CHAPTER I

LITERATURE REVIEW

THE CULTURAL PROPERTIES

Cultural Propertles comprise of obgects of cultural,
artistic or historic significance could be characterised vja
material used.. In term”of conservation, they can be classified
into three major categories (Kulpanthada Janposri, 1988

1. Organic materials
This ¢ould be deflned as obéects which are made from
|IVIH_? materlall %uch% leather, boné, ivory, horn, wood, paper,
textl na They are prone to deterforation by
environmenta changes

2. Inorganic materials
This “could be_defined as objects which are made from
non-living material_ They can be divided into metallic and non-
metalljc objects. The metallic obijects e.g. silver, bronze,
iron, brass, pewter can be deterforated by change in humidity of
the environment except gold which, is high’tolerance. Another
group eg. stone-carving, porcelain, glass, pottery all are
rather tolerate to deteTioration.
3. Paintings
This group .is by itself classified as another group due
to their support. which made from organic or inorganic material.
Thus, deterioration could occured I two ways.

The copservation of cultural properties mainly divided into
two methods i.e. preservation and restoration, —The preservation
IS better than restoration since if deterioration does occur, on
cultural objects, 1t 1S rather d|ff|cu|t to restorg them back to
orn{unal or in ('J ood ¢ondition. For this reasqn, the protectlon
of these valuabfe objects from deterioration is of Importance.

DETERIORATION OF CULTURAL PROPERTIES

A variety of factors, broadly classified as physical
chemical and biological, are responsiple for the deférioration of
cultural ?pertles In Prlnmple the o bjects of inor qanlc
nature are_[ess susceptible to geterioration than orga
objects. The examples of deteriorating factors are as follows:

1. Phgswal factors e.g. humldlw heat, I|

2, mical factors eg. atmosperic po Iu nts

_ 3. Biological factors e.g. human, bat, bird, rodent, plant,
insect, microbés.
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The problem of deterioration of cultural properties caused
|ca ents |s ver important in the tropical countries

a llang W ere the climate 'is hot and humid for most part of

[ The ecay and destruction of materials caused b

ca %? Hmes is termed as biodeterioration while causative

as eteriogens”,
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CLASSIFICATION OF BIODETERIORATION (Singh, 1994)

1. Mechanical biodeterioration
In this categqry, material is damaged b¥(§3hrys|cal forces
R A A HO R
ro%ents insects, anhegr pfants aﬁdybm?s ! 2

2. Chemical biodeterioration
In this case, material is attacked chemically by
8F8%rr1]|lscm3m Sg. oxidation, reduction caused by production of
a) Chemical assimilatory bjodeterjoration
The material 1s utilised as a food for metabolism of
orgamsm for example, the breakdown of cellulose in

W00
b) Chemical dissimilatory biodeterjoration .

In this case, damage 15 caused by excretion products
from the ordamsm no direct concerned with uptake of
nutrients, Tor example, production of secondary
mtectabolltes toxins, pigments, corrosive waste products,
e

3. Fouling
In this Bvrocess mater|al B de%tructed by %he presence
of the organism, Which causes B hysical opstruction, for example,
clogglng f pipelines by iron bacterra, fungal mycelium bridging
gapS in~electrical equipment,

WOOD

Wood is a natural complex substance constituted _of
cellulose, hemicellulgses, Tignin, and extractives. The polymer
substances are not uniformly d|str|buted within the wood cell
wall and their concentrations change from one morphological
region to the others.

Cellulose is predominant component accounting for 40 to 5%
of the total mass while hemicelluloses makes up a proximately 25-
40% and lignin about 18-33% (Eaton and Hale, 1993). The role of
these three substances could be compared to those of constructing
materials in the reinforced goncrete in WhICh cellulose, Tlignin,
|

|
and hemicelluloses correspond respectively to fron core. cement,
and bufferein mater?al top|mprovepthe|r b¥nd?ng (Fuﬂta and
Harada, 1991%.



The structure ang chemlcal composition of wood have

significant_jmpact on Its, degradation apd the resulting patterns
ofgdecay. The p wooden olb ects are cellulosic materlalsgsﬁlt d for
b|olog|cal agents, their blodeter|orat|n% activities are
accelérated under hot and humid copditiohs of wooden objects.
Wooden objects in the collection of the museums, art galleries
and the exposed monuments a Sizeable part of national heritage
need 8r eservation %nd consolidation treatment to ensure longevity
of these objects of art and architecture.

Figure 2.1: Chemical structure of cellulose. (Debye, 1944 cited in Morohoshi, 1991)

CELLULOSE

Cellulose is presented as the main structural component of
wood cell wall, by nature a carbohydrate material consist of
carpon (44.4%), oxy?en (49.4%), and hydrogen (6. 20@ The
molecular formula of cellulosé js expresséd as (COHIOO) .
Cellulose 1s a highly re?ular linear polymer of D-
anhydr ?Iucop ranose’ unit connected by 4—gluycosidic linkages.

Haworth formula (Figure 2.1), in whic 5|gn|f|cant chemical

featyres of cellulose “are depicted, ipdicatés that the two

termmal glucose restdyes ditfer in their chemical reactivity.
contains a cyclic hem|ac tal structure and is called the

re ucing end grodp, whereas the oth [ contains an additiona

secondary hydfoxyl group and is caIIed the nonreducing end group.

The ceIIuIéJse molecule contam% three T P 0sed h\Ydroxg/I
per anhydrogl ucose unit, whic contro he sr ctur
ties in the wood cell wall as we as many g ysical an
aI properties. In addition, their Pro perties epen
Iar we| ht and molecular welght distribution.

M 1s expressed ds the degree of polymer|sat|on
(DP = M/162) where 162 IS he molecular weight of anhydroglucose
it. As with anxf polymer, the Mof cellulose depends on fhe
he avera e molecular WEIghtS depend on the

e hnigue used
hain | ngth of

pertles of measurement methods and the
ulose. (Morohoshi,



An avera?e DP of around 10,000 has been determined for bark
and wood cellufoses but the DP of gl ant ¢ eIIuIlogses can vary

between 3,000 and 20,000 (Zabel and Morrel 92).

enz maS“ererglra da | rtles1 0{ ece(lzlaullosgrlnfslturen%e eltslnmrleclré)tblloar! to

SInZ 0f ce? ose 29 hgdgreepo# crysallﬁ:nliI , f)

dimensions of cry stalling ?ortlons of the mi cro |br|Is ang

_4% the natlllre ?_f sybstances with which the cellulose associated,
particular lignin. — (Kirk, vs

HEMICELLULOSES

Hemlcelluloses resemble cellulose, are relatively short,
branche omopo ymers and heteroPolymers of anhydrosygar units
link e kr)R/ 003|d|c bonds Unlike” cellulose moleculg, however,
each icellulose molecule is comprised of more than one kind of
sugar unlé Hemicelluloses are made ug of glugose and other
hexose an pentose sugars and theirr uronic derivatives, the
polymers gossess e%ree of polymerisation seldomly exceeds 200
(Edton an0 Hale

The types and amounts of the hemicellulgoses present in the
cell walls of hardwoo?s and softwoods are differ. ~The component
monaosacchariges are glucose, xylose, galactose, mapnose,
arabinose, rhamnose, “and fucos Whereas the uronic acids of

ucose ?al?ctose could be [linked via 1—3, 1-6, and 1—4
ycosidic linkages.



The magor hemrceIIuIO%e in hardwoods is xylan (Frgure 2.2
A) which exists usually as homopolymer of p-b-xylose mo omers
linked by 1,4-glycosjdic bonds Side chain of 4-0-methyl
glucuronic aci are Irnke via 1,2-linkages to some xylose %nrts
and while certain rox%/ roups couId e substituted
acetY (irou S. Gu omannan Frr{;ure .2 B), the major
hemicelfulose in softwoods (up to.20% of cell wall) is a
heteropolymer with backbone ‘containing p-D-mannose units |inked
Xcosrdrc bonds. Acetyl ?rouBs and galactose resiques
are attac ed to some monomers he ong. The xylan 1n
softwoods p%sfesses arah |nose side charns rather than acetyl
group.  (Zabel and Morrell, 1992

LIGNIN

Lignin, the most complex of cell-wall constituents, is a
three- dr ensional polymer of phenylpropane units which is
com ete amqrp hou and serves as an enfrustrn materral
surr un |cro Ibrils. i%;nrn molecules are” s nt esrﬁed b
oxid atrve 3) ymerrsatron of three substrtute cin alcohols
(Frgurez name pcoumar alcohol (4 roxy crnnamyl

ggo 9 §'§?JZIy? ?corlrol(x_ﬂ—h{/%)rgxy_@eﬁ% Xre(t:rlrrr])%mgrnnamyl

_ Lrgnrn composes abou 20 to 30% (in a few species the
Ir%nrn content approachs 40 %) of .the wood cell wall (%abel ﬂrd
Morrell, 1992) . "1t affords consrderable rigidity to the ce
wall and ?ecause of 1ts les hydroPhrlrc pr?pertres, It also
accounts ftor the swelling characteristics of wood.
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ULTRASTRUCTURE OF WOOD

~ The wood cell wall composed of various layers, each of
which is significantly different in their chemical composition.
Figure 2.4 llustrates the ultrastructure of wood cell,” the
middle lamella (MJ) 1s a narrow zone between contiguous ¢ells and
consists primarily of pectin and lignin, [t is derived from the
new cell plate that forms during the mitotic division of a
cambial cell into another. The primary wall r(PVV) Is initially
laid, down during enlargement and maturation of the cambial
initially into a tracheid in softwoods or fiber in hardwoods.
The wall” consists, of a loose network of mostly axially oriented
cellulose, microfibrils. The secondary wall () develops next
and consists of three successively formed layers demqnated SI,

.apd S3. The SI and S3 are narrow zones in which the
cellulose microfibrils are arranged in a flat helix. The S2,
which composes the bulk of the cell wall, consists of
microfiprils arr,anqed in a_steep helix, _oriented nearly parallel
to the longitudinal axis of the cell, The S2 I_a;rer IS~ the most
important zone of the cell wall apd is responsible for a majority
of ‘wood-strength properties, particularly 1ts remarkable tensile
strength. In~some woods, the warty layer could develop on
surface _of S3. The lumen is the ifner cell cavity of wood cell
wall. _The lumen volume, collectively, in most woods is large,
and will be seen later as the critical cell-wall zone where” most
({886213/ fungl Initiate their decay processes. (Zabel and Morrell,

Several models have been put forward to explain the _
association between the polysaccharide and I|gin|n components in
wood cell wall. It is well acce?ted that cellulose microfibrils
make up the backbone structure of the wall while the
hemicelluloses and lignin found associated between these
different component. = (Eaton and Hale, 1993

Fengel and Wegener (1989) recognised the close associations
between céllulgse-hemicelluloses and hemlcelluloses-llgnln and
Incorporated this into a model which demanstrates the Tje at
Interfaces of these components. The model also highlights  the
association of separate hemicelluloses within the Surrounding
lignin matrix (Figure 2.5

WOOD DETERIORATION AGENTS

The major age_nts and types of wood deterioration are
%(I)Iuopvsg under abiotic and biotic categories and listed as

Abi
1

o

tic damage . ) . .
eathering —primarily photodegradation by ultraviolet
ght and oxidation

=



2. Thermal decomposition —drstrllatron or_burning
a. Low-temperature exposure (below 200°C
b. Horoqor(r: temperature exposure in absence of oxygen (above

c. Combustion (above 275°C)
3. Chemical decomposition —Hhydrolysis and oxidation
a. Exposure to strong acids
b. Exposure to stron{ bases
C. SE(%r Voesrr]rtrg to strong oxidizing agents and some organic
4, Mechanrcal wear —breakage and erosion of surface
ragments

Biotic damagie
1. Animal  at ack —mechanical disruption
a. Boring.and surface rasping by .marine borers

b. Tunne |ng and excavations” by insects (termites,
boring beetles, and carpeptér ants) and marine borers
(shipworms, pholads, and isopods)

2. Decays and drscolouratron —openetration and digestion
Ce I# | etching tunneling by bacteria

Surfrace mouldrng by ungr

Sapwood staining by funr[; _

et“f by fungi “(soft rofs, brown rots, and white

The descriptions of wood damage are summarised in Table

Q_OOSZD

FUNGI AS AGENTS FOR BIODETERIORATION OF WOOD

Like all living organisms, fungi have certain requirements
for growth and survival.” The major growth needs of wood-
Inha |t|ng fungr are as follows: " (Zabel and Morrell, 1992)

Water — free Water on surfaces of cell lumen
2 Ox%/ gen —atmoslp eric oxygen at relatively low levels for
most ungr and very low levéls for some facultative
anagrobi¢ fungi

Temperature —ogtrmum range for most wood-inhabiting
fung from 15 to 45°
. ubstrate (Wood% —provide energy and metabolites for
s nt esis via metabolism

% — optimum ranqe from 3 to 6
6 hemrcal growth Tactors —nitrogen compound and
essential element

Singh (1994) su%gusted the typical decay ¢ycle of fungi on
wood (Frgure 2.6) The cycle consists of colonrzrn% hyphae that
b)ven traté and wood cells eveptually | d to “( of
When con ns are permitted this mycelium procee 1o
form fruiting bo |es and sporo phores on the “syrface In various
eates 3 1Bty AoV aRRed aage C0r wood decdy: Spared are
produced in the f¥u?t|ng bod?esgwhrch W?ren mayture pare released



into the air. Under favourable environmental conditions spores
germlna_te and set up a new round of infection. The secondary

pread . is malnlg by  the germination of spores and formation of
conducing strands.

Table 21 Major types of wood damage and their descriptions.

Weathering Ultraviolet light, Unprotected surfaces develop a
oxidation, swelling and gray colour and roughened
shrinkage, leaching, and texture
fungi
_ (¢] -

Thermal High temperature < 200 C, uniform surface

decomposition b '6gleness
> 56 C, charcoal in absence 13
oxygen, combustion around 27% C

Chemical Caustic chemicals With acids wood turns brown,

decomposition chars, and becomes brittle;

with bases wood bleaches and
defibrillates

Mechanical Mechanical forces Selective surface erosion in
damage rupturing surface tissues heavy friction zones
Insect damage Termites Localised honeycomb cavities,
wood soiled and filled with
frass
Borers Tunnels, cavities, pinholes
Ants Localised honeycomb cavities,

wood channels clean

Marine borer Shipworms Interior tunnels with
damage lime-coated walls
Pholads Large interior tunnels—near
surface
Gribbles Surface tunneling in tidal zone
Decay Fungi White Fibrous pockets or punky
texture

Brown fibrous pockets or cubical
checking pattern

Soft surface embrittlement and
exfoliation in small fragments

Moulds Fungi Coloured spores or mycelium on
the wood surface

Stains Fungi Sapwood discoloured gray,
black, brown, blue and
intensified in ray parenchyma

Ray cell and Bacteria Soft surface, ray cells

cell-wall damage destroyed, microscopic tunnels
in cell walls

Source: Zabel and Morrell (1992)



Figure 2.6: The typical decay cycle of fungi on wood. (Singh, 1994)

Two major types of wood-iphabiting fungi are decayers and
nongecayers LStarynpers) Decay funrh;r degstroygthe ceqf y(is of
wood, résulting in the change”of chemical and/ or g P/srca ,

pro ertres of wood via enzymatic activijties, whil he starnrng
fungi are responsible for thange i colour of wood

appearance of the wood attacked by these fun?| IS que to dark
brown, or greenish in some case which take pface anly in the
sapwood. summar of types of wood-inhabiting microorganisms is
depicted in Table 2.2.

Wood-rottin funr{;r are, th definition, those which can

brrng apout srgnr icant weig h 0ss and structural change in
woody trssu ree asrc es of rot are recognrsed, ea?h
consprcuousy d| rent and ta Ing Its name from the genera

appearance of decayed wood, White-rotted wood takes on g

lightened bIeached aBpearance although In the early stages of
decay, darkened and brown trnges and” streaks ma¥ oceur.” In late
stades of decay the woo&t surface dogs become sottened a B

dish brown to dark brown in

shrink a% Brown rotted wood IS re
ara ce softened to some depth when wet. At Iate s\ages
eca and when dr the wood commonly shows deep cuboida
crackrn due to shrn In soft rot; when wet the wood surface

13



is cheesy soft and considerably darkened.
surface shows fine shallow longitudinal and

When dried the rotted
cross-cracking.

Although wood attacked by brown rot fun ?I shows a similar

darkening of the surface more cracks are visible
wood and crackln? 1s much shallower hecause of
nature of the atfack. (Eaton and Hale, 1993

Table 2.2:

0TW00 |t|ng MICroorganisms.

Anatomical
features

constituents
used 5

Wood-inhabiting
microorganisms

Decayers

In soft-rotted
the superficial

sumrc]t h a%‘ the anatomical and chemical features of the major types

Causative
agents

(Cell-wall erosion and/or large bore holes formed > 2 pm)

Cell walls attacked
progressively from
lumen surface

Simultaneous All
white rots

Cell walls attacked
progressively from
lumen surface

Sequential All, but

white rots hemicelluloses
and lignin used
selectively

initially
Brown rots Carbohydrates, Entire wall zone
but lignin attacked rapidly
modified
Type 1 soft rot Carbohydrates Longitudinal bore holes
develop in secondary
wall
Type 2 soft rot Carbohydrates Secondary wall erosion

from lumen surface (in
conifers mainly the S2)

Nondecayers
(No cell-wall erosion and occasional

Sapstainers Wood extractives Invade parenchyma cells
in sapwood primarily
Moulds Wood extractives Surface growth on wet
wood
Scavengers Wood extractives Penetrate wood cells
and decay primarily through pits
residues
Source: Zabel and Morrell (1992)

are ¢

Basidiomycotina

Some Ascomycotina

Basidiomycotina

Some Ascomycotina

Basidiomycotina

Ascomycotina
Deuteromycotina
Some bacteria

Ascomycotina
Deuteromycot ina
Some bacteria

bore holes are minute < 1 pm)

Ascomycotina
Deuteromycotina

Zycomycotina
Ascomycotina
Deuteromycotina

Bacteria
Zycomycotina
Ascomycotina
Basidiomycotina
Deuteromycotina

mined

rns of attack of’ the

e mlcro orphological characteristics of deca resulnn
from Whh %n rg 8 rot attac xa ?
1s found that fundamentaH dlf eren ? atte

SI, S2, and layers occur (Figure 2

14
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ﬁ iqure 2.7: Tt}f mlcromorpholog ofdlffer?ntt &es offood d%f

WN [ e 1); mmi (ﬂe lamella;
L Sy I R

e ry layer.

Rayner and BoddK (198
here. I white rots hyphae
lumen, where they on th

8) intimated these patterns in outline
typically Penetrate into the cell

e e inner surtace of the wood cell wall.
Erosion of the cell wall may be enerallsed or localised to the
Immediate vicinity of the h forming a groove of trough with
a central ridge on WhICh the h%/ ha lies.™ New troughs are Tormed
associated with hyphal branchi which rapidly coalesce,
ultimately resultin |n progresswe ceII WaII erosion from the
lumen through the a¥ers Phae are capable of
penetratlnq the S3 lay er |nt0 S2; W en“the resultant trough
Is parallel to the mlcro fibrils its edges are smooth, but when it

cuts across the r orientation ragged edges appear as the ends. of
the cell mlcro | rlls roHect ese features imply the binding
of enzymes to gg ? h) by an external layer of mucilage;

he 1l gie ma)( r from 1 t|mate contact between the hypha and
t e 03 %I ROSSIbt}/ via surf aee tension 5
excu |ng the ehzyme-bearing mucilage from |mme |ate|y eneath

Soft rot fungl produce two distinct types of attack, termed
1 and 2. Type tack 15 similar to localiSed white-rot attack,
In that it works outward. from the lumen and results in a eroded

groove with the hypha lying on a central ridge. Type 1 attack is



characterised bY the formation of chains of cavities with pointed
r?nnrdcsrorf]rb}r]relssz ayer, with follow the orientation of the

Br wn rot has entirely different morphological effects.

Here ¥R lie on the surface ?f the S3 layer in the lumen, birt
not within it. g yP a)éer and compound mrddIe lamel
alter very little but'the S ers hecome extensively
hoIIowed out owing to removal of ceIIu ose and hemicellulosés.

CELLULOLYTIC FUNGI
Whereas manY fungr are able to degrade modified cellulose

Products only a limitéd omber are ablé to degrade cellulose in
ts natl h| hly cr}éstal form. These spécies are termed
cellufol ytrc un ungl producing the necessary enzymes for a
cell-free de%radatron of “crystalliné ceIIquse normally belong to
the e and Deuteromycete groups or to the white-rot

Ascomyce
Ba srdromycetes also degrade “crystalline ceIIquse However,
these fungi do not seem to produce exo-p—1,4-glucanases.

(E rrksson Blanchette, and Ander, 1990)

The celltilollgrtrc enzymes have been deflqu as tl] ?nzymes

hydrolysing cell there ;{ timately yielding solu be sugars
small enough to oass hrough the microbial “cell walls.  Today, a
modification of hrs defrnrtron seems necessary since, in

addt n to t Y ytic enzymes, oxidative enzymes also

partic pate |n ce Iulose degradation.

Cellulase was consrdered to be a multienzymatic system
copsisting of at least t ree enzgmatrc components  that converted
celIquse to glucose. A completé set of hy drolgtrc ceIIu ase

éymes IS mrnr)mally composed of the following énzymes (Rayner

Boddy,
1, Endo—p—14 lucan Iucanoh drolase (endoglucanase, EC
A, sy onymou% with X/I Case or cx celqulase) which
randomly hydrolyses p-1,4—glucosidic linkages.
2. Exo —glucan cellobjohydrolase (exoglucanase, EC

91 s ynonymous with Avicelase or Cl cellulase
whrch remove glucose units from nonreducing ends 0
ceIIquse moIecuIes liberating ceIIobrose or %ucose
3. p—1,4 lucohydrolase (p—glucosidase,
synonymous wrth cellobiase) whrch thronses ceIIobrose
d cello- olrgosaccharrdes to glucose

Eaton and Hale (1993) described the syner |st|c action of
these enzymes that Was shown in model (Figure

Endo%lucanafes att drolysing i)n cr staqllrne reorons and
q £ss- or ere cr sta |ne ellulose thus o en %
cell ? chains, e obiohydrofases bind llo ﬂ of
the ce uose cr%/sta ite and move along the cellulose chain
in

towards the redu gi end, cleaving off Tellohiose units from the
nonreducing ends. addition, Endoglucanases open ug various
random points of the crystallrne regions which are then

16
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mstantaneousl?{ attacked by cellobiohydrolases to prevent
reclosure of the original Scission. Further attack b _
cellobiohydrolases réleases more cellobiose units, lucosidase
converts tellobrose and short chain cellodextrins to glucose.
The exoglucohydrolase enzyme attacks soluble oligomerS released
cellulose to yield glucose molecules.

Figure 2.8: Scheme for enzymatic degradation of cellulose. (Eaton and Hale, 1993)
(), endoglucanase; A , cellobiohydrolase; BG, p-glucosidase.

CONTROL OF BIODETERIORATION (Singh, 1994)

1. Chemical control

Many toxic chemicals are available for use as wood
preservatives. The ideal wood preservative should possess the
following characteristics:

A high toxicity towards wood-destroying organisms.
Permanency iIn ‘treated wood, that i1s”low volatility
and. high Ttesistance to Ieachl_n(I].
Abllltg to. penetrate ﬁieegly Into .the wood.
Non-corrosive to metals and non-injurious to the wood
S
)

T, . L
onabl}q safe to handle and without injurious
cts on operatives and occupants.



2. Biological control

Microbial interactions and biological control methods
have received much attention during recent years as an
alternative to exwtmq chemical control methods, which cause
extensive environmental degradation, pose potential hazards to
wildlite and are of one b|,0|0g|cal_agent t0 suppress another,
This Involves placing a microorganism into a material which does
not affect the properties but which successfully prevents
Invasion by species capable of damage.

Figure 2.9: Biodeterioration cycle.

3. Environmental control

_ When considering the prevention of any form of _
biodeterioration, there are three factors which can be taken into
account; the material, the environment and the organlsm (Figure
2.9). The removal or alteration of any one of thése can prévent
the "growth of decay organism.

_ The control of the environment of a susceptible material,
instead of the application of biocides, is the oldest and still
the most widely used method of %reventlng biodeterjoration.
Traditionally, the control of physical conditions has been hy far
the most important method of preventing biodeterioration. For
example, In the use of wood in construction the object has beep
dried to prevent [ts moisture content rising to levels at which
wood rotting fungi can thrive.



The environment of material is complex and dynamic; all

?anr |ve In a biological equilibrium caIIe% |0I?g|cal

alance for an orﬁanrsm to succeed it must be in balance
rthrn rne Irmrts with the envirgnment. Its balance can he
drst rbed to render it more hostile to the organrsm less. ?rowth,
and therefore less damage, will occur. ~The |Evels of moisture
content and temperature "necessary for the safe limits of
biodeter |0rat|on are often decided much more on practical
exgjerh ee than ?n theoretical calculations gnd a knowled\%
the physiol ? the ‘microorganism concerned. However, when
situation es sych as the need to Brevent the brodeterroratron
?hfem%e(r)r s in buitlding, 1t 1s absolutely necessary to predict

) How particular temperatyre and moisture conditions
may arise and be controlled in the microenvironment
of "the substrate,

b) The effects of the interaction of physical condition
both between themselves and with othér factors on the
rowth and actrvrtx of decay organisms,
he |nterrelat|ons ip of butlding structures andg
rgtoarteerrnatlss with their environments, occupants and

The basic principle in the control of fungal %rowth IS
to render the microenvironment in or around the material in
burldrng s hostile as possible_to the settlement, germination
adsspr ad of microorganisms. This can be achieved in various
way

a) To revent or |imit brologrcal growth and
prro | eratron bY means of toxrc chemicals.
0 ensure t at the materra to he rotected |s keé)
In such ﬁ gsrca copdition that growth of bjol o iCal
agents in Severely limited or prévented entrre

The third approach will be discussed in more detail as
traditionally, the control of physical conditions has been the
most .important method of ?reventrn? biogeterioration. The
application of the ?enera principles of the control of physical
conditions and reacfions of microorganisms to these conditions
8ftten resrtrlts in the most effective™and economical prevention of
eterioration,

Microclimate and biodeterioration

The components of the mrcroclrmate cgntrrbutrng to the on
set ?f infections should not only be considered individually but
fhoud also be correlat d, for two re sons.  Firstly because the
ower thermic vaIue? e high g gromeétrie vaIues af which
mrcroor%anrsms deve 0’}3 and se?on g b cause a_relationshi
ex1sts Detween temperature, relative humid |ty in the air and
moisture content In the materrals (Gallo, 1993)



grevent biodeterioration of materials it js. thus to keep
them in rooms where temperatures and relative humidities are low.

Microclimate of roons _
ol There are many influencing factors, the main are as
ollows

a) The eoPra hical r%osmon of the museums
Qbvi us>r he climatic characterlstlcs of

geograf ICa area an its seasonal termoeygrometnc

luctuations play. a determ |n|n% role. in the “microclimate of

the museum. he |anuence of the cI|mate also depends on

the structural features of the bui

b) The characteristics and Iocat|on of the exhibition room
where the objects are. kept.

W|th|n the same bU|Id|ngp climatic differences are
?e erall H Ftvveen basement and ground floor rooms and
hose on dg 00rS
C) A|r conditioning and air-heating. _

These stablllse and modify the microclimate, moderating
or prreventln hermic and hy? romeétrie excesses.

he activities carried oul in the room.

Human activities can determine variagion in temperature
and humidity. For example, the hygrométrie level in the
room will increase_on a rainy day if a large number of
ng%%le are coming in the room and if their clothes are

0
|
I
e

BIOAEROSOL

Bipaerosgls are particles of variable biological origin,
e.g., pollen, fupgi, bacteria, viryses, protozoa, or other’
components, residues or Products of or anisms. . The collection of
bioaerosols is based on the same sam{n |ng r|nC|pIes as those for
non- b|o|oP|caI aerosols, = However, ensuring the survival or
biologrcal activity of bioaerosols during and after collection is
an important concern.

Fun%al spores are ever-present bioaergsols in the natural
environment ost spores are adapted for a|rborne dispersal, and
those present in the atmosphere WI|| be |ntro uced mdoors along

with fresh air. The size range of |9 rﬁ)ores -30 pm or
sometimes even larger, allows™ for thel transport by W|nds to
Ionq dlstance ey are often resistant \o varlous
environmental stressés such as dryness, cold, heat, and
ultraviolet radiation.

Most. fungi are saprophytic, i.e., they utilise and row on
any nonliving grganlc mpatepng rowded a¥e uae m0|stur
present. . The moisture levels re. U|re for f ng rowt are

e a sorbed rom air by

often 961 F] CIow. Su ff|C|ent moisture cap b

some 0 materials the relative humidity exceeds /70%.
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Bigaerosal concentrations have trmely varratrons of several

orders of magnitude. _ For examg concenfrations of the order of
10 103 CFU/m3"can. be fo%r homes or occupational environments.
Lower concentrations of * 102 CFU/m3 can be found in well-
ventilated facilities without significant sources. High,
concentrations with peak concentrations from 104 to as “high as
1020 CFU/m3, can occur In the environment of seriously
contaminated areas (Nevalainen et al., 1993). In most of these
environments, the concentrations vary copsiderably in time and
space. This is partly because bioaerosol sources’ do not
necessarily ﬁ nerate Partrcles contrnuotrsmy For example, spore
Bro uction” and spore release from fungal miycelium mar( cclr i
ursts under certain air humidity and veloCity conditions.

SAMPLING EFFICIENCY OF BIOAEROSOL SAMPLERS.

The overall sampling efficacy of a bioaerosol sampler can
be divided into three components (yNevaIarnen et al., .

1) The |nIet samplrn% effrcrency Is a function of the
sampler inlet ity to extract particles from air
without bias with regard to the particle size, shape,
agroaynamic behavior.

2) The removal efficiency is determined by the samplers
ability to remove the particles from arrstream and
deposit them into or onto the co ectrng me |um

3) Th brologrcal aspect o samprn%e Y
sampling and remova of biolggic artrces wrthout
altering therr via |I|ta/ or bro 0¢ |ca activity, and to
provide” the P Ber conditions for the organisms to form
colonies or e otherwise detected.

PRINCIPLE OF BIOAEROSOL SAMPLING

_ Broaerosol samEFIrn% rnvolves sea{)aratrng the particle
r,ajf ory from the air Streamline trajectoy a chieve this,
lflO ent” physical forces are applied as rIIustrated In Frgure

In Figure 2.10(a), the inertia of the particle forces jts
impaction ohto a solid or semisolid impactiq surface usually
either a culture medium, or_an adhesive surface, Applications of
this Errncrple are cascade impactors with one, two, or more

oo —

stages and slit samplers.

Fgure 2.10(h) illustrates a virtual impactor, which is
also haséd on the jnertial behavror of artrcles Size
separation of particles accurs wen e sm% low-inertia
particles follow the airflow and the large nigh-inertia particles
cross the vjrtual impaction surface and are collected oy sensed
Below this interface. An experimental sampler of this kind has
een used to collect outdoor air antigens.
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/ icl i /I y- air interface S streamline
‘particle trajectory A /11 ™ particle trajectory
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(a) solid plate impaction (b) virtual impaction (c) centrifugal impaction
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M/ trajectory
m electrical
or thermal Z
(d) filtration (e) liquid impingement (f) external force

Figure 2.10: Mechanisms of particle removal from air. (Nevalainen ef a/., 1993)

In Figure 2.10(c), The centnfugal force separates the
particle fram air streamline. |t also uses the inertial behavior
of the particle, but. in a radial geometry. The Reuter
centrifugal sampler is of this type.

0(d
p0):
nertial

The collection by filtration is shown in Figure 2%
|
on, d

The |nert|a| forces aré also responsible for sep aratln%
particles from the ajrstream. owever, in concert wit
impaction, other mechanisms such as interception, diffu
electri)statlc attraction contrlbu\e to the deposmon 0
particles onto the filter materia

S
f

Figure 2,10(e) illustrates a liguid impinger which mainly
uses inertial forces to collect particles, but dlso uses
diffusion Wlth|n the bubbles to enhance partlcle collection.
Severa “? Pengers are currently available including a
preseparating units and a multlstage Impinger.

Particles may also be removed from the airstream by
exte naIIy aPplled f?rces such as, elect |cF| forceﬁ on” charged
Pa Icle thermal forces on an aergsol flow which has a
hermal gradjent perpendicular to its flow. This principle is
11us tated in Figure 2.10(f). An electrostatic sampler has been
used for virus sampling.



l\rumerous air sam | rs have heen desrgneg for yse in
aerobiolo These samplers can be categorised as either passive
or actrve de ending on their use of forcéd air flow. Passive
techniques r Iy on the settling out of Eartrcles from the air
onto a sampling platform such as open sampling dishes with
culture medium or ?Iass slides covered with a“sticky film. This
method assumes the organrsms of Interest erI settle onto
the surfaces under gra rcr%nri IS dependent on

P_lar ticle size, wind ve ocrty and turbulance.  (Stetzenbach,

ern, and Seidler, 1992)

Inertial impaction is the most widely used mechanrsm of
%artrcle removal in bioaerosol samplers. As this stud ¥
ur arg ortabe alr sam Ier for agar plates was used or
col ectron of atmosrn errc gr he Impaction process denends
on t e particles ertial pertres, fuch as size, densi y, and
Ve ocrtg and on the impac orfs hysical parameters, such a
Inlet-n0zzle dimension and airflow "paths.

PREVIOUS WORKS IN THE PRESENT TOPIC

Singh and Tandon (1991) conducted the mycological analysis
of the aif ip the Bharat Kala Bhavan located in the” Banaras Hindu
University, Varanasi, India and reported that twentu—three
sP]ecres of fungl could be isolated from the air in. the museum.
The fungal speCies were Absidia glauca Hagem, A, Irchthermrr
(Lucet and Costantin) Lendner_ A. scabra Cocconi, A. spinosa
Lendner, Alternaria humicola Oudenmans A, tenuis Nees
Aspergillus candidus Link, A. clavatus Desmazieres, fumrgatus
Fresenium, A. flavus Link, A, nidulans ](Erdam) Wrnter A niger
Van Tieghem, A. sulphureus (Fresenrus) hom and Ch urch
terreus Thom, Circinella simplex Van Tieghem, CIadosEorrum
herbarum (Persoon) Link, Fusarium chlamydosporum Lin
Mortierella Coemans, Mucor mucedo Linne Brefeld, Penicillium
daleae Zaleski, P humuli Van Beyma, p._sclerotiorum Van Beyma

and Trichoderma rPnorum (Tode) Harz.  The study indicated that
most common fungal species eg Aspergillus flavus, A. fumigatus,
ggdlAOSnerlger cotld be isolated from museum objects containing
ul

Jain (1995) studied some brodeterroratrng com onents in the

air of central India and their impact on cultutral g gertres

The stud was made at and around Gwalior, a cultur

hist orr rd/ central ndra Outdoor aeronio ogrca ,

studies were ae gsrng glycerine jelly coat(e lides in

the Air Sampler d r replaci ng rh fresh sliges after 24

ho Hrs For ‘indoor stu 1es etr dishes rhh gotato extrﬂse agar
edium were exnosed at diffe [)en ites. T uth?r as shown

that concentration of these 10C0 rom season to

limatic conditions. A total of
from environment surrounding
inant colonies belon% to

Phycomycetes by whic

|
t s
com nents varies
$eason and marnIY Eends upon cli
3 fungal spore Were observe
hrstorrca onume ts pregom
Deuteromycetes, Ascomycetes and P



Alternaria, Aspergillus, and Pénicillium were found to be
predominant whereas Botrytis and Clodosporium were also
frequently found. other "common types were those of Candida,
Cercospora, Drechlera, Fusarjym, Phama, and Pleospora. The same
report also indicated that climatic factors such as rainfall,
temperature, and humidity played an important role in growth of
these biocomponents.

Makerji, Garg, and Mishra (1995) investigate
deterioration of museum oblrects The }( concluded
of fungal infection was very important especially

objects of organic origin, ~A wide variety of fungal species has
beén found qrowrng over the museum materials,  the ‘most’ common
ones were Alternaria, Aspergillus, Aureobasidjum, Chaetomium,
Cladosporrum Curvularia, Fusarium, Mucor, Penrcrllrum Rhizopus,
Scopulariopsis, Stachybotrys, stemphylium, and Trichoderma.

ted the fungi in
t the control

d
tha
fclr museum
a

. Pandey and Srivastava, (1995) isolated and identified the
fungi causing biodeterjoration of wood, small pieces of wood
weré kept at 9% humidity and 30°c temperature_'in a humidity and
temperature- controlled camber for ep days. . Fupgi qccuring, on
wood were isolated at weekly intervals, purified “and rdentified.
Twenty six species of fungi  were found infest on teak (Tectona
?randrs namely Alternaria alternata, Aspergillus flavus, A.
umigatus, niger, A_ nidulans, A. versicolor, Chaetomium
lobasum, C “indicum, Cladosporium cladosporioides, herbaceum,
urvularia lunata, Emericella nidulans, Fusarium solani, Humicola
fuscoatra, Paecilomycetes lilacinus, P. varioti, Pénicillium
citrinum, ‘P. funiculosum, P. javanicum, P. pinophillum, p.
notatum, Scopulariopsis brevrcaulrs Trichoderma harzranum T,
koningii, T. roseum, and T. viridae. Species of Aspergillus,
Pénicillium, and Paecilomyces were found to be dominant;

Pharuhas Luksamanapha, Uraporn Sardsud, and Morakot

Sukchotrratan (1995 |io|ate eeIIquE deeomposrng rﬂoulds from
Ton Gwen Woo en Temple located in Amphur Hang Dong,” Chian
E)rovrhce Chip of wood from three different areas of the temple
e. the left, the right, and the back and from the Sala
Chaturamuk were taken” for the |so|at|0n Czapeks agar was used
as an 1solating medium and cellulose powder as a carbon_ source.
Moulds from the surface of wood in the same areas were isolated
by s¢ra mq the surface with sterile blades, allowing the wood
articl o fall down on the agar medium in Petri dishes.

oulds from the air Were also 1Solated by exposrng the agar
medium to t arr near by for 10 minutes: All lates were
tested for ceO’ uL ytic actrvrtres bg the et?ctron of clear
zones produced wnen” grown on the carboxymethyl cellulose (CMO)
agar medrum usrnq ongo red as a staini g indicator. The
activities of cellulase were glso detectéd s Pecrfrc activities
using crude enzyme harvested from su ernatan of Czapek's broth
t(C was used as a carbon source wenty isolates were obtained
o WOO? chips, the 1remarnrn% % ‘isolates were obtained in equal
numbers. from wood surfaces and from the air. _They were
identified to be 9 genera of imperfect fungi i Fusarium
Curvularia, Cladosporrum Chalara, Lasrodrplodra Aspergillus,
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Alt?rnarla Cylindrocarpon, and one unidentified Penus All
isolates were ‘able to hydrolyse carboxymeth | celfulose. . Some of
them showed dlst|nct cléar zones and |q: s eC|f|c activity of
cellulolytic enzymes. —six enera l.e. Fusarium urvularla
Cladosporium, La3|od||olod|a Cylindrocarpon, and un| dentified
?eerr;]upslewere the possible causative agents of wood decay in this

Chulee Chaisrisook, Poonpilai Suwanarit and Chiraporn
Aranyanak (1995) surveyed a number of fungal s EGCIES distributed
in the air ‘and on wooden objects of the Bangkok National Museum
In the last decade. An alr-trapping techmque using . potato
dextrose agar as a culture medium was used to investigate the
distribution o ung% gemes In the air, The major fungal
species obtame the arr of 17 exhibition rooms were
Curvularia, Aspergillus, Trichoderma, Pénicillium, Fusarium and
one specie of yeast, Candida sp. Fungal growth on wooden
objects, e.g. musical instruments, furniture, baskets and
weapons, was_examined by swabbing technique and sticky tape
technique. The dominant species were Curvularia,
Helminthosporium, Trichoderma, Aspergillus, Alternaria,
Chaetomium, Nigrospora and Peénicillium.

Sakamoto, Kurozumi and Kenjo r(1995) reported the stydy of
effects of ajr flow for preventlnq ungal growth.  since In
Ja an, deterioration of art qbjects cadsed by fungl IS a Serious
bIem b|osensors were emgloyed to measure” the degree of fupgal
growt under certa|n circumstances. |t was observe that [ight
flow could restrained fungal ﬂrowth Thus, the comb|nat|on
of air flow with temperature umidity control makes it
possible to prevent fungal growth in circumstances where art
objects are conserved.
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