extremely
dark samples of iron oxide were also mentioned as being used as
a source for black pigments.

Discussion

As compared to the other pigment types, the common black
pigments are organic in nature and therefore will behave
differently to conservation treatrents and materials. As an
example, charcoal is somewhat hydrophobic and not readily
miscible with water. It is therefore more compatible with nonaqueous organic solvent based consolidation systems rather than
water-based systems.

3.2.4

Blue and Green Pigments

A number of blue and green pigments, although they appear to be

seldom used (referenced in 5 of the 118 pigment citations) and
are tabled below.

Table 8

:

Blue and Green Pigments
Class

copper hydroxyl carbonates

iron silicate minerals
other

Type

malachitegreen
azurite-blue
glauconitegreen
Ricketts
washing blue,
bauxite,
organics such
as seed pods
and mildew

Relative
Proportion
(percentage)
17%

17%
66%

Discussions with Mr Ross Podson (Mineralogist, Australian
Museum), indicated that the most likely mineral sources for
these colours were copper hydroxyl carbonates for malachite
(green) and azurite (blue), and a silicate mineral for
glauconite (blue) .

Ricketts washing blue (unknown composition), a laundry soap or
detergent, has often been reported as being used as a blue
colorant. Purple-blue has been documented from bauxite. Organic
colorants are also documented such as blue seed vessels from
plants and mildew in charcoal.

As mentioned with calcium carbonate pigments, conversion of the
carbonate is possible to sulphate, which forms a more soluble
product.

Discussion

This group of pigments only represents minor usage although
they may still exhibit paint loss.

3.2.5

Pigment Summary

It has been documented from the literature survey that the
predominant sources of pigments are:

a.

White pigment - clay and gypsum

b.

Yellow and red pigment - hematite and goethite

.

Black pigment - charcoal and rnanganese oxide

c.

There are also a variety of miscellaneous sources, as outlined
previously.

Other significant factors concerning the use of pigment were

:

a) Restriction

Even if all colours were available the artist may not have been
free to use them at will. In some areas ochres, particularly
the reds, were the property

of certain groups within a tribe

and may be obtained only by barter (Art of the First
Australians 1 9 7 6 : 5 7 ) .

As opposed to other cultural groups, Mountford recorded that
for the Tiwi there appeared to be no restriction on the
gathering of a yellow ochre called Imilu, which was considered
the best yellow pigment. Any Aboriginal could gather Imilu and
take as much as they wished (1958:20).

b) Supply

The supply of each pigment differed in each region. Mountford,
in his 1948 expedition into Arnhem Land to study the fauna,
flora and life of the Aboriginal people, set up three camps
which were established at Groote Eylandt, Yirrkala and
Oenpelli. He wrote accounts that the sources of ochres varied
with each locality. In Groote Eylandt all pigments (with the
exception of red which was obtained by trade), were available
locally. Aboriginals of this island learned that carbon from
discarded torch batteries made excellent black, and have used
it extensively as a ground colour. At Yirrkala there were ample
supplies of red, yellow, black and white pigments. At Oenpelli
all colours used by artists were obtained by trade. Black was
difficult to obtain and is seldom seen in their bark paintings.

In some localities an oxide of manganese which produces a pearl
grey colour was used and on Groote Eylandt and Chasm Islands
brown and purple pigments (possibly from bauxite) were mixed
with juices of orchids which acted as a fixative (McCarthy
1962 : 76-78).

The Tiwi use red, yellow and white pigments and, as there is no
black mineral pigment on the island, use crushed charcoal for
that purpose. Imilu when heated over a fire changed to deep red
and each artist prepared their own red ochre. Pipeclay is found
in sufficient quantity along beaches. Ochres are prepared in a
cockle shell where they are crushed with water and fixative
instead of being ground on a stone as practised on the
mainland. This method is unsuited to the friable nature of
Bathurst ochres.

From Numanira, a partly submerged reef a short distance from
Wulrungku, (Kaslake Island), N.W. Melville Island, the
Aboriginals collected one of the best ochres in the country on
the low tide. Although I m i l u was known to be the brightest when

dry, the ochre from Numanira was brighter still when mixed with
water (Mountford 1 9 5 8

:47)

.

c) Distribution

Pigments are unequally distributed geographically throughout
Australia, from all colour combinations in northern Australia
to diminishing ratios as one travels south. Although some
pigment types were known to be traded, not all colours appeared
to be available.

d) Trading

Most pigments were obtained locally or by barter, though in
some cases Aboriginals journeyed hundreds of miles to collect
ochre from a particular locality because of special
mythological associations. Yarrakinna red ochre deposits in the
Flinders Ranges, South Australia, are regarded as the blood of
a sacred emu and visited by Aboriginal people as far distant as
the Saltwater Tribe of Queensland. Other sacred ochre mines are
at Wilgie Mia in Western Australia (red and yellow,
representing the blood and liver of the mythical kangaroo) and
at Tempe Downs in the Northern Territory. Judging by the
extensive excavations, some of these workings have been in use
for many centuries (Isaacs 1984:264 and Jones 1984:8).

There are reports of pigment mines at Mount Rowland in
Tasmania, visited by George Augustus Robinson in 1834 and
another at Wilgie Mia, north-west of Cue in the Murchison
district of Western Australia. Men collected the ochre by
battering heavy stone mauls and prying the ochre out with firehardened wooden wedges up to a metre long. The lumps of stone
were broken up to obtain the smaller ochre pieces, which was
then pulverised with rounded stones, dampened with water and
worked into balls which were then traded.

These expeditions were documented up until World War 1. After
this time their frequency has not been determined. Local

Adnjamathanha people used red ochre from the mine until the
19401s,and for the last initiation in 1948, the ochre was
taken from a site further north near the township Copley. The
main site seems to remain in significance as a sacred site.

The major trade routes that criss-crossed the continent
illustrate that Aboriginal tribes were not isolated groups but
part of a complex social and economic network. Nearly all
communities traded with their neighbours, and this exchange
system served to pass on not only goods but also ideas. There
is evidence which illustrates that this exchange was rapid, for
example a ceremonial dance or corroboree appeared on the Great
Australian Bight only 25 years after it was first exchanged in
north-west Queensland, over 1,600 kilometres to the north.

e) Record of Instability

Berndt and Phillips (1973:94) documented that red ochre pigment
painted directly on fine grained rock seemed most durable and
some of the very old and well preserved Mimi paintings
apparently owe their continued existence to this combination.
Clay pigments are less permanent. Many of the more recently
painted x-ray designs with a base of white clay are
disintegrating at a considerably faster rate. Chemical
reactions have caused colour changes in some paintings at a
number of sites in Arnhem Land. In some designs red ochre has
turned black and in others it has turned white, while there are
paintings that demonstrate a colour changing process.

3.3

Substrates

The relationship of the substrate to the paint, deterioration
factors, and the composition and behaviour of the support will
affect the binding or adhesion of the paint and vary according
to the substrate type. This variation is not the subject of the
thesis and therefore is not discussed.

4.0

GENERAL CONCLUSIONS FOR STAGE 1

There are several main conclusions that can be drawn from this
data. The information on binders and pigments is based on
anthropological studies, which often illustrates greater
interest in sociological factors instead of details of object
manufacturing processes. General conclusions were

1.

:

Binders

a) There are a variety of binders that have been used in
2ainted objects. Two broad groups were identified:
-

animal binders eg. body fluids such as blood (human or
animal) and saliva; lipids such as fat and grease; bee
products such as beeswax or honey; egg either whole,
yolk or white

-

plant binders eg. from orchids as sap or juice; oils;
gums; or resin and extracts of leaf

b) It seems apparent that animal binders were used largely on
domestic objects and plant binders were more common on bark
paintings. This selection of binder dependent on object type is
also illustrated within similar areas, eg: Arnhem Land and
Queensland.

c) Throughout the literature there has been constant reference
to the problems associated with binders. Perhaps the original
intention for the addition of a binder was for the short term

and to aid in the painting process, acting as a paint
facilitator rather than a binder.

d) There appears to be no reference to the trading of binders.

e) The use of old containers with remnants of foodstuffs,
various water supplies and other additives such as soap and
salt would also influence the final characteristics of the
paint and, in time, it's deterioration. These contaminants are
often not considered in the final composition of the painted
surface, and in many cases these surfaces are portrayed as
being pure pigment with binder.

f) The effect of surface treatments such as polishing and
charring will affect the ability of the binder to key and affix
onto the substrate.

2.

Pigments

a) Some pigments are reactive. They can be changed, converted
and their properties may differ depending on their composition.
Therefore the identification of the pigment type appears to be
an important step in planning of a conservation treatment.

b) Edmonds (1990:152) has found that pigments are selectively
utilised by micro-fungi, which explains why some are more
readily attacked by mould.

c) There are a small number of recordings on the use of organic
colorants which behave quite differently to inorganic pigments.

d) Trading of pigments has meant that it may not be possible to
identify objects made in a particular location or to explain
specific problems exhibited by a collection.

e) Different pigment types appear to have different stability.
Consider white pigments, clay is the most unstable; followed by
gypsum, with calcium carbonate the most stable. Iron oxides are
more stable than white pigments etc.

3.

Object Type and Binder Usage

a) It appears that objects from the domestic classification had
the highest number of references to binder usage, particularly
weapons. Collection bias can also be seen to play a predominant
role in the identification of this grouping.

b) Weapons have a history of maintenance and sometimes
repainting (Roth 1907-10:18). This treatment and continuing
care may have contributed to the final condition of the painted
surface (ie: by layering of the paint; incompatibility between
different pigment types; and general deterioration during the
time of use or after maintenance was discontinued).

c ) Within each object type preparation techniques and binders

were similar and not dependent on geographical area (eg fats
/oils are the most likely binder used on shields from any
region) .

STAGE 2:

Test Selection and Evaluation Phase : Identification
of Binders on Painted Museum Objects

As Stulik

(1996:7)

states in regard to The Getty Conservation

Binding Media Project
"initial effort focused on the use of advanced
instrumentation. However, it was recognised that
developing only high-tech methods would not serve the
field properly. Because many museum laboratories lack the
resources to take advantage of sophisticated
instrumentation, it was important to develop low tech, low
cost, and user friendly methods that could be used widely
within the art conservation community."

5.0

INTRODUCTION TO STAGE 2 : TEST SELECTION AND EVALUATION
PHASE IDENTIFICATION OF BINDERS ON PAINTED MUSEUM OBJECTS

The first stage of this thesis identified the different types
of pigments and binders used on Australian Aboriginal painted
objects as summarised from anthropological sources.

Pigment types are readily defined and identification methods
have been studied in depth by several authors (McCrone 1982:ll34 and Plesters 1955-56:110-157).The topic of pigment

identification is not the subject of this thesis since the
published results of research has already established accepted
methods of pigment identification.

It is widely accepted in the painting conservation profession
that the identification of paint components (pigment and
binder) can assist the conservator to characterise the work of
art and artist's materials, explain the present condition of
the paint layer by the deterioration of one or both of the
paint components and further help to outline an appropriate
conservation treatment. Studies into the components of painted
non-ethnographic surfaces have been well researched, yet this
is in contrast to studies into the components of painted
ethnographic surfaces, where the identification of the paint
components is a relatively new area of research.

The aim of this second stage was to obtain a set of simple
tests, which could be carried out routinely in a conservation
laboratory, to enable the broad identification of the range of
binders found on Australian Aboriginal painted objects.

There are numerous ways to classify binders. In the first stage
of this work, binder types were sorted according to animal or
plant sources. Once this information was assessed, it was found
that the various types were more appropriately sorted according
to a biochemical classification. The binder types collected in
the first stage fell predominantly into three biochemical
categories (Gatenby 1993:167-171) which are

1.

:

Lipids (including animal fats such as kangaroo and
goanna); and oils from plant and animal sources

2.

Protein (primarily blood)

3.

Carbohydrates/polysaccharides (such as gums and sugars)

Most binders identified from the first section of this work
could be readily sorted biochemically except orchid juice,
whose composition was initially unknown, with no documented
research on the three genera of orchid juice reported as being
used (Cvmbidium canaliculatum, Dendrobium canaliculatum and
Dendrobium dicuphum, Geodorum pictum). More detailed analysis
was carried out with the assistance of the Biochemistry

Department of the University of Sydney, Australia using thin
layer chromatography on the three species of orchids reportedly
used as binders (Gleeson, Gatenby

&

Slaytor, in press). The

composition was found to be the same for the three species
tested and was identified as primarily glucomannan (3 mannose
units to 1 glucose unit). Some free glucose was also present
yet no starch was detected in any samples analysed. According
to the literature (Ernst

&

Rodriguez 1984:233) the presence and

amount of starch in orchid tubers varies significantly
according to species. These results may indicate that the three
species of orchid used as binding media have no starch although
starch levels may also vary according to season as do levels of
glucomannan (Ernst

&

Rodriguez 1984 :231).

Subsequent Fourier Transform Infra-Red Spectrometry carried out
by the Getty Conservation Institute confirmed the presence of
glucomannan. This sample was sent to Lesley Bone (Co-ordinator
for the collection of binding media samples for the GCI Binding
Media Library) and Dusan Stulik (GCI) for analysis and
inclusion in The Getty Conservation Institute Binding Media
Library Project.

This finding is significant because research into the orchid
species used as a binder by the Aboriginal people has not
previously been studied. Many conservators have also assumed
that orchid juice binder was primarily starch. Therefore this
research makes it possible to classify orchid juice as a

polysaccharide and thin layer chromatography or FTIR
spectrometry will positively identify glucomannan.

In 1990 the Getty Conservation Institute (GCI) held a short
course for conservators titled The Consolidation of
Ethnographic Objects. During this course the Getty Conservation
Identification Kit developed by the GCI Analytical Section of
the Scientific program for ethnographic binders was presented.
The Getty Conservation Identification Kit provided a starting
point to test ethnographic paint samples for binder presence
and type. There have been a number of problems with this kit
such as pigment interference particularly with manganese oxide
and iron oxide. There were also a number of colour variations
depending on the binder type present and insufficient sample
may not be able to satisfy the requirements for all the tests
(Stulik and Florsheim 1 9 9 2 : 2 8 5 ) . Modifications to the test
procedures carried out in this thesis by the author
significantly reduced pigment interference, which was seen as
the greatest problem of the kit.

6.0

SELECTION OF TESTING METHODS FOR BINDER IDENTIFICATION

Funds and instrumentation available to conservators are often
quite limited and "low cost/low techu methods of analysis are
fundamental. Simple tests which can be carried out by the
conservator to broadly classify ethnographic binders are
essential. There is also a lack of conservation scientists or
researchers familiar with binders used on ethnographic painted
objects and therefore the conservator must often advise the
analyst on the range of binders expected. Additional
difficulties include the lack of availability of instrumental
and micro-chemical methods of analysis that might allow the
identification of small amounts of binder present in small
samples that can be ethically removed from an object, and the
lack of a reference collection of natural binders and knowledge
of binder usage.

Therefore the conservator should be aware of the range of
binders which could be expected to be present on an object, and
advise the research institution which can then select the most
appropriate verification method. A good working knowledge of
the range of binders used is necessary to enable the selection
of suitable standards to allow these advanced instrumentation
techniques to be utilised. Therefore the availability of a
rough or simple test to provide this first step and initial
classification is most important.

In the light of this study, advanced procedures provided by
university or research facilities are seen as a means to obtain
verification of the results of this thesis. The selection of
the advanced method used is dependent on the type of binder
being identified. Some examples are

Lipids (oils, lard and waxes)

-

:

gas chromatography, gas

chromatography mass spectrometry, Rhodamine B and 2 , 7
Dichlorofluorescein fluorescent dyes, fourier transform infrared spectrometry (FTIR)

Protein and carbohydrates

-

high performance liquid

chromatography, fluorescein isocynate (FITC), fluorescamine or
lissamine rhodamine sulfonyl chloride as a fluorescent protein
label and trihenyl tetrazolium chloride iTTC) as a fluorescent
carbohydrate label

Resins - fourier transform infra-red spectrometry (FTIR),
antimony pentachloride or neutral red as a fluorescent resin
label

There are two main methods used in binder identification:
staining and medical forensic science techniques which often
involve biochemical reactions. Staining techniques for binder
identification have been available and readily used in
paintings conservation. Wolbers and Landrey (1987) reviewed
current methods and materials for media characterisation of

small cross-section samples including the performance of stains
and florescent reactive dyes yet Derrick et a1 (1993) have
recently found problems in staining of cross sections due to
the porosity of some types of paint and subsequent infiltration
of the embedding media during preparation of cross sections.
Ethnographic painted objects are characterised by their
increased porosity and permeability and the author also found
difficulties in staining particularly when using embedded paint
samples because the dye saturates the paint, masking the
detection of the binder.

The selected identification method was to be based on "low
cost/low tech" test procedures and the ability to satisfy the
following selection criteria

1.

:

Selected test should be an established and accepted
procedure

2.

equipment necessary to perform the required test
should be available in a conservation laboratory or
be affordable to purchase

3.

Test reagents and materials should be readily
available

4.

Methodology should be able to be carried out after a
short period of learning

5.

Results should be readily distinguished

6.

Test should be sensitive to low concentrations of
binder

7.

Expertise in chosen test should be available for
assistance or comment, if necessary

Initial testing was carried out using small sample numbers and
freshly prepared paint samples (mock-ups). One to two samples
were used initially to see if the test worked or showed some
potential to identify binder. If the test appeared to show
potential, sample numbers were increased to four samples, to
determine the reproducibility of the test. After test
refinement the selected tests were carried out using four
sample replicates. Selected tests were trialed using freshly
prepared paint samples, artificially heat-aged paint samples
and also naturally aged painted museum object samples.
Verification of these test results were analysed using FTIR
Spectrometry.

The majority of the selected tests are based, in part, on the
research initiated by the Getty Conservation Institute and
reported by Stulik and Florsheim ( 1 9 9 2 : 2 7 5 - 8 8 ) . Refinement and
modifications have been made by the author to help overcome
some problems encountered during evaluation.

6.1 Identification Method for Lipids

There is no essential difference between fats and oils except
that, at normal ambient temperatures, fats are solid and oils
are liquid. They are both classified as lipids and are
chemically mixtures of triglycerides with the degree of
saturation of the fatty acids relating to the melting point.
This also affects their stability in regard to oxidation, with
unsaturated molecules being more reactive.

Lipid (fat and oil) binders identified in the literature, were
from animal sources such as goanna, kangaroo, emu and fish fat
and from plant sources including candle wood.

The identification method for lipids was to be selected based
on the ability to satisfy the selection criteria (refer to page
79) .

Along with the selection criteria the literature was surveyed
and discussions held with Stuart Laidler and Paula Dredge
(Conservators, Art Gallery of New South Wales), Dr Phil
Andreopoulous (Laboratory Manager, Histology Department, Prince
Henry Hospital, Sydney), Dr Renato Pancella (Ecole
Polytechnique Federale De Lausanne, Switzerland), and Dr Dusan
Stulik and Henry Florsheim (Getty Conservation Institute, Los
Angeles) on detection methods for lipids.

The test methods considered for use in the identification of
lipids are summarised in the following table.
Table 9

:

Test Methods Considered For Lipid Testing

Test method

Selection Criteria
satisfied

Comments

Sudan Black B
with or without
bromination

All

Stain test works by
the absorption of
the dye onto the
fat, no chemical
reaction takes
place. Test selected
for trial

1 -7

Sigma Triglyceride
All
1-7
Determination
Procedure Number 339

Determination by an
enzymatic reaction
followed by a dye
production.
Hydrolysis of fat or
lard produces
glycerol which is
then reacted upon to
finally produce a
dye. Test selected
for trial

Oil Red 0

1, 2, 3 ,

Wolbers Fluorescent

1, 3, 4, 5

dyes

4,

6

Stain determination
similar to Sudan
Black B, works by
absorption onto the
fat. Reported
unreliable results
by Gay (1978) known
absorption by chalk
pigments. Not
selected for
testing.
Staining using
florescent dyes.
Discussions held
with conservators at
the Art Gallery of
NSW indicated
difficulties for
detection of low
concentrations. No
available expertise
with matte pigment.
Test not selected.

Test based on
ammonolysis which
occurs when the
ethers are heated.
Destructive sample
test. Test not
selected.
Used as general fat
stain.
Plesters(1955-56)
Not selected for
testing.

Nile Blue

Based on discussions with researchers and their ability to
satisfy the selection criteria, three methods were selected for
further investigation. They were:
1.

Sudan Black B staining

2.

Sudan Black B bromination staining

3.

Sigma Triglyceride Determination Procedure Number 339

Details of the experimental trials are outlined below.

6.1.1 Preliminary Investigation Methods for Sudan Black B

Testing

1.

Pigment Samples

Clav

(china clay or kaolin); Parker Galleries, The
Rocks Sydney

Gypsum

provided by the Mineralogy Department at the
Australian Museum by Ross Podson. Gypsum must be
burnt (200°C) to form bassinite 1/2 H,O. X-ray

diffraction is used to confirm this conversion.
Australian Aborigines use burnt gypsum as
pigment.
Yellow ochre

Parker Galleries, The Rocks, Sydney

Charcoal Black Materials Conservation Pigment Collection,
originally prepared by Tiwi Islanders from
burning coconut husks.
Manqanese

(MnO,); Walker Ceramics, Sydney

Hematite

Materials Conservation Pigment Collection,
Australian Museum

.7

Binder Samples

Linseed oil Winsor and Newton
Goanna fat obtained from goanna tails

3.

Sample Preparation

Each pigment was mixed with linseed oil binder at approximately
1:5 (v:v) binder to pigment ratio.

This made a paint slurry which was brushed onto
glass sheets to a thickness of approximately 3mm. Control
(pigment only) paint samples were also prepared. Paint samples
to be used for testing were paint flakes of the size 3mm x 3mm
(maximum). This size represented what was the acceptable sample
size to be removed and used in object testing.

Samples prepared

:

Resin blocks alone
Pigment alone
Goanna fat dilutions smears
Paint (pigment + linseed oil) flake
Paint (pigment + goanna fat) flake
Paint (pigment + linseed oil) flake embedded in resin

4.

Equipment and Materials

Daystar Clear Polyester casting and embedding resin Cr 64 with
hardener
Silicone resin casting mould
Sand paper various grades from PI80 to CC1200 and Chamois cloth
Ethyl alcohol (analytical grade AR)
Sudan Black B stain, Sigma Chemical Company
Distilled water
Xylene (AR)
2.5% aqueous bromine water

0.5% sodium metabisulphite in distilled water
Whatman filter paper number 42 (ashless)

5.

Outline of Direction for Preliminary Investigations

Initial testing was carried out using small sample numbers and
freshly prepared paint samples (mock-ups). One to two samples
were used initially to see if the test worked or showed some
potential to identify binder. If the test appeared to show
potential samples numbers were increased to four samples to

determine the reproducibility of the test. After test
refinement the selected tests were carried out using four
sample replicates. Selected tests were trialed using freshly
prepared paint samples, artificially heat-aged paint samples
and also naturally aged painted museum object samples.
Verification of these test results were analysed using FTIR
Spectrometry.

6.1.2

Experiment 1

:

Evaluation of Sudan Black B

Determination of Lipid Using an Embedded Paint Sample

Lipids have an affinity with Sudan dyes. It has been shown
(Bancroft

&

Stevens 1982:221) that dye up-take is related to

dye concentration, temperature, and physical state of the
lipid, with maximal uptake occurring around its melting point
(with only liquid or semi-liquid lipids being stained). Sudan
dyes do have limitations; the free fatty acids and
phospholipids tend to be extracted by the dye solvent and bound
lipids or solid lipids remain undetected. In 1954, Lillie (as
cited in Bancroft

&

Stevens 1982:222) first introduced the

bromination procedure which suppresses the solubility of the
unsaturated lipids in organic solvents and converts the
cholesterol to a liquid form rendering it permeable to the dye.
Therefore the Bromine-Sudan Black B procedure was found to
provide a simple and sensitive method for the detection of all
classes of lipids.

Aim
To determine if Sudan Black B staining can be used to detect
lipids in an embedded paint sample.

Sample Preparation
Refer to Sample Preparation outlined in 6.1.1 page 84-85, using
linseed oil only.

Method
Paint samples (refer to Sample Preparation page 84) were
embedded into resin and then stained with Sudan Black B.

Embedding Procedure
Embedded paint samples were prepared using a silicone rubber
mould and Daystar Clear polyester casting embedding resin (CR
64). Resin was mixed with the hardener according to

manufacturer's recommended proportion of resin to hardener and
then poured into the silicone mould, filling approximately half
the mould. Before the resin was allowed to fully set, the
2igment or paint sample was placed onto the top of the resin
layer. At this stage it was necessary to push the paint sample
into the resin.

Placement of a powdering sample is more

critical than a paint flake. Once the bottom resin layer has
set, the top layer is poured. It is necessary, at this stage,
to gently knock and rock the mould to help remove the air
bubbles. A small probe can also be used to help burst them.

It was difficult to embed the paint sample due to it's
porosity. The resin either formed a air bubble void around the
paint sample or completely embedded the paint sample which then
disintegrated into particles. This made staining difficult.

If too much catalyst was used the mixture will become too hot.
Cracking occurred and fissures appeared and the resin became
yellow coloured once it has hardened. Placing the mould into a

refrigerator while it is setting helped to prevent air bubbles
setting and also prevented cracking and faults in the resin,
which are caused by heat emission during setting.

When the resin containing the sample hardens, it is then ground
using sanding paper, starting with a coarse grade and moving to
a finer grade, as the embedded sample is reached. Polishing can
be carried out using alumina, although great care must be
exercised because the alumina can become caught in the crosssection and it will interfere with the reading of the layers.
Gentle polishing, using the reverse side of the sand paper was
enough to smooth the sample. This was sufficient to remove
surface scratches, which interfered with the sample viewing.
The sequence was as follows:
Grades P180, P220, CC600, rubbing on the back surface of a
piece of sand paper, (side without the sand), then CClOOO or
CC1200, after which the sample is rubbed with an artificial
chamois cloth to help to provide a smooth surface.

Inspection was carried out at various stages using the light
microscope and top lighting provided by fibre optics, to gauge
the paint proximity and determine whether it is exposed on the
resin surface.

Staining Procedure
Stain preparation according to Johnson
154. )

&

~ackard (1971:150-

Sudan Black B is prepared as a saturated solution in a mixture
of 60ml ethyl absolute alcohol and 40ml distilled water. Dyes
should be made up fresh and allowed to sit for two days before
use.

Paint samples were embedded in resin blocks and then stained
with Sudan Black B as outlined below.
1.

Place 2 drops of dye onto paint sample for 15 minutes

2.

Wash by rinsing with

40:60

ethanol in distilled water,

followed by immersion in distilled water for 1/2 hour

A positive test is indicated by a b'ack-blue
sample.

One sample of each type was tested.

stain on the paint

Results
Results Key
-

no change; no binder detected

+

weak staining; binder detected

++

moderate staining; binder detected

+++ strong staining; binder detected

Table 10

I

:

Results of Experiment 1

Pigment type

Control
pigment only sample

Test result
pigment and binder
paint sample

yellow ochre

-

hematite

-

+++
++

gYPsum
kaolin

-

+++

-\+

- \+

manganese oxide

-\+

- \+

Conclusion
It was difficult to distinguish if there was any binder mixed
with the two black pigments because of the dark colour of the
stain. The kaolin sample had poor clearing of the stain and
therefore this result was difficult to interpret.

Sudan Black B staining distinguished the presence of linseed
oil in the yellow ochre, hematite and gypsum paint samples. The
40% ethanol wash did not clear the kaolin sample sufficiently.

Other solvents such as xylene and varying concentrations of
ethanol should be tried.

6.1.3 Experiment 2

:

Evaluation of Sudan Black B

Determination of Solvent for Dye clearing Using a Resin
Block

Aim
To determine which solvent was better suited to clear the Sudan
Black stain from the resin sample.

Method
Resin blocks containing no sample (refer to page

88- 89)

were

treated with Sudan Black B for periods of 5, 10, 20 and 30
minutes followed by clearing with 40:60 ethanol
(EtOH):distilled water, 70:30 ethano1:distilled water or

xylene.

Staining Procedure
Refer to 6.1.2 page 89, according to Johnson
(1971:150-154).

One sample of each type was tested.

&

Packard

Results Key
-

no change; no binder detected

+

weak staining; binder detected

++

moderate staining; binder detected

+++ strong staining; binder detected
Table 11

:

Results of Experiment 2

Time in
minutes

40:60

EtOH

:

water

30

++
++
+++
+++

solvent only

-

5
10
20

Refer to Plate 2

:

70:30

EtOH

:

Xylene

water

+

-

+

-

+
++

-

-

-

-

Solvent Testing for Sudan Black B Staining

for a photograph of these results

Plate 2

:

Solvent Testing for Sudan Black B Staining

Conclusion
There was evidence of varying dye absorption or penetration
onto the resin blocks for all solvents tested. Xylene appeared
to give the best clearing for Sudan Black B staining.

6.1.4 Experiment 3

:

Evaluation of Sudan Black B

Solvent Test for Sudan Black B and Comparison of
Bromination Test Using an Embedded Paint Sample

Aim
To trst xylene for clearing dye from the paint samples embedded
in resin and compare sensitivity of the dye with and without
bromination.

Sample Preparation
Refer to 6.1.1 Sample Preparation page 84 and Embedding
procedure page 88 using linseed oil only

Method
Stain preparation according to Johnson

&

Packard (1971:150-

154).

Sudan Black B is prepared as a saturated solution in a mixture
of 60ml ethyl absolute alcohol and 40ml distilled water. Dyes
should be made up fresh and allowed to sit for two days before
use.

1.

Place 2 drops of dye onto paint sample for 15 minutes

2.

Wash by rinsing with 40:60 ethanol in distilled water,
followed by immersion in distilled water for 1/2 hour

A positive test is indicated by a black-blue stain on the paint

sample.

Modifications
1. Xylene to clear the Sudan Black B dye from the paint samples

2. Bromination

:

Staining procedure as documented by Bayliss

and Adams (Edited by Bancroft

&

Stevens 1982:222-223)

Sudan Black B bromination method for lipids and modified
for

paint samples (Gatenby 1993:167-171)

1.

Place two to three drops of 2.5% bromine in water
onto the embedded paint sample for thirty minutes at
room temperature inside fume cupboard

2.

Wash in distilled water and treat with 0.5 percent
sodium metabisulphite in distilled water for one
minute to remove excess bromine

3.

Wash thoroughly in distilled water.
A non-brominated control can be included at this

stage, i.e. Standard Sudan Black B method
4.

Rinse in 70 percent ethanol in distilled water

5.

Stain for fifteen minutes in saturated Sudan Black B
in 70 percent ethanol

6.

Differentiate with xylene (Sudan Black B tests) and
70 percent ethanol (bromination tests) until a

delipidised control section appears essentially
colourless
Examine

7.

Two samples of each type were tested

Results
Results key
-

no change; no binder detected

+

weak staining; binder detected

++

moderate staining; binder detected

t++

strong staining; binder detected

Table 12

Results of Experiment 3

:

Sample

Control
pigment only

I

I yellow

ochre

+

oil

1.
2.

hematite

+ oil

1.
2.

kaolin

+ oil

1.

2.
gypsum

+ oil

1.
2.

MnO, + oil

1.

2.

-

Sudan Black B
1. +++

+++
1. +
2. +
1. +++
2.

+++
1. +

2.

2.

-

1.

-

2.

Sudan Black B
.brominat
ion
.

1.
2.

++-I

+++
1. ++
2 . ++
1. ++
2. +++
1. +++
2. +++
1.

-

2. ++

Conclusion
Results from the MnO, samples were difficult to interpret
because of the dark colour of the pigment. With the embedded
paint samples, it was difficult to determine up-take of the

stain, and therefore it might be advantageous to consider thin
section samples or staining using extracted binder samples.

There was a significant difference between the samples
containing gypsum when cleared using xylene. It would appear
that the xylene may be over-clearing the gypsum paint sample
using the Sudan Black B test.

Overall there was a significant increase in the detection of
binder for the brominated samples. According to Lillie (1954)
bromination suppresses the solubility of unsaturated lipids and
bromine also converts any cholesterol which is present from a
crystalline form to a liquid derivative rendering it permeable
to Sudan dye. This can account for the increased sensitivity.

6 . 1 . 5 Experiment 4 : Evaluation of Sudan Black B Bromination

Comparison of Bromination Staining Using Goanna Fat Films

Aim
To determine if there is a difference between Sudan B with or
without bromination in the detection of different
concentrations of lipids.

Sample Preparation
A stock solution of 74% goanna fat was prepared by adding 74
grams of goanna fat to 100 millilitres of methylene chloride

(w/v). Six successive dilutions were made from this stock
solution to obtain final goanna fat concentrations

37%,

18.5%,

2.5% and 1.2%. (Dilutions were made using methylene

9.2%, 4.6%,

chloride)

Method
Samples prepared by smearing fat dilutions onto glass slides.
Refer to 6.1.4 page 95 f o r method.
One sample of each type was tested.

Results
Results Key
-

no change; no binder detected

+

weak staining; binder detected

+.t

moderate staining; binder detected

+++ strong staining; binder detected

Table 13

:

Results of Experiment 4

Dilution

Sudan Black B

+
+

37%
18.5%

9.2%

-

4.6%

-

2.5%

-

1.2%

-

Sudan Black B
bromination

++
++
+
+
+
+

Conclusion
Preliminary results indicate that Sudan Black B with
bromination was the more discerning test and could detect
lipids. It was not necessary to use or test xylene to remove
the stain and 70% ethanol worked well. This also reduced the
possible over-clearing of xylene with some pigment samples.
Unfortunately there were some problems with the bromination
test, such as the number of washing manipulations often removed
the smear or the smear was not initially fixed well enough onto
the slide to cope with these manipulations.

The use of goanna fat as compared to linseed oil also produced
a more realistic ethnographic binder sample. Goanna fat
contains a mixture of saturated and unsaturated fats along with
contaminates because it is unpurified or rsfined.

6.1.6 Experiment 5 : Evaluation of Sudan Black B Bromination

-Additional filtration Testing Using Filter Paper and
Goanna Fat

Aim
To test if Sudan Black staining, with or without bromination,
can be carried out on goanna fat filter paper samples, to
eliminate problems of sample loss encountered in Experiment 4
and pigment absorption.

Sample Preparation
Five drops of each fat dilution (Experiment 4 page 98) was
placed onto Whatman Number 42 filter paper before testing.

Method
Staining was carried out directly onto filter paper samples
as outlined page 95-96.

One sample of each type was tested.

Results
Results key
-

no change; no binder detected

+

weak staining; binder detected

++

moderate staining; binder detected

+++ strong staining; binder detected

Table 14

:

Results of Experiment 5

Concentration

Control
filter paper
only

37.5%

-

Sudan Black B

++

Sudan Black B
Bromination
f++

Conclusion
The brominated samples provided better clearing and dye
absorption compared to the non-brominated samples. Samples

placed onto filter paper were easier to manipulate compared to
those on glass slides. This procedure also eliminated problems
of paint sample loss.

6.1.7 Experiment 6

:

Evaluation of Sudan Black B Bromination

Filter Paper Extraction of Binder Using a Paint Sample

The darker coloured paint samples were difficult to
differentiate when stained with Sudan Black B (with or without
bromination), therefore it was decided to test whether
extraction of lipids from the black paint samples could be used
to distinguish a positive test result.

Aim
To determine if filter paper extraction from MnO, paint stained

by Sudan with or without bromination could be used to determine
presence of lipids.

Sample Preparation
Oil was extracted from MnO, linseed oil paint samples prepared

in 6.1.1 (page 84-85). A paint sample 2cm x lcm was placed into
a glass test tube with two millilitres

of methylene chloride.

The paint flake was broken using the tip of a glass probe in
the methylene chloride (called the supernatant) and after five
minutes five drops of supernatant were placed onto filter paper
and allowed to dry. Two sample of each were tested.

Method
As per 6.1.2 (page 90) with a thirty minute dye bath for Sudan
Black B and Sudan Black B Bromination Test page

95- 96.

Two samples of each type were tested.

Results
Results Key
-

no change; no binder detected

+

weak staining; binder detected

++

moderate staining; binder detected

'+++ strong staining; binder detected

Table

15 :

Results of Experiment 6

Sample
MnO, + oil

Sudan Black B
1:
2.

MnO,
I

I

Control
Blank filter paper

Sudan Black B
brominaticn
1.
2.

+i+

+++

+++
+-I-+

1. 2. -

1.

2.

-

1.

-

2.

-

1.
2.

-

-I

--

Conclusion
Using the extracted sample, there was no interference from
MnO,.
Less pigment intereference occurred using

extracted samples on

filter paper rather than embedded paint samples.

6.1.8 Preliminary Investigations for Sigma Triglyceride Test

1.

Pigment Samples
Refer to page 83

2.

Binder Samples
Refer to page 84

3.

Sample Preparation
Refer to page 84-85

4.

Equipment and Materials

Methylene chloride
Sigma (GPO-Trinder) reagent dissolved in distilled water as
directed
Hot water bath
Hot plate
Fume hood
Plastic micro-centrifuge tubes
Millipore micro-centrifuge
Whatman filter paper number 42 (ashless)

6.1.9 Experiment 7

:

Evaluation of Sigma Triglyceride Test

Extraction of Binder Using Paint Samples

This method involves an enzymatic hydrolysis of triglycerides
to glycerol and free fatty acids. These conversions are made on
glycerol to finally produce a blue/purple coloured product and
water. Measurement is made by the colour change produced by a
quinonemine dye (Sigma Triglyceride Quantitative Enzymatic
Determination Procedure Number 339 1989). There are some
limitations, as reported by Mills and White (1987:29), in this
method. Changes in buried fats can allow the converted glycerol
to be washed away by water and therefore this method may not be
reliable as an indicator for the presence of triglycerides.
Since the reaction is reliant on the presence of glycerol and
it's subsequent conversion, fats will not be detected if the
glycerol is leached out. This could Se a problem when
evaluating aged binder samples.

This method was adapted and modified from the Getty
Conservation Identification Kit. (Getty Conservation Institute,
Identification of Binding Media, manual for the test kit
1390:lO-12,Sigma Triglyceride {GPO-~rinder)Quantitative
Enzymatic Determination Procedure number 339, Stulik
Florsheim 1992:275-88 and Gatenby 1993:167-171).

&

Aim
To determine if the Sigma triglyceride test could be used as a
means to determine the presence of lipids in paint samples.

Method
According to Getty Conservation Institute Identification of
Binding Media Manual for the Test Kit (1990:lO-12) and Stulik
and Florsheim (1992:275-88)
1.

Place flake or paint sample, made using linseed oil, into
three millilitre glass sample vial. Add 0.5 millilitres of
methylene chloride, mix and place onto hot plate, set at a
low temperature, until solvent just begins to boil
(carried out in a fume cupboard).
Remove from heat, allow to cool to room temperature.

2.

Transfer to plastic microcentrifuge tube and centrifuge
using a Millipore Personal Centrifuge, for approximately
one minute

3.

Transfer supernatant to three millilitre glass vial. Allow
solvent to evaporate

4.

Add 0.3 millilitres (about 5 drops) of Sigma GPO-Trinder
reagent, mix and allow to stand at room temperature

A positive test is indicated by a pink to purple colour which

forms in about 10-15 minutes.

Three samples of each type were tested.

Results
Results Key
-

no change; no binder detected

+

weak staining; binder detected

++

moderate staining; binder detected

+++ strong staining; binder detected
Table 16

:

Results of Experiment 7

Pigment
kaolin

yellow ochre

hematite
I

I
MnO,

Control
pigment only
1. 2. 3. -

1.

1. 2. 3. -

1.

2.

3.
2.
3.

+++

+++

+++
+++
+++
+++

1.

+

1.

.I-++

2.
3.

-

2.
3.

+++

+
+

1.

+++
+++

3. -

3.

+++

1. 2. 3. -

1.

+++
+++

1.
2.

gYPsum

Sample
pigment and oil

.I-

2.

2.

3.

-t++

+++

Conclusion
This test proved to be the easiest test to perform when
compared to the Sudan Black B bromination staining and gave
clear strong results. There was some interference with the
hematite and manganese dioxide pigments controls.

6.1.10 Experiment 8 : Evaluation of Sigma Triglyceride Test

Determination of Test Sensitivity Using Dilutions of
Goanna Fat

Aim
To determine the sensitivity of the Sigma Triglyceride test for
triglycerides, using the dilution series of goanna fat.
Sample Preparation
Refer to page 98

Method
Refe.rto page 106 with dried fat smear flakes used as-the
sample.

One sample of each type was tested.

Results
Results Key
-

no change; no binder detected

+

weak staining; binder detected

++

moderate staining; binder detected

+++ strong staining; binder detected

Table 17

:

Sample

1

Results of Experiment
Control
(no fat)
1 5 minutes

8

Control
(no fat)
> 1 hour

Fat
15

Fat
minutes

1.

-

-

2.

-

-

3.

+

4.

-

5.

-

+
+
+

6.

-

-

7.

-

+

8.

-

-

9.

-

-

10.

-

-

11.

-

-

+++
9 . 2 % +++
2 . 5 % +++
2 . 5 % +++

12.

-

-

2.5%

13.

-

-

1.2%

14.

-

-

15.

-

-

+++
3 7 % +++
3 7 % +++
1 8 . 5 % +++
1 8 . 5 % +++
1 8 . 5 % +++
9 . 2 % +++
37%

9.2%

> 1 hour

+++
+++
+++
+++
+-I-+

+++
+++
+++
+++

1.2%

+++
+++
+++

+++
+++
+++
+++
+++

1.2%

+++

+++

Conclusion
The Sigma Triglyceride test proved to be able to detect down to
1.2%

concentration goanna fat. There were a number of positive

results for the control samples and this increased in number

over time. This could be explained by interference by some
pigments, or by finger grease or fat on the glassware from the
experimenter. It was decided that because this test proved to
be sensitive greater care should be exercised during
experimentation.

6.1.11 Experiment 9 : Evaluation of Sigma Triglyceride Test

Filter Paper Extraction of Binder Using Paint Samples

Aim
Tc test if the diluted goanna fat sample could be applied
directly onto filter paper and the Sigma Triglyceride test
performed onto the filter paper.

Sample Preparation
Five drops from each goanna fat dilution was placed onto
Whatman 42 ashless filter paper. This paper was then placed
into a glass petri dish.

Method
Five GPO-Trinder drops were placed onto the filter paper with
goanna fat and after 30 seconds the colour was determined.

One sample of each type was tested.

Results
Results Key
-

no change; no binder detected

+

weak staining; binder detected

++

moderate staining; binder detected

+++ strong staining; binder detected

Table 1 8

:

Results of Experiment 9

Dilution

Control
(filter paper
only)

37%

-

18.5%

-

9.2%

-

2.5%

-

1.2%

-

Fat

+++
+++
+++
+++
+++

Conclusion
The Sigma Triglyceride Test indicated a strong positive result
for all dilutions from 37% to 1.2% goanna fat.

6.1.12 Experiment 10

:

Evaluation of Sigma Triglyceride Test

Direct Filter Paper Extraction of Binder Using Paint
Samples

Aim
To determine if paint placed directly onto Whatman Number 42
filter paper could be used to determine the presence of fat.

Sample Preparation
Refer to page 84-85 but using 37% goanna fat dilution as binder

Method
Paint sample (3mm x 3mm) was placed onto filter paper and three
to five drops of methylene chloride placed on top of the paint.
The methylene chloride was allowed to evaporate while the
sample was in a fume cupboard. The filter paper was then
immersed into the GPO-Trinder.

One sample of each type was tested.

Results
Results Key
-

no change; no binder detected

+

weak staining; binder detected

++ moderate staining; binder detected

+++ strong staining; binder detected

Table 19

:

Results of Experiment 10

Pigment

Control
1 min

1
1

5 min

Fat
20 min

1 min

5 min

++
+++
+++
+++
++

yellow

-

-

-

hematite

-

-

-

kaolin

-

-

-

+
+
++

gypsum
MnO,

-

-

-

++

+++

+

++

++

-1

m
u

20 min

+++

+++
+++
+++
+ -t+

Conclusion
There was rapid colour development with the MnO, pigment
(within 20 seconds), otherwise direct extraction using filter
paper gave a good indication for the presence of oil.

6.1.13 Experiment 11

:

Evaluation of Sigma Triglyceride Test

Direct Extraction of Binder onto Filter Paper Using
Paint Samples

Aim
To determine if it was necessary to extract the fat with
methylene chloride before applying the GPO-Trinder.

Sample Preparation
Refer to page 84-85

Method
A paint flake, made using goanna fat, (3mm x 3mm) was placed
directly onto filter paper and five drops of GPO-Trinder was
applied directly to the top of the paint flake and left for two
minutes.

Four samples of each pigment type were tested.

Results
Results Key
-

no change; no binder detected

+

weak staining; binder detected

++

moderate staining; binder detected

+++ strong staining; binder detected

Table 20

:

Results of Experiment 11

Pigment

Control
(Pigment only)

Fat
(Paint sample)

kaolin

yellow ochre

hematite

Conclusion
The reaction was slower without the methylene extraction and
not as conclusive. Since it was found that longer periods lead
to an increase in false positive results (positive result with
no lipid present), it was concluded that it was necessary to

extract the lipid before testing.

Pigment interference was also noted for yellow ochre and
manganese dioxide. The false positive results appeared to be
linked to pigments with oxide present. This may indicate that
oxide is somehow able to participate in the reaction to form
the dye.

Correspondence with Sigma Diagnostics Clinical Technical
Services ( 2 6 / 3 / 9 2 )

regarding this interference did not provide

a definite answer due to limited information about the test use
with painted samples. However it was suggested that the oxides
may be causing a side reaction and creating a false colour.

6.1.14 Experiment 12

:

Evaluation of Sigma Triglyceride Test

Extraction of Binder onto Filter Paper Using Paint
Samples

Aim
To determine if extracted samples placed onto filter paper
provided greater accuracy for the GPO-Trinder.

Sample Preparation
Refer to page 84-85

Method
1.

Paint flake sample i3mm x 3mm) was manually ground and
then dissolved in 0.5 millilitres methylene chloride in a
glass vial. The mixture was placed onto a low heat hot
plate inside a fume cupboard unt.il the solvent started to
boil. The mixture was removed and the remaining paint
fragmects broken up

sing a small probe. The mixture was

again placed onto the hot plate until it boiled and then
allowed to cool to room temperature
2.

Centrifuge the sample for one minute

3.

Remove supernatant using a pasteur pipette and place three
to five drops onto a piece of Whatman Number 42 filter
paper. Mark centre of application zone

4.

Apply five drops of Sigma GPO-Trinder to centre of
application zone (refer to Figure 3)

5.

Allow to stand at room temperature for ten to fifteen

minutes
6.

Examine at fringe zone for positive result

A positive result is indicated by a purple to pink colour

change at the fringe zone.

Twelve samples of each type were tested.

Figure 3

:

Application zone at the supernatant fringe
Area shows filter paper sample. Five drops of
supernatant were dropped onto the centre of the
filter paper. Supernatant spread, migrating
outward to a point called the supernatant

FILTER PAPER

Area of Application

1

Supernatant
Fringe -+

\ ;\

Area to
be Tested

7

Supernatant Migration

fringe. Testing with the reagent was carried out
at the fringe. This step introduced an additional
extraction eliminating interference of residual
pigment with supernatant with reagent.

Results
Results Key
-

no change; no binder detected

+

weak staining; binder detected

++

moderate staining; binder detected

+++ strong staining; binder detected

Table 21

:

Results of Experiment 12

Pigment
gYPsum

Control
Blank filter paper

1.

2.+++

4.
5.

6.
7.
8.
9.

1

i

i

I

10.
11.
12.

kaolin

++

1. -

2.
3.

I

Binder
Paint sample

1.

-

3.

++

4 . ++
5 . +++
6 . +++
7 . +++
8.+++

9.+ + . t
10.+++
11.+++

12.+++

+++
+++
+++

-

1.

5. 6. 7. 8. -

5.
6.
7.
8.

9. 10.11.12.-

10.+++
11. ++
12. +++

2.
3.
4.

2.
3.
4.

9.

-

+++
++
+++
+++

+++

Conclusion
The addition of a filter paper separation step improved the
test and greatly reduced any false positives caused by pigment
alone. All paint samples tested gave good clear results. There
were some false results, which could be explained by the fact

that the positive'results were caused by pigment alone. This
was confirmed when testing was carried out by staining at the
central area where the pigment was concentrated.

This method was therefore the considered preferred test for an
extraction method.

6.1.15 General Conclusions for the Lipid Testing

Sudan Black B with bromination using extracted binder samples
proved to be more sensitive than normal Sudan Black B ztaining
when tested using embedded paint samples.

Sudan Black B bromination tests were superior to the standard
Sudan test and was therefore considered to be the preferred
test. Comparisons using the dilution series samples found that
positive results were obtained with the 1.2% concentration
(total fats) as compared to the standard Sudan method which
only detected to 18.5% concentration (total fats). Samples
prepared on filter paper gave positive results for all tests
and there was better dye absorption with the brominated samples
as compared to the standard Sudan samples. The extraction of
lipids onto filter paper proved to be more discernible then
direct staining onto the embedded resin samples. It was
difficult to distinguish a positive result particularly for
black pigment.

The Sigma biochemical test to determine triglycerides proved to
have the greatest sensitivity, and if tested with an extra
extraction using filter paper, the problem of pigment
interference can be overcome. This procedure also provided
reliable results to warrant further study. Again, extraction of
the binder onto filter paper provided easily discernible
results even at 1.2% concentration (total fats) concentration.
This method was the preferred method, being easier to
manipulate and interpret the results.

Extraction proved to reduce problems caused by pigment
int.erference but using the sxtraction method, as opposed to
embedded samples, does not provide any information relating to
layering of materials. But, in the first instance, it is more
important to determine whether there is any binder present.

Summary

From the experimentation results, Sudan Black B bromination
staining and the Sigma Triglyceride test were selected to be
tested on the object paint samples.

6.2 Identification Method for Proteins

Although proteins have a wide range of forms, physical
characteristics, and biological functions, they are made up of
a limited range of chemical building blocks called amino acids.
Combinations of simple amino acids occur in all animal and
plant matter. There are 22 naturally occurring amino acids
bound together by peptide linkages in proteins. They are
considered stable when dry, but are degraded by hydrolysis and
biological attack under humid conditions. Therefore it is
important to consider the identification of hydrolysed protein
:

rather than whole protein or the conversion to their amino
acids for their analysis.

The two types of animal protein binder identified from the
literature were egg and blood. Both these binders contain
mixtures of lipids, proteins and carbohydrates, at varying
concentrations.

Whole egg (mixture of egg white and yolk) contains equal
concentrations (approximately 10%) of lipids and proteins, with
a small concentration of carbohydrates (1%). This compares with
egg yolk which has double the concentration of lipids to that
of proteins (20%:10%); and with egg white which contains
proteins (approx 10%) and no lipids (GCI 1990:24).

Blood is a mixture of predominantly proteins, with small
concentrations of lipids and polysaccharides including glucose
(GCI 1990:27). It can be readily distinguished by the presence
of haemoglobin or heme.

Removal of blood from it's normal

environment immediately leads to a biochemical process and
coagulation, altering it's properties and causing it to become
a viscous and soft jelly-like substance. This probably
facilitates it's role as a binder.

The same selection criteria, as outlined for lipid testing,
using simple or "low cost/low tech" test procedures were used
(refer to page 79).

Along with the selection criteria the literature was surveyed
and discussions held with Stuart Laidler and Paula Dredge
(Conservators, Art Gallery of New South Wales), Dr Phil
Andreopoulous (Laboratory Manager, Histology Department, Prince
Henry Hospital, Sydney), Dr Renato Pancella (Ecole
Polytechnique Federale De Lausanne, Switzerland), and Dr Dusan
Stulik and Henry Florsheim (Getty Conservation Institute, Los
Angeles) on detection methods for lipids.

The test methods considered for use in the identification of
proteins are summarised in the following table.

Table 22

:

Test Methods Considered For Protein Testing

Test Method
Ponceau S Staining

Selection Criteria
Satisfied

Comments

All

Johnson and Packard
(1971) found Ponceau
S extremely
reliable. They
outlined some
problems with the
rate of staining
related to the acid
dye and some pigment
types can be damaged
by this stain.
Because denaturation
is necessary for
staining aged
protein will stain
better. Test
selected for trial

1- 7

Sulphosalicylic Acid All
1 -7
Test

This test is a
precipitate test and
is known to have
extremely good
sensitivity, even at
low concentrations.
It is based on the
turbidity produced
by the precipitating
action of
sulphosalicylic acid
on the protein.
Test selected for
trial

Wolbers Fluorescent
Dyes

Staining using
florescent dyes.
Discussions held
with conservators at

1, 3 , 4, 5

the Art Gallery of

NSW indicated
variable results and
difficulties for
detection of low
concentrations. No
available expertise
with matte pigment.
Test not selected.

Amido Black Staining 1, 2, 3, 4, 6

Martin (1977) found
pH to be important.
Three stains were
tested Amido Black
AB1, AB2, AB3, each
gave better results
depending on protein
present. Not
selected for testing

Acid fuschin
Staining

Wolbers and Landrey
(1987) found that
staining was
dependent on pH.
Not selected for
testing

Ninhydrin Staining

1, 2, 3 , 4, 5, 6,

Blue staining occurs
when Ninhydrin is
heated with alpha
amino acids or with
peptides and
proteins containing
at least one amino
and carboxyl group.
Test selected for
trial

All

This test is based
on the formation of
blue dye when
Coomassie blue
(brilliant blue G )
is reacted with
small amounts of
protein in an acidalcohol medium. Test
selected for trial

I

Sigma Protein
' Determination

I Procedure Number

2

1 -7
610

I

1

A range of procedures for the detection of proteins were found

in the literature and after discussions and consideration of
the selection criteria, four methods were selected for further
investigation. The following were selected for testing
1.

Ponceau S staining

2.

Sulphosalicylic acid test

:

i

3.

Ninhydrin test

4.

Sigma Protein Determination, Procedure Number 610.

6.2.1 Preliminary Investigations for Protein Testing

1.

Pigment Samples

Refer to page 83

2.

Binder Samples

Cow (bovine) blood obtained from the abattoirs
(Elood was selected to be tested because from the literature it

was found to be the most used protein binder. Difficulties
~btainingfresh kangaroo blood made it impossible include in
the testing. Chicken egg was included later in the testing for
the heat-aged samp1es.j

3.

Sample Preparation

Paint samples were prepared from each pigment sample. Each
pigment was mixed with fresh cow blood (obtained from
Riverstone Meat Works) at approximately 1:10 (v:v) binder to
pigment ratio.
This made a slurry which was brushed onto glass sheets to a
thickness approximating lmm. Control (pigment only paint)
samples were also prepared. Paint samples to be used for
testing were paint flakes of the size 3mm x 3mm (maximum). This
size represented what was the acceptable sample size to be

removed and used in object testing.

(Compared to lipid binders (1:5 concentration), it was possible
to make a slurry using lower concentrations of protein binder
which could be painted. Lipid binders required greater
concentrations of lipid before it could be brushed or smeared
onto the glass sheets.)

4.

Equipment and Materials

Daystar Clear Polyester casting and embedding resin Cr 64 with
hardener
Silicone resin casting mould
Sand paper various grades from PI80 to CC1200
Chamois cloth
Distilled water
Donceau S
3% acetic acid

Stereo microscope
Hot plate
20% sulphosalicylic acid
5% aqueous Ninhydrin stain

Sigma Diagnostics protein dye reagent
Phenolphthalein solution
Stock solution

:

:

phenolphthalein

2g

potassium hydroxide 20g
distilled water

lOOml

The mixture is refluxed with 20g of powdered zinc for 2 hours

until the stock solution becomes colourless.
Working solution

:

phenolphthalein
stock solution

2 Om1

ethanol

8 Om1

Millipore Micro-centrifuge
micro-centrifuge tubes
Whatman filter paper number 42 (ashless)
3% hydrogen peroxide

5. Outline of Direction for Preliminary Investigations

Refer to page 85

6.2.2 Experiment 13

:

Evaluation of Ponceau S

Determination of Ponceau Staining to Detect Protein Using
Embedded Paint Samples

Aim
To determine if staining with Ponceau S could be used to detect
proteins.

Sample Preparation
Prepared paint samples were embedded in a resin block (refer to
Sample Preparation page 128 and embedding procedure 88).

Method
According to Johnson
1.

&

Packard 1971:150

A saturated solution of Ponceau S in 3% acetic acid was
prepared 24 hours before use

2.

This solution was applied onto the embedded paint sample
for 20 minutes

3.

The sample was then rinsed with distilled water

A positive result can be determined by a red stain.

Two sample of each type were tested.

Results
Results Key
-

no change; no binder detected

+

weak staining; binder detected

++

moderate staining; binder detected

+++ strong staining; binder detected

Table 23

:

Results of Experiment 13
Control
Pigment only

kaolin

1.- / +

1.

2.

2.

yellow ochre
gypsum

i
?

Binder

Pigment

hematite

1. -

1.

+++
+++

2.

-

2.

1.

+

1. +++

2.

+

1.

-

1.

1. -

1.

2.

2.

2.

MnO,

-/+

+++
+++

-

2.
2.

+++
++
+

+++

+++

Conclusion
The white pigments absorbed or allowed the dye to penetrate.
This pigment interference produced false positive results. The
hematite, because of it's colour, was difficult to distinguish.
For the white pigments, it is suggested that the supernatant or
extracted binder be used rather than whole sample. It was
decided to repeat this test to determine whether there was any
experimental error which could explain the results.

6.2.3 Experiment 14

:

Evaluation of Ponceau S

Determination of Ponceau Staining to Detect Protein Using
Embedded Paint Samples (repeat)

Aim
To determine if Ponceau S staining could be used to detect
proteins. (repeat of Experiment 1 3 )

Sample Preparation
As per Experiment 13

P<ethod
As per Experiment 13

Results
Results Key
-

no change; no binder detected

+

weak staining; binder detected

++

moderate staining; binder detected

+++ strong staining; binder detected

Table 24

:

Results of Experiment 14

Pigment
yellow ochre

Control
Pigment only
1.
2.

gypsum

1.
2.

kaolin

I

i

1.

2.

I

MnO,
hematite

-

+++
+++
-/+
+

Binder
1. +++

+++
1. +++
2. +++
3.

1.

2.

-

2.

1.
2.

-

2.

1.

+++

2. - / +
1.

+

+

1. -/t

+

Conclusion
Manganese dioxide was even more difficult to distinguish than
hematite for a positive result. Testing indicated that staining
of embedded paint samples produced similar difficulties as

found with Sudan staining such as dye penetration into resin
samples and masking of binder.

6.2.4 Experiment 15

:

Evaluation of Ponceau S

Evaluation of the Ostwald Procedure Using Paint Samples

Aim
To determine if using the Ostwald procedure, with Ponceau S
staining, could produce a better result.

Sample Preparation
Refer to Sample Preparation page 128

Method
Adapted from Ostwald (1936:135-440)
Place pigment or paint (3mm x 3mm) onto a slide and place a
small drop of distilled water on it for several minutes. Place
slide with dr'oplet onto a hot plate and vaporise liquid. After
the droplet has disappeared the slide is heated for another.
minute and then allowed to cool. Place one drop of stain over
test sample. After several minutes wash stain off. Rinse until
all excess stain has been removed. If protein is present there
should be a halo of stain around the sample where the protein
has collected around the fringe of the droplet.

One sample of each type was tested.

Results
Results Key
-

no change; no binder detected

+

weak staining; binder detected

++

moderate staining; binder detected

+++ strong staining; binder detected

Table 25

:

Results of Experiment 15

Conclusion
This procedure appeared to work well. Perhaps the heating
helped to denature the protein and therefore gave better
results. The charcoal sample gave a weak result but this sample
didn't adhere to the slide well and the pigment or paint was
washed off during the preparation.

6.2.5

Experiment 16

:

Evaluation of Sulphosalicylic Acid

Determination of Sulphosalicylic Acid to Detect Protein
Using Paint Samples

This test is a precipitate test and is known to have extremely
good sensitivity, even at low concentrations. It is based on
the turbidity produced by the precipitating action of
sulphosalicylic acid on the protein.

The test was originally developed and used in the 1920-1940's
for the routine testing of urinary proteins, particularly
albunin. At this time there was a need for an accxrate and
rapid method which could be performed by laboratory
technicians. Today, when used on a large scale, analytical
equipment has superseded this manual methcd.

Note that this test must be performed on well centrifuged
supernatant, otherwise false positives will cccur.

Aim
To test if a 20% sulphosalicylic acid solution could be used to
detect the presence of a protein binder.

Sample Preparation
Refer to page 128

Method
Sulphosalicylic acid test (According to White

&

Frankel

1965:306-7).
Paint sample (5mm x 5mm) was placed into a test tube. Three
millilitres of distilled water was added. This was then boiled
for two to three minutes in a water bath and then removed from
heat. After cooling, five drops of 20% sulphosalicylic acid in
distilled water was added. A positive result was indicated by
turbidity.

Two samples of each type were tested.

Results
Results Key
-

no change; no binder detected

+

weak turbidity; binder detected

++

moderate turbidity; binder detected

+++ strong turbidity; binder detected

Table 26

:

Results of Experiment 16

Pigment
kaolin

Control
Pigment only
1.
2.

gmsum

1.
2.

yellow ochre

1.
2.

Binder

-/+
- /+

1.

-

1.

-

1.

2.

2.
2.

+++

+++
+++
+++
+++
+++

hematite
MnO,
charcoal

Conclusion
The kaolin solution without binder was milky in appearance
before the addition of the sulphosalicylic acid. Centrifugation
could be tried to obtain a clear supernatant for testing.
Otherwise all pigments paint samples containing blood were
detected using this procedure.

6.2.6

Experiment 17

:

Evaluation of Sulphosalicylic Acid

Evaluation of the Ostwald Procedure Using Paint Samples

Aim
To determine if the sulphosalicylic acid reaction can detect
small amounts of binder using the Ostwald procedure.

Sample Preparation
Refer to page 128

Method
A small amount of pigment or paint (3mm x 3mm) to be tested was
placed on a glass microscope slide with two to three drops of
distilled water. This mixture was heated on a hot plate to
evaporate the water. The residue pigment and a halo of
evaporated binder remained. Two to three drops of
sulphosalicylic acid was added to the pigment or paint and then
the solution was viewed under a microscope using top lighting
with a black background under the slide.

Two samples of each type were tested.

Results
Results Key
-

no change; no binder detected

+

weak turbidity; binder detected

++ moderate turbidity; binder detected
+++ strong turbidity; binder detected

Table 27

:

Results of Experiment 17
Binder

Pigment

Control
Pigment only

gmsum

1. 2. -

1.

gmsum
(diluted)

1. 2. -

1. 2. -

kaolin

1. 2. -

1. 2.

-

1.

1.

-

kaolin
(diluted)

2.

2.

--

-

2.

-

Conclusion
This test method did not provide any promising results for it
to be further tested. It was difficult to manipulate the
samples and there was no indication of staining.

Experiment 18

6.2.7

:

Evaluation of Sulphosalicylic Acid

Determination of Centrifugation to Increase Sensitivity
Using Paint Samples

Aim
To test if centrifugation of the paint suspension provides a
means to detect the presence of binder, particularly with
pigments soluble or suspended by water.

Sample Preparation
Xefer to page 128

?4ethod

Xefer to page 138 with addition of centrifugation for 1 minute
cf ~listilledwater extract.

Two samples of each type were tested.

Results
Results Key
-

no change; no binder detected

+

weak turbidity; binder detected

++ moderate turbidity; binder detected
+++ strong turbidity; binder detected

Table 28

:

Results of Experiment 18

Pigment
kaolin

Control
Pigment only
1.

2.

gypsum

1.
2.

yellow ochre

1.
2.

hematite

I

1.

-

1.

-

1.

-

2.

+

-

+++
+++
1. +++
2. - /+
1. +++
2 . +++

2.

-

charcoal

1.
2.

-

MnO,

1.

-

2.

Binder

2.

-

++

1.
2.

1.
2.

-

- /+

Conclusion
Centrifugation of the white pigment samples proved to be a
successful way of removing the false readings. Other pigment
paint samples still gave variable results. Manganese dioxide
with binder gave only weak positive results.

6.2.8 Experiment 19

:

Evaluation of Sulphosalicylic Acid

Determination of Test Sensitivity Using Blood Samples

Aim
To test sulphosalicylic acid with the blood dilution series.

Sample Preparation
Whole blood was diluted using six successive dilutions with
concentrations loo%, 50%, 25%, 12.5%, 6.2%, 3% and 1.5%.
Dilutions were made with distilled water. Each dilution was
tested by removing five millilitres and placing it into a test
tube. The sulphosalicylic acid test was performed.

The Sulphosalicylic acid test

(

According to White

1965:306-7) refer to page 138.

Two samples of each type were tested.

&

Frankel

Results
Results Key
no change; no binder detected
+
weak turbidity; binder detected
++ moderate turbidity; binder detected
+++ strong turbidity; binder detected

Table 29

:

Results of Experiment 19
Sample
control
whole blood

Result
1.
2.

1. +++
2.

control

1.
2.

II

-

+++

-

50% blood

1.
2.

+++

control

1.

-

2.

-

25% blood

1.
2.

control
12.5% blood

-

2.

-

1.
1.
2.

6.3%

blood

1.
2.

control

1.
2.

3% blood

1.
2.

control

1.
2.

1.5% blood

+++
+++

1.

2.

control

+++

1.
2.

+++
+++
-

+++

+++
-

+++
+++
-

+++
+++

Conclusion
This procedure worked well when tested with the blood dilutions
and provided clear positive results. The sulphosalicylic acid
test appears to have good detection, down to 1.5% blood
concentration , with no difference in detection for 100 percent
to 1.5 percent blood concentrations.

Experiment 20

6.2.9

:

Evaluation of Ninhydrin

Determination of Ninhydrin to Detect Proteins Using Blood
Samples

A

bllle colour is prod-xed when ninkydrin is heated with alpha

amino acids or with peptides and proteins ccntaining at least
one free amino and carboxyl group, 3roducing aldehydes.

Aim
To test ninhydrin as a method for the detection of protein.

Sample Preparation
Paint samples were made using whole blood and 1.5%
concentration of blood in water.

Method
Five percent aqueous ninhydrin was added to a test tube which
contained a one millilitre suspension of the test solution. The
solutions were mixed and then heated in a water bath for one

minute.

Two samples of each type were tested.

Results
Results Key
-

no change; no binder detected

+

weak staining; binder detected

-I+

moderate staining; binder detected

+++ strong staining; binder detected

Tzble 30

:

Results of Experiment 20

Pigment
kaolin
yellow ochre
hematite
MnO,

Control

Blood Binder

1 Blood Dilution

Conclusion
Testing of this procedure was abandoned due to a nil response
rate. Theoretically, the results should have indicated that a
blue colour is produced when the ninhydrin is heated with alpha
amino acids or with peptides and proteins containing at least
one free amino acid and carboxyl group.

6.2.10 Experiment 21 : Zvaluation of Sigma Protein Test

Determination of the Sigma Test to Detect Proteins Using
Paint Samples

This method Is based on a reaction with Brilliant blue G
(Coomassie blue). In an acid-alcohol medium, the Brilliant Blue
G reacts quickly with protein, to form a blue-coloured protein

dye complex.

Wolbers

&

Landrey (1987:169-202)have commented that Coomassie

Blue is only soluble in aqueous systems as long as their
sulphonic groups are dissociated or charged. Hydrophobic
interactions were also possible depending on the hydrogen ion
or small cation concentrations of the surrounding medium. This
interaction is reduced in this testing because the extraction
of fats and oils is the first step of the experimental
procedure.

It has also been noted that yellow ochre with protein binder

can record false negative results (GCI 1990:25). Therefore it
is important to ensure that the pigment extraction from the
centrifuged supernatant is carried out precisely to reduce this
phenomena. The author found that with this care, no false
results were recorded.

This method was adapted from the Getty Conservation
Identification kit (1990:25), which is based on the Sigma
Protein Micro Determination Procedure Number 610 and Stulik

&

Florsheim (1992) .

Aim
To determine if the GCI method for protein determination using
the Sigma protein kit could be used to determine protein
binders.

Sample Preparation
Refer to page 128

Method
According to Getty Conservation Institute (GCI 1990:25-26)
Identification of Binding Media manual for the test kit.
1.

Place 0.5 millilitres of distilled water and a paint flake
(3mm x 3mm) into a three millilitres flat bottom vial.
Bring suspension to boil using a hot plate. Boil for two
minutes

2.

Cool at room temperature

3.

Transfer to micro-centrifuge tube. Centrifuge for one
minute. Remove supernatant
Add three to five drops of the protein reagent

4.

A positive protein test is indicated by the immediate formation
of a blue colour.

Two samples of each type were tested.

Results
Results Key
-

no change; no binder detected

+

weak staining; binder detected

++

moderate staining; binder detected

+++ strong staining; binder detected

Table 31

:

Results of Experiment 21

Pigment
kaolin

Control
Pigment only
1.

-

2. -

gypsum

1.
2.

yellow ochre
hematite
MnO,

-

-*
-*
1. - *
2. -*

1.
2.

1.
2.

-

Binder
Paint sample
1.
2.

1.
2.
1.
2.

1.
2.
1.
2.

+++
+++
+++
+++
+++
+++
+++
+++
+++
+++

* yellow ochre and hematite became green with addition of dye.
Conclusion
There were changes noted by the addition of pigment only. The
hematite and yellow ochre sample became quite green.
Interference from these pigments appeared as though the iron
was able to react with the protein reagent. This indicates the
importance of knowing the pigment type otherwise a false
positive result may occur.

6.2.11 Experiment 22 : Evaluation of Sigma Protein Test

Determination of Test Sensitivity to Detect Blood using
Blood Samples

Aim
To determine if the Sigma Protein test can be used to detect
diluted blood samples.

Sample Preparation
Refer to page 144 for preparation of blood dilutions

Method
Diluted blood samples (approximately one millilitre) were
placed onto Whatman Number 42 filter paper (two centimetre
square) using an inoculation loop and allowed to dry. The
samples were allowed to dry for a period of two to three weeks

before being tested. Then each filter paper sample was placed
into a small petri dish and three millilitres of hot distilled
water added. The water was allowed to cool (approx. 15 minutes)
then the Sigma Protein test carried out (Experiment 21 page
149) with blood stained filter paper substituted for paint

flake.

Four samples of each type were tested.

Results
Results Key
-

no change; no binder detected

+

weak turbidity; binder detected

++

moderate turbidity; binder detected

+++ strong turbidity; binder detected

Table 32

:

Results of Experiment 22
Result

Concentration of
Binder

+++
+++
+++

1.
3.

+++
+++

50%

1.
3.

2.
4.

25%

1.
3.

12.5%

1.

+++
+++
+++
+++
+++
+++
++
++

4.

+++
+++
+++
++
++
+++
+++

1.
3.

-

2.
4.

-/+
-/+

1.
3.

-

2.
4.

-

1.
3.

-

2.
4.

-

whole blood

3.

6.3%
3.0%
1.5%

nil

1.
3.

2.

4.

2.
4.

2.
4.

2.

Conclusion
An end point in binder detection was reached between the 3% and
1.5%

(1:4 and 1:5 concentration). After this point, the protein..

was not detected. This test was not as sensitive as the
sulphosalicylic acid test.

6.2.12 Testing Procedure for the Identification of Heme

The test procedure as outlined by Stulik

&

Florsheim (1992) was

the only test evaluated. This procedure was also recommended in
the Biological Methods Manual (1978) and has been used
routinely in Haematology laboratories and is also known as the
Kastle-Meyer Test.

6.2.13 Experiment 23

:

Evaluation of GCI Heme Test

Determination of Heme Test to Detect Blood Using Blood
Samples

This test relies on the enzyme peroxidase, which is present in
red blood cells. This enzyme catalyses the reduction of
hydrogen peroxide. In this reaction, oxygen is passed to
reduced phenolphthalein, (by a peroxide mediated oxidation) and
a pink coloured compound is formed.

Studies in forensic science using this method have found that
false positives can occur in several ways (Biological Methods
Manual 1978:2-89). Development of colour before the addition of
peroxide can be caused by chemical or plant oxidase present in
the test sample. Peroxide also can break down with exposure to
light, producing free oxygen which can react to produce a false
positive. Tumosa (1993:207) commented on the test procedure

outlined by Stulik and Florsheim, stating that this blood test,
in particular, should be carried out with great caution. He
also outlined problems with the interpretation caused by
interactions of peroxidases and metal ions.

Aim
To determine if the GCI heme blood test could be used to detect
dried blood samples.

Sample Preparation
Blood sample painted onto glass and allowed to dry. Dried blood
sam2le (3mm x 3mm) was placed into a glass vial.

Method
According to The Getty Conservation Institute (GCI 1990:28-29)
Identification of Binding Media, manual for the test kit.
0.5 ml of distilled water is added to 5mg of finely ground
paint sample in flat-bottomed glass vial. The suspension is
Soiled for two minutes on a hot plate. After cooling the
suspension is centrifuged for one minute. One drop of
supernatant is mixed with 3 drops of phenolphthalein soltion.
After 30 seconds 3% hydrogen peroxide is added.

A positive heme test is indicated by a pink colour developing
within 30 seconds.
Four samples of each type were tested.

Results
Results Key
-

no change; no binder detected

+

weak staining; binder detected

++

moderate staining; binder detected

+++ strong staining; binder detected

Table 33

:

Results of Experiment 23
Sample

Result

distilled water
dried blood

1. -

1.

+++

2.
2.

+++

3.

+++

4.

+++

Conclusion
This test was able to determine the presence of dried blood.

6.2.14 Experiment 24

:

Evaluation of GCI Heme Test

to Detect Blood Using Faint Samples

Aim
To identify blood in paint samples using the GCI heme test.

Sample Preparation
Refer to page 128

Method
Refer to page 155

According to The Getty Conservation Insitute (GCI 1990:28-29)
Identification of Binding Media, manual for the test kit.

Four samples of each type were tested.

Results
Results Key
-

no change; no binder detected

+

weak staining; binder detected

++

moderate staining; binder detected

+++ strong staining; binder detected

Table 34

rI

:

Results of Experiment 24

Pigment

i

Control
Pigment only

Binder
Paint sample

--

Ii

kaolin

1.
2.
3.
4.

gYPsum

3.

4.
1.
2.
3.
4.

hematite

1..
2.
3.

4.

manganese dioxide

2.
3.
4.

1.
2.
3.
4.

++

++

+++

++

1. +++
2. ++

1. -

2.

yellow ochre

1.

-

-

+++
++
1. +++
2. +++
3.
4.

-/+
-

-/+
-

- /+
-/+
-/+
-

3.

+++

+++
1. +++
2. ++
3.
++
4.
++
1. +++
2. +++
3 . +++
4 . +++
4.

Conclusion
This test provided positive results for the presence of heme in
paint samples. Interference was found when testing ochre
pigments (iron oxide), which gave weak false results.

6.1.15 General Conclusions for the Protein Testing

Both the Sigma Protein Test ( G C I ) and the 20% sulphosalicylic
acid test provided good results to allow them to be chosen as
tests to be used in the identification of the unknown binders
(from museum object samples). Azthough the sulphosalicylic acid
test appeared to be more sensitive than the Sigma test, it also
had some interference particularly from white pigments, giving
some false results which were reduced by centrifuging the
sample.

With Ponceau S, because denaturation of the protein is
necessary for staining, naturally aged proteins are found to
stain better than fresh samples. Therefore better results may
be obtained when looking at aged binders found on museum
objects. Aged proteins also become less soluble in aqueous
systems and may not be as readily distinguished with water
soluble extraction systems. (Johnson

&

Packard 1971:150-152).

There was some interference from pigments. White pigments
absorbed the stain and hematite was difficult to interpret
because it has the same colouring as the stain.

With the Sigma Protein Test, yellow ochre and hematite may
cause a colour change which could be interpreted as a false
positive. This outlines the importance of identifying the
pigment to help in the interpretation of the results or
providing a technique which completely extracts or filters
these pigments.

Although the Heme test gave false results when tested with iron
oxide pigments it was selected for blood binder identification
because it is a selective test to distinguish blood from
protein.

Summary
The Sigma Protein Test and the aulphosalicylic acid test were
selected for protein testing with the unknown object paint
samples.

The Heme test was also selected for blood testing using the
unknown object paint samples.

6.3 Identification Method for Carbohydrates

Carbohydrates are distinguished by the fact that they
exclusively contain carbon, hydrogen and oxygen, and refer to
starches, sugars and cellulose, which are more correctly called
saccharides.

Monosaccharides are simple sugars such as glucose, fructose and
galactose. Disaccharides are double sugars, and complex sugars
are called polysaccharides. They can also be classified
according to function such as storage (eg. starch) or
structural polysaccharides (such as cellulose).

There were only three types of carbohydrate binders reported as
being used. These are plant gum, honey and specifically, orchid
juice.

Plant gum can be described as being a plant intracellular fluid
or exudate which is sticky but non-gelling, and composed of a
variety of polysaccharides, particularly D-galactose and Dglucuronic acid units.

Honey, from wild bee hives, is predominantly a simple sugar or
monosaccharide, namely fructose.

Orchid juice was found to be composed of glucomannan, (3
mannose units to 1 glucose unit), with a small amount of free

glucose present. No starch was present in the analysed samples.
Therefore orchid juice could be best described as a storage
heteropolysaccharide. It could also be described as a mucilage,
which is a sticky plant intracellular fluid or exudate with
gelling properties (such as glucomannan). Research (Ernst

&

Rodriguez 1984:231) has shown the amounts of mucilage vary
during the growth of tubers. Old tubers have been shown to
contain no mucilage as compared to new tubers, which are rich
in mucilage. This is significant to the painting of an object
because the bulbs or tubers are used when they are new or rich
in glucomannan.

The selected test would identify glucose, honey or free glucose
present in orchid juice. Since orchid juice has been used in
many more documented cases ~ h a nplant gums and honey, it could
be assumed more likely to be the binder if only glucose was
detected.

One method for the detection of glucose was the Sigma Glucose
Determination, Procedure 635 (GCI Gum test).

Simple sugars, such as glucose, fructose and galactose, are
extracted from a paint sample and, in the presence of acid and
heat, the active reagent o-toluidine reacts with the aldosugars
(glucose) to form a blue-green coloured complex.

A positive test is indicated by the formation of a blue-green
colour .

Research from the Getty Conservation Institute (1990:16) has
shown that charcoal can give a negative result.

6.3.1 Preliminary Investigations for Carbohydrate Testing

1.

Pigment Selection

Refer to page 83

2.

Binder Samples

Orchid juice extracted from young Cvmbidium canalicutum bulbs
which were ground and the extract sieved. The collected
material was made into a slurry by adding distilled water. This
>reparation was called orchid juice.

3.

Sample Preparation

Taint samples were prepared from sach pigment sample. Sach
pigment was mixed with binder at approximately 1:10 (v:v)
binder to pigment ratio. This made a paint slurry which was
brushed onto glass sheets to a thickness approximating lmm.
Control (pigment only paint) samples were also prepared. Paint
samples to be used for testing were paint flakes of the size
3mm x 3mm (maximum). This size represented what was the
acceptable sample size to be removed and used in object
testing.

(Compared to lipid binders (1:s concentration), it was possible

to make a slurry using lower concentrations (1:lO) of
carbohydrate binder which could be painted. Lipid binders
required greater concentrations of lipid before it could be
brushed or smeared onto glass sheets).

4.

Equipment and Materials

Distilled water
Sigma standard glucose solution
Hot plate
Millipore Micro-centrifuge
Micro-centrifuge tubes
9-toluidine reagent
0.5M sulphuric acid
Laboratory oven
Fume hood
Glass vials
Whatman filter paper number 42 (ashless)

5.

Outline of Direction for Preliminary Investigations

Refer to page 85

Bearing in mind the selection criteria (refer to page

79),

the

literature was surveyed and discussions held with Dr Dusan
Stulik and Henry Florsheim (Getty Conservation Institute, Los
Angeles), Mr Keith James (Officer-in-Charge, Food Science
Section, Armed Forces Food Science Establishment, Department of
Defence, Melbourne) and Associate Professor Mike Slaytor

(Biochemistry Department, University of Sydney), on detection
methods for orchid juice.

It was decided to only evaluate the test procedure as outlined
by Stulik and Florsheim (1992) for Glucose and Gum detection
because there were no other comparative tests found.

6.3.2 Experiment 25

:

Evaluation of Sigma Glucose Test

Evaluation of the Sigma Test to Detect Glucose Using
Dried Orchid Juice

Aim
To determine if the Sigma Glucose test could detect the small
amount of free glucose present in orchid juice.

Samples Tested
Distilled water
Sigma glucose standard
Dried orchid juice film

Method
According to Getty Conservation Institute (1990:16)
Identification of Binding Media, manual for the test kit.
1.

Place sample to be tested and 0.5 millilitres of distilled
water in glass vial

2.

Bring mixture to low boil, using a hot plate in a fume
cupboard. Allow to boil for one minute

3.

Cool at room temperature

4.

Transfer to microcentrifuge tube and centrifuge for one
minute

5.

Place three drops of supernatant into glass vial and add
0.5 millilitres of 0-toluidine reagent

6.

Place vial in boiling water bath for ten minutes

A positive test is indicated by the formation of a blue-green

colour .

Four samples of each type were tested.

Results
Result Key
-

no change; no binder detected

+

weak staining; binder detected

++

moderate staining; binder detected

+++ strong staining; binder detected

Table 35

:

Results of Experiment 25
Sample

distilled water

I

i

glucose standard

Result
1.
2.
3.
4.
1.
2.
3.
4.

orchid juice

1.
2.
3.
4.

1
-

I

+++

+++
+++

+++
+++

+++
+++
+++

Conclusion
This glucose test could detect orchid juice by the presence of
free glucose.

I

6.3.3 Experiment 26

:

Evaluation of Sigma Glucose Test

Evaluation of Sigma Test to Detect Glucose Using
Paint Samples

Aim
To determine if the Sigma Glucose test can be used to detect
simple sugars, such as glucose, in small quantities similar to
those found in objects and with possible interference from
pigments.

Sample Preparation
Refer to page 162

Method
Refer to page 165
According to Getty Conservation Institute (1990:16)
Identification of Binding Media, manual for the test kit.

Pour samples of each were tested.

Results
Result Key
-

no change; no binder detected

+

weak staining; binder detected

++

moderate staining; binder detected

+++ strong staining; binder detected

Table 36

:

Results of Experiment 26

Pigment

kaolin

Control
Pigment only
1.
4.

-

2.

3.

gypsurn

++
++
-I-+

1.

-

3.

3.

-

3.

1.

1.
2.
3.
4.

1.
2.
3.
4.

-

++

4.

3.

-

4.

MnO,

2.

1.

2.
3.

hematite

1. ++

2.
4.

yellow ochre

Binder
Paint sample

4.

1.
2.

3.
4.

-I-+

++
++

++

+++
+++
++

-

1. ++

-

3.

++
++

++
++

2.
4.

1.
2.
3.
4.

++
++

++

++

++

++
++

Conclusion
This procedure was able to detect the small amount of free
sugar present in orchid juice. The MnO, sample gave a false
positive result.

6.3.4 Experiment 27

:

Evaluation of GCI Gum Test

Determination of the GCI Gum Test to Detect Orchid Juice
Using Paint Samples

Aim
To determine if the GCI gum test could be used to determine
orchid juice in paint samples.

Sample Preparation
Refer to page 162

Method
According to Getty Conservation Institute (1990:13)
Identification of Binding Media, manual for the test kit.
1.

Place paint samples intc flat bottom glass vial and add
0.5 millilitre of 0.5 M sulphuric acid

2.

Close vial and place in pre-heated oven set at 100°C for
two hours

3.

Remove vial from oven and cool to room temperature

4.

Transfer to microcentrifuge tube and centrifuge for one
minute

5.

Place three drops of supernatant into glass vial and add
five drops of 0-toluidine reagent

6.

Place vial in boiling water bath for ten minutes

A positive test is indicated by the formation of a blue-green
colour .

Four samples of each type were tested.

Results
Result Key
-

no change; no binder detected
+
weak staining; binder detected
++ moderate staining; binder detected
+++ strong staining; binder detected

Table 3 7

:

Results of Experiment 27
Binder
Paint sample

Pigment

Control
Pigment only

kaolin

1. 2. 3. 4. -

1.

1. 2. 3. 4. -

1.

gypsum

yellow ochre

1. 2.

hematite

-

4.

-

1. -

2. 3. -

4.

MnO,

-

3.

2.

3.
4.
2.

3.
4.

+++
++
++
++
+++
+++
+++
+++

formation of a pale
yellow to gold
brown colour.
formation of a
green brown colour.

-

1. 2. 3. 4. -

formation of a
magenta colour.

Conclusion
Yellow ochre, hematite and manganese dioxide gave variable
colour changes. These results would be difficult to interpret
without prior knowledge of this behaviour.

6.3.5 General Conclusions for Carbohydrate Testing

The Sigma Glucose Test was found to be able to detect the small
amount of free glucose associated with orchid juice binders.
This test was also able to detect small binder quantities
similar to those used on painted objects and without
significant pigment interference.

Although the Gum Test gave some positive results and detected
orchid juice binder, there were many variable colour changes
which appeared to depend on the pigment type used. Therefore
without a knowledge of the pigment type and expected variation
in test colour results, this test could not be used to detect
orchid juice in paint sam?les.

Although these tests could detect simple sugars, a specific
test for glucomannan would be needed to confirm orchid juice
binder.

Summary

Due to the experimentation results, the Sigma GCI Glucose test
was selected for testing on the object samples.

6.4 Summary of Selected Test Methods

The following table summarises the developed binder tests
methods which were selected from the preliminary testing
experimentation.

Table 38

:

Summary of Selected Tests
-

/der

to be Detected

Selected Test Method

ii

Lipids- fats and/or oils

I

Proteins- proteins, blood Test for proteins
and egg
3. Sulphosalicylic acid test
procedure
4. Sigma GCI protein test
procedure

i

Test £=lipids
1. Sudan Black B Bromination
procedure
2. Sigma GCI triglyceride test
procedure
--

I

Blood- heme

Simple sugars- glucose,
honey, orchid juice

i

1

Test for heme
5. GCI Heme procedure
Test for simple suqars
6. Sigma GCI glucose test

procedure

I

6.4.1

1.

Details of Selected Test Procedures

Sudan Black B Bromination Procedure

According to Gatenby
1.

:

1993:167-171

Place two to three drops of aqueous bromine onto
embedded paint for 30 minutes at room temperature
inside fume cupboard

2.

Wash in water and treat with 0.5 percent sodium
metabisulphite in distilled water for one minute to
remove excess bromine

3.

Wash thoroughly in distilled water
A non-brominated control can be included at this
stage, i.e. Standard Sudan Black B method

4.

Rinse in 70 percent ethanol in distilled water

5.

Stain for fifteen minutes in saturated Sudan Black B
in 70 percent ethanol

6.

Differentiate with 70 percent ethanol until a
delipidised control section appears essentially
colourless

7.

Examine

A positive result is indicated by a black-blue stain.

2.

Sigma GCI Triglyceride Test Procedure
1.

:

Paint flake sample (3mm x 3mm) was manually ground
and then dissolved in 0.5 millilitre methylene
chloride in a glass vial. The mixture was placed onto

a low heat hot plate inside a fume cupboard until the
solvent started to boil. The mixture was removed and
the remaining paint fragments broken up using a small
glass probe. The mixture was again placed onto the
hot plate until it boiled and then allowed to cool to
room temperature
2.

Centrifuge the paint sample for one minute

3.

Remove supernatant using a pasteur pipette and place
three to five drops onto a piece of Whatman Number 42
filter paper (approximately 2 centimetre square)
in a glass dish. Mark centre of application
zone

4.

Add five drops of Sigma GPO-Trinder to centre of
application zone (refer to Figure 3 page 175)

5.

Allow to stand at room temperature for ten to fifteen
minutes

6.

Examine at fringe zone for positive result

A positive result is indicated by a purple to pink colour
change at the fringe zone.

Figure 3

:

Application zone at the supernatant fringe
Area shows filter paper sample. Five drops of
supernatant were dropped onto the centre of the
filter paper. Supernatant spread, migrating
outward to a point called the supernatant

FILTER PAPER

Area of Application

Area to
be Tested
Supernatant
Fringe -W

-

-

Supernatant Migration

fringe. Testing with the reagent was carried out
at the fringe. This step introduced an additional
extraction eliminating interference of residual
pigment with supernatant with reagent.

3.

Sulphosalicylic Acid Test Procedure

According to White and Frankel 1965:306-7.
Paint (3mm x 3mm) was placed into a vial and mixed with
distilled water. This mixture was then placed onto a hot plate
and boiled for thirty seconds to one minute. It was allowed to
cool. Samples were centrifuged and then five drops of 20
percent sulphosalicylic acid added to the supernatant.

A positive test is indicated by turbidity at the top of the
supernatant.

4.

Sigma GCI Protein Test Procedure

Getty Conservation Institute (GCI 1990:25-26) Identification of
Binding Media manual for the test kit. Stulik

&

Florsheim

(1992)
1.

0.5

millilitre of distilled water and a paint flake

(3mm x 3mm) was placed into a three millilitre flat
bottom vial. Bring suspension to boil using a hot
plate. Boil for two minutes
2.

Cool at room temperature

3.

Transfer to micro-centrifuge tube. Centrifuge for one
minute. Remove supernatant

4.

Add three to five drops of the protein reagent

A positive protein test is indicated by the immediate formation

of a blue colour.

5. GCI Heme Procedure

According to Getty Conservation Institute (GCI 1990:28-29)
Identification of Binding Media, manual for the test kit.
Stulik

&

1.

Florsheim

(1992)

Add 0.5 millilitres of distilled water to paint
sample in vial

2.

Bring suspension to low boil, using hot plate

3.

Boil for two minutes

4.

Cool at room temperature

5.

Transfer to microcentrifuge tube and centrifuge for
one minute

6.

Place one drop of extract into flat Sottom vial

7.

Add three drops of phenolphthalein working solutian
(the mixture should remain colourless)

3.

Add three percent hydrogen peroxide solution

A positive test is determined by the formation of a pink colour
in 30 seconds. (A pink-purple colour after three to five

minutes is due to other oxidising agents).

Phenolphthalein solution
Stock solution

:

:

phenolphthalein

253

potassium hydroxide

20g

distilled water

loom1

The mixture is refluxed with 20g of powdered zinc for 2 hours
until the stock solution becomes colourless.

Working solution

6.

:

phenolphthalein
stock solution

2 Om1

ethanol

80ml

Sigma GCI Glucose Test Procedure

According to The Getty Conservation Institute (1990:16)
Identification of Binding Media, manual for the test kit and
Stulik

&

1.

Florsheim (1992)
Place paint sample to be tested and 0.5 millilitres
of distilled water to glass vial

2.

Bring mixture to low boil, using a hot plate in a
fume cupboard. Allow to boil for one minute

3.

Cool at room temperature

4.

Transfer to microcentrifuge tube and centrifuge for
one minute

5.

Place three drops of supernatant into glass vial and
add 0.5 millilitres of 0-toluidine reagent

6.

Place vial in boiling water bath for ten minutes

A positive test is indicated by the formation of a blue-green
colour.

6.5

Identification Flow Chart for Detection of Binder in
Supernatant Extractions

An outline of the procedure used for the identification of the
binder from supernatant extractions is shown in Figure 4 page
180. This approach allows for the separation of water soluble

and organic solvent soluble binding media. The tests developed
are then performed using a single sample.

Figure 4

:

Flow Chart for Supernatant Extractions

Paint sample
with
unknown
binder
Extraction with hot
methylene chloride
Sol ids

Separation

Test for water
soluble binders

Test for lipids
Egg Fats Oils

Test for simple sugars
Glucose Honey Orchid

Test for proteins
Proteins Blood Egg

Test for heme
Blood

insoluble matter

Liquids (Supernatanr)

7.0

ARTIFICIAL ACCELERATED HEAT AGEING

In the evaluation of materials and procedures used in
conservation it is sometimes necessary to determine whether the
item (eg polymer, conservation material, and in this case
binder) under evaluation can be detected or has undergone a
change, after a period of time or natural ageing. Unfortunately
it is not always possible to wait the necessary time period to
evaluate if a change has occurred under specified artificial
conditions. Therefore artificial accelerated ageing tests are
performed to determine if the item is stable or whether a
change has occurred. Some cocservators consider artificial
accelerated ageing as an appropriate comparison to natural
ageing changes. Artificial accelerated ageing can give an
indication of what changes might occur to materials which are
subjected to deleterious environments.

Artificial accelerated heat ageing as proposed by Feller and
Wilt

(1990:43-45)

cellulose ethers.

was designed to evaluate stability of
The type and degree of change indicates the

suitability of the material for conservation purposes. The
changes normally of interest to conservators are either
chemical (eg discolouration, loss of molecular weight or
viscosity, loss of solubility) or physical (eg development of
brittleness) in nature. Testing by Fellers and Wilt measured
changes in the

three chemical properties of discolouration,

loss of molecular weight or viscosity grade, and loss in

solubility.

Thermal ageing, as outlined by Feller and Wilt (1990;43-451,
was selected as the artificial accelerated ageing method for
the work as it is believed to be the most relevant. The other
test,

light ageing, would not have as much relevance because

the binder is combined with pigment and overall would have
greater exposure to heat compared to light. Many objects when
first produced were subsequently exposed to environments of
high temperature and therefore this type of ageing was
considered more appropriate. This test provided a convenient
ricthod of assessment for comparative purposes.

Artificial accelerated heat ageing testing was performed to
determine if the select-ed tests which proved to be successful
for the identification of binder type using fresh samples would
prove as successful for heat-aged and old binder samples.
After ageing, samples were evaluated using the selected test
methods. Discolouration and weight loss were measured.

a)

Thermal Stability: Test Rationale

The primary result of heating establishes a change in relation
to discolouration and loss of weight. Accordin2 to Feller and
Wilt (1990:41), the classes of thermal stability used are based
on an approximate rule of thumb
0 test hours

=

0

:

years normal museum conditions

5 test hours = moisture loss
58 test hours = 20 years normal museum conditions
288 test hours = 100 years normal museum conditions

After 100 years, the sample is considered to be highly stable
if it has not undergone a change.

Original test conditions are based on dry oven conditions using
an air circulating oven set at 100°C. No humidification is
included. In addition to estimates of heating times up to 100
years, control materials are included such as Methocel (a
highly stable material) and Klucel L and Klucel M (unstable
materials).

b)

Test Evaluation

9iscolouration

:

a rating of stability of one sample when

compared to another. Relative discolouration is judged
visually.
Weight loss

:

provides a simple rating of samples when slight

differences in behaviour are otherwise not apparent. Weight
loss of less than 1% would represent a highly stable sample as
compared to a weight loss of up to 10-20% for unstable
materials.

7.1

Experimental Work - Testing the Artificially
Aged Binder Samples

7.1.1 Test Procedure

Samples to be tested were placed into glass petri dishes. Each
sample was weighed, with the standard samples weighing 10
grams. Two assessments were carried out: weight loss and
relative discolouration.

The samples to be tested were

:

1.

10 grams olive oil (100% pure oil)

2.

10 grams goanna fat (Originally stored in methylene

chloride)
3.

0.1 grams orchid gum
The orchid gum was prepared by squeezing the juice from a
bulb of Cymbidium canalicultum, which was then pushed
through a sieve to remove bulb debris. This gum was then
mixed with a small amount of distilled water which enabled
it to be painted onto a sheet of clean glass. The gum was
allowed to dry and then scraped off the glass and stored
in an air-tight container. Due to the minute total weight
of this sample, only 0.1 grams could be tested.

4.

10 grams of dried blood

5.

10 grams Methocel

6.

10 grams Klucel L

7.

10 grams Klucel M

Klucels (hydroxypropyl cellulose ethers) are known to
discolour under these conditions and were added as
unstable controls. Methocel (methyl cellulose), a highly
stable material which would scarcely change under these
conditions was added as a stable control.

Samples were then placed into a Labmaster dry air-circulating
oven set at 10o°C. After set periods of time each sample was
removed and assessed. Time periods were determined as: 0 hours;
5 hours (to determine moisture loss); 58 hours (equivalent to

20 years under normal museum conditions); 288 hours (equivalent
to 100 years under normal museum conditions).

Assessment
1. Weight measurements were taken at 0 hours and

5

hours and

the difference calculated as a percentage. The percentage loss
during this time was considered to be moisture loss rather than
thermal degradation. The percentage difference in weight
between 5 hours and 288 hours is considered to be weight loss
due to thermal degradation equivalent to 100 years under normal
museum conditions.

2. Relative discolouration was assessed visually before and

after ageing. The visual appearance of the samples was
documented at these times.

7.1.2 Results of Testing the Artificially Aged Binder Samples

The following tables summarise the full range of tests that
were carried out on the samples before, during or after the
ageing process.

Table 39

:

Sample

Weight Measurements After Artificial Heat-Ageing

/ Time in hours
0 hours

5

hours

1

!

58 hours 288 hours

goanna fat

10.00 gm

5.70 gm

5.56 gm

5.48 gm

olive oil

10.00 gm

10.00 gm

10.00 gm

9.91 gm

blood

10.00 gm

9.97 gm

9.97 gm

9.97 gm

orchid juice 100.10 gm(OO.10 gm(00.09 gm 100.10 gm
Methocel
Xlucel L
Klucel M

1
110.00 gm 1 9.97 grn 1
110.00 gm 1 9.47 gm 1
1 1 0 x I 9.96 gm

1

1

9.95 gm

1
9.42 gm 1
9.93 gm

9.95 gm
9.94 gm

9.46 gm

Table

40 :

Percentage Weight Loss of Tested Standards
Sample

Percentage
moisture loss

Percentage
weight
loss

goanna fat

43 %

3.9%

olive oil

0%

0.9%

blood

0.3%

0%

orchid juice

0%

0%

Methocel

0.4%

0.1%

Klucel L

0.3%

0.3%

Klucel M

5.3%

0.1%

Discussion of Weight Measurements
Goanna fat was stored in methylene chloride and had a
significant weight loss during the first five hours based on
the evaporation of the methylene chloride combined with
moisture loss (methylene chloride has a boiling point of
39.75"C

and would evaporate quickly when placed in the pre-

heated oven). The other materials had either nil or' small
amount of weight loss. Those with a change in dry weight
indicate some chemical change has taken place. These results
also indicate that fats and oils used as binders would be less
stable than orchid juice.

Table 41

:

Relative Discolouration of Samples After Artificial

Ageing
Sample

Before ageing

After ageing

large globules of
golden coloured fat
in golden yellowed
methylene chloride

dark golden yellow

olive oil

golden yellow

green yellow

blood

brown-red

dark brown-red

orchid juice

clear grey coloured
film

brownish yellow
coloured film

I Methocel

white powder

no change

Klucel L

white powder

brownish yellow
powder

Klucel M

off white coloured
powder

brilliant white
coloured powder

goanna fat

Discussion or Discolouration Results
Visual discolouration was evident in many of the tested
materials which indicated a chemical change, due to ageing.
Only goanna fat and Methocel appeared colour stable. Although
this method of comparison is subjective it still provides an
indication of a chemical change.

The test also indicated that in comparison to the Klucel L and
M the unstable controls, olive oil and goanna fat appear to be

very unstable.

7.1.3 Results of Testing the Ability to Identify Binders in

Artificially Aged Paint Samples

Paint Sample Preparation
Individual samples of pigment (kaolin, gypsum, yellow
ochre, hematite and manganese dioxide) were mixed with
binder (olive oil, goanna fat, blood, whole egg and orchid
juice) to form a brushable consistency and then painted
onto glass slides for heat testing. They were allowed to
dry before being placed into the oven.

Pigment samples
Controls (pigment ocly paint samples) were prepared in the
same way as above and mixed with distilled water.

Solvent and filter paper controls
Solvents used as the supernatant and filter paper used for
binder separation and extraction, in the selected tests
for the identification of lipids, proteins and glucose
were tested before and after exposure to a dry air
circulating oven set at 1 0 0 ° C after 288 hours.

Four samples of each were tested.

Results Key
-

no change; no binder detected

+

weak change; binder detected

++

moderate change; binder detected

+++ major change; binder detected
Table 42

:

Pigment Control Sample Results for the Sigma

Triglyceride Test for Binder Identification, Before and After
Artificial Ageing
Pigment Sample

kaolin

1.
2.
3.

gypsum

yellow ochre

manganese dioxide

-

1.
2.

-

Heat-aged
paint film

1. 2.
3.-/+

-

3.

4.

-

4.

-

1.

-

1.

-

-

2.

-

++

4.

2.
3.
4.

-

3.
4.

-

1.

2.

1.

-

1.

-

-

-

1.

2.

2.

-

3.
4.

hematite

Unaged paint
film

Control
fresh
pigment
sample

1.
2.

3.

-

4.

-

1.

-

2.

3.
4.

3.

2.

3.

4.

-

4.

1.

-

1.

-

1.
2.

3.
4.

1.
2.

3.
4.

-

3.

4.
2.

-

2.
3.
4.

-

- /+
-

-

3.

-

4.

-

Discussion
Overall the pigment paint controls gave negative results as
expected, before and after ageing. No binder was detected.

Results Key
-

no change; no binder detected

+

weak change; binder detected

++

moderate change; binder detected

+++

major change; binder detected

Table 43

:

Pure Reagent and Materials Tested Using The Sigma

Triglyceride Test Before and After Artificial Ageing
Sample
methylene chloride

II

Before ageing

-

1. 2. 3. 4. -

1. -

1. -

2.

2.

1. 2. 3. 4.

#42 filter paper

i
I

!$

After ageing

3.
4.

-

3.
4.

-

Discussion
The pigment-only paint controls and reagents, before and after
agej-ng,gave negative tests when tested for lipid presence. No
binder was detected.

Results Key
-

no change; no binder detected

+

weak change; binder detected

++

moderate change; binder detected

+++

major change; binder detected

Sigma Triglyceride Paint Test Results (Including

Table 44

:

Binder)

Before and A£ter Artificial Ageing

--

sample
/ Binder
linseed oil

1
I

Before ageing
1.
2.
3.

I

I

1' goanna
I

1

1.
2.
3.
4.

+++
+++

+++
+++
3 . +++
4 . +++
-1. ++
2.
++
3.
++
1.
4.

1.
2.

3.
4.

1

1.
2.
3.
4.

I

manganese dioxide

+++

+++

1.

3.

hematite oil

3.

+++

2.

2.

yellow ochre oil

2.

+++

4.

gypsum oil

1.
4.

4.

at

+++
+++
+++
+++

After ageing

1.
2.

3.
4.

++
++
+++

+++

+++
+++

++

+++
++

+++
+++

+++
+++
+++
+++

+++
+++

-t++
+-I-+

2.
3.

++
++
++

4.

++

1.

1.
2.

3.

++

+++
+++

4.

+++

1.

++

2.

3.
4.

1.
2.

++

++
++
++

+++

+++
+++
1. .:+++
2 . +++
3 . +++
3.
4.

4.

+++

Discussion
All lipid binder paint samples tested gave positive results,
before and after ageing. After ageing, there was a weaker
detection of yellow ochre.

Results Key
-

no change; no binder detected

+

weak change; binder detected

++

moderate change; binder detected

+++

major change; binder detected

Tablz 45 : Sigma Protein Test Results (Test 1) and
Sulphosalicylic Acid Test (Test 2 ) , Before and After Artificial
Ageing
Pigment sample

i

kaolin
test 1

kaolin
test 2

Pigment
fresh sample
1. 2. -

3.

-

1. 2. 3. -

4.

-

4.

1.
2.

-

3 . -/+
4.

9YF'sum
test 1

yellow ochre
test 1

-

1. 2.
4.

-

1.

-

3.

gypsum
test 2

Paint film
before ageing

Paint film
after ageing
1. 2.

-

4.

3.

-

1. -

1. -

3. 4. -

2.

1. 2. -

1. 2.

-

3.

3.

-

2.

4.

-

3.
4.

4.

-

1. -

2. -/+
3. 4. -

1. -

2.
3.
4.

2.

1.

-

-

1. 2. -

1. -

2.
3.
4.

3.

3.

4.

-

-

3.
4.

2.

4.

-

-

yellow ochre
test 2

1.

-

1. -

1.

2.

-

2.

3.

-

-

4.

-

2.
3.
4.

1. -

hematite
test 1

3. 4. -

2.

-

1. 2. 3. 4. -

3.
4.

-

1. 2.
3.
4.

-

p
p
p
p

hematite
test 2

1. -

1. -

1.

3. 4. -

3. 4. -

2.
3.

-

MnO,
test 1

1. -

1.

1.

-

2.
3.
4.

-

MnO,
I test

2.

2.
3.
4.

-

3.
4.

-

1.

-

1.

-

3. 4. -

2

2.

2.

Test 1

=

Sigma protein test

Test 2

=

s~lphosalicy~ic
acid test

2.

3. 4. 2.

-

Discussion
All tested samples gave negative results. There was no binder
detected, as expected.

Results Key
-

no change; no binder detected

+

weak change; binder detected

++

moderate change; binder detected

+++

major change; binder detected

Table 46

:

Solvent and Materials Tested Using Two Protein Tests

(Test 1 and Test 2), Before and After Artificial Ageing
Solvent or
material

Before ageing
test 2

test 1

test 2

1. -

1. -

2.

3. 4. -

1. 2. -

2. -

test 1
distilled
water

3.
4.

#42 filter
paper

After ageing

1.

2.
3.
4.

-

2.

3.

4.
1.
2.

-

1.

3.

4.

-

3. 4. -

Discussion
Reagents gave negative results, before and after ageing. No
binder was detected.

-

Results Key
-

no binder detected

+

minor binder concentration detected

++ moderate binder concentration detected
+++ strong binder concentration detected

Table 47

:

Pigment and Binder Samples Tested Using Two Protein

Tests (Test 1 and Test
Pigment
binder
sample

2),

Before and After Artificial Ageing

test 1

1

1.
2.
3.
4.

I

I

kaolin
whole egg

gypsum
blood

+++

1. +++

1.

+-I-+

2.
3.
4.

2.
3.
4.

+++
+++

1.

2.
3.
4.

++
++
++

2.
3.
4.

1.

+++
+++
+++
+++

2.
3.
4.

2.

3.

++
++
++
++

1.

gYPsum
whole egg

1.

yellow

1. +++

1.

ochre blood

2.

2.
3 .
4.

2.
3.
4.

3.
4.

1.
2.

3.
4.

test 1

test 2

1. ++

4.

yellow
ochre
whole egg

After ageing

Be£ore ageing

+++.
+++

+++
+++
+++
+++
+++

1.
2.
3.
4.

1.
2.
3.
4.

+++
++
+++

-I++

++
+++
+++
+++
+++
+++
+++
++
+++
++
++
++
++

++
++
++
+++
++
++

1.
2.
3.
4.

+++
+++
++
+++

1,. ++

+.t+

1.

+++
++

4.

+++

++
++

+++
1. +++
2 . ++
3.

++

1.

++
++
++
++
++
+++

2.
3.
4.

++
++
+++

1.

++

4.

1.
2.
3.
4.

2.

3.
4.

test 2

++
+++
++

2.

3.
4.

++

+++

::1. +++
+++

2.

1.

+++
+++
++
+++
+++
++
+++
++
+++
+++
++

2.
3.
4.

+++
++

3 .
4.

1.
2.
3.
4.

1.
2.
3 .
4.

+.t

A

hematite
blood

1.
2.

3.
4.

hematite
whole egg

1.
2.

+++
+++
+++
+++

++
+++

++
+++
1. +++
3.
4.

1

E:sd

1.

i

I
-

1.

++
++

++
+++
+++

2.

3.
4.

1.

++
++

+++
++
++

++

2.

3.
4.

3.
4.

1.
2.

3.

++

4.

++
++

1.

++

++
+++
++

2.

3.
4.

3 . +++

3 . +++

1.
2.
3.

4.

4.

4.

2.

f whole egg
Only

4.

1.

4.
.

3.

++

3.

blood only

2.

1.
2.

i

1.

++

++

1.

2.

4.

3.

++

+++
3 . +++
4 . +++
1. ++
2.

12.
3.
4.

2

MnO,
whole egg

++

1.

I I.
2.

3.
4.

+++
+I

++
++
++

2.

+++

!;;:: I;:+
4.

++
++

4.

+++
++
+++
++
+++
++
++

+++
++
++
++
+++
++
++
+++

++
+++

++
+++

+++

1.

+++
+++
4. +++
1. ++
2.

++

+++
++
1. ++
3.
4.
2.
3.

++

4.

+++
++

1.

++

2.
3.
4.

++
+++
++

1.

++-F

+++
3 . +++
4. ++
2.

++

++

+++

++

2.
3.

4.

++

Discussion
Although there was a reduction in detection after ageing, these
tests still gave a positive result to the presence of a protein
binder.

1

--

Results Key
-

no change; no binder detected

+

weak change; binder detected

++

moderate change; binder detected

+++

major change; binder detected

Table 48 : Pigment-only Samples Tested with the Sigma Glucose
Test Before and After Artificial Ageing
Pigment sample
kaolin

Before ageing
1.

-

3.

-

4.

gypsum

1.
2.
3.

I yellow ochre

II

4.
1.

2.

I

3.

I

4.

hematite

1.
2.
3.
4.

MnO,

1.
2.

3.
4.

Note

:

-

2.

After ageing
1.
2.
3.

4.

-

-

1.

-

2.

-

3.
4.

-

-

1.

-

-

1.

- /+
- /+
-/+
-/+

2.

3.
4.
2.
3.

4.

-

-

-/+
2. - /+
3 . - /+
4. - /+
1.

manganese dioxide supernatant became magenta coloured

after treatment with the glucose test.

Discussion
Pigment only paint controls gave negative results, No binder
was detected.

Results Key
-

no change; no binder detected

+

weak change; binder detected

++

moderate change; binder detected

+++

major change; binder detected

Table 49

:

Results for Solvents and Standards Tested with the

Sigma Glucose Test Before and After Artificial Ageing
Before ageing

Solvents
glucose standard

1.

*
2.
3.
4.

sulphosalicylic acid

1.
2.

3.

distilled water

2.

!
Discussion (Table 48

+++
+++
+++
+++

After ageing

3.

4.

&

-

-

1.
2.

3.
4.

+++

+++
+++
+++

1.

2.
3.
4.

1.
2.

3.
4.

.-

-

:

-

49)

Reagents gave a negative result, no binder was detected ,before
and after ageing. The glucose standard produced a strong
positive test, as expected.

I

i

!

Results Key
-

no change; no binder detected

+

weak change; binder detected

++

moderate change; binder detected

+++

major change; binder detected

Table 50 : Pigment and Binder Results from the Sigma Glucose
Test (Test 3) and Gum Test (Test 4 ) , Before and After
Artificial Ageing

1 Pigment
1

kaolin
orchid juice

gYPsu"'
orchid juice

-

1

i
1

Before

and binder

sample

I

yellow ochre
orchid juice

ageing
test 3

test 4

1. +++

1.

2.
3.
4.

2.

+++

++

+++
1. ++
2.
++
3.
++
4.
++
1. +++
2 . +++
3 . +++
4.

+++

A£ ter

ageing

+++
+++
+++

test 3
1.
2.

3.
4.

+++

4.

1.
2.
3.

+++
+++
+++

1.

4.

1.
2.
3.
4.

+++
+++

++
+++
+++

3.

2.

3.
4.

1.
2.

3.
4.

test 4

++
++
++
++

1.

+++
+++
+++
+++

1.

++
+++
++
+++

2.

3.
4.

2.

3.
4.

1.
2.

3.

4.

+++

+++
++

++
++

++
++
++
++
++

+++
+++

pale
yellow/
gold
brown
hematite
orchid juice

1.
2.
3.
4.

+++
++
++
+++

1.
2.
3.
4.

++

+++

++
+++

1.
2.

3.
4.

++

++
++
++

1.
2.

3.
4.

++
++

+++
++

Gold
brown
colour
MnO,
orchid juice

1.
2.
3.
4.

++
++
++
++

1.
2.
3.

+++

+++

+++

4. +++
grey
brown
colour

1.
2.

3.
4.

++
++
++
++

1.
2.

3.

+
++
++

4. +
Magenta
colour

Discussion
Detection of the glucose, before and after ageing, was
possible. The gum test gave a diverse range of colour changes
which could be difficult to interpret without prior experience
with this test procedure and the range of pigments expected.

7.2

General Conclusions of the Artificial Accelerated HeatAgeing

Feller and Wilt's thermal stability test (1990:43-45) provided
a aeans to test whether the selectcd test methods could detect

binder type after a period of thsrmal degradation.

Although there were changes in detecticn (from before to after
ageing), these results still provided positive evidence of
binder presence.

The tests for the presence of lipids and proteins showed
slightly less detection after ageing but still strong enough to
provide a definite and easily detectible result. The tests for
glucose and gum did not show a marked change in detection after
ageing. Some after ageing results were weaker but most were the
same or stronger.

Pigment stability and interference in paint has been recognised
for some time. Raymond et a1 (1990) found chemical changes

associated with either natural or thermally aged oil films may
vary with choice of inorganic pigment. It was found that
hematite has an inhibiting effect on the polymerisation of
linseed oil and stand oil. Therefore pigment identification and
further investigations into the effect of paint combinations
will help to clarify degradation of the paint surface and cause
of paint loss. Although it is important to characterise the
individual components of a painted surface, it is the interrelationship of these components that will determine the final
condition of the painted surface.

The selected test methods demonstrated their ability to be used
as a means to detect the presence of a binder before and after
thermal ageing. However, any conclusions drawn on the relative
sensitivity of each test or assumptions on binder concentration
would be inappropriate and not intended.

As a result further testing on a range of museum objects
suffering from paint loss was subsequently undertaken, to
determine whether these tests could detect the presence of
traditional binders on naturally aged museum objects.

8.0

MUSEUM OBJECT SAMPLE TESTING

Seven Australian Aboriginal painted wooden objects were
selected from the Australian Museum Aboriginal anthropological
collection for binder identification. These objects were
individually selected because they exhibited paint loss.
Selection was also based on geographical areas likely to use
lipid binders and in one case the object register had
documented that oil or fat binders were used during object
manufacture. In addition to the seven painted objects, one bark
painting was also selected and it was assumed that the binder

-.,~ed would

most likely be orchid juice. Final approval and

advice for the particular object sainpling from the Australian
Aboriginal Collection Manager was also necessary and played a
part in the final selecticn.

Within the final selection there were seven white paint
samples, two red paint samples and one black paint sample.
Samples were taken which approximated 3 millimetres square and
the size of a paint flake.

Refer to Appendix 4 for details of objects selected.

This table summarises the information relating to the objects
selected for binder testing.
Table 51

:

Sample
Number

Object type

Area

Paint
sample

Probable
binder

1

shield
(E59344)

white

S. Aust.

fat or oil

2

boomerang
(E64235)

white

N.T. ( C . A . )

no records
found

3

shield
(E67499)

white

N.T.

fat or oil

4

shield
(E78705)

white
red

Queensland

6

dance board
(E80335)

white

N.T.

fat or oil

7

clap sticks
(E80342)

white

N.T.

fat or oil

8

bark
painting
(E81227)

white
black

N.T.

orchid juice

dance board
(E85499)

red

N.T.

fat or oil

I

5

9
I

Object Selection

10

i

-

I--

fat or oil,
blood with
black

I

8.1 Experimental Work for the Museum Object Sample Testing

Each of the six selected test methods previously summarised in
Table 38

:

"Summary of Selected Tests" and presented again in

the following table were carried out on each of the museum
object paint samples.

Table 52

:

Summary of Selected Tests
Selected Test Method

Binder to be Detected
Lipids- fats and/or oils

Test for lipids
1. Sudan Black B Bromination
procedure
2. Sigma GCI triglyceride test
procedure

Proteins- proteins, blood Test for proteins
3. Sulphosalicylic acid test
and egg
procedure
4. Sigma GCI protein test
procedure
Blood- heme

Test for heme
5. GCI Heme test procedure

Simple sugars- glucose,
honey, orchid juice

Test for simple susars
6 . Sigma GCI glucose test
procedure

The test procedure followed for each was as documented in
Section 6.4.1 refer to page 173'-178.

For Test 1 (Sudan Black B Bromination), testing was carried out
on a lipid binder and pigment-only control samples to assist in
verifying the integrity of the test results. The controls used
were

:

gypsum with lipid binder
Kaolin pigment-only

For Tests 2 - 6 , which involve testing of the museum object
supernatant, testing was also carried out for a number of
solvents and binder control samples to assist in verifying the
integrity of the test results.

The controls used were

:

Solvent controls

methylene chloride
distilled water

Binder only controls

:

aged goanna fat (from heat ageing)
aged linseed oil
aged blood
aged orchid juice
aged whole egg

For Tests 2 to 6, each object sample's supernatant was divided
into two portions and then tested. Each control or standard was
tested by repeated tests.

8 . 1 . 1 Xesults of the Sudan Black B Bramination Testing (Test 1)

The results from the test procedure are outlined below.

Table 53
(Test 1)

Object Results using Sudan Black B with Bromination

:

1 Object

Results

Sample 1
E59344
shield : white paint

No change. Some dye
absorption evident in
paint crevices. No binder
detected

Sample 2
E64235
boomerang

No change, no binder
detected

-

I Sample

E67499
shield

:

white paint
No change, no binder
detected

3
:

-

white paint

Sample 4
E78705
shield : white paint
Sample 5
E78705
,-shield : red paint

detected
No change, no binder
detected
No change, no binder
detected

dance board

! Sample

:

white
Positive dye up-take,
binder detected

7

1 E80342
I
clap sticks
paint

I

:

white

1 Sample

8
1381227
bark painting
paint

:

white

1 Sample 9

I

E81227
bark painting : black
paint
Sample 10
E85499
dance board : red paint

Dye up- take, possiSly only
due to pigment absorption
Unknown if binder present
Not possible to determine
due to pigment colour
masking any dye up-take
Positive dye up-take
binder detected

Sample 11
Positive dye up-take
Control
binder detected
gypsum with lipid binder
Sample 12
Control
kaolin only

-1

absorption

8.1.2 Results of the Museum Object Sample Supernatant Testing

(Tests 2 to 6)

The results in the following table represent the findings from
the testing of the control sample and museum object sample
supernatants for Tests 2 to 6 .

Results Key
-

no change

+

weak change indicating binder presence

++

moderate change indicating binder presence

+++

significant change indicating binder presence

Table 54

:

Results from the Object Supernatant ~esting

(Tests 2 to 6 )
Sample

'

Lipid test

Control :
methylene
chloride

Control :
! aged
i goanna fat
Control
aged
linseed
oil

:

Sigma
GCI
test

Sulph.
test

Heme
test

Sigma
GCI test

1. 2. 3. 4. -

1.

1. 2. 3. 4. -

1.

1. 2. -

1. -

1.
2.
3.
4.

1.
2.

3.
4.

3.
4.

Control

:

Glucose
test

Sigma
GCI test

+++
+++
+++
+++
+++
+++
+++
+++

1. Control :
aged blood 2 . -

aged
orchid
juice

Protein test

-

1. -

2. 3. 4.

-

Control :
1. +++
aged whole 2 . +++
3 . +++
egg
4.

+++

2.

-

3. 4.

-

1. 2. 3. -

2.

-

3. 4.

-

3.
4.

-

1.
3.

-

4.

-

-

4. -

1. 2. 3. 4. -

1. 2. 3. 4. -

1. 2. 3. 4. -

1. 2. 3. 4. -

1. 2. 3. 4. -

1. c +

1. +++

1.

2.

2.

3. 4. -

4.

1.
2.

3.
4.

++
+++

++
++

2. 3. -

3.
4.

+++
+++
+++

1. 2. -

1. 2. -

3.

3. -

3.
4.

+++
+++
+++

1. 2. 3. -

4.

-

4.

-

4.

-

1.

+++

1.

+++
+++

1.

+++

3.
4.

-

2.
3.
4.

+++
+++

+++

2.

3.
4.

+++

2.

2.

-

2.

1.
2.
3.
4.

+++

1.

-

2.
3.
4.

-\+

+++

+++
+++
-

-

Control
d . H,O

:

1. 2. 3. 4. -

1.
2.
3.
4.

-

1. -

1.

2.

2.

4.

-

4.

3.

3.

-

1. 2. 3. 4. -

Sample 1
E59244
white

1. ++

1.

-

2.

2.

-

1.
2.

-

1. 2. -

1.
2.

-

Sample 2
E64235
white

1. 2. -

1.

2.

-

1.
2.

-

1.
2.

-

1.
2.

-

Sample 3
E67499
white

1. 2. -

1.

-/+
-

1. 2. -

1.

2.

2.

-

1. 2. -

+
+

1.
2.

-

1.
2.

-

1.
2.

-

1.
2.

-

Sample 5
E78705
red

1. 2. -

1.
2.

-

1.
2.

-

1.

-

1.
2.

-

Sample 6
E80335
white

1. +
2. +

1.

-

1.

-

1.

-

1.

2.

2.

-

I.
2.

-

2.

-

2.

-

1.
2.

-

-

1.

2. +

++

Sample 4
E78705
white

I Sample 7
E80342
white

1.

2.

1.
2.

++

+++
+++

2.

I.

2.

2.

I. -

Sample 8
E81227
black

1. 2. -

1.
2.

-

1.
2.

-

1.
2.

Sample 9
E81227
white

1. 2. -

1.

-

1.

2.

2.

-

2.

-

1.
2.

-

1.
2.

-

1.
2.

-

Sample 10
E85499
red

1.

2.

++
+++

1. -

1.
2.

+
++

1.

-

2.

Discussion

All control samples were detected by the appropriate test eg.

.I

goanna fat and linseed oil were detected by the Sigma Lipid GCI
test; blood detected by the Sigma Protein Test, the
Sulphosalicyclic Acid Test and the Heme Test; whole egg

detected by the Sigma Protein GCI and Sulphosalicyclic Acid
Test only; orchid juice detected by the GCI Glucose Test.

All solvent controls eg. methylene chloride and distilled
water, tested negative to all tests.

Binders were detected in
a)

:

Object E59344
Sample 1 detected lipid

b)

Object E64235
Sample 2 detected no binder

cl

Object E67499
Sample 3 detected no binder

d)

Object E78705
Sample 4 detected lipid and Sample 5 detected no binder

e)

Object E80335
Sample 6 detected lipid

f)

Object E80342
Sample 7 detected lipid

g)

Object E81227
Sample 8 detected glucose and Sample 9 detected glucose

h)

Object E85499
Sample 10 detected lipid

8.3

Discussion of Results from the Binder Identification
Testing

8.3.1 Sudan Black B Bromination Test

The Sudan Black B Bromination test did not perform well. It
ocly indicated lipids in two samples, E80342 and E85499. These
objects are of comparatively new manufacture.

In the author's opinion, a possible explanation for this
behaviour is that the animal fat used as binder in older
objects has deteriorated into free f-attyacids. Studies c a r r i e ~
out by Casey (pers. comm. 1985), using thin layer
chromatography, have shown that objects from Papa New Guinea
which were initially covered with pig fat were found to have
over time deteriorated into predominantly fatty acids. Mills
and White (1937:29) also found fatty materials contained in
vessels and graves were usually compl-etelycsnverted to free
fatty acids. Glycerol resulting from the hydrolysis had been
~resumablywashed away, making the binder more water soluble.

If this hypothesis is correct then the Sudan Black B
bromination test would not work with older iipid binders.

There was also significant dye absorption in samples which did
not contain any binder, such as the kaolin control, and also in
white paint samples which were not expected to have a lipid
binder.

Based on the results, this test, in it's present form, could
not be recommended.

8.3.2 Museum Object Sample Supernatant Tests

Generally with all the supernatant extraction tests, it was
found that the most likely binders recorded in the literature
as being used on specific objects were positively identified
using these selected methods. Table 55 summarises this
comparison.

Table 55

:

Comparison of Results from Museum Object Samples to

Suggested Literature Binders for Similar Objects
Object details

Most likely binder Identified binder
from testing
from literature

Sample 1
E59344; shield
white

lipid

lipid

Sample 2
E64235; boomerang
white

unknown

nil

Sample 3

lipid

nil

Sample 4
E78705; shield
white

lipid

lipid

Sample 5
E78705; shield
1! red
( Sample 6

lipid

no binder detected

lipid

no binder detected

lipid

lipid

orchid juice

simple sugar,
probably orchid
juice or honey

orchid juice

simple sugar.
possibly orchid
juice or honey

Reference card
states lipid used

lipid

E67499; shield

white

1

1 E80335;

I
,i

dance board
white
Sample 7

-4

E80342;

clap sticks
white
Sample 8
E81227;

bark painting
white
Sample 9
E81227;
bark painting

black
Sample 10
E85499;
-

dance board
red

I

The testing program using supernatant extractions and the
selected tests, with the exception of Sudan Black B bromination
testing, provided reliable results and indicated strongly the
presence of the chemical groups of binders. These methods could
be used for the initial binder detection and to broadly
classify traditional binders used in the manufacture of
Australian Aboriginal painted objects.

8.3.3 Control Sample Tests

Methylene chloride and distilled water did not react with any
test methods. All the known binder samples gave positive
results to their appropriate tests.

9.0

VERIFICATION OF RESULTS

Two samples were selected from the eight object samples
(sample A

:

white paint from shield E59344

;

and sample B

red

:

paint from dance board E85499), both containing lipid binders
as determined in this experimentation. The two samples were
analysed by the Getty Conservation Institute using Fourier
Transform Infra Red Spectrometry (FTIR) to confirm the
experimental results and provide an indication as to the
reliability of the selected test methods. The resulting FTIR
spectrum for sample A is provided as Figure 5 and the resulting
FTIR spectrum for sample B is provided as Figure 6.

In

addition FTIR spectra were produced for goanna fat (Figure 7,
University of Technology, Sydney), bovine blood (Figure

8)

and

orchid juice (Figure 9) .

FTIR spectrometry is a useful tcol to show the composition of a
material based on specific group frequencies and band
combinations for individual materials. The position, shape and
intensity of these bands are unique to individual materials
with band positions indicating the functional groups present.

Allowing for small variations between instrumentation and the
fact that pigments can decrease the polar nature of the lipid,
causing a shift to lower wave numbers, the two unknown samples
matched well with the lipid (goanna fat) spectrum (Figure 7).
According to Derrick (1989:46)triglyceride samples should

Figure 5

:

Sample A FTIR Spectrum Analysed by The Getty
Conservation Institute, Los Angeles

Figure 6

:

Sample B FTIR Spectrum Analysed by The Getty
Conservation Institute, Los Angeles

F i g u r e 7 : G o a n n a F a t F T I R Spectrum Analysed by the

University of Technology, Sydney
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Figure 8

:

Bovine Blood FTIR Spectrum Analysed by The
Getty Conservation Institute, Los Angeles

Figure 9

:

Orchid Juice (Geodorum sp.) FTIR Spectrum Analysed

by The Getty Conservation Institute, Los Angeles

provide band positions around the

cm-' and

2926- 2928

2855- 2857

cm-l,representing the CH, stretches, and at

1740- 1747

cm-l,which is a sharp carbonyl band from the ester

group.

Both unknown samples exhibited these bands.

Sample A also exhibited some of the characteristic lipid bands
from the known aliphatic CH bands at
and CO bands at

1165,

1103

and

1240

1465,

1379

and

at which the

725

1165

regions

is

usually the largest.

Sample B also exhibited a strong band around i403 cm-l. This
band position is characteristic of a calcium carbonate pigment.
This b a d masked some of the smaller absorptions around this
area, but cleaner separation of the binder from the pigment
would allow for a more accurate spectrum.

Protein spectra are expected to have spectrum bands at
1545

1640

and

cm-l,representing the presence of Amide I and Amide 11.

Additionally, the presence of NH may be confirmed by the N-H
stretching band at

3290

cm-l.The bovine blood used in this

research was analysed by FTIR and also showed these bands,
although the reference sample required extraction from filter
paper and did not produce a clear spectrum (Figure

8).

Polysaccharides produce characteristic patterns with two strong
bands at 1080 cm-I due to C-0-H and 3300 cm-' due to the 0-H
groups. These two bands tend to be equivalent in size. All
polysaccharides will also contain a moderate band at 1620 cm-I
that is partially associated with bound water and also the
presence of a carboxyl group. The orchid juice samples also
produced this characteristic spectrum (Figure 8).

These results verified that the two samples contained
triglycerides and confirmed the results obtained by the
author's selected tests.

This snalysis of binder type and presence is simplistic but
enables basic identification which can be undertaken by the
conservator. Further detailed characterisation and information
is possible in consultation with experts.

10.0 GENERAL CONCLUSIONS FOR STAGE 2

This research has shown that it is possible to predict the
binder type used on Australian Aboriginal painted objects,
using information obtained from anthropological literature. Not
only is it possible to confirm these predictions of binder
presence using the developed test procedure (refer to page
180), but this procedure also provides the necessary first step

to separate binders into three biochemical groups of lipids,
proteins and carbohydrates.

Sample preparation involving extraction of the binder from the
pigment provided good results and reduced problems associated
with pigment interf,
~ r e n c.e

Although two lipid tests were selected for museum object binder
determination it was found that the Sigma GCI triglyceride
method was the more reliable test. This test is based on
extraction of the binder from the paint followed by a
colorimetric determination and therefore cannot be used if
direct binder location within the paint sample is vital
information. The Sudan Black B bromination determination uses a
direct detection method, with testing on cross-section samples.
Therefore direct location detection is possible. The Sudan
Black B bromination test performed well with the replicate and
prepared aged samples, but the object sample results were less
encouraging. This test requires more refinement before it could

be further recommended

The object samples selected for testing were not expected to
contain any protein binders and indeed none of the object
samples tested indicated any protein or blood binders.
Therefore the two selected protein tests (the sulphosalicylic
acid test and the Sigma GCI protein test) and the GCI Heme test
could not be positively trialed with the museum object samples.
Comparisons between both protein tests with the replicate
samples revealed that the sulphosalicylic acid test to be the
more sensitive test of the two.

The Sigma GCI simple sugar test detected the free sugar
component in the orchid juice binder on the bark painting.
Although this test appears to be a satisfactory glucose test it
does not directly differentiate between the various types of
carbohydrates such as orchid juice from honey. Therefore a more
.

selective test needs to be determined in future research to
detect orchid juice, possibly by relying on the presence and
detection of glucomannan.

Overall, further evaluation regarding the procedures for
protein and carbohydrate tests is necessary.

Further testing, using a larger collection sample is necessary
to determine the degree of accuracy and reliability of the
tests, and some familiarity with the procedures is necessary to

eliminate pigment interference. These tests could not be
recommended without some experimental practice.

Once the binder type or chemical group of binder has been
determined as being a lipid, protein or carbohydrate, it is
possible to select the most appropriate method for binder
verification. Within each chemical group there is a variety of
specific binders that could have been used. During this testing
40% of the samples tested negative for all binder types. It is

not posssible to establish if there is

no binder, too little

binder or too deteriorated binder. Therefore these spot tests
can only indicate positive prese-nceof binder but there is no
evidence that they can positively indicate absence of binder.
It is recommended that further testing of negative results
should be undertaken.

With these simple tests, conservators now have a laboratory
procedure which can be easily carried out to enable the rapid
identification of binder presence and type, making it possible
to select the most appropriate verification method such as FTIR
spectrometry for further identification of specific binder
types rather than just the three broad biochemical groups. This
will reduce lost research time previously spent trying to
identify a completely unknown sample and composition, as well
as reduce frustration experienced by research institutions
because conservators had little or no idea as to what binder
type they were looking for.

All the binder types identified during this research have been
recorded in the Getty Conservation Binder Library reference
collection and this will be available in the near future for
use as a standard binder reference source.

The selected methods presented are relatively inexpensive,
require minimal laboratory equipment and use available Sigma
test kits or chemicals and stains which are easily accessible.

11.0 IMPLICATIONS OF FINDINGS TO THE CONSERVATION OF

ETHNOGRAPHIC PAINTED OBJECTS

The outcome of this research is two-fold.

1.

Findings from the literature search make it possible to
predict the binder type most likely used on an object type

2.

Conservators can identify the binder type (lipid, protein
or carbohydrate) using simple "low cost/low techu tests
which can be done in a conservation laboratory using small
samples

There are factors which affect the condition of the painted
surface of a museum object. Once in a museum or collection the
conservator entrusted with the preservation of this object must
consider

a.

:

Inherent Vice
The potential for damage can be found in the materials
used during manufacture of the object. Nothing can change
the damage caused by inherent vice such as drying of the
paint layer and use of unstable or incompatible materials.
Although the agents for this type of damage are applied
primarily at the time of manufacture, it may be quite some
time before the damage is exhibited. Therefore the binder
type, in combination with pigments and substrate, have

pre-determined damage factors which will eventually be
exhibited as paint loss.

b.

Purpose of Manufacture and Object Type
Some object types, particularly ceremonial objects, were
never intended to last the test of time. In fact, often
the actual making of the object played a more important
role than the finished object itself. Therefore these
objects were not manufactured with longevity in mind
unlike domestic objects which were repaired and
maintained.

The intended purpose of binders must be considered.
Painting slurries of pigment and water is a difficult
task. The addition of a binder to act as a facilitator
would allow the pigment to be applied evenly onto the
substrate. The concept of additions to pigments to act as
"binders" may be only inferred by anthropologists and
others who assume that western painting techniques are
used in Australian Aboriginal culture.

Conservation Ethics
While there appear to be many factors that affect the
condition, and in some instances, the appearance of a
ethnographic painted object, the original materials should
not be altered or removed. Therefore if conservation
treatment is necessary, it is important to identify binder

presence and type, in case the consolidant used masks this
information for future research.

d.

Material Culture Studies
Current research carried out by Odegaard (1995:187-93) has
found that treated objects are not considered as
significant to indigenous cultures as original or
untouched objects which are now held in museum
collections.

e.

Environmental Fluctuations
Ethnographic painted objects will be exposed to a variety
of environmental conditions throughout their working and
museum life. Combined with natural ageing, these
fluctuations will have an effect on the condition of the
paint layer, particularly due to the different paint
components and substrate responding in differing ways.
Different binders will respond in different ways to these
conditions.

f.

Deterioration and Natural Ageing
Pigment, binder and substrate are affected by natural
ageing. The individual components of the painted surface
will have differing effects on

each other. Raymond et a1

(1990) found that hematite had an inhibiting effect on
linseed and stand oil. It was shown to be crucial to know
the pigment type and how it interacted with the binder.

Natural ageing can account for the change in appearance as
well as binding ability. It is known that on ageing, fats
can breakdown by hydrolysis into smaller units called free
fatty acids and glycerol (Casey. pers. comm.,1983).
Research carried out by Mills and White (1987:29) also
found that fatty materials found in vessels and graves
were completely converted to free fatty acids and all the
glycerol had been presumably washed away, making the
binder more water soluble.

Protein and carbohydrate binders have natural binding
abilities even at low concentrat.ions as compared to lipid
binders. Blood will coagulate once removed from it's
source and orchid juice will gel when mixed with water.
Karpowicz (1981:153-160), studying the ageing and
deterioration of proteins, suggested that gelling
substances are stable due to their ordered structure.
Slaytor (pers. comm. ,1993) confirms this hypothesis. This
might then indicate that paints which include gel binders
are more likely to have a lower binder to pigment
concentration.

g.

Pigment Interference
Pigment interference has been documented and also
demonstrated in this research. Pigments can affect
stability of the painted surface.This substantiates the

real need to identify pigment in order to determine its
reactivity to specific binders.

Conclusion
Further research is necessary to obtain answers to the problems
of paint loss exhibited by ethnographic painted surfaces. The
identification of binder type is an important step toward
understanding and interpretating the causes of paint loss.

12.0

FURTHER RESEARCH

At the conclusion of this work a number of potential research
topics became evident. There still is a need to understand more
about binders, pigments and substrates before tackling
consolidation and cross-cultural comparisons. The following
topics are offered by the author as areas that require further
research

1.

:

Further testing into identification methods of
proteins and carbohydrates

2.

Quantitative analysis into the reliability of the
lipid tests

3.

Quantitative analysis of binders

4.

Analysis of degradation of binders

5.

Inter-relationships between binder type and pigment
type substrates should be investigated to determine
possible affects on conservation treatment

6.

Selected conservation treatments should be trialed
against a range of binder and pigment types

7.

Comparative studies with objects from other cultural
areas could be undertaken to determine presence and
type of binder relationships and help to build a
model for consolidation treatments

8.

Characterisation of Australian Aboriginal paint

This continuing research will provide a better knowledge and
understanding of the components of the painted surface and
further help to predict the cause of deterioration, paint
condition and conservation alternatives for ethnographic
painted collections.
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