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d e d ic a t io n

, . , ■ tu„ life ocean. He cast a net into the water and
Let us suppose an ichthyologist is exp °fs ftchhe proceeds the usual manner o f a scientist to

brings up a fishy assortment. Surveying / ’
systematise what it reveals. He arrives at two gener 
V No sea-creature is less than two inches long, 
b) All sea-creatures have gills.
TU h mid he assumes tentatively that they will remain true however often
These are both true of his catch, ana /
be repeats i t”... (Sir Arthur Eddington, )
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a b s t r a c t

Fort Jesus in Mombasa (Kenya) is located on the coast o f Indian Ocean.(Appendix A). In 1967, a 

Portuguese warship was sunk in this harbour below the fort. The term Mombasa Wreck Excavation 

was used to describe the expedition that intended to salvage objects from the sunken ship between

1977-1980.

The excavation revealed a lot artifacts that needed immediate conservation. A conservation laboratory 

was set up and a storeroom was identified. To date, the objects excavated from the ship are still in the 

storeroom while some are on display in the museum gallery. The conservation laboratory is being

used to look after the objects.

F , because o f the uniqueness o f the objects in its custody and
hort Jesus was chosen as a site o f study because u
t , u • „fc *rp in bad shape. This study was intended to find out thebecause o f  the concerns that the objects are in oau snap
r> . • establishing the prevailing conditions in the storagegeneral condition of the objects. It also armed at estanus g y

f  are contributing to the deterioration o f the objects. The
for the past 1 Syears to determine how these are contr

assessment o f  the condition was done only on metal objec

c , ____the storage and assessed. Microscopes and handlens wereSa>nples o f metal objects were taken from the storag
, • „tinn not visible to the naked eye. Data sets were combined

Used to obtain the fine details o f detenorat.on not vtsio

t0 interpret the extent o f damage o f the objects.

Apparently, most o f the previous treatments are intact. 
°st objects are stable and in good co have aimost stayed the same. The deterioration o f

be fluctuations of the environmenta building. Improvement on the roofing, walls,
Of tl,e objects c ,n  be related »  ■»«- * »  '  b ‘

Coinage system and the floor will reduce damage to t e
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Chapter one

1.0 INTRODUCTION

1.1 Background information

A Portuguese warship which was later identified as the 42 frigate, Santo Antonio de Tanna, sunk in 

Mombasa harbour in 1697 below Fort Jesus whilst trying to break the prolonged Oman siege. In 

I960 two local divers discovered the remains o f  the hull which was about 15 meters down the ocean 

t0 ‘he north o f  the Fort. A few artifacts were found and were handed over to the curator o f Fort Jesus.

(Wazwa, M. 1996)

tu , .  A clinken shit) was known as the Mombasa Wreck Excavation,'he operation to salvage objects in the sunken snip

„. nnrWtfiken bv American Institute o f  Nautical Archaeology
Excavation o f  the Portuguese frigate was under y

( a txt r • 1 \/fncpnms o f Kenya and it revealed a lot o f  artifacts which
(Ai^ A )  in collaboration with National Museums n  y
_ ♦ r»rHpr to survive the change o f environment from salty
required immediate conservation treatment m order to

^ i n e  to fluctuating terrestrial climatic influences.

A - needs o f the objects recovered from the shipwreck was set
A conservation laboratory to cater for the needs
, „,ed Some o f  the treated objects were put on display and
Up a"d as a result, many objects were conserved, bom

t 1D ^  a room that was once used as a hospital, 
the ^ t  0 f  ,he artifacts that were treated, were put

(Appendix B). This room was later referred
Urmg the Portuguese occupation o f  th

rations were made to the store so that

to as the
Portuguese occupation o f  the fort

renovations were made to the store so that it could
t Wreck Store. In 1986, some

, ,i,n Mombasa Wreck collections and some o f  the Fort 
. . ow e Since then, the moh«-

'date the treated artifact . . . . . . .
t red here although originally on a temporary basis while plans

seum collections hav ,,0 i|ections were being sought. The Mombasa Wreck
more conducive environment tor t e



storage area has an irregular shape with dimensions o f 9.22m x 6.24m x 6.09 x 8.535m. All metallic 

objects which are presently in the storage were treated except very few which were being monitored 

to come up with the right type o f treatment. This research, therefore, aimed at finding out the overall 

condition o f  these objects since there are fears that the objects have deteriorated to a great extent 

since recovery and a majority o f  them need active treatment.

1*1.2 Metal objects So the collection

The Fort Jesus conservation storage houses metal objects made o f copper, iron, lead, pewter and 

alloys. Records on the methods used in treating different objects are available at Fort Jesus 

laboratory.

1-1*3 Storage technique

artA ohiects made o f similar metals are stored in same 
The shelves in the storage facility are wooden and objects

-.conditioned. Thermohygrographs are used to monitor the
°°den cases. Presently, the storage ‘

individual objects such as copper, iron and lead pieces are 
htttatic conditions in the room. Small maiv

, cplf-indicating silica gel is added (Plate 1.1). Shelving 
S ° red in plastic bags in which precond.t.oned self mo.

TT rs are placed in different cases to monitor RH
Uni‘s are covered with plastic sheets. Hygrometers are p

Variatiions.
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Plate 1.1 Pieces o f  pewter frags in a plastic bag containing silica gel.

Sensitivity Of metals to  relative humidity and tem pera tu re .

Miany excavated metals are
only stable in extremes o f  Relative Humidity (RH), whether desiccated

where RH is particularly high, even active conservation 
0r saturated or in very constant conditions, wnei

chemical reactions occurring, an obvious source o f  water for 
treatments may not be able to prevent chemical

j, er physical problems caused by unsuitable or fluctuating 
Uch reactions being condensation. How > P

R . ^tipicts even if treated, and to shelving made o f  wood.
^  are mainly confined to organic artifacts,

t is always higher than that o f  the archaeological
The temperature o f  the post-excavation environm

, cvstems, sunshine, light etc. and is more subject to
envjtonment. It is raised still further by heating syst

MetRlS Stic11 a5 kut> fccl long-term effects o f  excessively

m ,  stable and „  »ol e ,„ l ,  a lfated

'em pom lins. B„, H— *  - *  «

3



by temperature and RH variations except in extreme cases where high RH promotes corrosion o f

metals.

1*1.5 Fort Jesus — A brief historical background

Fort Jesus museum is located in the historic Fort Jesus monument. According to Kirkman, J. (1974),

Fort Jesus was built by the Portuguese in the years 1593-6 in Mombasa, Kenya. It was designed by

an Italian, Giovanni Battissa Cairati, a leading architect o f  those days. Since its first occupation, it

has oniy been abandoned once between May and August 1632.The original use as a barracks and

frw ^ A Kc Qftpr thev had captured it at the end o f  1697, and was onlytortress was continued by the Oman Arabs alter tney nau f

A proclaimed in 1895. It was then used as a prison for‘ernunated when the British Protectorate was prociaime

HVer sixty years until 1958. In that year
it was declared a historical monument.

T . .  coursed coral blocks or coral rag set in red earth and
The building material o f  the fort is coral, either
.. . ... about a mile away on the seaward side so that any ship
hme mortar with plastered face. It was bu.lt about

point-blank range o f  the Fort guns. The direction o f the 
Bering the harbour would come within p

, i rc,i r;Aae on which the Fort is built runs into it at right
l'» b o „  is t0U8i, iy north and th. » » '  "dSe

The p ,„  o f , he fort -  “  “ *

he,ween , h e — «< (S“  ^

.  u Fort was established and opened to the public in the
The Port Jesus Museum, located within the > . f . .

j ..  ̂ fnrt itself have become an important national
l960 ’s. Since then Fort Jesus Museum and the

’ . , k  located in what used to be a hospital in the fort
’reasure  ̂ The slorage o f  arehaeotogieal matenal ,s

(S
ee appendix B).

4



1.2 S ta te m e n t  o f  t h e  problem

1.2.1 Deterioration of metal objects at Fort Jesus Museum

The rate o f  deterioration o f  archaeological objects is variable, depending as much on the conditions 

of storage as in the inherent stability o f the materials they are made up of. It was believed for 

sometime that some metallic archaeological objects at Fort Jesus Storage were displaying signs o f  

deterioration. However, the extent o f  deterioration had not been verified comprehensively through 

research. Concerns were raised over resources allocated to the care o f  the archaeological collection in 

‘he Fort Jesus Museum storage. As such, part o f the collection was said to be a, risk o f being lost 

because the level o f  deterioration o f  metallic objects was supposedly acute.

T f  h collections were damaged when the storage had no air-
here were also speculations that most o

investigate the level o f deterioration resulting from lack o f  
c°nditionmg system. This study will invest g

f r°per conservation techniques.

1*1.2 Research questions

. f  excavated metals at Fort Jesus really high than normal? 
® Are the deterioration levels o

Do environmental control systems
deterioration o f objects in the storage?

5



1.3 OBJECTIVES

1.3.1 Overall objective

The purpose o f  this research was to find out whether there is justified cause for alarm as far as the

deterioration o f  excavated metallic archaeological objects at Fort Jesus museum is concerned. This

„ t  ̂ o f Hpterioration o f  the objects in the storage in order toresearch aimed at establishing the extent of deterioration u

establish the general level o f  deterioration.

!-3.2 Spedfiic objective

. .  nrevailing environmental conditions in the storage to
he research also aimed at assessing P

i has halted deterioration o f objects in the storage,
determine whether environmental control sy

1,4 ^atioiniaBe

. . U of health studies ascribing distinct ‘health states to
here has been some good work in e .

• iw «  Different health states can be ranked to give a
humans with increasing degree o f disability or

, . neflt analysis. One o f the systems that has been used by
‘ype o f  value that can then be used m cost-

Quality Adjusted Life Year (Ashley, 1999). Thts
the UK National Health Services is QUAL ,

S' ste'n uses information about health states
• i ^rmcern to museums.

10 E jects the two parameters are o f  cruc.al conce

and life expectancy (Soby and Ball, 1991). When applied

., |..ai|v implies control of undesirable changes
ton of objects, s/he actuany

talks of conserva io changes to be controlled are varied, ranging
. hipct However, tne cruu b 

e within or outside the object.

6



from a change in colour to a change in strength. The changes may adversely affect the life 

expectancy with very little visible signs.

This research was therefore crucial because it provides an insight into the level o f  deterioration o f  the 

objects. It also serves as a basis on which predictions can be made on the degree that other 

deteriorating factors can cause as time goes on.

The results o f  this research will help curators and conservators to become aware o f  the vulnerable 

groups o f  archaeological metallic objects that need regular monitoring. The research will help in 

future formulation o f  conservation policies. The findings shall assist curators and conservators to

regularly assess and quantify the extent o f damage among the objects, and thereby prioritize

c_ f . . the rate o f deterioration in these objects. Through this
c°nservation measures aimed at slowing down the rate o

TV* ,• x- o the future state o f the objects can be designed and
S earch , a basis on which fair predictions of the tuture

°bjects that need immediate treatment isolated.

l -SScope and limitations

The research, apart from examining

Categorizing the objects. Such details 

c° vered the following metals that are in the 

tre excavated from the sunken ship.

, .  , condition, obtained other details which were relevant in
ining objects

included the previous function o f the objects. The research

storage: Iron, Copper, Lead, Pewter and other alloys that

might have occurred as the vocabulary for condition
Errors in describing the deterioration signs

t was felt important to embark on the research as a 
terrv>,v_, . . however, n

^ b o lo g y  was being put into use, 

arting point for more detailed study.

7



The photographic documents used in this research might have faded over the years and might not be 

a true reflection o f  the original condition o f the objects. However, written comments on the condition 

Were used for complementary information in the use o f the photographs.

Because the research was undertaken within a limited period o f time, only a small number o f objects 

c°uld be assessed. However, it is hoped that the sample is representative and reliable.

8



C hapter two

2.0 LITERATURE REVIEW  AND THEORETICAL FRAMEWORK

2.1 Sntrodiuictooini

^Ytrpmelv fragile and are quite difficult to treat
Generally, artifacts from underwater excavations

• , Without the immediate attention and intervention o f a
c°mpared to those from terrestrial sites.

a from under the sea will be damaged or completely 
conservator, many kinds o f  artifacts recovered from under

destroyed.

to the museum in several ways. One o f these ways
^ lifacts from underwater environments can c

A Krina them to the museum. Another way is when
«  d i v «  or 8 .h e ,m «. »  b“ 8 „ „

. Wnwrecks. Artifacts may also reach the museum through
archaeologists embark on excavations o 

Useful scientific excavations o f shipwrec

V, is laborious, difficult and expensive. It is, therefore,

Conservation o f  artifacts from shipwrec . resources for
. , p undertaken only if there are sufficient resources for

d is a b le  that excavation o f shipwrec s dO ron-2001)
e , at risk o f being destroyed. (Hall and Oron . 2001).
°nservation and if artifacts are no

9



2.2 literature review

In explaining deterioration o f  metals, Cronyn, (1990) observes that the most important type o f  

deterioration in metals results in chemical rather than physical damage. Cronyn contends that, except 

for gold, the metals used in antiquity are not particularly stable and in most natural environment they 

‘end to react with other components to form more stable compounds. He says this is not surprising 

since the raw material for these metals is ore, that is, stable chemical compounds o f  metals which can 

be extracted by the process o f  smelting, the reverse o f corrosion. He recognizes two types o f  

corrosion namely ‘dry’ corrosion, usually taking the form o f thin surface patination or tarnishing; 

nnd ‘aqueous’ corrosion, where the metal is attacked more vigorously because o f  the presence o f

ntoisture. (Cronyn, 1990: 165-166)

An*Mologic.l conwrvation is .  "  "* ™  ”f  -  “ *

Pisserved. T h . m  o f »  « h * o l o g i c l  » b i«  h * * -  » f  “*  » d

_  . j anv qiibseauent pre-burial modifications, its usage and
t r i a l s  used in its original co n stru c ts  and any subseque p

environment. The United Kingdom Institute o f
Clrcumstances and nature o f

r, , •„ or alterations made to materials after excavation is
^reservation (URIC) recommends that repairs
, . lvu race thev should be folly recorded and/or preserved.

also significant to the object’s history, in which case y
obljgations regarding all professional actions o f

goes on to state that tne &
a he eoverned by respect for the physical, historic and

rd>aeological conservators are supp°se
that the responsibility for the welfare o f  the object is 

tic integrity o f  the obj ^  j(s buriai environment and continue through the

p sed to begin when the o j ' include protection against further deterioration,

Post'excavation stages. Concern for the future s o

fonge and loss (UK1C: 1981).

10



Blackshaw and Daniels (1978) observe that conserved antiquities would be in an unchanged state 

forever in an ideal world. It seems plausible, therefore, to ascertain that in museums, collections in 

general will deteriorate because their storage conditions are not ideal. In this same vein, therefore. 

°ne might jump to conclude that because conditions in different storages are different, then even the 

rate o f  deterioration and damage o f objects after excavation is a function o f  particular storage 

c°nditions.

Looking at change o f  objects in museums over time, Ashley (1995) observes that there arises a 

Problem o f  finding ways o f  deciding when this change should be called damage or deterioration and 

whether damage or deterioration can ever be accepted. He contends that curators, conservators and 

Conservation scientists all have different ways o f documenting change and may therefore have 

different definitions o f  what damage and deterioration are (Ashley, 1995: 100).

Va,l*ble clues come out when the different perceptions and wisdom o f curator, conservator and

S e w - . nriorities are to be considered in the treatment o f  objects,
Clen‘'sts complement one another. Where pnonu

a .irapnev is involved. There is the urgency dictated by the
c°ntparison o f  different views o f urgency

« " * « * ,  fo , presentation and * * * * * *  ““  “  “  *  l ” “ ‘ °" ° f

^ tUre damage and deterioration (Ashley, 1995.Pp 99 )

A . . . f  the whole collections involve an assessor, usually a
Ash%  0 9 9 5 )  continues to say that the state of
_ ,'nrlividual objects into one o f the several categories
°**r» .tor, placing the o b * « d  » n d „ » » s  of * " »

t, used ones are Good, Fair, Poor and Unacceptable
”f according ,o  K «ne. t ie  " » »  * * * *

tAshley, 1995:111).

U



By .  convention proposed by Omditm C.nserv.tor., the tenn W  B reserved for .  etange tta. 

invokes s « »  sense o tio se  o f or loss ofopp.rm dty. In hi. model. Aehley delhms dnmnge

, • 1.CC nf value or something that decreases use or potential use,as a change in state that results in a loss ot value or some b

• „„„ jprivp He noes on to say if we can increase the
something that decrease the benefit that socie y

- tv +u0 ^nilpetions or we can do something to increase 
rate at which society is allowed to benefit from the collections

the life-span o f  the individual objects then we
would have increased the total potential benefit or the

Maximum amount o f  benefit that can ever be 

following equation:

derived from that object. This argument is based on the

Rate o f  benefit X Life-span
-  Total potential benefit

. .  „ tw  by an effect on our level o f understanding and 
he continues to define damage as something that by h"

pauses a decrease in the benefit. This justifies the need to
enJoyment or on the object's life span,

Monitor the rate at which objects are
deteriorating or getting damaged.

loss in the value o f the object. In his talk given in session “

’SS in the State 0f “  °bjeCt leadS ‘° ° : AsWey emphasizes that by using the various sensitivities 
hen conservator and Collections meet, ^  ^  we find that we have direct

d in ab ilities  o f  historians, curators, tea ^  ^  ^  combined, we arrive at a picture o f a

ear relationship between value and ^  increases, the value decreases. Taking a

'ationship between value and tim tbjs axis, the value becomes
, nr 0% damage, when the graph

irt|ng point to be 100% value disputable definition o f the limit o f acceptable

r°  and damage 100%. This’ he S8y ’ i 00% value. The value is only 100% when
, nne point that represents

ima8e. At the end there is only oi k constitutes unacceptable damage, then
• that any value below

Posure is zero. If we maintain • • . jn any way. In that case, that object
or use or study an opj

can never expose, exhibit, mo



might as well not exist. Ashley goes on to say that if the object is to be used, we have to be prepared 

to go down this road and we have to choose a totally arbitrary number for the acceptable limit to

damage, somewhere between 0 and 100%.

Ashley (1995) says the number doesn’t have to be totally random, it could be arrived at by discussion

nivi fhr instance who agree that at a certain level the object willamongst a group o f  experts, conservators tor instance, wno dgicc j

nr. , , ...• which it was acquired. He goes on to demonstrate thisno longer demonstrate those qualities tor wiucn u wd* * h

_  7 so/n o f the original value. Then at our present rate o f useargument by assuming that this number be 75 /o or me un&

«  storage conditions, the object will t» .e  snfferad rat nn.ccept.He degree o f d .rn ge  .fter, ray, X 

He, however, .c u r e s  ns that this is no. inevitable. W , era, errercis. some co n ,,., Either b ,

_  rinmamng influence or by reducing the duration o f  
Educing the intensity o f  each exposure to damagmg mr

, the slope o f the graph less steep. This way, we can 
exP°sure, or both. This, he says, will make tne siop
• . .w p . times in fact, as many times as we like.
mcrease the object’s useful life two times, thr

. ii,. rpach that 75% line. So if we want to say there will only 
'Wever, the object will always eventual y

, *wp. ran only be one acceptable slope for this line. In essence, 
°ne allowable rate o f  damage, then th

i dmc o f lighting for sensitive objects or maximum 
attempts to define a maximum annual dose

,  .n!lic objects is such an attempt to fix the slope o f  this line.
ePtable relative humidity levels or m .

. .  number. Ashley has termed this number the service
d to fix that slope, we need to define ano

,  t. valuable and vulnerable artifact have to declare m
the object. He says guardians o . .

H h e allowed to function m the future. Bearing in
'ance how long they think the artifacts s ou . . .

8 . mav choose this as guidance rather than restriction.
Id that this is just an arbitrary line, we n

11 Risk Assessment for Object 

damage are related to changes m
13

. Achlev observes that the most useful definitions o f
Conservation, A y

, ther words, his emphasis is on the change in utility and
utility. In oinc



x . , , -  ,etatp» everything that can be defined or discovered about an
not in value. He goes on to define state as e ryi &

, .  . . nr analysis Further, he says, using the experience o f  the
object by observation, measurement or a y

r • fnmipntal analvsis we find that there is a direct linear 
conservator or the blind impartiality o f ins

i . , .. rh]| ^  ht aiSo be a picture o f state versus hours o f light
relationship between state and time. Thi g

mKpr o f trios in the museum van. With the appropriate 
exposure, or cycles o f  relative humidity or number o f trips m

r . tn ~CCUmulating dose o f damaging and deteriorating events 
units this is a relationship o f  state t

(Ashley, 1995: 333-348).

. .  material the accurate scientific investigation o f the
.peciSc object W «» » « » « ^  ’ „ , „

... Rllt w ause of the complexity of many collections and the
r« es  o f  deterioration may be possible. B .

be possible to have anything other than the general
c°mplexity o f  their environments it may never

• , M o  He points out that an area where conservators and scientists
vie\ys of rates of change (Ashley, I F

6 fit would be in the design o f and interpretation o f  collection

c°uld work together for mutual bene ^   ̂ format are the potential basis for

E d it io n  surveys. He says full conservation's ^  ^  ^  ^  objects with the ^

eP>demiological studies o f  d e t e t t W * ^  susceptibi]ities to particular agents can be derived from 

env'ronmental history then information a environment at known times there is the possibility

the survey data. If objects have entered a sp ^  This can be used to predict ftiture states

of using the survey data to derive a fo ^  roughly, similar objects inscribed with the

of the collection. However, other peop vir0I1ment for considerable periods.

date o f  entry remain in approximately the same e

dlirable than organic material but they are not

A8rawai ( 1977. 61)) has observed that me metals from ancient periods are gold,
u  maintains that tn

°tal|y immune to deterioration. He o f  copper and tin, and bronze, an alloy ot

copper, iron, -  -  -  * > *  “



c°pper and zinc, were the most popular alloys in ancient times. Describing the deterioration o f  some 

° f  these metals, Agrawal continues to say that silver can rarely change to silver chloride in a museum 

atm°sphere, but it often tarnishes, indicating formation o f silver sulphide. Copper and its alloys 

c°rrode easily especially when buried in the earth. Soil contains many salts which change the metal 

lnt0 its various salts. The main corrosion products o f copper are its oxides, carbonates, chlorides and 

sulphates which attack the surface and make the metal friable and weak. Copper corrosion products, 

with chloride in them have the capacity to continue converting fresh metal into salt, even after it is 

n° ionger in contact with the soil. This continued corrosion o f copper, because o f  the presence o f  

chloride, is ultimately destructive.

Cli^ t i c  conditions also affect the deterioration o f  objects in museum environment. The extent to

Whi<* these factors cause damage varies mainly depending on the material in the museum and the

musp,^ • . the development o f bronze disease. Iron and steel rustUSeum itself. High humidity accelerates tne uc f

easih, • i / 1 Q77- 63) recommends that when coins are found during
" y  m a moist climate. Agrawal (1 9 // . OJJ

'*«>.>»» covered soil end corrosion V * * - * *  , “ d *» *

an<t kept ip an appropriate environmental condition.

Tn , , nmnmental conditions poses some problems. As Thomson
^ in ta in  constant recommended en

(l9Ss. . u t, moisture-absorbent materials must be neither too damp nor too dry.
®5) writes, where as the mo

. , iron and its alloys and copper and its alloys. Sir
' benefit from dryness, particularly non

. , , unfortunate that the very level chosen as the lo

Since most
benefit from dryness, particularly iron

d unfortunate that the very level chosen as the lower safe
form mixed collections, it is i*1

mH-45%RH) should also be the upper limit, not to be
moisture-absorbent materials

for unstable iron and bronzes «irt> Paces of chloride.

Is



In his book, ‘ Environmental Management: Guidelines for Museums and galleries,’ Cassar (1995) 

explains the interaction between the external and internal environments. She explains that the 

weather affects ventilation and, consequently, the air quality, environmental stability and energy 

consumption within buildings. The driving mechanisms are wind speed, wind direction and 

temperature. Air enters the budding through windows, doors, ventilation grills and other openings.

She are naturally ventilated so that uncontrolled inward recognises the fact that museum buildings are naim y

on i , , and windows, and the many cracks and gaps in the
outward flow o f  air pass through open doors ana wmu

K..J,.. . . • fi||,,„inn The air flows in and out because o f pressure
h id in g ’s outer structure, that is air infiltration, m e

dim , option o f wind and temperature. She goes on to advise that
d'fferences generated across gaps by the action ot wi

i oirfinw so knowledge o f a building’s orientation will 
Position o f  doors and windows affects internal airflow, 8

■ both new and modified buildings. Generally, older 
make it easier to decide where to locate them in

U KKr have a high air infiltration rate. The consequences o f  
and Poorly maintained buildings will probably have tug

tv  , r f,„P,nations in indoor RH and temperature
thls may be an unacceptable level o f  fluctuations

and significant

nerSy losses (Cassar, 1995: 36-38).

. nf  the building being the main line o f defense 
116 building acts as a buffer with the outer

the internal environment for objects by separating the
Sa*nst external weather conditions. It protec

stable internal conditions. Various measures can be

8mg external climate fron stability, both o f which are required to achieve

to reduce air infiltration and enhance t er

"dity stability.

. as first line o f  defense. She says that the 
, f  fhe building m acu b

explains the role o weather conditions. A better understanding o f  the

■mntance o f  buildings is nff planning o f a new museum in a number o f
k han^es cun help m

nisn ŝ that drive weather c » tation o f the building and the internal layout o f the

including the selection o f the s*



rooms. In case o f  existing buildings, Cassar (1995) says, knowledge o f  the prevailing weather 

conditions and their effects on the building allows environmental measures to be applied in more

subtle ways- for example, when deciding the use o f different rooms. (Cassar, 1995: 36-38). She goes 

0n to emphasise that for museum staff, it is important to always monitor external relative humidity

uud temperature as part o f  the overall monitoring programme.

Anntu • . ~ „ w  ^ d e  is that it is often difficult to upgrade the fabric o f anMother important observation Cassar has made is uuxi

evict- , . • tal performance. She observes that some buildings arelis tin g  building to improve its environmental perron

SlmPly not appropriate for housing museum
collections since conditions are not suitable and in this

j the conditions. She concludes by saying if all these 
Case mechanical systems can be used to control

k 'l  the only solution may be to move to another site.

<, ■ actively deteriorating. As Bradley (1994: 54) has
Son*  objects in the museum collections are actively

h museum is bad compared with the other places
S e r v e d , this is not because the environment
u * ^he <mes on to say it is not uncommon to hear
but ^ cau se  the objects themselves are unstable. She g

, J or even thousands o f  years and is now actively
pe°Ple say that an object has lasted hun re

. „ives m this is that the rate o f  deterioration may
C r a t i n g  in a collection. The explanation she g .

when equilibrium was disturbed and the reaction
Ve been slow until a critical point was re 

^ ered momentum.

&
Ived in the corrosion o f metals and deterioration o f  

dley 099 4 :5 5 ) observes that r ^  slowed by controlling environmental
haturai . well documented.

organic polymers . nd to stabilise the temperature.

° ndltions to reduce the amount o f  ̂ ater 1

17



A recognition is made by Bradley (1990:55) that there are no categories o f materials from which 

objects are made which can be specifically identified as stable. She gives examples o f flint being 

stable stone while soft limestone being prone to deterioration because o f  their clay and salt content. 

Gold being a stable metal but other metals, such as bronzes from soils o f  Western Asia being 

Particularly unstable and often suffers from bronze disease. Iron objects, especially those from 

archaeological digs, suffer from active corrosion and lamination following excavation. Lead corrodes 

^  silver tarnishes in in museums due to presence o f  corrosive gases in the atmosphere which, she 

says, are largely derived from man-made pollution.

APart from designing an appropriate sampling technique for study o f archaeological objects, there is 

need for teamwork if better results are to be achieved. Researches in archaeological storages are 

meant for several reaso„s, one o f  which is for conservation when materials are found to be in poor

E d itio n . As Cronyn (1990) has observed, collaboration in conservation is the only ethical

, tirne is wasted. The collaboration must be between all 
approach; without it information is lost and time
., . 1  trpa Cl ires who in the main are excavators, field
th°se who have an interest in the excavated treasures,

^ c ia lists , curators, analytical scientists and conservators.

Mi

■3 Theoretical framework

■ „f„,p hut must be produced through the application o f
0st metals do not occur as pure elements in n

m strives to attain the lowest possible state o f  energy, 
ener8y. According to the laws o f  nature, a sysc  ^  ^  ^  ^  thus t0 their stable

H 'Ch f° r metals means tha‘ they te"d *° fet”fon corrodes is therefore as natural as that a stone falls 

gy f0rm' That' under Certam o f thermodynamics state that order must decline to
to the ground when

„n The laws it is thrown up. 111

cha.os.
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4 , f  t„ro in fhe environment that affect unconserved objects, it should not
whilst there are numerous factors in tne en

, . . .. . lw t-pnriers materials immune to the effects of these,
he assumed that conservation inevitably
_ , rJMpnnration but sometimes even this is not possible. My
Conservation attempts to slow down d
, , .  u thp nhiects at Fort Jesus were treated upon excavation,
hypothesis, therefore asserted that althoug

•he levels o f  deterioration are still high. This was based on the fact that some conservation treatments

» y  include new in.o .be objects

, it is usually only because they have come into
If materials have survived burial or submers

, When they are excavated, suddenly this equilibrium is 
equilibrium with their environment.

. .rnril,ced into the atmospheric environment. Deterioration 
Profoundly disturbed as the artecfacts are m

t w  as little time as a few seconds but may not be apparent for 
*ill begin asain and may be obvious after as uu

8 ftime a second equilibrium is not reached, deterioration to

a year or more If within a short space 0 ,more, within ^  ^  ^  ^  equilibrwm ls reached as soon

destruction will foUow. Conservation see s disrupting the
the agents o f deterioration apart trom disrupting ine

as Possible. Excavation reactivates many o
u ,1 environments of the materials.

c°nditions for preservation in the uri

^  Hypotheses

The level of deterioration ofexca
vated

metallic materials at Fort Jesus museum is high than

normal.

Environmental control system
m the storage have

halted deterioration o f objects.
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2.5 Definitions of terms

Active treatment: Direct removal o f agents
o f deterioration from an object.

Nigh deterioration: Object requires active treatmen

n r^tPrioration from coming into contact with an object.
Passive treatment: Preventing agents o

N a t iv e  hum idity (RH): The ratio o f amount 

air t0 the amount o f  water vapour required

temperature.

o f water vapour actuaUy present in a unit volume o f  

to saturate the same volume o f air at the same

humidity; The amount o f  water vapour
in the atmosphere.

Microclimate: Condition in a co
nfined space.

2o



3.0M ET11000LQGY

3.

in an effort to come up with reliable results from any research work, sampling method becomes

racial. Champion (1980) has defined sampling as a process o f selecting part o f the evidence from a

*Udy as a basis for generalizing about the whole. She says that methods are also being developed for

.. . .  A :t w  been shown that it is necessary to study only a
sampling o f large groups o f  artifacts and that it has oeen snu

sm.,n . , rv'htain a reliable estimate o f its character (Champion, 1980).
small sample o f the whole population to obtain a reuam

TL 1 o + o U i r  archaeological objects in the Fort Jesus storage,
‘ he samples tor the research were only metallic arcltaeoiogic j

which were excavated from a Portuguese ship that sunk in the ocean below the fort. In this research 

°hiy the objects that were accessioned on excavation were studied.

3-2 Study site.

The research was carried out inside Fort Jesus
monument where the conservation storage is located.

A general view
nf Fort Jesus Monument

. . .  h „ me o f the excavated materials are displayed.
J houses the museum in which .

2]



3.3 Study design

On the onset o f  the research, a series o f decisions was made as to the structure o f the research design. 

These decisions were based on the characteristics o f the objects in the storage as they were already 

known, on the data requirements o f  the research questions being asked, and on the general sampling 

Procedure. Basically, I decided ( 1 ) to do my intensive research within the storage area, (2) to select

snch object ‘cases’ at random within the clusters, in this case, the shelves, (3) within a selected

oll , .  . pormer lead, pewter, brass etc. (4) to select the
duster, to stratify the sampled objects mto iron, copper, . P

nK. . „  fAr condition assessment. Levels o f deterioration were
objects within the stratification at random for condition

Sc°red on a scale o f  numbers and analysed.

3 4  P o p u ia t OOGU

Uc objects in the conservation storage at Fort Jesus
e research was conducted to assess all me

museum. It also included some objects that were
being treated in the laboratory.

's Study sample
. chit)wreck formed the population and using random 

" metal objects that were excavated from ^  ^  o f metals available in the storage were

^Pbng, a sample o f  35 objects wa ^  each metal type was sampled.

rePfesented in the sample. An average o f six °  Je

6 ^rripiing procedure

S*er sampling was adopted using ^  purposive sampling was used in the case of

Ui ea°h cluster, systematic random samplmg was

the

22
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3.7. Data collection methods

A. 0+Ofp :n occpssment o f the objects to avoid a biased The researcher involved the conservation staff in assessment 01 J

- The objects were looked at in closer detail from a 
categorization o f  the real condition o f  the objects, the objects

, j a conservation assessment form for identifying those
conservation point o f  view. This involved using a conservation

, deteriorated to a point where conservation might not
°hjects that can be conserved and those th

. based on the need for conservation and the 
cost-effective (Appendix H). This assessment was based

. . ^  KWK that were examined were only those that are accessioned
o f conservation required. The obj

ft . He were consulted for information on history o f the objects,
from excavation. All available records

... rnndition assessment form (Appendix I) was used to place 
deluding earlier treatments. The metalbc conditi

Ejects in categories according to their general condmon and priority.

, •. j „here high-priority objects included those that are published
mtl% ,  an assessment was conducted , fit to be

f  neeligible importance were objects thought fit to be
0r ° f  national or local importance. Those o

-̂‘accessioned.

,  „ representative group o f objects showing various
Tb c • rvlved selecting <* *

e first stage o f  the survey uiv with the naked eye and with the aid o f
sta * These were examin

8es and signs o f  deterioration.  ̂ photographed and recorded. This assisted in

^croscopes and hand-lens, and then th y establish a consistent method o f describing

d o m in g  familiar with the diversity o f the signs an to

diem

T'he

d in individual cases were monitored and measured

environmental conditions in the storag temperature and relative humidity in the
h • nlved measuring

Ufin8 the period o f  study. This mvoi ^  for prevaili]lg weather conditions
ndix D ana

°ra8e using thermo-hygrogrnP*13 ( rologieal department (Appendix K)

"t M

23
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adopted. Again standard definitions o f the terms were used (See Append* E).

. . .  Ar>npnriix F and the team involved in the survey was 
The range o f  factors assessed is given in PP

, . ^ wnripq for object condition grading is given in Appendix
bnefed on these before the assessment. Categon J

, . determine the viability o f  the methodology in the
G- Then a trial assessment was undertaken to determine

,  was Gathered before the actual research was carried
collection o f  the data. Background informatio

• .  register, card catalogue, index files photographs, 
ou‘- This included finding out about the accession reg.ster,

, , r floor and the building and so on.
s etches, arrangement o f  shelves, plan 0

information on the original condition o f the objects, the

be above documents were used to g
f  treatment given to individual objects, 

they were excavated and also the type o f treatm

For uniformity o f  the data  collected, standardized condition terminology o f  object deterioration was

3,8 Methods of data analysis

•n, *  * j“ ,! pl“ d “ ch * ‘ 0" di,i00
e condition assessment o f met i converted to percentages. The percentages in

Category that took numerical values, the v drawn for easy visual comparison.
j a | b). Graphs vv

each category were compared (Table 4.1 a an

lntted Gradient calculations were used to 
h  j objects were Plottea*

eterioration trends o f  two selecte o ^  ected life span o f  the objects, (fig.4.3)

the rate of deterioration and pre

J f  r the years 1995 and 2003. The values were 

« « ‘  fo r ' ’
i in RH and temperat

,pie 4 .4 . 1 a and4.4.lb)-
i logarithmic graphs (f  b-
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The average condition o f  the objects using ‘treatment requirements’ was calculated and from this, the 

average condition o f  the whole metallic collection was estimated. Then a confidence interval, that the 

estimated average condition o f  the collection is approximately equal to that o f the sample, was 

ealculated at 95 .44% level o f  confidence using probability computation.

•̂9 IProbflemms encouimteired amd solutions

M . i Aurma the research since all the relevant documents and N°t many problems were encountered during me

jno, T . . electronic documents failed to be retrieved, manually^struments were available. In instances where electronic u

.. . * Arr̂ in it was not easy to generalise about different signs^ t t e n  documents o f  the same were used. Again, it was not y s

r . 1e cl-nrP no two objects displayed exactly the same conditions. and stages in the deterioration o f  metals since no two ouj y

Tho • i „  unwpver was used to ensure uniformity (Appendix E).
he agreed generalized terminology, ho ’

3,10 Ethical issues

vt u the condition o f the objects and all the recommended guidelines
No attempt was made to tamper with the conaiuo

handling o f  the same were
adhered to. Examination o f the objects was governed by a respect o f

lhe physical, historic and aesthetic integrity 

heat objects in any way during the study.

o f the objects. Again, no attempt was made to clean or

25



Chapter four

4-0 CondStiomi of objects

TL 1- • oc Hnne usins two forms. The first one was based on the
The assessment o f  the objects’ condition w

objects’ need for conservation and the type o f treatment they need. (Form l)

___ F O R M
4.1

Com

Ejects’ need for conservation and the type ui

U  f o r m  , s CONSERVATEON ASSESSMENT FORM FOR METALLIC

ARCHAEOLOGICAL o b j e c t s .

'Swvaiion needs score: I- treatment essential for obiuui swvival

2- treatment desirable but not essential

3 .  „bjao.

*eatment- 1 - active treatment require
2 - minimum passive treatment for siability aa'J'

3 - no treatment required





. h Brian Nya)llbu
111 by: Gideon Chowe and



easy calculation o f  percentages

Total

U_
_3_

4
_8_
_L

35



Using Table 4.1 a and 4.1 b, the graphs below were drawn

Figure 4 .lb. Treatment need

. ^  of the object, » ” «  ° f  2 f"
, . majority 01

esults above indicate that desirable but not essential at
„ jFat intervention on

■vation need (60%). This mean tial for object survival. A sizable,  f  the objects, treatment .s ess

esent time and for 31% 0 form of intervention (9%).
w elv  stable and needs no form 

'v o f  the objects are comp! y

. o f the sampled objects does not require any 
areat majority

^  o f  treatment requirements, a quirc minimum passive treatment to just
of them (4U/o;

treatment (44%). A good num treatment.(fig- 4-,b >

more stable, while id ° ^ then' of de,erl.r..io„  c» ld  I* n«ed together with

,  designed so « ■  ^  ’  (o, „  - t e
h some comments-

brief description an 

ing photographs.

^0



Sample is given below. (Form 2)

4 l F O R M l T M E f A i ^

Number: MH 3864

Brief description: A small juglet with hinged lid

Lab 353/466

‘tillage*

* Major structural damage 

% Minor structural damage

Surface damage 

disfigurement 

Chemical deterioration 

Biological deterioration 

Repairs/previous treatment

* __Accretions

Tick

Yes

Comments:

Handle with care, jug is fragile.

Need to remove traces of salts.

Pont
C4 Unacceptable

0 ,k required:

3I

Recorder.. .Gideon Chowe
Date-

.5/4/200



Usi% Form 2, p ercen ta g e s  w e re  c a l c u l a t e d  for b o t h  t h e  o b j e c t s  c o n d i t i o n  a n d  w o r k  n e e d e d  o n  t h e  

°bjects. The following tables show the results.

^ abIe 4-2a: CONDITION OF OBJECTS

L̂ S£eptab le

^able 4 -2b: WORK NEEDED ON THE OBJECTS

-Hone"

•i^ttle 
.More

% OF TOTAL

1 1 %
60%
20%

9%

Fhe above results were then used to

general condition of tte 
objects

draw the graphs below:

WORK REQUIRED TO TREAT THE 
OBJECTS

0%
None

Very
little

Little More

\jW x k
needed

11% 60% 20% 9%

N % ^
^gUre 4.2a: General condition o f  objects

Figure 4.2b: Work needed on objects
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graphs
teasonable number

•m Good condition (29%)
of the objects mem

. 0f them is to PO°r con

« * „ ,  «  -  -  —  w  „ n d itw . A -  ^  -  -  -
.M e  the majority of them are due

However, it can be seen that n

them ate in an unacceptabi actuai interventions
• a as far as aciua

Uttie work is re9ulTe he done on the objects

“ Fie- * *  * is ~ « i i  -  “ “ i ” !  ™ r .i^  -  -  ,m” is
individual objects is is

concern

for their stability

niucb and about

itv and survival- Stmt

to u t  of 1 0  m stan^

ilarly,il is 56611
here that

indicate that no
work is nee

ded at
ah on the objects ( 1 1 %)-

4.3 s ta te  of preserva**1

recotds of lhe StaW

There are written and photograph1 stotage These

. sa Wreck excavation metal

» ' * '  oCO„ p « e . t «

«  —  -
collection before they %vcr

brought to the

t0 their pash
c tup objeeis 

Ptesent condition ox 11 „ plates
. i n  between (s e e "

damage that has occur re

^late 4.1 A pewter jug

dhis ^ aS 

belo^)-

done in order to
determine

^late 4.1a*. Original conditi°n
(1980)

plate 4.1b:

(2003)



Jt might be difficult to differentiate the conditions by looking at the plates above. In the first instance, 

lt 1S d^ cult to assert that the condition o f  the photographs themselves have not changed over time. It 

Is Possible that the storage o f  the photographs has affected the authenticity o f  the original condition 

hereb y  some details are lost. However, written documents on the original condition were used to 

uPplernent the photographic details.

^  summary grading o f  each object’s condition was agreed by the team as the main means o f  

aSSessing and quantifying preservation. Four grades were used because it was felt that if a fifth grade 

Was aJ1owed, it would mean that the majority o f  the objects would be assigned the middle grade 

Wilich is indeterminate, and does not give very useful information. Three grades were thought to be 

t0° fevv to reflect the real condition o f  the objects.

was found that, with the exception o f  very few cases, most objects in the sample are almost in the

Sartle condition as they were brought to the storage room  Minor structural damages are present on

s°me o f  the objects and this can be attributed to improper handling when they were being brought 

ft
° m 'he conservation laboratory to the storage. A good number o f  the objects are extremely fragile 

fractures, but note should be taken that fragility is not deteiioration.

^as discovered that the major cause o f  deterioration were salts piesent on the objects and 

Ch
mi°als left on the objects, such as acids, after treatment. In terms o f  urgency in as far as different 

ta* 0 Ejects are concerned, copper and pewter need immediate attention followed by iron. Few 

jects among these require no treatment at all.

34



’ •4 Deterioration trends

U«ng the available written and photographic records, the research established deterioration trends o f  

^nte o f  some the metal objects. For Example, the conditions o f the pewter jug and the nailbox were 

followed from 1980 tO 2003. The conditions o f  the objects were scored on an arbitrary numerical 

sca'e o f  0 to 4, then, they were plotted against time at a ten year interval. The figure below illustrates

the Plot o f  trends in deterioration o f  the toolbox and the nailbox.

y e a r s  ---------------- — ►

2003

*Sure 4.3 Comparative analysis of deterioration trends in two metal objects.
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Kgy_to O b je c t rnimirflifrioini CCev t o  g r a p h  flomies

" object has no value A .T  T ^  = Tool box
object in unacceptable state
object in poor state B * * = Nail box
object in fair state 

" °bject in good condition

ffvvivg \S, fro\\\ \ k  above figure is that the condition o f  an object decreases as time

UlCreases. In other words, there is an inverse relationship between time and state o f  object with time 

n8 an independent variable. It is, therefore, paramount that conservation should ensure that the 

ate ^deterioration is slowed as possible.

Pr
° m *be two objects in figure 4 .3 , it is clear that the nailbox is deteriorating at a faster rate than the 

wter jug. in 23  years, the nailbox has gone through two stages o f  deterioration while the pewter 

§ has gone through one stage only in the very same period o f  time. If we extrapolate these graphs, 

e discover that in about 20  years time from now, the nailbox will have lost value while the pewter 

§ will take about 50 years from now to reach this stage. If this rate o f  deterioration is maintained, 

e hfe span for the nailbox in the storage can be predicted to be about 40 years and that o f pewter 

k being about 70 years.

e differences observed here can be attributed to a number o f  factors. These include the treatment

et^°ds used on the objects and the inherent stability o f  particular metals from which the objects are 

^ d e  of.

hor example, records at Fort Jesus indicate that most iron objects, including the nailbox, were 

Wasbed in 5% Na2C 0 3 (Sodium Carbonate) for a period o f  4-6 weeks to reduce chlorides. (Wazwa,
36



• J996). It is possible that complete removal o f  the chlorides failed in some objects and this could 

e case with the nailbox. The chlorides are then inducing active corrosion on the metal.

Pewter is an alloy o f  tin and lead. Lead is known to be highly resistant to corrosion even in salty

environments. This fact can be used to explain the observation made on the pewter jug. Only minor

ructural damages and accretions are present. The damages can be attributed to the previous repairs 

Hot (j0n
ne properly, but there is no evidence o f  corrosion.

The
conservation work, needed, therefore, is supposed to decrease the slopes o f  these graphs 

esPeciaUy that o f  the nailbox and the other objects in similar condition. That is to say, there is need 

to reduCe the rate o f  deterioration. This can be achieved either by reapplication o f  the treatment or 

r°vernent o f  the storage condition for particular objects.

e 8&p between the two graphs is crucial especially when one takes into account the fact that both 

° bjects have the same origin, they were brought to the storage the same year and they are being kept

in the s
arne environmental conditions.

As Previously pointed out, the condition scale is arbitrary but it was felt that it is important to briefly 

",Ustr» e  how some objects are deteriorating with time. A more detailed study in this aspect is, 

‘herefore, needed.

4.S
A v a ilin g  environmental! coodlatooras

VW

ch
ekIy variations in temperature and relative humidity were recorded using thermohygrograph 

These recordings were compared to those ot 1995 for the same months of the year. The 

° rds for 1995 were used because o f  the availability ot a comprehensive data toi the readings. The



Tables below show the results. Samples o f thermohygrograph for the years 1995 and 2003 are given 

® Appendix C.

J . • Tahles 4.3a and 4.3b, it is clear that these factors

C * *  M ^  ” * “ d tt,,,PeratUre could reach up to 86% while the temperatures

Of*
^perature was about 25°C.



Taking the average o f  the maximum and minimum values o f  RH and temperature, it can be shown 

lhat the RH range in the storage was 68 ± 18% for that year, while the temperature range was 28.5 ±

3.5°C.

The 2003 RH and temperature figures look friendlier as far as a conservator is concerned. The 

maximum RH recording is only 61% with a minimum recording o f  41%. The highest temperature 

recorded is about 29°C. Similarly, taking an average o f  the maximum and minimum readings, we 

flnd that for this year, the RH range is 51 ± 10%, and the temperature range is 24.5 ±  6.5°C.

The logarithmic values o f  RH and temperature variations were used to plot the following graphs:

p-
lgUre 4 .4 .a: 1995 RH and Temperature 

Variations.

Figure 4.4.b: 2003 RI I and Temperature 
Variations

f>i
f4tihg oJ logarithmic values o f  variations

difl*

a fia t ion s fo r  R I I  and tem peratu re , it seen is there Is no big

W i i c e  Irctweei) 1^ 9 5 , w h e n  t h e r e  v \ a s  n o  a i r  c o n d i t i o n e r
and 20i)3 when the room was air-

ndit»oned. As far as lllW parameters are
concerned in the Storage ro o m , th e y  h a v e  a lm o s t  s ta y e d
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constant with respect to their fluctuations. If this sample o f  the environmental conditions is 

representative enough, then one might conclude that the prevailing conditions have been the same in 

the storeroom from 1995 to date with respect to variations.

^ era g e  daily relative humidity readings from different locations within and outside the storage area 

Were taken for a period o f  five months. Below are the readings for one week taken from April to

May- And using the readings, a graph (Fig. 4.5) was dra

4.4. A  WEEK’S RH READING FOR DIFFERENT LOCATION AS READ 

FROM 29 APRIL 2003 TO 5 MAY

TStte

^29/4/fv> —

Storage Lead Case Iron Case 

60%

Copper, 
Brass, 
Pewter case 
61.5%

Mombasa
region

77%

<?0/4/03
-21/5/03

60%
60.5%
60.5

n().j /o 
59.5% 
58.5%

61.5%
63.5%

60.6% 
60.5% 
60 6%

78%
77%
81%

^ 5 / 0 3  ' 
-93/5/03

65.5%
68.5%

59.2%
~593%

63.8%
62.5%
62.5%

61.3%
61.6%

79%
79%

63% 58.6%______ 61 5% 83%
64.5% 59%________ 63%________-------- -
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COMPARATIVE DATA FOR RH 
MEASUREMENTS

90% -r

80%

70%

60%

.50%
*

'40%

30%

20%

10%

0%

/ / / / / / /

-storage

Lead
case

Iron case

Copper, 
Brass and 
Pewter 
case 
Mombasa 
region

DAYS

Figure 4 .5 : RH Measurements for different locations

The figures in table 4.4 indicate a relatively stable RH in both the storage and in the individual cases.

outside RH is very high. Comparatively, the case containing iron experiences high RH than the 

° ther Cases. This could be due to the fact that the case tor iron is close to a window and door with 

8aPs between the frames and the walls. (See Appendix C). This then allows inflow o f  air from 

U*side which in turn influences the RH in the case. This is also true for the whole storagt. There is 

fraction between the external and internal environments and the external conditions being so 

arsb’ exert a big change in the internal, controlled and relatively stable conditions.

p.
IgUre 4.5. shows the fluctuations in RH in different locations on a daily basis. Apart from the 

° utside conditions and the RH variations in the storage, the fluctuations in individual cases are not 

kfeat. This explains why most o f  the metals are stable. The use o f  plastic sheets on the shelves and



plastic bags with silica gel to keep metal pieces helps to buffer the changes to a greater extent. This is 

why the storage RH variations have little effect on the objects’ condition and most o f the, in general, 

have stabilised.

S T A T IS T IC A L  T E S T  

4-6.l Confidence InutLen/all

sartipie s iz e ,  n, i s  35

Calc u la te d  average con d it io n  o f the ob jec ts  was 1.94 

**■ ■ 94 i s  my p o in t estim ate fo r  popu lation  mean.

Assumption 1
t h e r a g e  that o f

x =

co n d it io n  gotten f r o .  the s a w le  i s  approxim ate ly equal to  
the whole c o l le c t io n  (popu la tion ;

M

 ̂ sample mean 
iT  sample s iz e  

Popu la tion  mean 
Popu la tion  standard d ev ia t io n

Saftiple mean = 1.94  
^ am pie S1- z e  = 3 5

» ° K l« iS S  :  O .T ?  (ca l cu l ated^from sample mean)

s sumption 2
ean6 n>30, then samp1e mean i and°sample s ta n d a rT d e v ia t io n  equal ân equal to  popu la tion  mean and samp

Popu la tion  standard d e v ia t io n , 

l a b i l i t y  o f  the above assumption i s  the re fo re :

(Mx - 2ox< x < px + 2 o x ) = 0.9544

^  s in ce  popu la tion  mean |% aq“ apUj ° t fonPd Iv ia t io n and ^
^ndard d e v ia t io n  i s  equal to  popu la tion  aev,c



Then

P (u -  2.or_< x < V
Vn

-  2.2_ ) = 0.9544 
Vn

hence

The p ro b a b ility  th a t the P °^ fs^o ? 9544  
deviations o f the sample mean is

mean lie s between two standard

i .e .

P ( x -  2.g
Vn

< p < x + 2 .0  ) = 0.9544
Vn

s°» i t  means th a t about 95 44% o f the in te rva l

x -  2.0
Vn

to x + 2.o
Vn

w il l  contain the populatioi mean.

Since
n= 35
*■ 1 .94
045 0 .67

then

* ~ 2 .s = 1 .9 4 -2 .0 J S  = 1,7
Vn V35

X j. 2̂ .0 = i.94+2.<LJiZ = 2 -2
Vn V35

bence
1.7 < p < 2.2

herefore , 95-44%C b Itw e e n  1 .7  and 2.2.  op o f most Gf
in  the s to r^ge 44% confident th * *  C conservation  need and
to  say, I  a" 9 e Df  2 in  both con colle c tio n ,

:al objects has ta l objects i  trea tment is
nt requirement. M°st .ye treatment and the
•re. need only minimum P conditio n .
is ira b le  not essential at pr



Chapter five

S-l Discussion

T, . j ohiects has provided an insight on the general condition o f
he research work carried out on 35 obj

m ^  was more apparent is that, generally, the objects are in
metal objects at Fort Jesus museum. What

r loT-m *<; far as their present condition is concerned. The 
8°°d  condition and there is no cause for alarm as tar P

research has shown that very few objects require

Can he attributed to this observation.

active treatment. There are a number o f  factors that

t d almost constant with respect to fluctuations 
Environmental conditions in the storage have stayed

(Fi8-4.4.1a and 4.4.1b). This, therefore,
has resulted in the objects stabilizing to the prevailing

c°nditions. Although the RH and
temperatures were high in the past than now, it is worth

rert>embering that most metals are least
affected by the values o f  these factors, except in extreme

Cases. Rather, it is fluctuations of RH
and temperatures that cause metals much damage. I f  objects

* *  able to stabilize quickly to these variations, 

c°uld be the case with objects at Fort Jesus.

deterioration is slowed down to very low levels. This

, . t nrevent deterioration resulting from the abrupt
secondly, post-excavation treatment is mea

. . .  \x/Tipn an object is excavated, it will tend to try to adapt to 
dange o f  the environment by the objects.
, .• resll|ts in the deterioration o f the object. Treatment
he new environment. This process o f  adaptati

, mk process so that the object stabilizes as quickly as 
s’ therefore, intended to either catalyse this process

, . ,. . . harness the process o f  deterioration. It also involves removing
°ssible or to keep out conditions tha
I , a „ „r in the objects. About 90% o f objects at Fort Jesus were
deterioration agents that are already 01
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treated upon excavation. This explains why the majority o f them have stabilized and are m good

condition.

Hr,,,, . , , . ,  , l h ,M „ii excavated objects should be treated for them toHowever, it should not a rule o f  thumb that all excavaicu j

. . T - . excavated objects are better preserved without anysurvive in the new environment. In fact, some excavated odj

treatment. This research has proved the above argument.

There

toolb

„ . ,hat was not chemically treated in any way. Additionally, this
>s a toolbox at Fort Jesus that was noi

. her it is outdoors. However, it is in a perfect condition
J°x  is not in the storage room, ratn ,

c , This observation underscores the point that the most
S p a r e d  to those objects that were treated. This ooser

: , „f  stabilization. This toolbox stabilized quickly to
mP°rtant thing for excavated objects is the rat
thp a i,p„rp rate of deterioration is very low. It is, therefore,

P°st-excavation environment, and h ,
in, • ofcr excavation, depending on the condition of objects,
mP°«ant to allow a period o f observat.on after excavation,

hp Hone after which a decision on
' * *  monitoring o f  the » n  —  * » “

"'hether to treat them or not shall be reached.

Th,e temperature within the storage is not as
high. The thick wafts o f  the building act as a buffer to

effects o f  temperature increase inside the building.

Ac
cess to the storage at Fort Jesus is

strictly monitored and controlled. The custodians o f  the storage

ha, „„ access is concerned. No person is allowed to go into
e maintained high standards as far as storag

tk ,„r Fven during this research, the researcher was,
^  r°o ,n  without being accompanied by a conservator. Even 0

ai i np to assess the condition o f the objects. This has,no Point in time, allowed into the storage alo

,, jrv handling vandalism and aft similar acts that
herefore, contributed to minimizing the unnecessary hand g,

^ uld contribute to the damage o f  the objects.



~  nhiects in shelves and the storing o f  small pieces o f  metal
The use o f  plastic papers to cover the object

, .  . , , . t , • nreventine the deteriorating agents from coming into contact
objects in plastic bags has assisted in preventing

with the objects.
. . porf JpSus are in good condition means that some are in

However, the conclusion that most objec

P°or condition. In fact, a good number

o f  them have deteriorated so much that active treat,nen, ,s a

Plate 5.1 A highly corroded nailbox.

Plate 5.2. Pieces of corroded

„  lhe treatment applM • « »  " *

* — o t  z  l „ . . — * — —
^stance, no treatment is peitect, o



When objects are excavated, some look sound or like in good condition while the deterioration 

process is taking place inside them. When such objects are treated by, say, putting a coating on the 

surface, the coating only serves to mask the invisible deterioration. As time goes on, the deterioration 

becomes apparent to the naked eye. This explains why some objects at Fort Jesus were treated more 

than once after excavation.

Similarly, some chemicals used in treatment o f  objects are themselves decaying agents e.g. acids. 

This is where the issue o f  reversibility o f  treatments comes in. It is possible, though not fully 

drifted, that some o f  the chemicals used at Fort Jesus are catalyzing the damage o f  the objects. Even 

pure water increases deterioration o f  some artifacts and complete desalination (removal o f  salts) o f  

°ther artifacts is at times not possible. The presence o f  salts increases the rate o f  corrosion in metals.

However, this research has found no concrete direct correlation between the presence of air- 

c°nditioning system and the reduction of damage on the objects. This was not the main object of this 

research though, and there is need for further study in this aspect.

°lher objects showed presence o f  salts on them. The source o f  these salts can be traced to the sea. 

^his observation can be explained by the storage’s closeness to the sea and its open vents that allow 

air to gain access into the building. Salts like sodium chloride (common kitchen salt) aie highly 

ahundant in sea-derived air, and that might explain the presence o f  the same on the objects.

The design o f  the building has great influence on the climate inside it. The orientation, plan, shape, 

Sickness o f  the walls, ventilation system and other aspects o f  the building have an influence on the 

microclimate inside. The roof has a slope that slants to one side and as it rains, not all the water
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drains o ff from the roof. Some water seeps into the walls thereby causing dampness, and as a result, 

plaster flakes from the walls inside the storage. (Plate 5.3)

Plate 5.3 A flaking wall showing cracks and traces o f salts.

The flaking products from the plaster could also be one
source o f  salts since the walls are built o f

c°ral. The flakes also tend to stain the objects.

Th . , kj r00f  which allows rainwater to get into the building directly,
storage building has a leaking

A f  water itself which causes damage to only those objects it has come into
^Part from the presence o f  water itse ,

, • 1c  in the RH o f  the room, thereby affecting more objects. The
c°ntact with, water also results m a rise m

, u, . .  the sensitivity o f  metals to different conditions o f  RH:
table below might assist in explaining the sen y
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Table 5.1. SENSITIVITY OE M ETALS TO RH.

Condition o f  metal Sensitivity to RH (%) Aspect o f  damage

Sound metals 

( in good condition)

High Will corrode

Low Will be stable

Fluctuating Increase risk o f  corrosion

Corroding metals

High Accelerate corrosion

Low Will be stable

Fluctuating Accelerate corrosion

Metals from the sea with 

chloride

High Accelerate rate o f  corrosion

Low Reduce rate o f  corrosion

Fluctuating Greatly increases corrosion

There are standards set for different types o f  collections. For example, the tolerance range o f  

archaeological metals is 20 percent (RH) maximum, and that o f  historical metals is 40 per cent (RH) 

Maximum, and 50 per cent (RH) and 19°C temperature for mixed and stable collection, (Cassar, 

*995: 20). The term ‘ideal’ condition is usually used to describe these standards. But strictly 

lea k in g , these ‘ideal’ values o f  RH and temperature are not universally ideal. They may be ideal for 

a Particular collection in a particular location and not ideal for that same collection in a different 

Setting. These values should therefore be just a frame o f  reference, a starting point so to say, in the 

N a tio n  o f  a conducive environment about any collection. To whatever levels o f RH and temperature 

lhe objects have acclimatised, they should be left but monitored continuously.
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What is more important in this regard is the environmental consistency. The actual values are o f  no 

great importance. This is the case with objects at Fort Jesus. There has been continuity in the 

environmental conditions and hence the objects have reached equilibrium with the existing 

environment so that any abrupt change can enhance more deterioration.

Mombasa is a coastal area and the RH is high. This is because the temperature differences between 

land and sea create air mass movement. By day, the direction o f  airflow is towards the land; by night, 

the direction o f  airflow is towards the sea. This explains why humidity is high in the storage during 

the day. This is crucial because it is during the day when people work and therefore the opening o f  

d°ors and windows poses a big threat to the stability o f  the conditions in the storage. The openings in 

the building render a non buffer zone between the internal and external conditions. There is 

competition between the internally controlled conditions and the harsh external natural conditions 

tak ing the total control o f  the internal conditions with coolers impossible, hence the continual 

fluctuations o f  RH and temperature.

The floor o f  the building has cracks. These allow dust into the storage room. Dust increases 

c°rrosion even if  it does not contain corrosive substances, rather, it tends to retain water and salts on 

the metals for a lengthy period o f  time. And in between the wall o f  the fort and the storage, there is 

an open space where water settles if  it rains. This is a potential source o f  moisture which contributes

the increase in the RH o f  the storage.



C hap iter six

6.0 CONCLUSION AND RECOM M ENDATION

6.1 Conclusion

The groundwork achieved by the research has provided a realistic indication o f  the level o f  

deterioration o f  metal objects within the collection at Fort Jesus museum and has highlighted 

Particular problem areas. The research work aimed at establishing the levels o f  deterioration o f  metal 

°bjects and whether environmental control systems have helped in stopping the deterioration. It was 

hypothesised that the deterioration levels o f  metal objects at fort Jesus museum are high than normal 

and that the environmental control systems have halted deterioration o f the objects.

The research has revealed a number o f  aspects on metal objects at Fort Jesus storage. It has been 

found that most o f  the objects do not require active treatment. In fact, about 60 per cent o f  the objects 

assessed in the study are stable and show no signs o f deterioration in the 10 tO 15 years o f  storage. 

Almost without exception, about 35  per cent o f  them show signs o f  deterioration, though minor ones, 

hke tiny spots o f  iron corrosion. About 5 per cent o f  them need direct intervention for their survival. 

Most o f  the treatments applied to the objects are still intact and show no evidence o f  the same falling 

°ut within the next ten years.

The findings of the study have helped to highlight vulnerable groups of metal objects which should 

be monitored regularly. From the sample obtained, lead, pewter and iron have been found to be the 

group that is affected most by deteriorating agents.
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No relationship was established between the condition o f  objects when the storeroom had no air- 

conditioning system and the condition o f  them when one was installed until now. As far as the 

environmental condition variations in the storage and within the individual cases are concerned, there 

is no pronounced difference between the two periods.

The major contributing factor to the deterioration o f the objects has been found to be poor storage 

facility. There are a lot o f  flaws in the building itself which is allowing agents and factors to come 

into close proximity with the objects. The harsh conditions from outside are influencing the climatic 

variations in the storage due to the same problem o f  poor storage building.

The research has also established that some excavated metal objects are better preserved without any 

kind o f  treatment. Post-excavation observation o f  objects is, therefore, important before deciding on 

why and how to treat objects.

In essence, the results o f  the research are encouraging. The findings o f  the study have led to both 

hypotheses being rejected as they are proved to be false. This is so because it has been shown that the 

deterioration levels o f  metal objects at Fort Jesus are not high than normal. Again, no relationship 

c°uld be established between condition o f  objects in the presence o f  environmental control systems

ar*d the condition in the absence o f  these.

The research should not be taken as complete and the results should not warrant complacency on 

c°nservation work since hidden deterioration might have not been detected during the study. There is 

Sc°Pe for forther detailed study. Updating and adding to the available data should allow discovery o f

Ways to prevent deterioration to a largei extent.



6-2 Recommendations

t h o u g h  curators and conservators have been aware o f  deterioration o f  metal objects at Fort Jesus

Museum for some time, no attempt had been made to assess and quantify its extent until this 

research.

The rate o f  deterioration o f  excavated metal objects depends primarily on the composition o f  the 

metal, manufacturing process and the surrounding environmental conditions. While it is the 

responsibility o f  the craftsmen to modify their formulae to maximise the durability o f  metal, curators 

conservators can work towards slowing down the process o f  deterioration by controlling the 

environment in which the object is stored, using suitable storage supports and cases constructed o f  

S ta b le  materials, a proper storage building and by instigating a programme for regular cleaning o f  

*he objects.

The results o f  the research have prompted the researcher to make some recommendations to ensure 

that deterioration o f  objects is slowed down. Thomson (1986: 84) has observed that whereas the 

Moisture-absorbent materials must be neither too damp nor too dry, all metals benefit from dryness. 

Particularly iron and copper and its alloys. He contends that since most museums form mixed 

Collections it is indeed unfortunate that the very levels chosen as the lower safe limit for moisture- 

ahsorbent materials (40-45% RH) should be the upper limit, not to be exceeded, for unstable iron and

hrr°nzes with traces o f  chloride.

Thomson (1986: 88) recommends RH level of 40-45 per cent as ideal for metal-only collection and 

RH of 45-50 per cent as a compromise for mixed collections and where condensation may be a
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problem. Fort Jesus storage has a mixed collection and hence a compromise in RH levels is essential 

to ensure the survival o f  all objects in the collection.

With reference to the present condition o f  the objects and RH readings within the storage room and 

in individual cases, the researcher recommends the RH o f 55-60 per cent as ideal for this collection. 

To achieve this, the vents on the walls and openings in the windows and doors should be sealed 

completely. The roof should be more slanted to allow all rainwater to drain off the roof when it rains. 

The holes in the roof should be sealed with wax or any other suitable sealant. Drainage system 

around the building should be improved to avoid water from settling around the building premises 

which could be a source o f  moisture through evaporation and rising damp. Cases should be 

constructed from glass and metal as opposed to the wooden ones which are being used presently. 

Objects should always be handled with cotton gloves to prevent transferring sweet and body oils that 

nhght enhance deterioration on the objects.

It is possible to achieve a dust-free environment by removing the old floor and replace it with a tiled 

floor. With well-constructed cases and sealing o f  open vents in the building, it should be possible to 

restrict air-exchange rates thereby reducing dust entry and circulation, and also maintaining a stable 

relative humidity. The use o f  conditioned silica gel should be continued and instead o f  putting it in 

individual plastic bags, the silica gel can be put in the cases with a good access for its maintenance. 

This should be possible when the design o f  the cases is appropriate.

From a practical point o f  view, it would be an obvious advantage to keep all objects that are

undergoing active deterioration together. While this would apparently disrupt research and historical

interpretation o f  the collection, it might be possible to highlight the severity o f  the problem o f

excavated metal deterioration by keeping the unstable objects as a didactic storage unit.
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The effects o f  deterioration felt by the objects resulting from the flaking walls can be eliminated by 

scrapping o ff the old plaster and replace it with new and durable plaster. Once this is done, regular 

repairs should be done where signs o f  plaster flaking are observed. There is need, therefore, for 

regular monitoring o f  the general condition o f  the building.

Since this research focused on metal objects only, there is need for further research on the condition 

o f all types objects in the collection and find out how the storage environment and facilities are 

affecting their survival.
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APPENDIX A: Fort Jesus Monument.
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APPENDIX B: FLOOR PLAN FOR FORT JESUS



APPENDIX C: F lo o r p lao  o f  the  s to rag e



APPENDIX D: Thermohgrograph recordings
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APPENDIX E

OBJECT CONDITION TERMINOLOGY

ABRADED Surface eroded by rubbing action resulting in loss o f surface/ 
surface details. A superficial injury caused by rubbing or 
scraping resulting in an area o f denuded surface.

ACCRETION Discrete material formed by the adhesion o f separate particles 
present on the surface o f an object obscuring surface detail.

BENT Physical distortion o f rigid material resulting from application 
force

CHIPPED Loss o f small flattish fragments o f an object surface as a result o f  
sharp blow

CONCRETION A hard solid mass o f discrete material deposited on the surface o f  
object

CORRODED Significant chemical conversion o f object material, usually metal 
to new chemical compounds. The degradation o f metals or alloys 
due to chemical reactions with their environment, accelerated by 
the presence o f acids or bases; for example, the rusting o f metal 
surfaces exposed to moist air or to impure water.

CRACK Visible partial fracture in the object material surface/structure that 
extends through the thickness o f the layer, with parts remaining in 
contact. A fissure or fracture caused by the effects o f stress on 
weak or weakened parts o f a material

CRAZED Irregular open network o f interconnected cracks on the surface o f  
an object material

DELAMININATED separation o f layered elements on an objects surface/structure

FLAKING Thin sheets o f material that are loose and liable to become 
detached as a discrete layer

TARNISHED A thin film o f corrosion overlaying metal surface, usually made up 
o f sulphides, that discolours the surface o f a metal
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APPENDIX F

CONDITION ASSESSMENT OF ARCHAEOLOGICAL METALLIC OBJECTS

RANGE OF FACTORS TO BE ASSESSED.

o Major structural damage

o Minor structural damage

o Surface damage

° Disfigurement

o Chemical deterioration

° Biological deterioration

o Poor repairs/previous treatment

° Accretions which are not pait of the object of its 
history

(Keene, 1996.pl 45)
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APPENDIX G

CATEGORIES FOR OBJECT CONDITION ASSESSEM ENT

GOOD .* Object in its context is in good conservation condition or is stable (likely to be 

displayed with no or little work.

FAIR: Fair condition, disfigured or little damage but stable, needs no immediate action, 

needs no work for safe storage.

POOR: Poor condition, and/or restricted use and/or probably unstable. Action desirable 

(a conservation priority)

UNACCEPTABLE: Completely unacceptable condition, and/or severely weakened, 

and or highly unstable and actively deteriorating, and/or affecting other objects, 

immediate action should be taken.

Elizabeth Pye. Lecture Notes.
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APPENDIX H: CONDITION ASSESSEMENT FORM

FORM 1: CONSERVATION ASSESSMENT FORM FOR METALLIC
ARCHAEOLOGICAL OBJECTS.

Conservation needs scores 1- treatment essential for object survival
2- treatment desirable but not essential
3- object stable, no need for intervention

Treatments 1- active treatment required
2- minimum passive treatment for stability only
3- no treatment required

Accession
No

Item
description

Treatment 
Need 1 -3

Conservation 
Need 1-3 Comments

Location 
in storage
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APPENDIX I

4.2 FORM 2: METALLIC OBJECTS CONDITION ASSESSM ENT

Date:

Acc. Number:

Simple name:

Brief description:

Damage:

o Major structural damage 

o Minor structural damage 

o Surface damage 

o Disfigurement 

o Chemical deterioration 

o Biological deterioration 

o Repairs/previous treatment

Tick Comments:

o /vccieuuio 

C ondition:
Cl Good C2 Fair C3 Poor C4 Unacceptable

W ork requ ired :

None Very little Little More

Priority:
1 2 3 4

Recorder.................. Date. .2003
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