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1 Introduction  
 

I S S U E S  A N D  Q U E S T I O N S 

 

In my professional perspective ï the metal arts and the making professions ï 

patination is one important method among others. It is important both as 

professional expression related to metal art as well as in terms of the quality 

of art and its aesthetic dimensions.
1
 As a faculty member of The Oslo 

National Academy of the Arts (KHIO), where among other competence 

areas, I am responsible for technical courses related to artistic expression, 

including treatment of metal surface characteristics, such as texture, colours 

and patterns. As a metal artist working in the field of applied art, my art 

pieces usually involve colours on the surface, understood as patination. 
2
  

Some of my works have a patinated texture while other objects create their 

basic artistic expression through their patterns and the colour dimension. In 

the situation of both my art practice and as a faculty member, it is in my 

interest to research alternative methods and techniques related to my practice, 

including patination of metals which oxidise easily, mainly red metals like 

copper and brass. In the context of art and architecture, patination is a 

chemical surface treatment resulting in different oxides appearing as layers of 

colours fused into the surfaces. 

In this thesis, I will focus on the relation between metal surfaces and 

patina in the context of metal art, without any art discourse on artistic aspects 

and as the main research project: compare microbial patination methods 

compatible with art and science for colouring metals without the use of 

synthetic chemicals traditionally employed in patination. 

Another important perspective in this thesis is the interdisciplinary crossover 

between art and science that resulted from the use of natural science methods 

in the field of art, during a cooperation between natural scientific researchers 

and myself as an artist. Combining my scientific supervisorôs methods with 

my non-scientific but artistic way of solving the microbial patination task, 

                                                 
1 The connection between art expression, colours related to form, and aesthetic problems will not arise in any 

discussions in this thesis.  
2 See Appendix for pictures of my artistic work.  
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produced interesting results, developed by the differences in our way to 

reflect and communicate through methods. What is important seen through 

the eyes of a researcher in the natural sciences might not be of interest at all 

for an artist, and vice versa. 

 

The traditional chemical method for patination of art objects made of copper, 

brass, or bronze involves several types of hazardous and dangerous chemicals 

and strong etching acids, which must all be used in order to succeed. 

Chemicals are rather expensive to procure and often impossible to buy in 

small quantities. More important, this process of patination can be very 

dangerous and it is important to follow safety precautions.  

Apart from the danger of exposure to poisonous chemicals during 

practical work, there are several additional aspects, which make patination 

difficult. In practice, artists only use a restricted range of patina colours, just 

because of technical difficultness. First of all, beside technical problems with 

patination, there are very restrictive rules for buying, storing, and handling 

different acids and chemicals. Non-institutional artists or ordinary people 

cannot buy a number of chemicals even for artistic use. The reason for this 

restrictive attitude is the risk that such chemicals can be used in forbidden 

and negative operations, like production of explosives. The political aspect 

indicates further restrictions on chemicals in the near future, based on 

constant fear of terrorism. Furthermore, an ecologically important aspect of 

the current patination method is the generation of waste products from the 

chemicals after finishing the patination process, even if the quantities are not 

large. This chemical waste is harmful to nature and must be taken care of in 

accordance with safety regulations. Waste chemicals must be handled with 

care and deported for safe destruction by professional firms. Such destruction 

presents an extra cost for the artist. All these aspects are negative for artists 

working under limited conditions in small workshops with little equipment, 

which is the reality for most artists who have their own small studios or 

workshops. 

 

In view of this background, I have set out to find alternative and equivalent 

methods for patination of red metals by the use of microbial treatments by 

decomposing organic materials in contact with metal surfaces. The research 

includes only copper and brass, because both metals are in constant use 

creating art objects, and oxidise easily. Such new methods should be less 

expensive and should generate no or minor hazardous environmental impact 

by using non-poisonous ingredients. Ideally, new methods should be easier to 

use while still providing the same versatility for obtaining patina on a metal 
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surface. Such a new method or methods would be particularly important from 

the point of view of education and in teaching situations. 

 

ñGreen chemistryò 

 

Since my project aims to use non-chemical patination methods to create 

oxide colours on metals for creating art, even on a small-scale use compared 

to industrial production of different or similar products, it is of interest to 

explore the concept of green chemistry, as expressed by chemists and 

politicians. Green chemistry denotes chemical processes carried out by 

methods caring for the environment and for ecological aspects.  

As green chemistry seems to become a more and more concrete concept 

in chemistry worldwide, politicians and scientists in both the USA and 

Europe made a statement and a mission: Green chemistry involves 

fundamental understanding of chemistry on the molecular level, and aims to 

create ecologically acceptable products and processes through innovative 

chemical technologies that reduce or eliminate the use or generation of 

hazardous substances in the design, manufacture, and use of chemical 

products. 

As ecological aspects are important in the context of the industrial 

chemistry on which our modern society depends, support of ecological 

chemistry is taking a stand. Green chemistry involves ecologically based 

research for the future. Without chemistry, the constant improvement of 

living conditions and duration of life during the last 100 years would have 

been unthinkable. Still, chemistry has a rather unpleasant reputation. 

Pollution of nature and related ecological problems are associated with the 

concepts of chemistry, chemicals, and chemistry products. There is indeed a 

very truthful apprehension about these problems. We are facing serious 

ecological concerns that must be solved, but there is no doubt about our 

dependence on chemistry to solve these environmental problems.  

The chemistry of our age has its roots in ancient alchemy. Recipes produced 

describing procedures for production of metals and its alloys and 

medicaments are still available from ancient China, Egypt, and the rest of the 

Arabic world. Through the occult and mysterious alchemy, a rational and 

scientific understanding of the substances in our surroundings developed 

during the18th century. This result was a fundamental understanding and 

practices that built the chemical industry. 

 

In 1856, the 18-year-old W.H. Perkin accidentally produced the first 

synthetic colour pigment. He realised the significance of his discovery and 
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started commercial production of this synthetic pigment. This incident is 

presumed to be the beginning of the organic chemical industry. 

 

Greatly simplified, the history of the chemical industry can be described as 

three industrial levels: 

 

- First level: Industrialisation including pollution 

- Second level: Ecologically based industry  

      - Third level: The future: green chemistry
3
 

 

First Level 

 

The first industrial level is based on the epoch-making developments in 

academic chemistry during the 18th century. During this time, industrial 

methods for production of colour pigments, housekeeping products, 

pharmaceuticals, synthetic fibres, fertilisers, rubber and plastic, and many 

more products, created a development of prosperity. Compared to our timeôs 

ecological demands, there was no ecological awareness of pollution of the 

natural environment. The common opinion about the Earth was her never-

ending resources of raw materials, and she was at the same time capable of 

storing all industrially generated waste. This industrially generated waste 

found its way to the atmosphere, groundwater and soil without any form of 

cleaning processes. Over time, the damage caused by this practice became 

visible in nature and its environment. The publication of Rachel Carsonôs 

legendary ñSilent Springò in 1962 led to a broadened consciousness of the 

problems resulting from accumulation of synthetic chemicals, for example 

DDT, in the soil environment. Protection of the nature and the environment 

against pollution was established. 

 

Second Level 

 

Suddenly there was a change in tolerances of industrial pollution in many 

industrialised countries. Authorities became less tolerant of pollution caused 

by industrial production. Chemical industries were given strong restrictions 

relating to the kind and quantity of waste that could be spread out in the 

natural environment. This resulted in increased efforts by the industries to use 

clean production methods; some industrial companies have even become 

ideals for environmental protection. Unfortunately, this important change has 

                                                 
3 Definition: green chemistry is the application of  principles reducing or eliminating use or generation of 

dangerous chemical compounds in context of design, production and utilisation of chemical products. 
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received surprisingly little notice; chemistry seems to have a bad reputation 

among a great part of the population. 

 

Third Level 

 

After the Brundtland Commissionôs report ñOur Common Futureò in 1987, 

public together with political actors established an understanding of the 

necessity of industrial development. This resulted in new principles for active 

chemistry. Paul T. Anastas, working at the White House on Science and 

Technology Policy (OSTP), introduced in 1991 the new conception ñGreen 

Chemistryò. Anastas and his colleague John Warner established twelve 

principles as cornerstones of Green Chemistry ï among some known as 

ñChemistryôs Hippocratic Oathò. These principles are effortless and logical 

and should be a part of every chemistôs way of reasoning. The chemistry of 

the future might wonder why these principles were not established earlier. 

In short, the first of these twelve statements expresses how easy and 

preferable it is to avoid producing waste products, instead of taking the 

trouble to handle waste products in the future. The eleven statements that 

follow are expressed through chemical processes, which must be atom and 

energy efficient, only use renewable resources, and avoid using toxic or 

dangerous chemicals and solutions, while the chemical products must be able 

to decompose and recycle in the environment (See appendix). 

Green Chemistry is based on a fundamental understanding of chemistry on 

the molecular level and creates environmentally friendly products and 

processes. When these principles are in operation, a change of paradigms will 

occur in the chemical industries, leading the way to the third level. 

 

Traditional chemistry produces a great lot of wastes, dangerous or not. 

Chemicals produced in large quantities, for example by petrochemical 

industries, generate less waste per kilogram product, but the huge volume of 

products generates loads of wastes. Special chemicals produced in small 

quantities, like pharmaceutical products, create large quantities of waste (100 

kg waste pr. kg product is not unusual). To make it possible to destruct such 

huge quantities of wastes, chemical reactions in the production process have 

to be atom efficient: All atoms in chemical components reacting with each 

other in the production process must be part of the products. This method is 

quite different to additional chemical reactions used in production of special 

chemicals. Usually, only small parts of the reacting molecules end up in the 

product. Eventually, unavoidable by-products will have to be harmless, for 

example water (H2O). By use of 100 % efficient catalysers, it is possible to 

manufacture in this way. Catalysers are chemical substances working actively 
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to accelerate a chemical reaction without being consumed. Only small 

amounts of catalyser are necessary to create large quantities of planned 

products. By use of a perfect catalyser as an important and necessary reagent, 

it is possible to utilise raw materials 100 % efficiently in transformation to 

the planned products by atom and energy effective processes. Another 

problem, beside the huge quantities of wastes related to ineffective traditional 

production processes, is that chemical reactions generate large-scale wastes 

of organic solvents and hazardous fluids. At present, organic solvents are 

necessary, but usually create pollution of the nature because of their liquid 

nature, and they remain in the atmosphere. Researchers working for green 

chemistry aim to create and develop a new generation of solvents without 

damaging properties. Among such new compounds being developed is 

especially supercritical CO2 and promising ionic candidates, already in 

commercial production. 
4
 

 

1 . 1  T H E  A R T  P R O F E S S I O N 

 

Artists have to decide on the principle for making art, how to transform the 

abstract idea into a concrete making action in terms of which process to 

follow, based on the intention to develop the specific design or artistic 

expression, and of which materials and what techniques to use. To succeed, it 

is important to master the relevant techniques. It is important to have 

knowledge of and master all materials involved in the process. Such control 

demands a high level of knowledge as well as disciplinary competence in the 

respective professions involved. This is the professional problem the artist 

needs to solve. 
5
    

Being myself a professional metal artist, my artistic theme throughout my 

career has been to develop new techniques and material combinations in 

order to create art with a wider perspective, also in order to create colours on 

metal surfaces. A very important aim is to make my experience available for 

art students and artist colleagues as well as for general artists. From my point 

of view, then, I think it is important that artists have a high level of technical 

and material knowledge, enabling them to produce abstract ideas in a 

concrete form. This is particularly important in my artform dealing with 

metals. The artist has to be the master of the metal in order to control and 

force the material to the desired form. 

 

 

                                                 
4 Reference ñApollonò, Institute of Chemistry, University of Oslo, and ñGreen Chemistry Programò, US 

Government, Environmental Protection Agency, http://www.epa.gov/greenchemistry/index.html 
5 Schøn, Donald; The Reflective Practitioner, London, Tempelsmith, 1983 
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1 . 2  T H E  B A S I C  R E S E A RC H  

 

With regard to the making professions, one aim is to use scientifically and 

methodologically sound research to discover a method for patination based 

on untraditional combinations, methods, and techniques. 
6
 Starting a research 

project in the tradition of art, but related to the natural sciences, initiated an 

information-seeking process. During this process, it was impossible to find 

similar research projects spanning these two disciplines. It was difficult to 

formulate a scientific question on which to build the research. A survey of 

previous research uncovered a meagre theoretical field related to art. 
7
 To 

discern, understand, and follow other relevant researchers it is necessary for 

individuals to establish a theoretical understanding and intuition adjusted to 

the field of art. 

To create a scientifically sound research project in the making 

disciplines, specification of the research methodology is required. From a 

scientific point of view, the chosen methods should produce measurable, 

replicable, and credible results, undisputed demands in scientific 

communities. The choice of methods makes hypotheses verifiable through 

experiments with exact observations, documented by both figures and 

measurements. Through methodical use of experiments, it is possible to 

describe research processes, and show how the basic research problem can be 

solved in a practical way. 

 

1 . 3  K N O W L E D G E  G E N E R AT E D  F R O M  

U N O R T H O D O X  T E C H N I Q U ES  

 

Curiosity about different possibilities in a context of working with art 

methods or techniques from other disciplines entails consideration. The 

reason for such interest is the professionalôs everlasting search for new ways 

to express art and to create new artistic methods. 

Exploration of methods or fields of knowledge from other or similar 

professions for use in the artistôs own practice is important for innovation and 

development. It is not necessary for scientific research but still very relevant 

for the development of an art field or discipline, since it represents 

untraditional use, and gives a wider range of possibilities for the artists. A 

practical example for such innovative and untraditional use is anodising 

aluminium. Anodising aluminium is basically used in industrial production in 

the context of colouring the surface of aluminium. In 1983, the possibilities 

of this technique became interesting for use in metal art and education, and 

                                                 
6 Related to the Green Chemistry statements 
7 By art I mean art as a whole with substructures based on materials and techniques as well as form. 
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the electrolytic technique was applied to art. At the time, this technique for 

colouring aluminium, and the use of an untraditional metal to create art, had 

not been previously used in Norway. 

For me, new knowledge is generated as a result of asking questions based 

on professional artistic problems. This has made me undertake this inquiry 

and it forms a cornerstone of this research project. The quest for knowledge 

will always be a personal motivation for me, and this quest resulted in this 

specific research project, precisely as a way to connect unorthodox methods. 

So, I started to investigate different possibilities to oxidise metals. Is it 

possible to create new methods for patination on metal surfaces, based on 

harmless ingredients and practicable techniques? Is it possible to create oxide 

colours similar to those created by the traditional patination methods? Can an 

unorthodox method be developed to control the process, in order to create 

specific oxide colours? 

 

As always, coincidences lead to strange observations and discoveries. As a 

metal artist, I always like to do research on incidents related especially to 

metal surfaces and texture. After a fishing trip, my curiosity was woken by 

such a coincidence. I simply forgot a fish on a workbench made of stainless 

steel. In this particular room, the temperature and humidity was constant 

during the storage time. I returned after 3 months and what I discovered 

surprised me a great deal. On the place where the fish had been, there was a 

big hole through the stainless steel and through the wooden bench 

construction below. The decomposition of the organic material created acids 

so strong that stainless steel did not withstand them. An organic material 

decomposing in contact with metal obviously made a reaction and was 

transformed into several chemical substances during this process.  

The incidence led me to the question of natural patination of metals, as they 

appear in contact with air, water and clay, used by artists from the early 

discovery of metals and aiming to create colour patterns on art pieces. 

 

Traditional patination methods: 

 

1. The natural method of letting the atmosphere work on the metal surface to 

create uncontrolled oxides without use of any admixture 

2. Burying the metal in soil and letting time and humidity work to create 

oxides in an uncontrolled manner 

3. Heating the metal over a fire and cooling it in cold water until a colour 

occurs in an uncontrolled manner 
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4. Covering the metal with one of the chemicals in daily use in a closed 

atmosphere (in a sealed box), until an accidental colour occurs on the surface 

of the metal 

5. Using the chemical methods giving specific colours by metal patination in 

a controlled manner. 

 

In view of these five possible methods of metal patination, I have conducted 

series of experiments to investigate in practice and make samples, in order to 

reach an understanding of the processes involved. 
8
 Making a series of 

samples using the first two methods produced unsatisfactory results. It 

proved impossible to control the patination process with these two methods, 

and they did not result in the intended oxidation colours with any degree of 

precision. Patinations by heating or in the air were rejected as methods of 

little interest, grounded on few possibilities to control the patination process. 

From old recipes and statements from other metal artists, I found that 

ñeveryday chemicalsò like vinegar, table salt, different dishwashing liquids, 

and even juice and fruits have been found to have certain oxidising effects on 

copper and brass. Red metals, copper and copper alloys, are very reactive and 

respond after relatively short periods of contact with reactive chemicals. In 

order to design the project with a limited number of metals, the test sheets 

were only based on copper and an alloy of copper and zinc, brass. When 

experimenting with different kinds of organic materials, I started to wonder 

what happened on the metal surface while the organic materials decomposed 

over time. By methodical research using test sheets of copper and brass in the 

decomposing processes, in controlled atmosphere and environment 

(humidity, temperature and time), a series of reactions could be observed and 

catalogued. 
9
  During these experiments, a kind of biological coating or 

microbial oxide-film formed on the surface. This surface coating occurred as 

a thick layer, similar to the layers formed by the use of chemical  

treatments.
10

    

 

1 . 4  T H E  S P E C I F I C  R E S E AR C H  Q U E S T I O N   

ï O B J E C T I V E  A N D  O U T L I NE  O F  T H I S  S T U D Y 

 

These simple initial experiments showed the possibilities of letting biological 

processes on a metal surface create various colours in the form of oxides. My 

journey to discover patination through organic treatment on metal surfaces 

had begun. Suddenly my thesis started to concretise specific research 

                                                 
8 See chapter 5, ñPilot projectò 
9 Microbial oxide-film: thin layers of oxides on metal surfaces occasioned by bacterial decomposition.  
10 A thick layer in this context is from 0.1 to 0.5 mm 



MICROBIAL PATINATION OF COPPER AND BRASS 

 

 

 

 

10 

questions: What kind of biological process can possibly start a reaction in 

contact with metals and what colours can be expected to occur in the patina 

during the process? Can this process be a new method to create the same 

variety of colours on metals as traditional chemical patination? How can I, as 

an artist, do research in an unknown discipline and in a field unknown to me 

ï microbiology? Furthermore, is it possible to explore the patination of 

copper and brass for using methods and research criteria from the natural 

sciences, in terms of quantity and quality to satisfy artistic demands? One 

criterion from the natural sciences would be that results are scientifically 

repeatable. Would I, not being a microbiologist, be able to control such 

methods? 

 

1 . 5  T H E  G E N E R A L  H Y P OT H E S I S 

 

I claim that it is possible to do interdisciplinary research on patination of 

metals on the conditions of the arts, while using microbiological methods. In 

this context, the artsôs own conditions might mean a poor scientific 

environment, a lack of laboratory equipment, but still yielding acceptable 

results. 

Microbial patination is a new concept for colouring metals.
11

 The term 

conveys that it is a different method of oxidising metals than the common 

chemical method, and relies on untraditional methods related to biology 

rather than chemistry, although the process creates reactions and reagents 

similar to chemical processes. When bacteria decompose organic materials, 

they transform ingredients into acids and other chemicals, as they use the 

material as nutrients.  

Within the experimental part of this project, I searched for an alternative 

method to oxidise metal surfaces, using micro-organisms in the process of 

decomposing organic materials like carbohydrates and proteins under aerobic 

conditions. 
12

 The result of these reactions was to be comparable to chemical 

methods with references to colours, and in the ingredients occurring in the 

microbial oxide-film on the metal surfaces.
13

    

 

 

                                                 
11 After thorough investigations, the term Microbial Patination does not appear in any circumstances in any 

lectures or literature or by the searching tool World Wide Web 

The closest term found: Related bacterial research project by William Christian Crumbein,òPinta and Patinaò 

Geomicrobiology, ICBM, Carl von Ossietzky- Universität Oldenburg, wek@uni-oldenburg.de.Web: 

The bacterial growth on the marble caused a bright orange colour to appear that resembled the colour of the 

microstromatolitic patina of many Mediterranean (akseli.tekes.fi/opencms/ja./8.KrumbeinPatinaHelsinki2.doc) 
12  Experiment 1 (chapter 6.1) describes facultative anaerobic results of protein decomposition on test sheets 
13 Test sheets: sheets measured and cut for testing different patination processes, 250mm x 500mm, 0,8 mm 

thickness, copper and brass with Norwegian standard  
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1 . 6  T H E  R E S U L T S  A N D  A I M S  

 

My research in this interdisciplinary field creates and promotes new methods 

for metal patination by microbial treatment. Furthermore, I hope that this 

project will have an impact on other research groups working with 

microorganisms in the context of metals, for example in food preservation. 

Next, I hope researchers in the natural sciences can use my artistic way of 

understanding the biological environment. Which bacteria can survive in 

microbial oxide-films on copper, when copper and its oxide are poisonous for 

living organisms? I believe researchers in the field of food conservation 

would find the diversity of species interesting. Medical equipment research 

groups at Ullevål University Hospital, Oslo, are investigating the effect 

copper has on bacterial environments, aiming at designing antiseptic surgical 

benches. Finally, I hope that other artists will be inspired to do research 

within their own profession, and to make their knowledge available both in 

words and in artworks.
14

 

 

The project aimed to: 

 

A) Patinate metal surfaces by microbial treatment without using 

poisonous chemicals 

B) Observe and classify the bacteria active in the decomposition on test 

sheets as accurately as possible  

C) Understand and describe how scientists work in terms comprehensible 

to the artist and related to my practice 

D) Contribute to the development of an interdisciplinary dialogue 

between art and science (by providing concepts and methodology). 

 

  

                                                 
14 Boyer, E.L.: Scholarship Reconsidered. Priorities of the Professoriate, Princeton, N. J: Foundation for the 

Advancements of Teaching, 1990 
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2 Research in the professional field 
 

Development of knowledge is a fast-growing activity in our time and society. 

Changes in society constantly create new problems and new possibilities. The 

borderline between the objectivity of the scientistsô research and the 

subjective, emotional expression of the arts is not as sharp and clear as might 

be thought. In our time, we acknowledge even subjectivity and aesthetic 

dimensions as driving forces for science. As an example, The Tissue Culture 

and Art Project by Orion Catts (1996) was set up to explore questions arising 

from the use of living tissues to create/grow semi-living objects/sculptures 

and to research the technologies involved in such a task. 
15

 At the same time, 

art is moving in the direction of science and research. Therefore, there is a 

need for and a challenge to create cultures where art and science can 

cooperate in a rewarding way to employ the best aspects of both traditions. 

The art and design professions have traditionally been defined as 

humanistic disciplines. Traditionally, art, design, and their products are 

research objects for the philosophical and historical professions, while the 

disciplines of the arts, the art and design professions, are making disciplines 

comparable to architecture and industrial design. However, architecture and 

design as disciplines cooperate with the natural, technological, and the social 

sciences. So should art. When the architecture, design, and art disciplines set 

out to develop a scientific community ñfrom the insideò on their own premise 

there was a need to define their own tradition from the ñidea to finished 

productò perspective, not traditionally, from a ñfinished productò perspective. 

ñThe making perspectiveò has traditionally been classified as craftsmanship 

based on tacit knowledge, without any theoretical framework or reflection.  

                                                 
15 Tissue engineering promises to replace and repair body organs but has largely been overlooked for artistic 

purposes. In the last 7 years, the authors have grown tissue sculptures, ñSemi-Living objects,ò by culturing 

cells on artificial scaffolds. The goal of this work is to culture and sustain for long periods tissue constructs of 

varying geometrical complexity and size, and by that process to create a new artistic palette to focus attention 

on and challenge perceptions regarding the utilisation of new biological knowledge. Oron Catts, School of 

Anatomy and Human Biology, University of Western Australia. 
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The result of this state of affairs is the fact that some of the making 

disciplines have no real tradition in performing scientific studies, and in 

following the scientific development in society. Similarly, scientific 

communities have no expectation of discovering research and innovation in 

the art and design communities. Therefore, one aspect of this project is 

related to the crossover between different professions to develop innovations. 

In this case, focus is on the art profession in combination with scientifically 

based processes and the development of art based on criteria or assumptions 

employed by the natural sciences to solve scientific problems. In this thesis, 

the crossover between the art tradition, with its methods, and the natural 

sciences and their research is therefore explored. When artists use the 

scientific approach in an untraditional way to interpret practical problems, the 

solutions are usually rather different from those of the scientists.  

An example of such untraditional crossover between art and sciences is 

indeed the hairless mouse with a human ear growing on its back. Dr. Charles 

Vacanti at the University of Massachusetts wanted to give a little boy his ear 

back, after an accident in which he lost his ear. Dr.Vacanti contacted an artist 

working with modelling clay sculptures and asked the artist to make a model 

of the boyôs ear in biodegradable mould, fitting to his head size. The moulded 

ear was covered by human cartilage cells and transplanted on the back of a 

hairless laboratory mouse. The capillary blood veins of the mouse made the 

cells grow and eventually replaced the fibres of the mould, in the shape of the 

modulated ear. When the growth was finished the ear was transplanted on to 

the boys head. The whole world was crying out about genetic modification of 

humans when the picture of the mouse with the human ear on its back was 

published. However, in this case, an artificially made ear was created by 

biological and medical methods. Both the mouse and the boy lived quite well 

after this experiment, which opened for new possibilities for growing body 

parts. 

Microbiologists might not show much interest in the colours appearing on 

a metal sheet during a microbial process, but want to investigate different 

reactions caused by bacteria in the microbial oxide-film. Artists, on the other 

hand, might want to solve the mystery of microbial colouring on the metal 

surface for use in a creative art process. This example illustrates the 

difference between the use of knowledge in the different disciplines; 

biologists search for what course the process takes, while artists want to find 

practical uses for the results in their creativity. 

 

The fields of art and the natural sciences represent two different categories of 

experience and understanding. Art produces art without a conscious 

connection to scientific research and is not part of the tradition of science; art 
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historians have traditionally apprehended art scientifically as a research 

objective. Biology has a place in the tradition and professional methods of 

the natural sciences. When exploring the field of biology in the process of 

creating art, art and biology meet. In fact, art and biology have some mutual 

professional traditions as well as institutions, and patination can be seen as 

one example of these traditions. 

 

2 . 1  T H E  M A K I N G  D I S C IP L I N E S 

 

Working with art in the context of scientific research is based on a 

methodology that is related to both theoretical and practical knowledge, 

skills, and, in some cases, intuition. Intermingling scientific research and art 

can as an example be illustrated by Goetheôs work with colours, by the 

scientific answer to the question ñwhat is colourò and by the artistôs practical 

use of such knowledge. However, it is in the act of ñdoingò that the 

borderlines between theory and practice begin to intersect.
16

 By reflecting on 

the ñdoingò process, a theoretical structure can be grounded. Through an 

empirical process in research, it is possible to discover and generate theories. 

By elaboration, it is possible to make theory from knowledge in action. An 

effective means of renewal is to seek new knowledge both theoretically and 

practically by working within specific professions to generate a crossover 

between the professions. 

Professionals in the making disciplines can face problems when 

their practice demands doing research in order to be successful.
17

 When there 

are unsolved problems of essential character in the artistsô practice, the artists 

have to carry out research themselves. Although this approach is demanding, 

the artists will become more professional as they increase their understanding 

of the problem. Research provides artists with a theoretical foundation, 

concepts, and a scientific language, making them able to formulate their 

intentions and arguments for their art practice.
18

 

 

2 . 2  A R T  A N D  T H E  R E S EA R C H  T R A D I T I O N  

 

When art and architecture in particular cases wish to become scientific 

disciplines or hope for the prestige of science, it is necessary to collaborate 

with the scientific society. They want to build their own scientific culture in 

                                                 
16 Pye, David: The nature and Art of Workmanship, Oxford university press,  p. 58, 1968. 
17 The Making Disciplines is a subgroup of art profession. Medicine, a major profession, is grounded in 

systematic, fundamental scientific knowledge (Schøn, D., 1983, pp 23). The making disciplines arise from 

making practices, like architecture, and find their identity in the interplay between theory for practice and the 

exercise of the theory (Dunin-Woyseth, H., 1995). 
18 Booth, W., Colomb, G.G., and Williams, J. M.: The Craft of Research, Chicago Guides to Writing, Editing 

and Publishing, p. 49, 1995. 
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their particular fields. As disciplines, art and architecture were not founded 

on scientific theories. Disciplines have to be grounded in both theory and 

innovation, in a methodological system. By making such a move in the 

direction of the sciences, one of my goals was to establish a platform in 

relation with higher-level education, or more specifically, a possibility to 

create PhD projects related to the making disciplines. The development in 

Europe today is to acknowledge coexistence between art, design, and 

architecture, and the respective disciplinesô theories and their relation to 

scientific thought, even if art and architecture are still basically non-

scientific. Such an approach develops the disciplinesô tacit knowledge into 

documented knowledge.
19

 Art in terms of science and theory has been 

discussed through all time, with a lot of disagreement. Art as exceptional can 

be understood and experienced as an emotional dimension that does not 

necessarily need documentation, or is documented as art.
20

  

 

Art historians traditionally researched on the art discipline on the basis of 

artpieces, and were critical in their understanding and acceptance of the 

disciplinesô own launch of documented knowledge through tacit knowledge. 

Some critics have problems accepting tacit knowledge of the disciplines as 

philosophy. The reason for that is that the disciplinesô ñtheoriesò are not 

necessarily well articulated, existing only through practice. 

 

2 . 3  S C I E N C E  A N D  T H E  C R O S S O V E R S    

 

The basic thought behind the crossover idea is that creative and innovative 

forces are applied from different angles by the different professions to create 

common results, important for all participants. 

Art in ancient times was often created by knowledge systems based on the 

condition and techniques of the ñscientistsò of that age.
21

 Patination as an art 

expression was in common use, and ingredients from patination processes 

were used to make cosmetics and medical products. This shows a multiuse of 

the chemicals of the time. Through the centuries, artists carried on their 

profession, and the history of art shows the developments, while the proto-

scientific component gradually developed autonomy through alchemy and 

drifted apart from the co-existence with art.
22

  

                                                 
19 The interplay between theory for practice and the exercise of the theory, and the grounded theory (Dunin-

Woyseth, H, 1995). 
20 Lundquist, Jerkel; ñLook to the difference between artistic experience and scientific documentationò from a 

lecture at The National College of Architecture, Oslo 15.11.1998. 
21 Science is a modern or new concept; in ancient times the concept was more an accumulated knowledge, a 

kind of proto-science. 
22 The alchemists have the honour of being considered as the founders of chemical theories, and made the 

profession scientific through methodological experimenting and documenting the results. 
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To shed light on art and science crossover will necessitate reviewing all 

empirical data and historical material connected to metal patination, based on 

the multiplicity among disciplines involved. Traditionally, technical 

developments led the way in medicine, engineering and chemistry; so also in 

the field of art. 

In such mentioned crossover curiosities, the results and applications can 

be most surprising. Use of bacteria is traditionally most common in food 

production and conservation. Use of fungi in fermentations to make alcohol; 

addition of lactic acid bacteria to milk for different purposes; and controlled 

bacterial fermentation of fish for food conservation are but a few examples of 

bacterial treatment.
23

 Alexander Flemingôs discovery that a fungal 

metabolite, penicillin, could be used to treat and heal dangerous bacterial 

infections, is of course the most famous example.
24

 This discovery amazed a 

whole world also because it changed our way of looking at and curing 

diseases. The reason for such reaction was of course the simplicity of the 

solution of a very dangerous and serious health problem. Moreover, the 

solution was discovered by a coincidence. 

 

Looking forward to our time, ecological awareness started a process of using 

biological solutions in order to avoid negative ecological reactions. A very 

simple but common and important example is the method of decomposing 

garbage to get soil. Today, such composting of garbage in many countries is 

a big industry and an economical resource rather than a problem. This simple 

beginning of working towards a more sustainable environment started 

research projects worldwide trying to solve problems of pollution.  

 

For instance, such research resulted in a positive environmental influence 

connected to mining copper. Traditionally, copper mining has a very negative 

influence on the environment due to the huge use of energy, pollution of the 

ground water reserves because of the use of cooling water contaminated with 

copper (copper is poisonous material), and physical encroachment. 

Researchers discovered that bacteria were living on metal surfaces, 

transforming the metal into an energy resource. The most surprising aspect of 

this discovery was revealed by electrolytic analyses of the bacterial solution 

after the culture has consumed the copper. The electrolysis process yielded 

pure copper when anodising the mixture. Consequently, mining in 

ecologically exposed areas could be performed by drilling pipe holes, which 

became filled with the bacterial mixture. After a period, the bacterial soup 

                                                 
23 ñRakfiskò, a Norwegian tradition of food based on controlled decomposition of raw fish, naturally occurring 

bacteria. 
24 Fleming, Alexander was a British scientist who discovered penicillin in 1928. 
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has ñeatenò the copper, and by applying the electrolytic method, it is possible 

to retrieve pure anodic copper. 

 

Another example involves the biologistsô discovery that bacteria can be used 

to control oil pollution at sea after catastrophic shipwrecks. The treatment 

involves spreading bacteria over the oil spill and can drastically reduce the 

damage to the polluted areas. This specially grown bacterial cultures use the 

oil as energy, and the organic waste character is recycled. When first 

published, this was regarded as an untraditional method, compared to the 

usual mechanical method of skimming the oil from the sea surface. The 

ecological aspect is important when developing new methods for such 

environmental problems. 

 

Similar scientific progress involves the use of microorganisms in organic 

farming to replace hazardous chemicals used to kill fungi and insects harmful 

to the growth of vegetables and fruit. Insect pests are often specialised to 

attack specific plants. Research discovered microorganisms that were the 

natural enemies of these insect pests. These microorganisns could be cultured 

and applied to the plants or soil, to reduce the population of the targeted 

insect. 

Through the centuries, art and science have not been considered as 

equally prestigious. Innovation through crossover can hopefully over time 

turn this opinion. Science was not until late 1600 established as a concept, 

termed ñnatural philosophyò and based on experiments. Before that time, 

natural phenomena were tentatively explained by referring to the true 

ñnaturesò of the different substances involved, in the tradition of Aristotle. 

As it is, art and science have a great deal in common. Both open the mind 

to new ideas and inspirational thoughts. Both the artist and the scientist are 

creative persons. Their materials and points of departure are different, but 

cooperation can fruitfully give insight and visualise complexity. 

I want to show examples of how illustrating and drawing artists have been 

cooperating with scientists. Scientists have always used pictures and figures 

to illustrate. Illustrators intend to light up, elucidate, and give light to a 

context, which is not easily visible.
25

 The illustration provides details and 

insight into the scientific problem. In the context of for example the 

professional study of anatomy, these illustrations were important. Surgery 

seems to be highly difficult to describe by words alone. 

I will try to describe differences before and after the influence of artists or 

art methods. The Roman doctor Galenos (130ï201) described in an 

authoritative thesis how to heal and cure wounds and diseases. This thesis 

                                                 
25 Hofseth, Dag og Guttormsgard, Guttorm: Innsikt synlig, Universitetsbiblioteket i Oslo, p 2, 2001 
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was considered to be the absolute truth among average people who had no 

possibility to agree or disagree since few or none were able to read. 

His authority and knowledge were only stated by words. 

Mondeo de Luzzi (1275ï1326) may serve as an example of how 

illustrations could have a positive influence. He was a Bolognian author 

working in 1315 with dissecting human bodies to understand the science of 

anatomy. In 1316, he wrote the first European essay on anatomy. This essay 

was printed as a book in 1479 and was used for the next 200 years. Example 

(copy) no. 40 was printed in 1480, and in 1491, the book was illustrated with 

pictures. In the beginning, these pictures were still illustrations guiding the 

text; the text, which was at the time understood as the absolute truth, referred 

to the Roman doctor Galenos. At first, the text described how nature and its 

phenomena should be understood, like a map telling how the terrain should 

be, with words describing anatomical form or appearance. When did the 

turning point start, when did the terrain start to speak for the map? When did 

the illustrations begin to describe by artistic methods the actual scene in an 

anatomical lecture?  

Leonardo da Vinci (1452ï1519) is one of the most famous examples of 

being both artist and proto-scientist, and illustrated different processes as 

realistically as possible useing the illustration techniques known at that time. 

Intense observations and correct drawings ensured the accurateness of the 

motif, and made later scientists understand the reality and professional 

importance of his work. In his most famous works, he appears as an engineer, 

technician, pathologist, physician, and artist through his drawings and 

paintings. In addition to these professions, he also worked ñscientificallyò 

with alchemy. Alchemists were the founders of modern chemistry, as they 

methodically described and proceeded in manners similar to those of modern 

science. Alchemists showed the importance of documentation of their 

discoveries, also by the use of artistic methods. By the use of untraditional 

methods in the different professions, theories were revealed leading to 

changes in the specific discipline. 

 

The anatomist Andreas Vesclius (1514ï1564) had a problem. He wanted to 

print a new copy of Galenosôs anatomical thesis. Vesclius was himself 

dissecting human bodies and used his eyes well, both when reading and 

during dissection. He discovered that Galenosôs thesis was not always correct 

in terms of practical application. He realised that Galenosôs descriptions of 

anatomy and surgery were wrong. When he later published his own 

illustrated book on anatomy, he was confident that his own theory and his 

observations were completely accurate. The eye had won over the written 

word. 
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Art is of course one among many disciplines appearing in an interdisciplinary 

way. As an example of interdisciplinary combinations of theoretical and 

philosophical works with practical artwork, Haeckel is a special case. Ernst 

Heinrich Haeckel (1834ï1919) was an eminent German biologist, naturalist, 

philosopher, physician, professor, and artist. Haeckel named thousands of 

new species, mapped a genealogical tree relating all life forms, and coined 

many terms in biology, including phylum, phylogeny, and ecology.
26

  

Haeckel promoted Charles Darwinôs work in Germany and 

developed the controversial ñrecapitulation theoryò claming that an 

individual organismôs biological development, or ontogeny, parallels and 

summarises its speciesôs entire evolutionary development, or phylogeny: 

òontogeny recapitulates phylogeny.ò 

Interdisciplinarity seems to be an important aspect when studying 

similarities between art and science. Crossover cooperation between art 

practices and science is particularly well established in the USA and 

Australia, where art exhibitions from such cooperation are well documented. 

Ever since the 1980s, special groups organised in crossover methods have 

practiced art and science projects with very interesting results, both 

artistically and scientifically.
27

 In one particular group, SymbioticA, teams of 

technicians, biologists, surgeons, and artists deal with different artistic and 

scientific problems by using the crossover knowledge from their respective 

practises. An artist is most probably, when dealing with a specific problem, 

using a different technical solution or approaching an area differently than a 

surgeon or a biologist. A biologist probably experiences a different fiction or 

reality when dealing with engineering art than the engineers themselves. 

From the artistsô point of view, they remain open to alternative effects that 

can influence new artistic ways of expression. 

 

In relation to this thesis, such alternative effects can for example be industrial 

techniques employed for a particular purpose. The artists may want to 

discover new ways to use different materials related to art. Ideally, they want 

to use materials that have never before been used in the art tradition. This 

situation reflects the way artists use innovative possibilities to grow or 

improve in their profession by using other and different methods and 

applying them in an untraditional artistic context. By inquiring for such ways 

and by using theoretical and practical analyses, crossover curiosity 

contributes to stretching the borderlines between what is a shared ground in a 

completely new area. 
  

                                                 
26 Haeckel, Ernst: Kunstformen der Natur, Macmillian Publishing Edited, 1877ï1904. 
27 The art and science-group  òThe Bioart-group Symbioticaò with participants from USA and Australia. 
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2 . 4  B I O A R T 

 

BioArt,
28

 as the institute is named, offers people a chance to approach the 

field with creativity and experimentation, where they are free to use any tools 

available to create work that expresses their vision. BioArt, according to 

statements by academic staff in the department, can be anything from images 

captured on a confocal microscope to a watercolour painting on canvas.
29

 

When relating interdisciplinarity to the present situation, I claim that the 

borderlines between the different disciplines in many connections are unclear 

and unimportant. In the last years, artists and natural scientists with different 

background have cooperated to create art projects. 

Bioart can be comprehended as a rather broad term, referring to any kind 

of art that has been inspired by biological elements or which makes use of 

biological concepts in the cooperation between artist and scientist. Bioart is 

indeed the modern way to work on the borderline between professional 

interdisciplinary practices of today. 

 

As examples, bioart includes pictorial art based on aspects of nature or 

medical illustrations, software that turns genetic codes to luminous, 

scientifically accurate pictures (Symbiotica), and robotic sculptures operated 

by fish. Even robotic drawings by machines connected to a rat embryo brains 

through a computer are constructed and comprehended as artwork. Notions 

like hardware and software are well established in our daily life, and this 

bioart projects created a new notion; wetware. Wetware is understood as the 

conducting link between biological and electronic circuits.  

The creation by Eduardo Kac and others of transgenic bioartistic plants 

and animals, using a jellyfish gene that makes them glow in the dark, has 

provoked controversy because it raises ethical issues of a type that artists are 

unused to facing. 

The field bioart has been in the news, bringing the artform into daily 

discourse, through the prosecution of Steven Kurtz. Kurtz used a biological 

laboratory at his home to make artistic works based on bacteria and DNA; 

however, he denies his work has a connection with the species-modification 

end of the bioart spectrum, also called ñFrankensteinian aberrationsò. Such 

processes are always of interest to the commercial press, and this kind of 

scientifically related art form has a negative reputation.  

                                                 
28 BioArt is created from biology and art in aim to name an artform which use a crossover between biology and 

art.  
29 Kurchausen, Tom; https://bioart.med.harvard.edu/ 
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On the other hand and not so dramatically, the department of Cell Biology, 

Harvard, offers courses in biological and artistic creativity in the spirit of 

ñscientific and/or artistic valueò. 

 

2 . 5  S E M I- L I V I N G  A R T  

 

New art forms like ñTransgenic Artò, ñMeArtò and ñSemi-Living Artò are art 

forms, which differ dramatically from artworks exploring art and genetics 

through the use of traditional media. The use of biological materials and 

living organisms by artists ranges from tissue engineering to stem-cell 

technologies and even transgenic animals, a phenomenon that raises ethical 

questions with regard to both scientific and artistic endeavours.  

As an artist, my way of thinking when creating colours on metals by the 

use of living micro-organisms is to create, as examples show, a kind of living 

environment and colours that ñliveò when organisms create reactions for 

oxidations. When allowed to develop under their right conditions, 

microorganisms will continue to create microbial secrete metabolites and 

oxidise the metal on which they live. When observing the microbial process 

at different times, one sees that the patina oxides are slowly changing. The 

microbial transformation of substances activated after only a few hours in 

most experiments and tests, starting with a smooth and pale cover of oxide 

colours, which changed in both colour and intensity during the continuing 

process. The reason for these changes is the microbial environment, which 

progress develops, creating semi-living colours as patina on metal test sheets. 

In a wider context, these microbial reactions can be related to elements for 

artistic expressions, and understood as Semi-Living Art. Knowledge of which 

bacteria create specific oxide colours will make it possible to create an 

artistic motive visible only during a specific time sequence, as the different 

colours appear. As the bioprocess continues to react on the metal surface, the 

artistic motive will slowly disappear (unless the process is aborted), and a 

multicolour of a kind will be the result.  

The comprehension of Semi-Living Art as an expression was created by 

the SymbioticA Research Group in collaboration with The Steve Potter Lab
30

 

in 2003 when they established ñMeArt ï The Semi-Living Artistò.
31

 

MeArt is based on a bio-cybernetic project, exploring aspects of creativity 

and artistry related to the knowledge of biological technologies and the future 

possibilities of creating Semi-Living Art, even possibilities to create semi-

living entities. 

                                                 
30 Georgia Institute of Technology, Atlanta. 
31 Meart: ñMulti electrode array Artò, a combination of hardware, software and wetware to create bio-

cybernetic research projects exploring aspects of creativity and artistry in the age of biological technologies. 
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The interdisciplinary thoughts creating ñnew artformsò were explored in 

the conference ñArt and Biomedicine: Beyond The Bodyò, held at The Royal 

Danish Academy of Fine Arts, Copenhagen in 2007. This was an 

interdisciplinary conference about creative visual practices at the frontiers of 

biomedicine, convened by the Medical Museion, University of Copenhagen, 

The School of Visual Arts and The Royal Danish Academy of Fine Arts. The 

conference discussed the art forms ñMeArtò and ñSemi-Living Artò, 

understood as the use of living organisms in contemporary art. During the 

two last decades, a number of artists have left the traditional artistic 

playground to work instead in scientific environments, mostly in laboratories 

of biologists. Like The Symbiotica Group, artists today create new ñlife 

formsò, new transgenic organisms which are more or less ñbiofactsò rather 

than ñnaturalò organisms. Through the production of new organisms through 

art, it seems that artists are again challenging the perception of what is art and 

what is nature.
32

  

Artists as scientific researchers and science as art raise interdisciplinary 

questions. Producing images is perhaps no longer uniquely the privilege of 

artists and media professionals. More and more science-based images appear 

on the art market. Artists intensify their studies of scientific methods. Local 

and international research centres contact artists more and more often, 

wanting to develop and present exhibitions of their professional scientific 

work to a public audience. On both sides, we are seeing new professional 

sensitivities and irritations developing inside traditional academic working 

strategies. In this context, the discussion follows individual art practices and 

interdisciplinary collaboration between the arts and sciences such as 

biomedicine and molecular biology.
33

 

 

  

                                                 
32 Reichle, Ingeborg, Academy of sciences and Humanities; Berlin-Brandenburg: 

www.kunstgeschicte.de/reichle 
33 Knapp, Wolfgang, University of Arts, Berlin: www.kunstimkontext.udk-berlin.de/lehrende/knapp 
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3 The historical background for 
patination  
 

All empirical knowledge is stored in the history of patination of metals, a 

history connected to art, architecture and industry. Even old chemists like the 

Middle Ages alchemists and multi artists Theophilius and the philosopher 

Pliny are cornerstones in development of patina as documented by their 

writings. 

 

3 . 1  P A T I N A T I O N  A S  T ER M I N O L O G Y  

 

Patination is related to several crafts, techniques, and surface treatment 

methods. As a term it describes the surface treatment of art objects, giving 

what is known as the objectôs patina. Patination includes all form for 

oxidation and corrosion giving colours on metal surfaces. Patination can 

naturally occur on metal surfaces through oxidation in the air, or can be 

artificially induced by the use of chemical methods. Patination also includes 

painted varnish or pigmented colours as coatings on art pieces, for 

preservation of art objects. The word Patina is adopted from the Italian and is 

used in different languages. The German, English, and Scandinavian 

languages, for example, use the word patina unchanged, while the French 

language uses the term patine. The term ñpatinaò itself is all-embracing and 

includes technical methods for surface treatment of art objects rather than a 

scientific method as such. Since the term is not used traditionally as a 

scientific concept, the understanding of the term is different in various 

communities. However, in the context of this thesis, the common meaning of 

patina can be understood or interpreted as described earlier: colours created 

on a metal surface by letting the object oxidise in air, by coating with 

different types of reactive clays, or by artificial oxidisation using  

chemicals. 
34

 

                                                 
34 The discussion of the term patina and its evolving of aesthetic perspective: Weil, P. A; A Review of the 

History and Practice of Patination,   
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3.1.1 From traditional patination to the research project 

 

There are not many historical descriptions left by artists or craftsmen on the 

topic of patination. Most of the written documentation was made after the 

production of the artefacts and is more or less an attempt to describe the 

action of patination and its methods. Traditionally the creative artists 

themselves used their experience and were learning by doing and by tacit 

knowledge.
35

 However, during the history of patination there was obviously a 

development from patination by random reactions to the use of different 

ingredients in a more planned and controlled patination, including microbial 

patination as described in this thesis.
36

 

 

3 . 2  H I S T O R I C A L  C O N T EX T  

 

The tradition of colouring metal surfaces relates to empirical materials that 

have references to antique art and architecture. From the antique period as 

early as 6000 BC, the artist or craftsman worked with patterns on the objectôs 

surfaces in a way successfully recreating natural skin and hues. Particularly 

within art and objects for ceremonial use, the polychrome texture is well 

documented by collections in museums all over the world.
37

 Patina on metal 

objects has traditionally been used on objects of art, especially on sculptures, 

applied art, and in architecture. Patina techniques were particularly important 

for sculptures made in cast bronze and brass, but also pieces related to the 

applied arts, like details on furniture and objects used in daily life, were 

coated with a patina. 

In architecture, particularly for monumental buildings like cathedrals and 

official buildings, large copper sheets were placed on roofs because of their 

density and waterproof qualities. The copper roof oxidised in a natural 

process through contact with air over time and this process was observed and 

later done artificial in using chemical mixtures used in other contexts. After 

the industrial revolution in the eighteenth century, it was necessary to apply 

this oxidising mixture to new buildings, as the copper did not oxidise 

naturally because of air pollution from the heavy industries. To make the 

traditional green copper roof, there was suddenly a need to provide the patina 

artificially. An example in this connection from Oslo in the early nineteen 

eighties is the Catholic Church, which was given a new copper coating on the 

                                                                                                         
Brown, B. and Burnett, H.; Corrosion and Metal Artifacts, National Bureau of Standards, Special Publication 

479, pp. 77ï93. 
35 Polanyi, Michael: Den tause dimensjon - en introduksjon til taus kunnskap, Oslo, Spartacus Forlag, 2000. 

Oversatt av Erling Ra. 
36 Schøn, Donald: Educating the Reflective Practitioner,  Ashgate Publishing, p. 22, 1983. 
37 Smith, C. S: ñHistorical Notes on the colouring of Metalsò, Science and Technology of Materials, N.Y. 

Plenum, pp. 100ï167, 1974. 
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roof. After some months, the expected green copper did not appear, but a 

dark brownish and irregular patina occurred. 

Huge door blades of massive bronze designed and made for monumental 

buildings were traditionally patinated not only for the aesthetic expression 

but also to preserve against tarnishing. 

 

3.2.1 Ancient Patination 

 

As far as we know from documentation related to patination in ancient times 

(ca. 4000 BC), art objects like sculptures were probably patinated in one form 

or another. This practice probably originated in accidental patination 

occurring through the influence of air over long time or through objects 

having been either buried in soil or exposed to extreme heat by fire or 

through a controlled artful treatment. We know that artpieces were in some 

circumstances covered with clay containing, for example, iron oxide or 

copper oxide, whose effects were known from pottery. When evenly/slowly 

heated, the oxides from the clay reacted with the metal and oxidised in the 

surface as colours. Green oxide colour occurred on the artpieces when treated 

with copper oxide. Still this form of patination was very complicated to 

control and a lot of experience was required in order to stop the heating 

process at the right time.
38

    

Artefacts from early history (from the antique period 3000 BC), which 

have been buried for longer periods and patinated over time, have been 

studied and craftsmen have attempted to reproduce what nature did for use in 

their own artistic production. By observing what happens to metals in contact 

with different soils and clay, it has become possible to reproduce some 

processes by covering the art object with clay for different periods of time. 

In ancient Egypt and China, sculptures were mostly painted with colours 

similar to those of the human body to make them appear as natural as 

possible.
39

 In addition, sculptures carved from different materials like marble 

and sandstone were most probably painted in the same way as the metal 

sculptures. In this thesis, however, I will concentrate on the history of 

artefacts made of metal. 

 

From the antique period around 4000 BC and up to our time, few descriptions 

or formulae have been saved and the few we have are very difficult to 

understand and interpret from the vantage point of our modern way of 

interpreting chemical reactions. However, oxidation in air or other 

                                                 
38 Tylecote, R. F: The early history of metallurgy in Europe. London Longman, p. 24, 1987. 
39 Hughes, R. and Rowe, M:  The Colouring, Bronzing and Patination of Metals, New York Broadway,  p. 9, 

1982. 
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environments is also a part of the historic view. Early artificial treatments 

with different substances tell us more about ancient methods and what kind 

of chemicals they could produce. They can even tell us if the artists and 

craftsmen used natural inorganic materials like clay and soil or organic 

ingredients like wine, fat, and even blood and urine.
40

 

 

In modern times, when it is possible to chemically verify oxides on old 

artefacts, we know which chemical ingredients the early artists or craftsmen 

were able to use.
41

 These studies also show that most of the patination 

occurred by natural processes. Some of the patina can also be directly 

connected to the making process. During soldering, a scale of oxide colours 

occurs on the surface and this method produced natural minerals like basic 

copper sulphate (brochanite), basic copper carbonate (malachite), and basic 

copper chloride (atacamite). These oxides occurred on the artefacts in the 

same way as during the process of natural patination from the air.
42

 The 

artists also experimented with other materials and methods to expand the art 

expression. 

Research on bronze sculptures from the antique period around 1000 

BC shows a wide use of inlay, using lamination of silver and gold intended to 

look like teeth and other details.
43

 Sculptural portraits were to be created in a 

naturalistic way and appropriate methods were developed. To make an image 

of hair and eyes the Niello technique was used.
44

 Usually sculptures from this 

period were highly polished and coated with gold leaf or silver leaf in a 

gilding process, using mercury or, more commonly, oxidation with sulphur to 

get a black, almost transparent coating. 
45

 As far as it has been possible to 

establish from existing art objects, the use of bitumen and oils in a heating 

process has been used to create a dark brownish furnish on the surface. One 

use of this treatment was to make an image of or create an illusion of the 

suntanned human skin, while another was to seal the cast metal surface 

against air oxidation, discoloration, and disfiguration. 

 

There were also practical reasons for the use of patination. Roman 

legionnaires had their equipment, like helmets and breast shields and armour, 

made from cast bronze. When new and unused, the armour was shiny and 

                                                 
40 From my projectôs point of view, I started to look for substances which could be similar in a process of my 

method and thesis. 
41 Deutsches Kupfer-Institut.òChemische Farbungen von Kupfer und Kupferlegierungenò, p. 46, 2.4.1.2: 

Modifizierte Nitratpatina.  
42 Vernon, W.H.J. and Witby, L: ñThe Open Air Corrosion of Copper 1. A Chemical Study of the surface 

Patinaò, Journal of the Institute of Metals. 42, pp. 180ï200, p. 1929. 
43 Inlay: Engravings in a metal surface where the original metal is removed and replaced with silver or gold. 
44 Niello: Black alloy with low melting area made of silver, lead and sulphur. Also known as ñThula Enamelò. 
45 Amalgam gilding. Gold or silver leaves mixed with mercury, added on a metal surface and heated. The 

mercury evaporated and the gold or silver fused to the host metal. 
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reflective in the sun. To camouflage the armour, the soldiers had learned 

from their earlier Hellenic predecessors to bury the armour in animal and 

human remains. In the presence of urine, the armour was patinated with 

turquoise and blue to green colours, in a complicated and random pattern. 

This created a perfect camouflage in a time where visual warfare was of 

importance.  

The Roman natural philosopher Pliny (first century AD), also known as 

the author of the encyclopaedic Natural History, made observations about 

how copper and bronze oxidised in the air and the applications of a protective 

coating on bronze sculptures. In his quoting he uses the terms aerugo and 

aeruginis, denoting the colouring process ñrobigineò on bronze (aes). Pliny 

even describes methods for artificially producing these oxides, but not for the 

purpose of patination of bronze. These oxides were produced for medical and 

cosmetic purposes. When Pliny describes the patination and oxidising of 

bronze, he makes a distinction between two kinds of aerugo. Aerugo Nobilis, 

or noble patina, he describes as attractive, enhancing and stable. Virus 

aerugo, which can be translated as ñvileò or ñvirulentò patina, he describes as 

an unattractive patina, disfiguring and destructive. Regarding the use of 

bitumen as a protective surface coating on bronze sculptures, Pliny states that 

the ancients coated their sculptures with bitumen. He also stated that the 

Romans later gilded their highly polished sculptures to attain a more durable 

surface. Gilding was lavishly expensive and dangerous to the artisan gilder, 

but required less maintenance. The gilding process was done by the use of 

gold leaf and mercury, and made a pure gold coating resistant to all physical 

influence. The surfaces kept their shiny gold quality independent of weather, 

time and age.     

 

3.2.2 Patination in the Middle Ages 

 

There are few documentary sources from the middle age period about 

patination, but there is a rather special message written as an inscription on 

the church doors of the cathedral of St. Michele at Monte S. Angelo, dated to 

1076 AD.
46

 The inscription is an instruction to those who are in  

charge: òClean the door once a year, so the door will always be shiny and 

bright.ò The few large-scale pieces created in the Middle Ages which are 

conserved show the use of patination. It seems the Middle Ages (from ca. 

500 AD to 1500) were not productive in large-scale metal art pieces. Smaller 

art pieces, however, like miniature sculptures in both brass and bronze, were 

highly polished and occasionally inlaid with precious stones, often gilded and 

polychromed with enamel. 

                                                 
46 Federici, V.: ñLe Porte Bizantine di San Marco, Veniceò, Stadium Cattolico Veneziano, 1969  
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During this period, jewellery production started to seriously define its 

position among smaller scale art pieces, and in the early 10th century, a very 

important book was written based on alchemist methods, Mappae 

Clavicula.
47

 This text describes how to make artificial corrosion products on 

copper, using vinegar and other reagents, to produce colour pigments and 

ingredients for medical treatments. Often this kind of authorship was 

practised in monasteries, and the friar Theophilius Presbyter describes in his 

work ñDi diversis artibusò methods for the patination of copper, brass and 

bronze, among other goldsmithôs techniques.
48

   

A rather interesting method to patinate bronze by the use of a biological 

process has been documented in Asia. In Korean monasteries in the Middle 

Ages, the friars stored urine in clay vessels in order to ferment. Groups of 

friars were put on special and different diets, which produced different 

chlorides in the urine. The different liquids containing different chlorides 

made different patinas when applied to art pieces made of bronze. 

 

3.2.3 Patination in the Renaissance period 

 

In the 15th century, casting of sculptures on a larger scale started after a long 

period of small-scale castings, and the foundries had to rediscover the 

methods used in antiquity. No full length and free standing sculptures had 

been cast since ancient times. In 1433 in Florence, Donatello modelled and 

cast the famous statue of David, and this was the first known sculpture of 

large-scale casting. Such large castings required renewed methods, as well as 

a renewed interest in patination. 

It seems that the techniques of these early Florentine castings were not 

sufficiently developed. The result of such unreliable casting techniques was a 

surface full of flaws. When patinated, the surface had to be treated with a 

varnish that produced a dark surface colour to cover the flaws. When 

technical developments made possible larger scale castings by casting the 

sculpture in parts and combining the parts to form a complete sculpture, 

gilding the surface was preferred even if it was more expensive to produce. 

Donatelloôs St. Louise of Toulouse is an example of such a sculpture. 

The first ñmodernò account of surface treatments for bronze sculptures was 

written in 1504, De Sculptura, and is based on observations in foundries, in 

Padua by Pomponius Gauricus.
49

 He writes the following to describe colours: 

ñWhite is achieved by the application of silver leaf, yellow with gold leaf, 

                                                 
47 Smith, C. and Hawthorne, J.: Mappae Claviacula: A little Key to Medieval Techniques, University of 

Chicago, volume 64, p. 4, 1974. 
48 Brepohl, B.: Theophilius Presbyter und die mittelalderische Goldsmiedekunst, Austria Bohlau, 1987. 
49 Gauricus, Pomponius: De Sculptura, Geneve Droz, p. 239, 1504. 
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green by wetting with salted vinegar, and black by a varnish of liquid pitch or 

smoke of wet straw. These colours will do for now, in waiting for the time 

that we will learn others.ò 

 

Reading the preface of Giorgio Vasariôs Vite, he states the use of heating the 

sculpture, while rubbing with oil to create a black oxide patina, produced a 

green surface patina when using vinegar and made other brown and black 

patinas when using varnish.
50

 Through the16th century, patination was 

basically applied according to De Sculpura and also by a wide use of silver 

and gold leaf. In the late 16th century, patination is described as a process 

done using smoke from straw fire and by rubbing the metal with several 

kinds of oil. This treatment produced a lustrous and translucent copper oxide 

brown. The craftsmen had access to Plinyôs manuscript, and his comment 

that the coating of bitumen which gives a dark brownish and semi-opaque 

colour was often preferable. During the 17th century, oil and straw heated on 

the surface was still the common method of patination. Vinegar was used for 

green colour and sanguine, a red earth pigment (probably English red or iron 

oxide), was used to make the surface appear black, according to ñPrincipesò 

by Andre Felibien in 1699.
51

 A very important development during the 17th 

and 18th centuries allowed artists, craftsmen and scientists to methodically 

collect patina recipes and to publish specific patina books for artistic purpose. 

 

3.2.4 Patination in the 19th century 

 

During the1800s, science and industry developed different collaborative 

projects, such as foundries capable of casting and producing sculpture on a 

large scale. During this period, chemistry developed as an industry, 

producing chemicals in large quantities allowing controlled chemical use of 

patination for the first time in history. Effectively, this enabled development 

of chemical patination as a specialised art technique.  

In France, colouring metal art became a profession, and practitioners were 

named les Patineurs for óthose who worked with patinaô. The master 

patineurs took control over the patination part of production of metal art. 

Especially the Limet brothers in Paris acquired great fame in artistic circles. 

They produced their own chemical patina based on their own recipes for 

specific patinas, and among their customers were, for example, Rodin. Such 

                                                 
50 ñPrefixò to the Vite, Maclehose and Brow: Vasari on technique, N.Y. Dover Publications,  pp. 165ï166 

(Vasari, G.: Le Vite, 1550), 1960. 
51 Felibien, A.: Des Principes de l Architecture, de la Schulpture, de la Peinture, et des autres Arts qui en 

dependent, London Farnborough Hants, p. 239, 1690. 
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connections resulted in the artistsô own interests in the possibilities of 

coloration of metal art. 

 

3.2.5 Patination in the 20th century 

 

During a period in the 1920s, several industrial products were coloured 

through patination, but the use of chemical treatments changed quite 

suddenly when different lacquers with similar colouring qualities were 

discovered. The industrial products were usually snuffboxes and cigarette 

étuis patinated to give the impression of leather, wood, and stone surfaces 

such as marble. The methods used for such metal patination were based on 

different mixtures of chemicals that are strongly oxidising when applied to 

metal surfaces. The objects can be boiled in an immersion mixture, covered 

on by brushing the surface with the immersion, or buried in sawdust soaked 

with a solution of various chemical ingredients.  

Although lacquer overtook the role of patination in the early 1920s, 

popular science authors started to publish books containing descriptions of 

chemical patination of metals based on older literature of the chemical 

sciences. This was important for the development of patination for artists as 

they were now able to do their own controlled artificial patination. Very 

often, artists had a strong feeling about the artificial patina on their art pieces. 

They did normally not allow lacquer to be used on their art because of the 

ñsyntheticò feeling of such coating. 

Beside the development of different and better quality lacquers, scientists 

were able to use unconventional methods in their research on various 

products in an industrial context. Electricity was increasingly common in 

industrial production, and in the context of art foundries were equipped with 

electric kilns. Using electricity, the casting process was more stable due to 

better control during the melting of the metals, which resulted in better 

quality of sculptures. 

When electricity appeared in connection with industrialised electrolytic 

preparation and sealing of metal surfaces, e.g., gilding, silver coating, zinc, 

copper covering, and chrome (electroplating), it was also used for anodic 

colouring of red metals, referred to as Das Deutze Copper Union.
52

 When 

aluminium became common as a construction material for facades and inside 

roofing for both architectural and technical purposes, electrolytic colouring, 

known as anodising, was discovered. Colouring aluminium by anodising 

                                                 
52 Red metals all copper alloys, like bronze, brass, and gilding metals. 
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enabled colouring the metal in all spectral colours based on organic colour 

pigments.
53

 

Besides use of galvanic electroplating methods since electricity was 

discovered, anodising aluminium is also considered as patina on metal 

surfaces. Due to the rather wide use of patination, artists recognised a need 

for teaching patination. In short, they saw a need for educating artists to 

promote their art.  

In 1982, patination of metals saw a revival when Michael Rowe and 

Richard Hughes did significant research about patination and collected a 

huge number of older recipes published in the work The Colouring, 

Baronzing and Patination of Metal. Through this work Hughes and Rowe 

made patination available for artists and craftsmen on a wider scale. Almost 

instantly, exhibitions in important galleries started to show works of 

patinated metal art pieces. From that time patination received a place in the 

scholarly system at The Royal College of Art (RCA), and through contact 

with Professor Rowe at the RCA, the metal department at the Oslo National 

Academy of the Arts (KHiO) started to teach patination of metals in art 

classes. 

  

                                                 
53 By mentioning aluminium, aluminium is an artificial metal whish can only be produced by a method using 

electric power in an electrolytic process; aluminium does not appear pure in nature but only as bauxite 

containing aluminium oxide.  
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4 Methods for microbial patination in 
process 
 

The research project is based on a pilot project conducted in 2004 (based on a 

series of experiments) and eight separate experiments completed during the 

period 2005ï2008. The pilot project was designed to show decomposition of 

different organic materials on metal sheets and the colours occurring from 

oxidations during this process as patina. The experiments were also 

conducted to create biomixtures for microbial analyses. The subsequent eight 

experiments developed from the experience and findings during the pilot 

project, and were more specific, including characterisation of carbohydrates 

and proteins as dominating biopolymers with the aim to create multicoloured 

microbial patination process through decomposition. The pilot project was 

executed under non-biological conditions at The Oslo National Academy of 

the Arts (KHIO), Oslo, and the following eight projects were completed at 

the Department of Chemistry, Biotechnology and Food Science (IKBM), at 

the Norwegian University of Life Sciences (UMB) in Ås. 

In pilot experiments 1 and 2 (chapter 5) and in the main experiments 1 to 

8 (chapter 6), technical methods includes the specific experiments in aim to 

give wholeness from start to end of each experiment. During this period, 

while working with this series of experiments to create patina on copper and 

brass, test sheets were produced by traditional chemical treatment for visual 

comparison of colours between traditional patination and microbial 

patination. These traditional chemical patination tests were produced from 

my own conducted recipes and old metal patina recipes, executed by 

traditional patination methods for surface treatment using sawdust as pattern 

creator. (Chapter 4.7) 

Bacterial diversity was examined in the substrates created by 

decomposition of proteins and hydrocarbons under both aerobic and 

anaerobic conditions. Traditional laboratory methods were used to verify the 

presence of different reactive chemicals transformed during the microbial 
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process and to characterise them. Established phenotypic methods were used 

to characterise the bacteria. (Chapter 4.4) 

This methodological research offers a possibility to describe the reactions 

in decomposition processes where bacteria in their natural environment 

transform organic compounds into microbial substances. Bacteria use 

proteins and carbohydrates in the organic materials as energy sources.
54

   

During these transformations, biochemical reactions create an oxidising 

effect similar to traditional chemical patination on metals. The transformation 

of substances by microorganisms results in different chemical ingredients, 

probably organic acids, chlorides, oxides, and alkaline compounds. This 

process is referred to as microbial substrate transformation. 

 

In order to design research experiments related to biological oxidation 

treatment for colouring metal sheets, it was first necessary to characterise the 

organic substrate used in each experiment. This was done from analyses of 

the organic materials used during the pilot project. Since these experiments 

contained different ingredients based on different proteins and carbohydrate 

intermediates, the results from this research were important due to the 

diversity as microbial substrates involved. It was possible to predict how to 

make the organic materials as reactive as possible in an oxidation process, 

when in direct contact with metal surfaces, by tests of humidity, temperature 

and practical methods. Further microbial tests using the best conditions for 

microbial oxidation were established on the basis of this knowledge of 

ingredients and methods. 

 

The microbial experiments required characterisation of bacteria cultures in 

order to have a certain control of the microbial treatment. The main problem 

is the enormous number of species in such microbial environments. Our 

knowledge about bacteria in their natural environment is limited. To study 

bacteria in their environment is therefore not an easy task. In nature, there are 

probably several thousand species that have not yet been described. For 

                                                 
54 Bacteria are single-celled microorganisms and are flexible in metabolism changes depending on the 

environments. (Bacteria are basically developed from carbon.) The main product from metabolism is 

replication. Metabolism (caused by a number of chemical reactions) is necessarily for replications. 

Some bacteria are autotrophic from their use of CO2 as source to create organic compounds. The energy 

sources are light (UV) or inorganic molecules (Photosynthetic). All cells are depending on proteins like 

enzymes, produced in bacteria cells. Bacterial decomposition is a process were the bacteria uses organic 

materials as nutrients, by enzymes (Lipase) to decompose organic materials like fat into water-based nutrients 

necessary for bacterias digestibility. (Enzymes have a catalytic effect by starting chemical reactions.) By 

decomposing accessible nutrients, bacteria produce enzymes necessary for metabolism; if proteins are 

available bacteria produce the enzyme Protease. (Protease decomposes proteins from meat, cheese, milk, for 

example.) From carbohydrate, the enzyme Amylase is produced. The enzyme Cellulase decomposes cellulose 

from paper (vegetable cell walls). Lipase is another example of a bacteria-produced enzyme, which 

decomposes fat and oil compounds. Through complex chemical reactions, organic materials are transformed to 

water and carbon dioxide through metabolism as energy sources providing replication. Bacterial replications 

are in progress as long as the nutrient sources are available. 
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example, one gram soil or sediment (biomixture) may contain 1010 bacteria, 

as determined by fluorescent microscopy after staining with a fluorescent 

dye. 
55

 Furthermore, there are bacteria that are adapted to almost all the 

different environments existing on earth, and also bacteria that are able to 

decompose all the chemical components made by living organisms. Most 

bacteria have a high growth rate, meaning that they quickly consume the 

available nutrients. 

 

As a practical result of this methodological microbial research, originals of 

microbially patinated test sheets of copper and brass were documented by a 

series of digital photos. Both microbial reactions on metal surfaces and 

patinated sheets presented as complete examples of oxides (1:1) were photo 

documented, using a dissection microscope at 50x magnification (Leica 

Flouvert FU). 

 

Figure 1: Schematic development of the project. 

 

4 . 1  M I C R O B I A L  C H A R A C T E R I S A T I O N  M E T H O D S 
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Using the knowledge derived from each experiment, the next step was to 

choose and refine technical methods in order to create the most effective 

environment for the microbial processes desired. These methods were 

developed during the pilot project, and adjusted for each following test. By 

specific use of the selected methods, the processes were as technically similar 

as possible in every test, in order to control the reactions and results in their 

various phases. To be able to create methodologically acceptable scientific 

results, temperature, humidity, CO2 and pH, and the environment itself, had 

to be stable. This stability was needed to provide reproducible bacterial 

growth conditions. Such control required scientific equipment, and the final 

experiments were performed in microbiological laboratories. 

As a visual result, it was important to create multicolour patterns on test 

sheets of quality suitable for presentation. Results of traditional patination are 

usually documented using sawdust mixed with solutions of chemicals 

blended after recipes. To provide similar quality in microbial patination the 

same sawdust method for creating patterns is preferred. 

 

Taxonomic rank              Example 

 

Domain   Bacteria 

Phylum   Proteobacteria 

Class                  ɔ-Proteobacteria 

Order   Enterobacteriales 

Family   Enterobacteriaceae 

Genus   Shigella 

      Species    S. dysenteriae 

 

 

Microorganismsô aerobicity 

 

Microorganisms can be divided into several groups according to their need 

for or tolerance of oxygen. Aerobic microorganisms use oxygen as the final 

electron acceptor in their electron transport chain. 

Miccroorganisms which cannot use oxygen as a terminal electron 

acceptor are termed anaerobic. 

 

Aerobicity groups:  

Obligate aerobes: Oxygen is required 

Microaerophilic aerobes: Oxygen is required, but at levels 

lower than the atmospheric level. 

They do not tolerate atmospheric 
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levels of oxygen. 

Facultative anaerobes: Oxygen is not required, but growth is 

better if oxygen is present. 

Obligate anaerobes: Oxygen is harmful or lethal. 

 

Autotrophic and heterotrophic describes microorganismsô differences in their 

energy necessitate from nutrient sources. Autotrophic organisms use energy 

from the environment to create energy sources by decomposing organic 

materials from effortless inorganic connections (carbon dioxide and water, 

using inorganic nutrients). Through photosynthesis is sunlight the energy 

source, through chemosynthesis is the energy connected to inorganic 

molecules and is delivered by oxidation (heterotrophic). Both syntheses use 

the energy to split water molecules (H2O) and create hydrogen with carbon 

dioxide (CO2) into energy carbon hydro molecules. 

Majority of all microorganisms are heterotrophic; they are not able to 

produce their own nutrients form the environments, they are dependent on 

organic materials as nutrient. (Using organic nutrients.) 

 

Anatomy and morphology: 

 

To identify bacteria is a very complicated task, and demands experience, 

because of its diversity and insignificant visual differences in motility and 

shapes.Traditional methods like microscopy studies of bacteria shows 

spherical-shaped (globe) cocci and rod-shaped (rods), curve-formed vibrions 

and twisted shaped spirillium. The thickness vary between ca. 0.25 to ca. 2 

ɛm (1 ɛm = 0.001 mm), length ca. 1 to 3ï400 ɛm. Beside visual description 

of bacteria shape and motility, gram staining can indicate and describe 

bacteria in two categories, gram-positive bacteria and gram-negative bacteria 

by colour differences. 

 

Isolation of pure culture: 

 

Unknown bacterial isolates were grown in Petri dishes containing agar media 

as nutrient sources in order to obtain pure cultures. When isolates of bacteria 

were visually described as pure cultures, the culture was tested through 

phenotypic methods in order to obtain single pure colonies identified to class, 

order, family, genus and species, as accurately as possible using the given 

method. The methods used included characterisation of the bacteria as Gram 

positive or Gram negative and catalase and oxidase tests, and aerobicity 
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groups.
56

 In addition, a database related test based on carbon source 

utilisation (BIOLOG) was applied to identify separate species of bacteria. For 

this specific test, individual colonies were isolated from diversity by 

systematically streaking bacteria out in Petri dishes filled with nutrient-agar 

to grow pure culture. 

 

Growing pure culture: 

 

Upon incubation, each cell will give rise to a colony on the agar surface. It is 

possible that a colony could have arisen from two or more cells that stuck 

together. Thus, a colony-forming unit (CFU) may have originated from one 

or more cells. When a dish has more than 300 colonies, there is such 

crowding that fast growing bacteria overwhelm slow growers: the fast 

growers either remove nutrients or produce inhibitory end products before 

slow growers can form a visible colony. Isolated colonies are examined for 

the different types of cells and one will be restreaked to obtain a pure culture. 

A pure culture is defined as the progeny from one cell. Assuming that one 

cell could have given rise to the colony, these can be called pure cultures 

even though there is no technical proof of that. Proof of pure culture involves 

showing that all the colonies on the restreak are identical and Gram staining 

these to demonstrate all the cells in the resulting colonies are identical and the 

same as those on the original disc. 

 

Materials: 

 

-  sterile 1 ml pipettes. 

-  nutrient agar on Petri dishes. 

-  gram staining reagents. 

 

Procedure: 

 

1. Incubated dilutions outstroke on nutrient agar in Petri dishes. Stored for 2 

days at 20 °C 

2. Removed the dishes from the incubator. Counted the number of colonies 

on each dish. When the number of colonies exceeded 300, those of lower 

dilutions are "Too Numerous To Count"  

3. Calculated if the viable colonies were well-isolated. 

 

  

                                                 
56 Gram staining, different staining distinguishes between types of bacteria, on basis of cell wall composition. 
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Population Survey: 

 

1. From three well-isolated colonies (isolated from other colonies), different 

surface colonies were circled on the back of the Petri dish and numbered. 

2. Each colony were described by morphology: the size, shape, consistency, 

colour, transparency and other terms. 

3. Each colony was preformed by the Gram stain to observe the cellular 

morphology and Gram reaction of the bacteria, which make up each colony. 

(Gram positive or Gram negative bacteria.) 

 

Pure Culture: 

 

1. Choose one colony that appears to be composed of only one cell type. 

2. Flame an inoculating loop; when cool gently touch it to the surface of the 

colony and restreak onto a nutrient agar Petri dish. 

3. Streak these cells as a primary streak on the surface of a nutrient agar Petri 

dish. This streak should not occupy more than 1/4 of the dish. 

4. Flame the loop, allow it to cool, and streak across the primary streak once 

or twice, and thencontinue streaking the secondary streak without going back 

into the primary streak. 

5. Flame the loop, allow it to cool, and streak across the secondary streak 

once of twice, and then continue streaking the tertiary streak without going 

back into the secondary or primary streak.  

6. Incubate the dishes at 22 °C for 24 hours. 

7. After incubation: examined the nutrient agar Petri dish restreaked for a 

pure culture. All the colonies must be identical. Colonies were Gram stained. 

8. When a pure culture is achieved, then streak the same colony that is Gram 

stained onto a nutrient agar Petri dish. Incubate for 1 day at 22 °C. To be 

convinced of the pureness of the isolate, redo the entire process twice.  

This is the pure isolate to be used for BIOLOG tests. Pure isolates has to be 

used as quickly as possible; if the isolate is stored over time (in coldroom or 

refrigerator), a bacterial strain can lose some properties and gain some. 

 

4 . 2  V I S U A L  C O M P A R A T I V E  M E T H O D  ( V C M )  

 

When oxides appear from different sources on metal surfaces as mixed 

colours (semicolours), a number of dissimilar reactive chemicals have caused 

the oxidation (Chapter 4.6, Table II). Even with different oxidising methods 

(patination methods), semicolours are conspicuously similar when compared 

visually. Analyses of the recipes used disclosed to a certain point which 

chemicals reacted and generated the colours. The oxide-film caused by 
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natural oxidation in air, or by hydrous influence, contains similar colours (see 

Chapter 3.2.1, Ancient Patination). As naturally caused patination usually 

occurs on old artefacts, archaeologists know through laboratory analyses 

which chemicals have been reactive on the object and produced the patina.
57

   

By comparing both recipes and the visual impression, a table was compiled 

for identifying colours resulting from oxidation by reactive chemicals. This 

colour-identifying table provided a possibility to visually determine as 

closely as possible which reactant oxidised in microbial treatments compared 

to traditional patination. 

My own non-scientific description of the colours as they appeared on the 

test sheets was used to describe the colours resulting from both traditional 

and microbial patinations. 

Based on several chemical recipes composed for traditional metal 

patination, test sheets of copper and brass were coloured by three different 

methods (see Pilot project) to show various examples of semicolours. As a 

parallel process, microbial decomposition on similar test sheets was initiated 

with the purpose of developing semicolours. Using traditionally patinated 

reference test sheets (Chapter 4.7), and comparing semicolours with those on 

the microbial test sheets, it was possible to determine visually which 

reactants acted on both test sheets by reading the table containing the specific 

name of chemicals used.  

These methods provide information on what kinds of chemicals are active 

in the patination process and thereby indicate similar ingredients involved in 

the microbial development of different colours on metal test sheets. Finally 

and more importantly, using the prescription for the chemical method, it is 

possible to identify the ingredients responsible for, for example, a green 

colour created from microbial patination methods. 

 

4 . 3  M E T H O D S  A N D  M A T ER I A L S  

 

To investigate the effect of microbial decomposition of proteins and 

carbohydrates on metal surfaces, it was necessary to limit the materials in 

order to make the research project feasible. To limit the number of different 

metals, this research comprises only red metals: copper and one of its alloys, 

brass. The reason for the choice of these two metals is their ease of oxidation 

and the relatively large differences in the metalsô own basic colours.  

                                                 
57 The Museum of Sciences in Trondheim, Norway, uses reversed methods of ageing organic materials, by 

composing chemicals which create original patina on restored or copied artefacts. Research processes aiming 

to create the right patina on artefacts in the context of conservation are constantly in process cooperating with 

University of Roskilde, where artefacts of different organic materials were underlying buried in soil and clay 

layers 10 meters in depth to study the process of changing. This research started in 1990 and will run until 

2020.   
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Methodically, the research is connected to the series of test sheets and the 

oxides appearing on the surfaces, produced under specific conditions. These 

conditions are factors of time, humidity, homogeneity, aerobicity (oxygen 

present in reaction process) or anaerobicity (no oxygen present in reaction 

process), gas and acid development and, to a certain point, pH.  

The substances produced by microbial metabolism react when in contact 

with metals and create chemical reactions. These reactions create a thin layer 

on the surface. 
58

  These layers are referred to as a microbial substance. The 

microbial substance probably contains different chemical ingredients like 

chlorides, acids, alkali substances and metal oxides, which generate various 

colours. Through quantitative and controlled microbial reactions, the project 

showed which cultures influence copper and brass as oxides on the surface. 

In the experimental research, a diversity of colours and their combinations on 

test sheets of brass and copper were observed. By analyses of the microbial 

oxide-film, the experiments revealed the development of the most common 

bacterial culture and the number of substances transformed in the process. 

Using several chemical tests, it was possible to demonstrate the presence of 

nitrate, sulphur, or different metal oxides in the various substrates. The 

colours on the test sheets were documented using a dissecting microscope 

(Leica Fluovert FU) and digital camera (Canon PowerShot S80), and X-ray 

microscope analysis (XRMA) with Inca data-identifying program was used 

to verify the presence of metal oxide crystals in the microbial film. 

Laboratory tests were used to identify bacteria as catalase positive or 

negative, oxidase positive or negative, and Gram positive or negative.  

These experiments were performed to observe if there had been any reaction 

on the metal surface, whether it was coloured by oxidation, and whether the 

reaction made an etching into the metal surface. If there had been a reaction, 

the reaction had to be described and characterised, and the colours produced 

had to be recorded. The experimental results of the project were visualised in 

tables and diagrams with significant information like environmental 

conditions, dry and wet biomass weight, and the diversity of different species 

microscopically observed.
59

 It is also important to know what kind of metals 

to use in the process and the characteristics of each metal, because 

differences in alloys may cause unexpected reactions. In this research project 

only copper and brass of Norwegian technical standard were used. The 

technical information is available on technical data sheets from suppliers.
60

 

 

                                                 
58 Microbial oxide-film occurs on metal test sheets as layers of various thickness, depending on factors such as 

time, humidity, ingredients and milieu. A thin layer of microbial oxide-film is understood as 0.05 mm to 

0.1 mm. 
59 cocci, diplococci, streptococci, and rods. 
60 Astrup AS, Norwegian Standards: Copper: 98% pure Cu + 2% Ni. Brass: 75% Cu + 20% Zn + 5% Ni.. 
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4.3.1 Creating biomass on metal surfaces under microaerophilic 

conditions 

 

Milling organic material (beef meat, chicken meat and fish as examples) and 

mixing it with coarse-cut sawdust provided a certain level of oxygen in the 

microbial materials. Metal sheets were placed in a Petri dish with the material 

covering the sheet to provide the right environment; the dishes were placed in 

an incubator at 22 ºC. Placing the dishes in plastic bags prevented 

dehydration, but still allowed enough air to maintain aerobic or 

microaerophilic conditions throughout the experimental period. The plastic 

bags had zip locks, making it possible to regulate the opening and thereby 

controlling the humidity and airflow in the substrate. When decomposition is 

in progress, the reaction from microorganisms creates a microbial oxide-film 

on the metal surface, which results in different mixed colours. To investigate 

the time sequence of the microbial diversity, appearing as microbial oxide-

film, and resulting multicolours on the metal surface, two test sheets of each 

metal were taken out at two times every week. The experiment was 

maintained to 8 weeks. 

 

Materials and procedure: 

 

1.  8 test sheets of copper and 8 test sheets of brass with thickness 0.8 mm 

were cut to 40 mm by 60 mm  

(standard test sheets in this project) to fit in Petri dishes sterilised in 70 % 

alcohol. 

2.  Test sheets were placed in Petri dishes and covered with 60 g microbial 

substrate.  

3.  Petri dishes were placed in resealable transparent plastic bags, size 200 

mm x 300 mm. 

 

4.3.2 Treatment of organic homogeneous microbial material used for 

colony forming units (cfu) total account. 

 

Decomposed proteins or carbohydrates and sterile water were used to prepare 

a homogenous microbial material, which was filtered and diluted in order to 

count the microorganisms present.  

A decadal dilution series was made from 10-1 to 10-7. This means 1 g of 

biomaterial added to 9 ml Milli-Q water generates a 10-1 dilution. Successive 

dilutions in a ratio of 1 ml suspension to 9 ml sterile water result in 10-2 to 

10-9 dilutions. One ml of diluted suspension plated on nutrient agar will 
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produce a number of colony forming units (cfu), allowing calculation of the 

number of cfu per gram of the starting material. 

 

Procedure: 

 

1. Ten grams biomass were homogenised in 90 ml sterile Milli-Q water 

(Milli -Q water heated under pressure to 122 ºC) 

2.  The suspension was filtered through a 30 µm pore size nylon filter placed 

on a sterile bottle. 

3.  A dilution series was made from 10-2 to 10-7.  

 4.  One ml of each dilution was streaked out on agar in Petri dishes, which 

were incubated at 18 ºC; colonies were counted after 3 days. 

5.  Incubate on agar Petri dishes from grown colonies collected from step 4.  

6.  Out streak on Petri dishes in square crossing lines to grow single bacteria 

culture collected from step 5. (Plate count) 

 

4 . 4  P H E N O T Y P I C  M E T H OD S   

 

Phenotypic characterisation by examination is the most classical way to 

characterise and identify microorganisms. Unless similar organisms have 

already been characterised, classified and named, a new isolate cannot be 

identified. Phenetic classification is a system that groups organisms based on 

the similarity of their observable characteristics. Some of the categories of 

characters that can be used are listed in Table I. 

To investigate microorganisms phenotypic by microscopy, phase-contrast 

microscope is necessarily using staining methods like SYBR-green, Gram 

stain and others.
61

 

 

Table I: Phenotypic characters.  

 

In order to be characterised by phenotypic characters, the organism must be 

able to grow on an artificial growth medium, such as nutrient agar. In this 

research project, BIOLOG tests were used to identify isolates, as shown in 

chapter 6.4.4. To identify the cultivable isolates, the following tests were 

used: gram stain and, to examine the oxygen demand, oxidase and catalase 

tests. (See chapter 4.1, Isolation of pure culture.) 

  

                                                 
61 Michael T. Madiga, john M. Martinko, and Jack Parker; Brock Biology of Microorganisms, ninth edition, 

Southern Illinois University Carbondale, USA, 2000, chapter 3.1 pp. 50-53 
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Cultural category of characteristic Colony shape, pigmentation and 

texture 

Morphological Cell shape, cell arrangement, 

presence of flagella, motility and 

Gram stain 

Physiological Temperature requirements, oxygen 

requirements 

Biochemical Types of enzymes the organism 

possesses, e.g. catalase, oxidase, 

lipolytic enzymes, proteolytic 

enzymes and ability to decompose 

simple carbons like glucose 

Nutritional Sources of carbon and nitrogen that 

can be utilised. 

 

4.4.1 Gram stain 

 

Differential staining distinguishes between types of bacteria, and Gram stain 

is one possible differential staining procedure. Differential staining is 

possible because bacteria differ chemically and may react differently to a 

given staining procedure. Gram stain divides bacteria into Gram positive and 

Gram negative. The difference in staining reaction is caused by differences in 

the cell wall composition. 

 

Procedure: 

 

1. A drop sterile Milli-Q water is placed on a glass slide. 

2. A very small sample of the culture is tested and mixed well into the water 

with an inoculating loop. It is then spread on the glass slide. 

3. The slide is air dried at room temperature. 

4. The glass slide is passed through the flame of a Bunsen burner three times 

with the bacteria-free side faced down to the flames to fix the cell to the glass 

slide.  

5. The glass slide is covered with crystal violet solution for 4 minutes. 

6. Rinse the glass slide with Milli-Q water. 

7. Place the glass slide in iodine-iodine potassium solution for 3 minutes. 

8. Rinse the glass slide with Milli-Q water. 

9. Wash the glass slide in 96 % ethanol solution for approximately 30 

seconds until the stain comes off. 

10. Rinse the glass slide with Milli-Q water. 

11. Counter-stain with safranin for 2 minutes. 
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12. Rinse the glass slide with Milli-Q water and dry carefully with a filter 

paper. 

13. The slide examination is done with a 100x objective without a cover slip 

on the slide 

  

Of all the differential staining procedures, it is the Gram stain which provides 

the most information and acts as a preliminary tool in the characterisation 

procedure. Various data can be gathered using the Gram stain.
62

 

 

4.4.2 Oxidase test 

 

The oxidase test distinguishes between groups of bacteria based on the 

cytochrome oxidase activity. 

Respiring bacteria have one or more enzymes of the cytochrome complexes 

in their electron transport chain in the cytoplasmic membrane. In some cells, 

the enzymes also occur in the cytoplasm and in the periplasmatic space. 

These electron carriers are present in aerobic bacteria. One type of 

cytochrome is cytochrome oxidase, which transfers electrons to O2 in the last 

step of the electron transport chain. In this process, cytochrome C gets 

oxidised, O2 gets reduced, and H2O is produced. Various cytochromes can 

act as chytochrome oxidase, and it is common for one bacterium to have 

more than one type of chytochrome oxidase. 

 

Procedure: 

 

1. A loopful (Loop: small spoon or thin O-formed wire for laboratory use) of 

culture of one isolate is smeared out on the reaction site on the test strips.
63

  

2. Examine the colour on the strips after 20ï60 seconds. If no colour is 

produced, the organism is oxidase negative. If deep blue/blue violet colour is 

produced, the organism is oxidase positive. Isolates that become positive in 

less than 20 seconds are clearly positive. Bacteria grow in aerobic or 

anaerobic environments, and oxidase positive bacteria are often obligate 

aerobe or facultative anaerobes. 

 

Oxidase negative bacteria are not likely to be strictly aerobic, and Oxidase 

positive bacteria are probably strictly aerobic Gram negative rods or cocci. 

                                                 
62 These are summarised when spelling the name of the scientist who first reported the technique, Christian 

Gram. The name ñGramò may be rewritten as gRAM. The RAM refers to Reaction, Arrangement, and 

Morphology characterisation of the bacteria. 
63 The test strips are coated with a mixture of N,N-dimethyl-1,4-phenylene diammonium dichloride and 1-

naphtol. 
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(References to paper ñMicrobial physiology, genetics and systematicsò 

Laboratory exercises bio 231, Umb Ås 2006.) 

 

4.4.3 Catalase test 

 

The catalase test is also a test to differentiate between groups of bacteria. The 

presence of O2 in an actively metabolising bacterial cell results in the 

production of hydrogen peroxide (H2O2) and superoxide (O2-). To survive, 

bacteria have to possess a defence mechanism against these very reactive 

substances. Obligate aerobes and facultative anaerobes (bacteria that do not 

require oxygen) usually have the enzymes superoxide dismutase and either 

catalase or peroxidase. The first enzyme catalyses the conversion of hydrogen 

peroxide to O2 and water. The obligate anaerobes lack these enzymes and 

cannot tolerate O2. The present of these enzymes can be detected by the 

catalase test, by adding hydrogen peroxide to a bacterial culture. If the 

bacterium is catalase positive, degradation of hydrogen peroxide to O2 

produces bubbles. 

 

Procedure: 

 

1. A drop of Catalase reagent with 3 % H2O2 is placed on a glass slide 

2. A loopful of culture (isolated) is smeared into the drop 

Catalase negative bacteria are commonly anaerobe and most probably also 

Oxidase negative as well. 

Catalase positive bacteria most commonly aerobe and might as well be 

Oxidase positive.  

 

(References to paper ñMicrobial physiology, genetics and systematicsò 

Laboratory exercises, UMB, Ås, 2006) 

 

4.4.4 BIOLOG identification system 

 

There are many types of commercial systems for bacterial identification. 

These tests are very standardised. In these tests, usually large amounts of 

inocula are used in small volumes of medium. This leads to quickly 

observable results. One constraint of these systems is that they have been 

developed mainly for medical purposes, and are less suitable for 

environmental species. An example of a commercial test system is BIOLOG. 

The BIOLOG system tests the ability of bacteria to utilise various carbon 

sources. The system consists of a microtiter plate with 95 different carbon 

sources in different wells; a microtiter plate reader; and a database. One well 
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does not have a carbon source and functions as a control. Each well also 

contains 2,3,5-triphenyl tetrazolium chloride (TTC). In wells where the 

carbon source is utilised, electrons from the bacteriumôs electron transport 

chain will reduce TTC into tetrazolium violet. The reduction of TTC is 

irreversible because tetrazolium violet is not water-soluble. This means that 

the colour change will be stable. The amount of colour and therefore the 

utilisation of the carbon sources are measured as an increase in absorption at 

590 nm. Different bacterial isolates will have different patterns of carbon 

source use. This can be used to identify the bacterial isolates by comparison 

with the BIOLOG database. (See Chapter 4.1 Isolation of pure culture.) 

 

Procedure: 

 

I Inoculation of BIOLOG plates: 

 

1. A suspension (bacteria isolates) is prepared for each bacterial mass in 

inoculation fluid. 

2. Samples are centrifuged for 10 min at 4000 rpm at 4 °C 

3. The supernatant (liquid floating on the top of sediment) is removed. 

4. The pellet is re-suspended in 1 ml inoculation fluid and 

sodiumthioglycolate is added. 

5. The cell suspension is added drop-wise to 20 ml of inoculation fluid in a 

tube until reaching the specified transmission, which is a measure of cell 

density. Transmission is observed in a light-spectrophotometer. 

6. An aliquot of 150 µl suspension is transferred into each well in the 

BIOLOG plate with an 8-channel auto pipette. 

 

II After incubation 

 

The first result of the test can be read after 24 hours. All tests can be read 

within 72 hours. The BIOLOG database identifies isolates on the basis of 

carbon source usage pattern and speed of reaction. (References to paper 

ñMicrobial physiology, genetics and systematicsò Laboratory exercises, 

IKBM,  Ås, 2006.) 

 

4.4.5 SYBR-green I staining ï Total counts 

 

SYBR-green I is a fluorochrome that binds to DNA.
64

 When a 

microorganism is stained, it is possible to see the bacteria and fungi as green 

                                                 
64 Noble, R.T, and Fuhrman, J.A, Use of SYBR-green I for rapid epifluorescence counts of marine virus and 

bacteria. Aquatic Microbial Ecology, pp. 113ï118. 1998. 
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fluorescence in the microscope. These microorganisms can be counted and 

based on the dilution it is possible to calculate the total amount of 

microorganisms in the sample. Since the SYBR-green I binds to DNA it will 

stain all intact cells. 

 

 

Figure 2. SYBR-green staining of microbial layer the metal sheet, on copper test sheet 1, 

experiment 1 showing fungi hyphae as phosphoric ñglowingò lines. Photo by Arne Magnus 

Johnsrød 

 

Procedure: 

 

1. Anodiscs (0.2 µm pore size) are prepared by filtering 1 ml 10-4 dilution of 

the biomass dilution series onto the filter in a Millipore setup. 

2. The filters are dried overnight in Petri dishes on pieces of filter paper. 

3. The SYBR-green I staining solution (see Materials) is prepared. 

4. For each filter to be stained, a drop of 10 0µl SYBR-green I staining 

solution is set in the Petri dish, with the anodisc filter on top, and left to stand 

for 15 to 20 minutes in darkness. 

5. The filters are then moved from the droplet onto the filter paper pieces 

again, and left to dry overnight in darkness. 
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6. For visualisation a mounting solution (see materials in apendix) is 

prepared. A drop of the mounting solution (35 µl) is put on the slide before 

the anodisc filter is laid on it; a drop of mounting solution is placed on the 

anodisc and the slide cover is placed on top. 

7. Counting is done using a 100x objective and 10x ocular, with UV and 

immersion oil. 

8. Cells are counted in 24 fields of view. (One square in the BCZ ocular is 

counted.)
65

  

 

The formula used to calculate the number of microorganisms pr gram wet 

weight biomass: 

Total counts per g wet biomass = N x 2.01 x 10 6 

    W x D 

 

Where: 

 

N = average number of microorganisms per BCZ ocular sequence 

D = dilution of biomass sample 

W = ml dilution filtered 

2.01 x 10 6 = the magnification of the area of the object covered by BCZ 

square in the ocular. (BCZ square is a grind system by vertical lines BC and 

horizontal line Z.) 

 

4.4.6 XRMA 

 

X-ray microscopy analyses:  

 

The scientific worker can be exposed to a large variety of particle types, the 

main sources being microbial layers from decomposition processes. The 

particles are classified as inorganic or organic, depending on their source. 

Since some scientists involve working with living bacterial material, i.e., 

plants and meat, the emitted organic material will have a high proportion of 

organic particles. Such particles will show a high content of carbon and often 

significant amounts of elements like oxygen, sodium, silicon, sulphur, 

chlorine or potassium.  

Crystalline silica can sometimes dominate the inorganic fraction, but 

more often, there will be a complex mixture of silicate minerals. The 

combination of SEM and x-ray microanalysis (XRMA) can most often 

classify the mineral particles to specific groups, sometimes even to species. 

                                                 
65 BCZ is a 10x ocular with a grid system arranged by A-B-C-D as horizontal lines and Z is the vertical 

borderline.   
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However, reliable identification of individual mineral particles calls for other 

methods, like polarised light microscopy or transmission electron microscopy 

with electron diffraction. 

 

Procedure:  

 

1. Discs made of aluminium with rubber glue were put on testsheets were 

crystal structure were located. The rubber glue connected the microstructure 

on top of the disc. 

2. Discs were numbered and arranged and stored in a plastic container, from 

test 1 to 34 (related to the experiments).  

3. Each disc were investigated by XRMA. 

4. The test results were stored as photos of the investigated zones, with 

diagrams showing the value of different oxides. 

 

4.4.7 CO2 Measurements 

 

Measurements of CO2 production were made to verify the microbial 

respiration and activity. The measurements were done by infrared gas 

analyser. Infrared gas analyser measures trace gases by determining the 

absorption of an emitted infrared light source through a certain air sample. 

An injector, a high-pressure gas container, and a long tube containing a 

measurer construct the unit. 
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Figure 3. From the test glass containers rubber nipple 1 ml gas sample were collected by 1 mm 

injector and injected into the analyser unit. The analyser measures the gas quantum injected into 

ppm/ CO2 (experiment 1, chapter 6.1). Photo by Arne Magnus Johnsrød 

 

Total development of CO2: 

 

1 ppm = 0.00198 µg CO2 

Difference value x * ppm CO2 / ml *128 factors: 

x * 0.00198 µg * 500 µg CO 2 / glass / time factor 

ppm: parts per million 

128 factor: transfer factor 

glass: volume of test container 

time factor: from test started to test stopped 

 

4.4.8 pH Measurements 

 

pH is a measure of the acidity or alkalinity of a solution. It is defined as the 

cologarithm of the activity of dissolved hydrogen ions (H+). Hydrogen ion 

activity coefficients cannot be measured experimentally, so they are based on 

theoretical calculations. The pH scale is not an absolute scale; it is relative to 

a set of standard solutions whose pH is established by international 

agreement. Acidity or alkalinity of a solution is expressed by its pH on a 

scale on which neutrality is pH 7. Those pH values that are less than 7 are 

said to be acidic, and those greater than 7 are said to be alkaline or basic. 
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Concerning pH and microbial growth, it should be emphasised that 

despite the requirements of a particular organism for a specific pH range for 

growth, the optimal growth pH represents the pH of the extra cellular 

environment only, as the intracellular pH must remain near neutrality in order 

to prevent destruction of acid or alkali-labile macromolecules in the cell. 

The majority of microorganisms are neutrophiles, i.e., they have growth 

optima between pH 6 and 8. Most substrates characterised in this project had 

pH levels from pH 7 to pH 8. 

 

4 . 5  C H E M I C A L  A N A L Y S I S  T E S T  M E T H O D S 

 

To analyse chemicals with the aim to discover and identify the different 

ingredients presents considerable difficulties: the laboratory process itself is 

complicated; it needs expensive and specialised equipment; and it requires a 

lot of time to succeed. In many cases, it is a research project in itself to 

discover chemicals by analyses, and some complicated compounds are 

impossible to identify in simple laboratories. In this research project, only 

easily-available and common methods and uncomplicated technical tests 

were used to solve the problem. 

 

4.5.1 Reactive proof of chemicals by uncomplicated methods 

 

It is possible to detect the presence of patina creating chemicals by visual 

observation of test sheets produced by both chemical and microbial 

experiments. To validate this observation, it is necessary to perform chemical 

tests on samples of the colonised substrate overlying the microbial oxide-

film. 

 

Chloride Cl-: 

 

In this test chloride produced a white sediment when the colonised organic 

material overlying the microbial oxide-film was collected and added to 

AgNO3. For this study, 2 ml of this solution and 2 M HNO3 (nitric acid) 

were mixed to generate a reaction. Then 5 drops of 0.5 M AgNO3 were 

added. White sediment shows chloride or bromide. Centrifuging and mixing 

the precipitate with 1 ml 6 M NH3 decomposes the chloride easily, while 

bromide hardly decomposes. 
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Acetate CH3COO-: 

 

Acetate developed to acetic acid, and generated a smell of vinegar when 

sulphuric acid, 1 ml 2 M H2SO4, was added to the colonised organic material 

overlying the microbial oxide-film.  

 

Nitrate NO3-: 

 

Addition of Mohrôs chloride ((HH4)2Fe (SO4) to the colonised organic 

material produces brownish to black coloured nitrite iron (II)-ion. Two drops 

of test solution are added to 1 ml concentrated H2SO4 on a porcelain disc 

and then Mohrôs chloride is added to the solution. If nitrate is present, it 

reacts as a brown/black coloured ring formed in the borderline between the 

solutions. 

 

Ammonium NH4+: 

 

When 2 ml 6 M NaOH is added to the microbial oxide-film sample, the 

reaction yields a strong smell of ammonia when the solution contains 

ammonium.  

 

Sulphate SO42-: 

 

A white sediment is produced when the colonised organic material (ca. 0.5 g 

offscrape) is mixed with 1 g NaOH in 5 ml sterile water if sulphate is present. 

 

Carbonate CO32-: 

 

A strong CO2-producing reaction occurs when acids (1 ml 2 M HCl, 

hydrogen chloride) are added to the microbial oxide-film sample if carbonate 

is present. 

 

4 . 6  T R A D I T I O N A L  C H E M I C A L  P A T I N A T I O N  ï 

P I L O T  P R O J E C T S .  B A S IC  R E A C T I O N S  W I T H  

C H E M I C A L S  O N  C O P P E R  A N D  B R A S S   

 

To indicate what reaction specific chemical ingredients can have on copper 

and brass, test sheets were covered with an exact mixture containing 5 ml 

distilled water and 3 grams of each chemical listed in Table II. The chemicals 

were selected based on the most common chemicals from different patination 

recipes, collected from various old texts about patination. The main purpose 
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with this pilot project was to make a schematic reference for use in later 

visual comparisons of similar oxide reactions in chemical patina and 

microbial patina (work in progress of Tables III and IV). 

  

Procedure: 

 

1. Copper and brass test sheets were cut to 40 x 60 mm, and 0.8 mm thick. 

2. The solution of water and chemicals were added in the middle of the test 

sheets in horizontal level, allowing the solution to divide on the surfaces. 

3. Test sheets were degreased using 30 % sodium hydroxide in 1 l water and 

rinsed by dipping in 96 % technical alcohol. 

4. To prevent premature drying and to give time for the chemical to react 

with the metal, test sheets were stored in closed plastic boxes, 200 x 400 x 10 

mm, for 10 hours, at 20 °C. 

 

Table II 

 

Chemicals and their reaction on copper and brass creating blue, green, and 

brown oxide colours on brass and copper. Table shows how the different 

chemicals react with copper and brass to produce oxide colours in various 

conditions. The table does not include any separate colour reactions, only 

reaction with multicolours as result. This means that there can be more than 

one colour after the same test. The table lists the dominant colour on each 

sheet. To investigate different classical traditional patination methods, several 

recipes were chosen to make colour tests on copper and brass (see Tables III 

and IV). These test sheets were in theory prepared for a visual comparison 

(Visual Comparing Method, VCM) to decide which chemicals might be 

involved in the reactive process in both microbial and classical tests. The 

recipes were chosen based on which colours were most commonly 

documented on test sheets of copper and brass. Multicolours including green, 

lilac, turquoise, blue, and brown were common on test sheets but with a very 

limited percentage of red, pink, and yellow. Black and red were also rare in 

both microbial and chemical tests. To create red by traditional chemical 

patination, the ingredients are of relatively poisonous character, and are not 

common on artefacts. As the table shows is green the most easy and common 

as oxide colour on brass test sheets. 

 

Blue Green Brown 

Copper  Brass Copper  Brass Copper  Brass 

Alum 

Ammonia 

Alum  

Ammonia 

Ammoniu

m chloride 

Ammonium 

chloride 

Ammonium 

nickel 

Ammoniu

m nickel 
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Iron 

 sulphate 

Calcium 

hydroxide 

Calcium 

permanganate 

Calcium 

sulphide 

Copper 

nitrate 

Sodium 

dithionite 

Natrium 

Hydrogen 

tartrate 

Sodium 

hydroxide 

Sodium 

thiosulphate 

Oxalic acid 

Sodium 

thiosulphate 

 Sulphur 

Ammonium  

chloride 

Lead acetate 

Calcium 

carbonate 

Calcium 

hydroxide 

Iron sulphate 

Calcium 

pergmangnate 

Calcium 

aluminium 

sulphate 

Sodium 

dithionite 

Sodium 

hydrogen 

tartrate 

Sodium 

hydroxide 

Sodium 

thiosulphate 

Oxalic acid 

Sulphur 

Alum 

Ammonia 

sulphate 

Antimony 

chloride 

Lead 

acetate 

Hydrogen 

tartrate 

Iron nitrate 

Iron 

sulphate 

Calcium 

hydrogen 

tartrate 

Calcium 

iodide 

Calcium 

chlorate 

Calcium 

nitrate 

Calcium 

sulphate 

Calcium 

chloride 

Calcium 

carbonate 

Calcium 

chloride 

Cupper 

acetate 

Cupper 

carbonate 

Cupper 

nitrate 

Cupper 

sulphate 

Sodium 

nitrate 

Alum 

Ammonia 

chloride 

Ammonia 

sulphate 

Ammonia 

chloride 

Boric acid 

Hydrogen 

tartrate 

Iron nitrate 

Iron 

sulphate 

Calcium 

Hydrogen 

tartrate 

Calcium 

iodide 

Calcium 

chloride 

Calcium 

nitrate 

Calcium 

sulphate 

Calcium 

chloride 

Calcium 

carbonate 

Cupper 

acetate 

Cupper 

carbonate 

Cupper nitrate 

Cupper 

sulphate 

Sodium 

nitrate 

Nickel 

chloride 

sulphate 

Lead 

acetate 

Iron 

chloride 

Iron nitrate 

Calcium 

Aluminium 

sulphate 

Calcium 

dichromate 

Calcium 

chlorate 

Sodium 

thiosulphat

e 

Nickel 

sulphate 

Sulphur 

Sulphur 

liver 

Stannic 

oxide 

sulphate 

Lead 

acetate 

Iron 

chloride 

Iron nitrate 

Calcium 

aluminium 

sulphate 

Calcium 

dichromate 

Calcium 

chlorate 

Sodium 

sulphate 

Nickel 

sulphate 

Sulphur 

Sulphur 

liver 

Stannic 

oxide 
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Nickel 

chloride 

Zinc 

chloride 

Citric acid 

Sodium 

chloride 

Tartaric 

acid 

Zinc 

sulphate 

Zinc 

chloride 

Citric acid 

Sodium 

carbonate 

Sodium 

Chloride 

Tartaric acid 

 

4 . 7  T E S T  S H E E T S  F O R  V I S U A L  C O M P A R I S O N  O F 

C O L O U R S  O N  M E T A LS  B Y  T R A D I T I O N A L  

P A T I N A T I O N  M E T H O D S  

 

The most common methods for traditional patination of metal art objects are 

listed in Tables III and IV, where test sheets are treated. 
66

 Test sheets of 

copper and brass were treated methodically as follows: 

 

1. Sawdust was mixed with a solution of chemicals and water after strict 

recipes, and test sheets were covered with mixture in closed containers or 

plastic bags. Types of sawdust used in the experiments. In decomposing and 

colouring tests carried out using sawdust (dry), mixed sawdust from pine and 

birch with unspecified quantity has been used. In this application no 

appreciable difference could be observed in the results. The particle size or 

degrees of coarseness appears to be an important factor beside humidity 

conducted to patterns, but seems to have no impact on the multicolours. It is 

nevertheless possible that variant affects may be produced if different types 

of sawdust from other trees are used.  

This sawdust method is used in both microbial patination and traditional 

chemical patination recopies in this project, when adding raw ingredients to 

the sawdust the important aspect is the moistened character from the 

ingredientsô humidity. 

2. Test sheets were boiled or heated in solution, with controlled temperature, 

time and atmosphere pressure.  

3. Solution was brushed onto the cold or gently heated metal surface. 

                                                 
66 Hughes, Richard and Rowe, Michael; The Colouring, Bronzing and Patination of Metals, 1982, Broadway, 

New York. 
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4. The test sheet was mounted in a closed container without contact with 

emulsion, which is placed in a disc on the bottom of the container. The liquid 

generates gas while the reaction is in progress. 

5. Copper and brass test sheets were cut to 40 x 60 mm, and 0.8 mm thick. 

Results of the experiments are presented in Figures 2 and 3. 

 

The most common colours in samples of multicolour appearing on copper 

and brass through the use of traditional patination methods are, in numeric 

order: 

 

1. Blue to green 

2. Green to blue 

3. Green to brown 

4. Green to turquoise 

5. Turquoise to green 

6. Turquoise to blue 

7. Black to brown 

8. Yellow 

9. Red to pink 

 

Blue to green are as shown the easiest and most common colours, green to 

blue and turquoise follow. Black to brown is not so easy to create as patina 

colours. The most difficult colour combinations to create as patina are yellow 

and red. That is probably the reason why almost all patinated artwork is 

coloured green and turquoise, and rarely or never yellow and red. Another 

aspect in patination methods is to create an even patina layer of one colour by 

the mentioned examples, which is extremely difficult. This project does not 

raise this discourse about single colours. These recipes were made as a pilot 

research project to prepare for the microbial patination thesis. The examples 

described in the table are selected from tests based on old recipes and my 

own compositions used on art objects. 

 

Table III: Traditional chemical patination on copper 

 

Recipes for traditional chemical patination 

 

Photo number-

colours/ colours 

produced 

Recipe Technique Time 
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1.1: Blue to 

green 

Sawdust mixed 

with 25 % 

ammonia 

Sample test 

sheet in plastic 

bag to provide 

humidity. 

12 hours. 

1.2: Blue to lilac. Sawdust mixed 

with 10 % 

ammonia 

Sample test 

sheet in plastic 

bag to provide 

humidity 

10 hours 

1.3 Blue to pink 85 g sodium, 

bicarbonate in 2 

dl water, 91 g 

lead acetate in 

500 g water 

Sample test 

sheet in plastic 

bag to provide 

humidity. 

10 hours 

1.4: Deep green 

to blue. 

Same as 1.3 Sample test 

sheet in plastic 

bag to provide 

humidity. 

8 hours 

1.5: Pink to 

yellow 

Same as 1.3 Sample test 

sheet in plastic 

bag to provide 

humidity. 

24 hours 

1.6: Deep pink Same as 1.3 Heated in liquid 

at 40 °C 

30 min 

1.7: Yellow-

brown patina 

125 g copper 

vitriol,  60 g 

calcium 

carbonate, 

1l water 

Boiled in liquid 

at 40 °C 

25 min 

1.8: Red and 

yellow 

Same as 1.8 Heated in liquid 

at 40 °C 

30 minutes 

1.9: Green to 

blue 

3 parts sodium 

bicarbonate, 

24 parts water, 1 

part ammonia 

Mixed with 

sawdust, in 

closed 

container. 

12 hours 

1.10: Blue parts 

into green. 

25 g ammonia, 

20 g table salt, 

10 g copper 

acetate, 

1000 g (ml) 8 % 

vinegar 

Dipped and 

brushed several 

times until 

satisfactory 

result appears 
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1.11: Blue to 

green 

Same as 1.11 Heated in liquid 

at 40 °C 

20 minutes 

1.12: Brown to 

green 

Same as 1.11 Dipped and 

brushed several 

times until 

satisfactory 

result appears. 

 

1.13: Lightly 

brown to green 

Same as 1.11 Dipped and 

brushed several 

times until 

satisfactory 

result appears. 

 

1.14: Blue green 

to brown 

Same as 1.11 Same procedure 

as 1.14, heated 

at 70 °C 

 

1.15: Blue to 

brown 

Same as 1.11 Sawdust 

mixture 

20 hours 

1.16: Lightly 

blue to pink 

240 g sodium 

thiosulphate, 

25 g lead 

acetate, 

30 g cream 

tartar, 1 litre 

water 

Heated in 

solution at 40 

°C and dried by 

air while 

brushing to 

create 

brushmarks in 

pattern 

10 minutes 

1.17: Lightly 

blue 

Same as 1.16 Heated in 

solution at 30 

°C and dried by 

air while 

brushing to 

create 

brushmarks in 

pattern 

15 minutes 

1.18: Blue to  

turquoise 

Ammonia Vapour of 

ammonia : 

Test sheets in 

closed container 

without contact 

with liquid 

ammonia at the 

bottom of 

8 hours 
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container. 

1.19: Dark blue Same as 1.18  20 hours 

1.20: Red to 

brown 

Same as 1.19 Heated in liquid 

at 40 °C 

90 minutes 

1.21: Red Sodium nitrate 

covers test 

sheet, heat with 

gas torch until 

nitrate melts on 

surface. 

Immerse in cold 

water. 

  

1.22: Red to 

grey-pink 

Sodium nitrate 

and water in 

sawdust 

 12 hours 

1.23: Red on 

brown 

background 

20 g ammonium 

sulphate, 20 g 

copper 

carbonate, 5 dl 

ammonia, 

2 dl water 

Heat to 40 °C. 

Brush surface 

gently while 

drying in air. 

2 hours 

1.24: Blue to 

lilac 

Dip test sheets 

in mixture 1.24 

several times, 

air dry between 

dips. Brush with 

soft brush when 

finished. Place 

test sheets in 

container with 

ammonia vapour 

for 2 hours 

  

1.25: Green 

basic added with 

red spots 

60 g ammonium 

chloride, 120 g 

copper acetate, 

1000 ml water 

Test sheets 

heated and 

solution 

brushed gently 

on surfaces. 

Repeat process 

until 

satisfactory 

result occurs. 
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1.26: Basic 

green with pink 

contours 

Liver of sulphur  

brushed on 

surface after 

treatment with 

mixture 1.26 

until surface is 

totally dried. 

  

1.27: Red to 

basic green 

background 

60 g ammonium 

chloride, 

120 g copper 

acetate,  1 litre 

water 

Test sheets 

heated gently 

while brushing. 

with solution. 

Air dry. 

 

1.28: Green on 

red 

Same as 1.28 Sawdust 

mixture 

12 hours 

1.29: Green 

background with 

lilac and brown 

contours 

Same as 1.28 Test sheets in 

sawdust with 

solution 1.28 

15 hours 

1.30: Black to 

dark blue with 

green spots 

Same as 1.28 Sawdust 

mixture 

20 hours 

1.31: 50 g ammonium 

chloride, 15 g 

copper 

carbonate, 

10 g nitric 

hydroxide, 

600 ml water 

Test sheets in 

sawdust 

10 hours 

1.32: Green and 

brown parts with 

pink marble 

pattern. 

Heated in 

solution 1.32 at 

40 °C 

After boiling in 

solution, gently 

brushed with 

brush dipped in 

the solution 

until drying. 

20 minutes 

1.33: Green 

marble effect 

Same as 1.31 Gently dried 

with cloth. 

 

1.34: Green 

marble effect, 

stronger pattern 

Same as 1.31 Sawdust 

mixture 

20 hours 

1.35: Yellow and 

turquoise spots 

25 g ammonia, 

20 g table salt, 

Solution in 

sawdust 

18 hours 
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on green 

background. 

10 g copper 

acetate, 

10 dl Vinegar 

1.36: Turquoise 

contours on 

brown 

background. 

100 g calcium 

chlorate, 200 g 

copper chloride, 

1 l water 

Solution in 

sawdust 

8 hours 

1.37: Grey to 

green 

15 g 

ammonium, 

chloride, 

15 g antimony 

chloride, 

1 dl water 

Sawdust and 

solution 

carefully heated 

and dried with 

paper. 

3 minutes 

1.38: Black 

contours on 

green spots 

15 g sodium 

hydroxide, 15 g 

lactose, 

1 dl water 

Test sheet 

moistened with 

solution in 20 

°C 

24 hours 

1.39: Pink parts 

on green-yellow 

background. 

15 g sodium 

nitrite, 15 g 

antimony, 

1 dl water 

Sawdust 

mixture 

24 hours 

1.40: Turquoise 

spots to green 

background. 

15 g calcium, 

hydrogen 

tartrate, 15 g 

ammonium 

chloride, 

1 dl water 

Sawdust 

mixture 

2 hours 

1.41: Dark blue 

to green 

background 

5 g lead acetate, 

15 g iron 

chloride, 

1 dl water 

Sawdust 

mixture 

20 hours 

1.42: Orange 

spots on green 

background 

15 g sodium 

thiosulphate, 

15 g caesium 

permanganate, 

1 dl water 

Sawdust 

mixture 

24 hours 

1.43: Green 

spots on copper 

background 

15 g calcium 

hydroxide, 

15 g ammonium 

cloride, 

1 dl water 

Sawdust 

mixture 

5 minutes 
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1.44: Blue to 

darker blue spots 

with green 

contours. 

15 g ammonium 

chloride, 15 g 

antimony 

chloride, 

1 dl water 

Sawdust 

mixture 

15 minutes 

1.45: Blue to 

yellow green 

15 g ammonium 

chloride, 15 g 

iron oxide, 

1 dl water 

Sawdust 

mixture 

18 hours 

1.46: Dark blue 

to green and 

brown. 

15 g calcium 

hydroxide, 15 g 

antimony, 

1 dl water 

Sawdust 

mixture 

24 hours 

1.47: Pink spots 

on copper 

background. 

15 g sodium 

sulphate18 

hours, 15 g 

calcium, 

hydrogen 

tartrate, 

1 dl water 

Sawdust 

mixture 

24 hours 

1.48: Light 

turquoise to grey 

15 g Calcium 

hydroxide, 20 g 

Ammonium 

chloride, 10 g 

Liver of sulphur, 

1 dl Water 

Paper towel 

soaked with 

liquid 

5 hours 

1.49: Brown 

parts on copper 

background. 

15 g sodium 

hydroxide, 15 g 

ammonium 

chloride, 15 g 

iron chloride, 

1 dl water 

Test sheets 

dipped in liquid 

several times 

until 

satisfactory 

result appears. 

 

1.50: Light blue 

marble effect 

10 g calcium 

hydroxide, 15 g 

ammonium 

chloride, 15 g 

copper nitrate, 

1 dl water 

Test sheets 

brushed several 

times and air-

dried 

Treatment done 

regularly during 5 

hours. 

1.51: Blue to 

green 

background. 

15 r sodium 

hydroxide, 

15 g iron 

Brushing 

solution in 35 

minutes and 
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chloride, 

15 g ammonium 

chloride, 

15 g sodium 

thiosulphate, 

1 dl water 

dried 

1.52:Turquoise 

to green 

15 g ammonium 

chloride, 

15 g sodium 

hydroxide, 

15 g sodium 

thiosulphate, 

15 g sodium 

nitrate, 15 g 

copper oxide, 

1 dl water 

Sawdust 

mixture 

24 hours 

1.53: Blue parts 

on green 

background 

10 g ammonium 

chloride, 15 g 

iron oxide, 15 g 

sodium 

hydroxide, 10 g 

sodium 

thiosulphate, 

1 dl water 

Sawdust 

mixture 

24 hours 

1.54: Dark 

brown on green 

spots. 

15 g copper 

nitrate, 10 g 

calcium 

chlorate, 15 g 

calcium 

hydroxide, 20 g 

copper sulphate, 

10 g sodium 

tartrate, 

1 dl water 

Sawdust 

mixture 

48 hours 

1.55:Dark brown 

to dark green 

15 g copper 

nitrate, 15 g 

ammonia, 

15 g ammonium 

carbonate, 

15 g copper 

nitrate 

Sawdust 

mixture 

24 hours 
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1.56: Dark blue 10 g ammonia, 

15 g ammonium 

carbonate, 15 g 

sodium 

thiosulphate, 

15 g lead 

acetate, 15 g 

tartar, 

1 dl water 

Sawdust 

mixture  

24 hours 

1.57: Dark blue 

with pink spots 

Same as 1.56 Heated solution 

80 °C 

Dip test sheets 

in solution 

3-4 minutes 

1.58: Dark blue 

contours on 

green-yellow 

parts 

15 g copper 

nitrate, 15 g 

calcium 

chlorate, 10 g 

copper nitrite, 

1 dl water 

Sawdust 

mixture 

20 hours 

1.59: Blue green 15 g ammonia, 

15 g ammonium 

carbonate, 

15 g sodium 

nitrate, 

1 dl water 

Sawdust 

mixture 

24 hours 

1.60: Blue spots 

on green-yellow 

background 

10 g copper 

nitrate, 10 g 

calcium 

chlorate, 15 g 

ammonia, 5 g 

table salt, 15 g 

copper acetate, 

15 g vinegar, 

1 dl water 

Sawdust 

mixture 

24 hours 

1.61: Brown 15 g copper 

nitrate, 15 g 

calcium 

chlorate, 15 g 

ammonium 

chloride,15 g 

copper acetate, 

Dip in liquid 

and dry several 

times 
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1 dl water 

1.62: Blue-lilac 

parts on dark 

blue 

15 g ammonium 

bicarbonate, 

10 g lead 

acetate, 15 g 

tartaric, 15 g 

table salt, 

1 dl water 

Dip in solution 

several times 

regularly for 

20 hours 

 

1.63: Green on 

copper 

background. 

15 g copper 

nitrate, 15 g 

calcium 

chlorate, 15 g 

calcium 

chloride, 

1 dl water 

Sawdust 

mixture 

24 hours 

1.64:Tourqouise 

to blue and 

brown 

24 hours, 15 g 

copper nitrate, 

15 g calcium 

chlorate, 15 g 

calcium 

permanganate, 

1 dl water 

 

Sawdust 

mixture 

24 hours 

1.65: Blue to 

yellow and 

green. 

15 g copper 

nitrate, 15 g 

calcium, 

permanganate, 

15 g copper 

nitrate, 15 g 

calcium 

chlorate, 

1 dl water 

Sawdust 

mixture 

24 hours 
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Figure 4: Copper tests. Photo documentations to table II Size 1:1cropel. 

1.1 1.2 1.3 1.4 

1.5 1.6 1.7 1.8 
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1.9 

 

1.10 1.11 1.12 

1.13 

 

1.14 1.15 1.16 

 

  



MICROBIAL PATINATION OF COPPER AND BRASS 

 

 

 

 

71 

1.17 

 

1.18 1.19 1.20 

1.21 

 

1.22 1.23 1.24 
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1.25 

 

1.26 1.27 1.28 

1.29 

 

1.30 1.31 1.32 
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1.33 

 

1.34 1.35 1.36 

1.37 

 

1.38 1.39 1.40 
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1.41 

 

1.42 1.43 1.44 

1.45 

 

1.46 1.47 1.48 
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1.49 

 

1.50 1.51 1.52 

1.53 1.54 1.55 1.56 
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1.57 

 

1.58 1.59 1.60 

1.61 

 

1.62 1.63 1.64 
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1.65 

 

1.66 1.67 1.68 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

1.69 

 

Table IV: Traditional chemical patination on brass 

 

Recipes for traditional chemical patination 

 

2.1: Green 

marble effect 

10 g ammonia, 

15 g ammonium 

bicarbonate, 

10 g ammonium 

chloride, 15 g 

copper acetate 

Sawdust mixture 20 hours 
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2.2: Green 

background with 

lilac crystals 

15 g ammonia, 

15 g ammonium  

 bicarbonate, 

10 g copper 

nitrate, 1 l water 

Sawdust mixture 36 hours 

2.3: Brown to 

green 

15 g ammonia, 

10 g ammonium 

bicarbonate, 

10 g sodium 

thiosulphate, 

10 g lead acetate, 

1 l water 

 

Sawdust mixture 20 hours 

2.4: Blue-lilac to 

red. 

10 g ammonum 

chloride, 13 g 

iron oxide, 15 g 

sodium 

hydroxide, 10 g 

sodium 

thiosulphate, 

1 l water 

Sawdust mixture 17 hours 

2.5: Turquoise 

on green 

background 

15 g ammonium 

chloride, 10 g 

sodium 

thiosulphate, 

15 g sodium 

hydroxide, 

10 g sodium 

nitrate, 

10 g lead acetate, 

1 dl water 

Sawdust mixture 17 hours 

2.6: Turquoise 

on green 

background 

10 g ammonium 

chloride,13 g 

copper oxide, 

15 g sodium 

hydroxide, 

10 g Sodium 

thiosulphate, 

1 l water 

Sawdust mixture 16 hours 

2.7: Turquoise 

with red spots 

15 g calcium 

hydroxide, 

Sawdust mixture 12 hours 
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10 g ammonium 

chloride, 

15 g copper 

nitrate, 

1 l water 

2.8: Blue, 

turquoise and 

orange 

12 g Sodium 

hydroxide, 

10 g ammonium 

chloride, 

12 g Iron 

chloride, 

1 l Water 

Sawdust mixture 45 minutes 

2.9: Blue to 

brown 

15 g calcium 

hydroxide, 

15 g ammonium 

chloride, 

10g liver of 

sulphur 

1 L water 30 minutes 

2.10: Blue to 

green 

10 g calcium 

hydroxide, 

15 g ammonium 

chloride, 

10 g antimony 

chloride, 

1 dl water 

Sawdust mixture 20 hours 

2.11: Blue, 

coppered and 

orange. 

15 g sodium 

thiosulphate, 

10 g calcium 

hydrogen 

tartrate, 

1 l water 

Sawdust mixture 20 hours 

2.12: Brown 

spots on copper 

background 

10 g boric acid, 

10 g alum, 

1 dl water 

Sawdust mixture 24 hours 

2.13: Lightly 

blue on copper 

red. 

10 g alum, 

10 g lactose, 

15 g calcium 

chlorate, 

5 dl water 

Sawdust mixture 24 hours 

2.15: Blue to 

gold-yellow 

15 g calcium 

hydroxide, 

Sawdust mixture 30 minutes 
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10 g nickel 

sulphate, 

5 dl water 

2.16: Brown to 

grey 

15 g calcium 

hydroxide, 

10 g copper 

nitrate, 

1 dl water 

Sawdust mixture 30 hours 

2.17: Blue-black 

to yellow 

 

15 g antimony 

chloride, 10 g 

ammonium 

chloride, 

1 l water 

Sawdust mixture 15 minutes 

2.18: Blue-lilac 

to lightly green 

15 g calcium 

hydroxide, 10 g 

ammonium 

chloride, 

5 dl water 

Sawdust mixture 3 minutes 

2.19: Lilac spots 

on green 

background 

15 g sodium 

thiosulphate, 

15 g calcium 

permanganate, 

5 dl water 

Sawdust mixture 24 hours 

2.20: Turquoise 

spots on green 

background. 

15 g lead acetate, 

10 g iron oxide, 

5 dl water 

Sawdust mixture 20 hours 

2.21: Blue to 

green 

15 g calcium 

hydrogen 

tartrate, 10 g 

ammonium 

chloride, 

1 l water 

Sawdust mixture 20 hours 

2.22: Green 

contours on 

copper 

background 

10 g iron nitrate, 

15 g antimony 

chloride, 

1 dl water 

Sawdust mixture 30 hours 

2.23: Pink on 

green 

background 

10 g sodium 

nitrite, 10 g 

atimony, 

5 dl water 

Sawdust mixture 30 hours 

2.24: Light blue 10 g zinc Sawdust mixture 26 hours 
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to green. chloride, 

10 g ammonium 

chloride, 

5 dl water 

2.25: Blue-grey 

marble effect 

10 g ammonium 

nickel sulphate, 

15 g antimony 

chloride, 

1 dl water 

Sawdust mixture 28 hours 

2.26: Light pink 

to green. 

15 g copper 

sulphate, 

10 g copper 

oxide, 

1 dl water 

Sawdust mixture 30 hours 

2.27: Blue and 

orange 

10 g iron nitrate, 

15 g calcium 

hydroxide, 

5 dl water 

Sawdust mixture 30 minutes 

2.28: Blue to 

yellow 

15 g sodium 

hydroxide, 

10 g sodium 

nitrate, 

5 dl water 

Sawdust mixture 5 minutes 

2.29: Steel blue 10 g ammonium 

chloride, 5 g 

antimony 

chloride, 

5 dl water 

Boil in liquid at 

40 °C 

13 minutes 

2.30: Grey-blue 

with brown 

drawings 

15 g ammonia, 

10 g ammonium 

bicarbonate, 

10 g copper 

nitrate, 

1 dl water 

Sawdust mixture 30 hours 

2.31: Steel grey 

with green spots. 

15 g ammonia,  

10 g ammonium 

bicarbonate, 

10 g copper 

chloride, 

5 dl water 

Sawdust mixture 23 hours 

2.32: Blue with 10 g sodium Sawdust mixture 20 hours 



MICROBIAL PATINATION OF COPPER AND BRASS 

 

 

 

 

82 

green and faint 

yellow 

thiosulphate, 

10 g lead acetate, 

15 g cream of 

tartar, 10 g 

ammonia, 10 g 

ammonium 

bicarbonate, 

1 dl |water 

2.33: Dark blue 

and green 

pattern. 

10 g sodium 

nitrate, 10 g 

ammonia, 

15 g ammonium 

bicarbonate 

In steam from 

solution 

 

5 minutes 

2.34: Blue to 

grey on green 

Same as 2.33 Boiled in liquid 

at 30 °C 

20 minutes 

2.35: Green and 

faint blue 

drawings 

10 g ammonium 

chloride, 

5 g copper 

acetate, 

10 g ammonia, 

15 g ammonium 

bicarbonate, 

1 dl water 

Sawdust mixture 20 hours 

2.36: Areas of 

lightly and 

darker blue. 

10 g ammonium 

chloride, 

15 g copper 

carbonate, 

10 g sodium 

hydroxide, 

10 g ammonia, 

15 g ammonium 

bicarbonate, 

1 l water 

Sawdust mixture 20 hours 

2.37: Brown 10 g calcium 

chlorate, 10 g 

calcium chloride, 

3 dl water 

Sawdust mixture 36 hours 

2.38: Fade red 15 g calcium 

chlorate, 

0.5 dl water 

Sawdust mixture 20 hours 

2.39: Dark green Same as 2.38 Carefully heated  
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by torch several 

times. 

2.40: Green Same as 2.38 Dipped and air 

dried 

 

2.41: Light grey 

and blue 

10 g copper 

nitrate, 

10 g calcium 

chlorate, 

10 g calcium 

hydroxide, 

1 dl water 

Sawdust mixture 20 hours 

2.42: Faint blue, 

green and orange 

10 g copper 

nitrate, 

10 g calcium 

chlorate, 

15 g calcium 

hydroxide, 

1 dl water 

Sawdust mixture 20 hours 

2.43: Blue and 

parts of orange. 

10 g copper 

nitrate, 10 g 

calcium chlorate, 

15 g sodium 

nitrate, 

10 g calcium 

permanganate, 

5 dl water 

Sawdust mixture 22 hours 

2.44: Blue to 

faint green 

Same as 2.43 In closed 

container 

1 hour 

2.45: Blue on 

green 

10 g copper 

nitrate, 

10 g calcium 

permanganate, 

10 g calcium 

chlorate, 

1 dl water 

 

Sawdust mixture 20 hours 

2.46: Light and 

dark blue on 

copper 

background. 

10 g copper 

nitrate,  

5 g lead acetate, 

5 dl water 

Brushed and air 

dried 

 

2.48: Blue parts 15 g copper Sawdust mixture 20 hours 
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on copper 

background. 

nitrate, 15 g 

calcium chloride, 

20 g ammonium 

bicarbonate, 

5 dl water 

 

Figure 5 Brass tests. Photo documentations to table III. Size 1:1 cropel. 

 

2.1 

 

2.2 2.3 2.4 
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2.5                              2.6                               2.7                           2.8 
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MICROBIAL PATINATION OF COPPER AND BRASS 

 

 

 

 

86 

 

2.13                            2.14                           2.15                           2.16 

 

 

2.17                          2.18                             2.19                         2.20 
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2.21                     2.22                             2.23                         2.24 

 

 

 

 

   

2.25 2.26 2.27 2.28 
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2.29 2.30 2.31 2.32 

 

 

 

   

2.33 2.34 2.35 2.36 
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2.37 2.38 2.39 2.40 

 

 

 

 

   

2.41 2.42 2.43 2.44 

 

  


