
CHAPTER II

LITERATURE REVIEW

THE CULTURAL PROPERTIES

C u l t u r a l  p r o p e r t i e s  c o m p r i s e  o f  o b j e c t s  o f  c u l t u r a l ,  
a r t i s t i c  o r  h i s t o r i c  s i g n i f i c a n c e  c o u l d  be  c h a r a c t e r i s e d  v i a  
m a t e r i a l  u s e d .  I n  t e r m  o f  c o n s e r v a t i o n ,  t h e y  c a n  b e  c l a s s i f i e d  
i n t o  t h r e e  m a j o r  c a t e g o r i e s  ( K u lp a n th a d a  J a n p o s r i ,  1 9 8 8 ) .

1. Organic materials
T h i s  c o u l d  be  d e f i n e d  a s  o b j e c t s  w h ich  a r e  made from 

l i v i n g  m a t e r i a l  s u c h  a s  l e a t h e r ,  b o n e ,  i v o r y ,  h o r n ,  wood,  p a p e r ,  
t e x t i l e ,  p a l m l e a f .  They a r e  p r o n e  t o  d e t e r i o r a t i o n  by 
e n v i r o n m e n t a l  c h a n g e s .

2. Inorganic materials
T h i s  c o u l d  be d e f i n e d  a s  o b j e c t s  w h ich  a r e  made from 

n o n - l i v i n g  m a t e r i a l .  They c a n  be  d i v i d e d  i n t o  m e t a l l i c  and  n on -  
m e t a l l i c  o b j e c t s .  The m e t a l l i c  o b j e c t s  e . g .  s i l v e r ,  b r o n z e ,  
i r o n ,  b r a s s ,  p e w t e r  can  be  d e t e r i o r a t e d  by  c h a n g e  i n  h u m i d i t y  o f  
t h e  e n v i r o n m e n t  e x c e p t  g o l d  w hich  i s  h i g h  t o l e r a n c e .  A n o th e r  
g r o u p  e . g .  s t o n e - c a r v i n g ,  p o r c e l a i n ,  g l a s s ,  p o t t e r y  a l l  a r e  
r a t h e r  t o l e r a t e  t o  d e t e r i o r a t i o n .

3. Paintings
T h i s  g r o u p  i s  by  i t s e l f  c l a s s i f i e d  a s  a n o t h e r  g r o u p  due 

t o  t h e i r  s u p p o r t  w hich  made from o r g a n i c  o r  i n o r g a n i c  m a t e r i a l .  
T h us ,  d e t e r i o r a t i o n  c o u l d  o c c u r e d  i n  two w ays .

The c o n s e r v a t i o n  o f  c u l t u r a l  p r o p e r t i e s  m a i n l y  d i v i d e d  i n t o  
two m e th o d s  i . e .  p r e s e r v a t i o n  and  r e s t o r a t i o n .  The p r e s e r v a t i o n  
i s  b e t t e r  t h a n  r e s t o r a t i o n  s i n c e  i f  d e t e r i o r a t i o n  d o e s  o c c u r  on 
c u l t u r a l  o b j e c t s ,  i t  i s  r a t h e r  d i f f i c u l t  t o  r e s t o r e  them  b a c k  t o  
o r i g i n a l  o r  i n  good  c o n d i t i o n .  For  t h i s  r e a s o n ,  t h e  p r o t e c t i o n  
o f  t h e s e  v a l u a b l e  o b j e c t s  from d e t e r i o r a t i o n  i s  o f  i m p o r t a n c e .

DETERIORATION OF CULTURAL PROPERTIES

A v a r i e t y  o f  f a c t o r s ,  b r o a d l y  c l a s s i f i e d  a s  p h y s i c a l ,  
c h e m i c a l  and  b i o l o g i c a l ,  a r e  r e s p o n s i b l e  f o r  t h e  d e t e r i o r a t i o n  o f  
c u l t u r a l  p r o p e r t i e s .  I n  p r i n c i p l e ,  t h e  o b j e c t s  o f  i n o r g a n i c  
n a t u r e  a r e  l e s s  s u s c e p t i b l e  t o  d e t e r i o r a t i o n  t h a n  o r g a n i c  
o b j e c t s .  The e x a m p le s  o f  d e t e r i o r a t i n g  f a c t o r s  a r e  a s  f o l l o w s :

1.  P h y s i c a l  f a c t o r s  e . g .  h u m i d i t y ,  h e a t ,  l i g h t .
2 .  C he m ic a l  f a c t o r s  e . g .  a t m o s p h e r i c  p o l l u t a n t s .
3 .  B i o l o g i c a l  f a c t o r s  e . g .  human, b a t ,  b i r d ,  r o d e n t ,  p l a n t ,  

i n s e c t ,  m i c r o b e s .
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The p r o b l e m  o f  d e t e r i o r a t i o n  o f  c u l t u r a l  p r o p e r t i e s  c a u s e d  
by b i o l o g i c a l  a g e n t s  i s  v e r y  i m p o r t a n t  i n  t h e  t r o p i c a l  c o u n t r i e s  
l i k e  T h a i l a n d  w he re  t h e  c l i m a t e  i s  h o t  and  humid f o r  m o s t  p a r t  o f  
t h e  y e a r .  The d e c a y  and  d e s t r u c t i o n  o f  m a t e r i a l s  c a u s e d  by  
b i o l o g i c a l  a g e n c i e s  i s  t e r m e d  a s  b i o d e t e r i o r a t i o n  w h i l e  c a u s a t i v e  
a g e n t s  a s  " b i o d e t e r i o g e n s " .

CLASSIFICATION OF BIODETERIORATION ( S in g h ,  1994)
1. Mechanical biodeterioration

I n  t h i s  c a t e g o r y ,  m a t e r i a l  i s  damaged by  p h y s i c a l  f o r c e s  
e x e r t e d  by  o r g a n i s m s ,  f o r  exam ple  d i s r u p t i o n  o f  f l o o r b o a r d s  by 
d r y  an d  w e t  r o t  f r u i t i n g  b o d i e s ,  p h y s i c a l  damage c a u s e d  by  
r o d e n t s ,  i n s e c t s ,  h i g h e r  p l a n t s  and  b i r d s .

2. Chemical biodeterioration
I n  t h i s  c a s e ,  m a t e r i a l  i s  a t t a c k e d  c h e m i c a l l y  by  

o r g a n i s m s ,  e . g .  o x i d a t i o n ,  r e d u c t i o n  c a u s e d  by  p r o d u c t i o n  o f  
o r g a n i c  a c i d s .

a) C h e m ic a l  a s s i m i l a t o r y  b i o d e t e r i o r a t i o n
The m a t e r i a l  i s  u t i l i s e d  a s  a fo o d  f o r  m e t a b o l i s m  o f  

o r g a n i s m ,  f o r  ex a m p le ,  t h e  b reakdow n o f  c e l l u l o s e  i n  
wood.
b) C h e m ic a l  d i s s i m i l a t o r y  b i o d e t e r i o r a t i o n

I n  t h i s  c a s e ,  damage i s  c a u s e d  by  e x c r e t i o n  p r o d u c t s  
f rom  t h e  o r g a n i s m ,  no d i r e c t  c o n c e r n e d  w i t h  u p t a k e  o f  
n u t r i e n t s ,  f o r  ex a m p le ,  p r o d u c t i o n  o f  s e c o n d a r y  
m e t a b o l i t e s ,  t o x i n s ,  p i g m e n t s ,  c o r r o s i v e  w a s t e  p r o d u c t s ,  
e t c .

3. Fouling
I n  t h i s  p r o c e s s ,  m a t e r i a l  i s  d e s t r u c t e d  by  t h e  p r e s e n c e  

o f  t h e  o r g a n i s m ,  w h ich  c a u s e s  p h y s i c a l  o b s t r u c t i o n ,  f o r  e x a m p le ,  
c l o g g i n g  o f  p i p e l i n e s  by i r o n  b a c t e r i a ,  f u n g a l  m y c e l iu m  b r i d g i n g  
g a p s  i n  e l e c t r i c a l  e q u i p m e n t .

WOOD

Wood i s  a n a t u r a l  complex  s u b s t a n c e  c o n s t i t u t e d  o f  
c e l l u l o s e ,  h e m i c e l l u l o s e s ,  l i g n i n ,  and  e x t r a c t i v e s .  The p o ly m e r  
s u b s t a n c e s  a r e  n o t  u n i f o r m l y  d i s t r i b u t e d  w i t h i n  t h e  wood c e l l  
w a l l  and  t h e i r  c o n c e n t r a t i o n s  change  from one m o r p h o l o g i c a l  
r e g i o n  t o  t h e  o t h e r s .

C e l l u l o s e  i s  p r e d o m i n a n t  component  a c c o u n t i n g  f o r  40 t o  55% 
o f  t h e  t o t a l  m ass  w h i l e  h e m i c e l l u l o s e s  makes up a p p r o x i m a t e l y  2 5 -  
40% and  l i g n i n  a b o u t  18-33% (E a ton  and  H a l e ,  1 9 9 3 ) .  The r o l e  o f  
t h e s e  t h r e e  s u b s t a n c e s  c o u l d  be  com pared  t o  t h o s e  o f  c o n s t r u c t i n g  
m a t e r i a l s  i n  t h e  r e i n f o r c e d  c o n c r e t e  i n  w hich  c e l l u l o s e ,  l i g n i n ,  
and  h e m i c e l l u l o s e s  c o r r e s p o n d  r e s p e c t i v e l y  t o  i r o n  c o r e ,  c e m e n t ,  
and  b u f f e r i n g  m a t e r i a l  t o  im prove  t h e i r  b i n d i n g  ( F u j i t a  and  
H a r a d a ,  1 9 9 1 ) .
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The s t r u c t u r e  and  c h e m i c a l  c o m p o s i t i o n  o f  wood hav e  
s i g n i f i c a n t  i m p a c t  on i t s  d e g r a d a t i o n  and  t h e  r e s u l t i n g  p a t t e r n s  
o f  d e c a y .  The wooden o b j e c t s  a r e  c e l l u l o s i c  m a t e r i a l s  s u i t e d  f o r  
b i o l o g i c a l  a g e n t s ,  t h e i r  b i o d e t e r i o r a t i n g  a c t i v i t i e s  a r e  
a c c e l e r a t e d  u n d e r  h o t  and  humid  c o n d i t i o n s  o f  wooden o b j e c t s .  
Wooden o b j e c t s  i n  t h e  c o l l e c t i o n  o f  t h e  museums,  a r t  g a l l e r i e s  
and  t h e  e x p o s e d  monuments  a s i z e a b l e  p a r t  o f  n a t i o n a l  h e r i t a g e  
n e e d  p r e s e r v a t i o n  and  c o n s o l i d a t i o n  t r e a t m e n t  t o  e n s u r e  l o n g e v i t y  
o f  t h e s e  o b j e c t s  o f  a r t  and  a r c h i t e c t u r e .

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

CELLULOSE

C e l l u l o s e  i s  p r e s e n t e d  a s  t h e  m a in  s t r u c t u r a l  com ponen t  o f  
wood c e l l  w a l l ,  by  n a t u r e  a c a r b o h y d r a t e  m a t e r i a l  c o n s i s t  o f  
c a r b o n  (44 .4 % ) ,  o xygen  (49 .4% ) ,  and  h y d ro g e n  (6 .2% ) .  The 
m o l e c u l a r  f o r m u l a  o f  c e l l u l o s e  i s  e x p r e s s e d  a s  (C6H10O5) ท.
C e l l u l o s e  i s  a h i g h l y  r e g u l a r  l i n e a r  p o ly m e r  o f  D- 
a n h y d r o g l u c o p y r a n o s e  u n i t  c o n n e c t e d  by  p—1,4 —g l u c o s i d i c  l i n k a g e s .  
A Hawor th  f o r m u l a  ( F i g u r e  2 . 1 ) ,  i n  w hich  s i g n i f i c a n t  c h e m i c a l  
f e a t u r e s  o f  c e l l u l o s e  a r e  d e p i c t e d ,  i n d i c a t e s  t h a t  t h e  two 
t e r m i n a l  g l u c o s e  r e s i d u e s  d i f f e r  i n  t h e i r  c h e m i c a l  r e a c t i v i t y .
One c o n t a i n s  a c y c l i c  h e m i a c e t a l  s t r u c t u r e  and  i s  c a l l e d  t h e  
r e d u c i n g  end  g r o u p ,  w h e r e a s  t h e  o t h e r  c o n t a i n s  an  a d d i t i o n a l  
s e c o n d a r y  h y d r o x y l  g r o u p  and  i s  c a l l e d  t h e  n o n r e d u c i n g  end  g r o u p .

The c e l l u l o s e  m o l e c u l e  c o n t a i n s  t h r e e  e x p o s e d  h y d r o x y l  
g r o u p s  p e r  a n h y d r o g l u c o s e  u n i t ,  w h ic h  c o n t r o l  t h e  s t r u c t u r a l  
p r o p e r t i e s  i n  t h e  wood c e l l  w a l l  a s  w e l l  a s  many p h y s i c a l  and  
c h e m i c a l  p r o p e r t i e s .  In  a d d i t i o n ,  t h e i r  p r o p e r t i e s  d e p e n d  on 
m o l e c u l a r  w e i g h t  and  m o l e c u l a r  w e i g h t  d i s t r i b u t i o n .  The 
m o l e c u l a r  w e i g h t  (M) i s  e x p r e s s e d  a s  t h e  d e g r e e  o f  p o l y m e r i s a t i o n  
(DP = M /162) ,  w here  162 i s  t h e  m o l e c u l a r  w e i g h t  o f  a n h y d r o g l u c o s e  
u n i t .  As w i t h  any  p o l y m e r ,  t h e  M o f  c e l l u l o s e  d e p e n d s  on t h e  
t e c h n i q u e  u s e d .  The a v e r a g e  m o l e c u l a r  w e i g h t s  d e p e n d  on t h e  
p r o p e r t i e s  o f  m e a s u r e m e n t  m e tho d s  and  t h e  c h a i n  l e n g t h  o f  
c e l l u l o s e .  (M o ro ho sh i ,  1991)
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An a v e r a g e  DP o f  a r o u n d  1 0 ,0 0 0  h a s  b e e n  d e t e r m i n e d  f o r  b a r k  
and  wood c e l l u l o s e s  b u t  t h e  DP o f  p l a n t  c e l l u l o s e s  c an  v a r y  
b e t w e e n  3 ,0 0 0  and  2 0 ,0 0 0  (Z ab e l  and  M o r r e l l ,  1 9 9 2 ) .

S e v e r a l  p r o p e r t i e s  o f  c e l l u l o s e  i n f l u e n c e  i t s  m i c r o b i a l  
e n z y m a t i c  d e g r a d a t i o n :  1) t h e  c a p i l l a r y  s t r u c t u r e  i n  r e l a t i o n  t o  
s i z e  o f  c e l l u l o s e ;  2) t h e  d e g r e e  o f  c r y s t a l l i n i t y ;  3) t h e  
d i m e n s i o n s  o f  t h e  c r y s t a l l i n e  p o r t i o n s  o f  t h e  m i c r o f i b r i l s ;  and 
4) t h e  n a t u r e  o f  s u b s t a n c e s  w i t h  w h ich  t h e  c e l l u l o s e  a s s o c i a t e d ,  
i n  p a r t i c u l a r  l i g n i n .  (K i r k ,  1983)

HEMICELLULOSES

H e m i c e l l u l o s e s , r e s e m b l e  c e l l u l o s e ,  a r e  r e l a t i v e l y  s h o r t ,  
b r a n c h e d  hom opolym ers  and  h e t e r o p o l y m e r s  o f  a n h y d r o s u g a r  u n i t s  
l i n k e d  by  g l y c o s i d i c  b o n d s .  U n l i k e  c e l l u l o s e  m o l e c u l e ,  h ow eve r ,  
e a c h  h e m i c e l l u l o s e  m o l e c u l e  i s  c o m p r i s e d  o f  more t h a n  one  k i n d  o f  
s u g a r  u n i t .  H e m i c e l l u l o s e s  a r e  made up o f  g l u c o s e  a n d  o t h e r  
h e x o s e  and  p e n t o s e  s u g a r s  and  t h e i r  u r o n i c  a c i d  d e r i v a t i v e s ,  t h e  
p o l y m e r s  p o s s e s s  d e g r e e  o f  p o l y m e r i s a t i o n  s e l d o m l y  e x c e e d s  200 
( E a to n  and  H a l e ,  1 9 9 3 ) .

The t y p e s  and  amounts  o f  t h e  h e m i c e l l u l o s e s  p r e s e n t  i n  t h e  
c e l l  w a l l s  o f  hardw oods  and  s o f t w o o d s  a r e  d i f f e r .  The componen t  
m o n o s a c c h a r i d e s  a r e  g l u c o s e ,  x y l o s e ,  g a l a c t o s e ,  m a n no se ,  
a r a b i n o s e ,  rh a m n o s e ,  and  f u c o s e .  Whereas  t h e  u r o n i c  a c i d s  o f  
g l u c o s e  g a l a c t o s e  c o u l d  be  l i n k e d  v i a  1—3, 1—6, a n d  1—4 
g l y c o s i d i c  l i n k a g e s .
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The m a j o r  h e m i c e l l u l o s e  i n  ha rdw oods  i s  x y l a n  ( F i g u r e  2 .2  
A) w h ich  e x i s t s  u s u a l l y  a s  homopolymer o f  p—D - x y l o s e  monomers 
l i n k e d  by  1 , 4 - g l y c o s i d i c  b o n d s .  S id e  c h a i n  o f  4 - O - m e t h y l - a - D -  
g l u c u r o n i c  a c i d  a r e  l i n k e d  v i a  1 , 2 - l i n k a g e s  t o  some x y l o s e  u n i t s ,  
and  w h i l e  c e r t a i n  h y d r o x y l s  g r o u p s  c o u l d  be s u b s t i t u t e d  by  0- 
a c e t y l  g r o u p s .  Glucomannan  ( F i g u r e  2 . 2  B ) , t h e  m a j o r  
h e m i c e l l u l o s e  i n  s o f t w o o d s  (up t o  20% o f  c e l l  w a l l )  i s  a 
h e t e r o p o l y m e r  w i t h  b ac k b o n e  c o n t a i n i n g  p—D-mannose u n i t s  l i n k e d  
by  1 , 4 —g l y c o s i d i c  b o n d s .  A c e t y l  g r o u p s  and  g a l a c t o s e  r e s i d u e s  
a r e  a t t a c h e d  t o  some monomers i n  t h e  b a c k b o n e .  The x y l a n  i n  
s o f t w o o d s  p o s s e s s e s  a r a b i n o s e  s i d e  c h a i n s  r a t h e r  t h a n  a c e t y l  
g r o u p .  ( Z a b e l  and  M o r r e l l ,  1992)

LIGNIN

L i g n i n ,  t h e  m o s t  complex  o f  c e l l - w a l l  c o n s t i t u e n t s ,  i s  a 
t h r e e - d i m e n s i o n a l  p o ly m e r  o f  p h e n y l p r o p a n e  u n i t s  w h ic h  i s  
c o m p l e t e l y  am o rp ho us  and  s e r v e s  a s  an e n c r u s t i n g  m a t e r i a l  
s u r r o u n d i n g  m i c r o f i b r i l s .  L i g n i n  m o l e c u l e s  a r e  s y n t h e s i z e d  by  
o x i d a t i v e  p o l y m e r i s a t i o n  o f  t h r e e  s u b s t i t u t e d  c in n a m y l  a l c o h o l s  
( F i g u r e  2 . 3 )  n a m e ly :  p - c o u m a r y l  a l c o h o l  (4—h y d r o x y  c in n a m y l  
a l c o h o l ) , c o n i f e r y l  a l c o h o l  (4—h y d ro x y —3—m ethoxy  c in n a m y l  
a l c o h o l ) ,  and  s i n a p y l  a l c o h o l  (4—h y d ro x y —3 , 5 —d im e t h o x y  c in n a m y l  
a l c o h o l ) .

L i g n i n  com poses  a b o u t  20 t o  30% ( i n  a few s p e c i e s  t h e  
l i g n i n  c o n t e n t  a p p r o a c h s  40%) o f  t h e  wood c e l l  w a l l  (Z a b e l  and  
M o r r e l l ,  1992) . I t  a f f o r d s  c o n s i d e r a b l e  r i g i d i t y  t o  t h e  c e l l  
w a l l  a n d  b e c a u s e  o f  i t s  l e s s  h y d r o p h i l i c  p r o p e r t i e s ;  i t  a l s o  
a c c o u n t s  f o r  t h e  s w e l l i n g  c h a r a c t e r i s t i c s  o f  wood.
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Figure 2.4: The ultrastructure of wood. (Kirk, 1983)(a) The relationship of contiguous cells to each other(b) A cut-away view showing wall layers ML, middle lamella; PW, primary wall;S1, S2, S3, layers of secondary wall.
(c) The postulated relationship of hemicelluloses and lignin to the cellulose fibrils in the secondary wall
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/ / / / / /  ! / / / / / / _ ^ ,  
ร /  / / / / /  ' 1/ / / / / /  J /
I / / / / /  /  l / / / / / /  \  / / / / / /  / / / / / / // / / / / / !  ■ ■ ■/ / / / / /  
Cellulose !

/  /  / / /  /
/  /  /  /  / / - r

'  y '  •

:?e
t

(a)
Lign in

' Hem icelluloses

Cellu lose Hem icellu loses Lign in

Hydrogens bonds Lign in-hém ice llu lose 
(b ) linkages

Figure 2.5: Fengel and Wegener’s model of cellulose, hemicelluloses, and lignin associations in the wood cell wall. (Eaton and Hale, 1993)(a) Transverse view (b) Longitudinal view
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ULTRASTRUCTURE OF WOOD

The wood c e l l  w a l l  composed o f  v a r i o u s  l a y e r s ,  e a c h  o f  
w h ich  i s  s i g n i f i c a n t l y  d i f f e r e n t  i n  t h e i r  c h e m i c a l  c o m p o s i t i o n .  
F i g u r e  2 . 4  i l l u s t r a t e s  t h e  u l t r a s t r u c t u r e  o f  wood c e l l ,  t h e  
m i d d l e  l a m e l l a  (ML) i s  a n a r r o w  zone  b e tw e e n  c o n t i g u o u s  c e l l s  and 
c o n s i s t s  p r i m a r i l y  o f  p e c t i n  and  l i g n i n .  I t  i s  d e r i v e d  f rom  t h e  
new c e l l  p l a t e  t h a t  fo rm s  d u r i n g  t h e  m i t o t i c  d i v i s i o n  o f  a 
c a m b i a l  c e l l  i n t o  a n o t h e r .  The p r i m a r y  w a l l  (PW) i s  i n i t i a l l y  
l a i d  down d u r i n g  e n l a r g e m e n t  and  m a t u r a t i o n  o f  t h e  c a m b i a l  
i n i t i a l l y  i n t o  a t r a c h e i d  i n  s o f t w o o d s  o r  f i b e r  i n  h a r d w o o d s .
The w a l l  c o n s i s t s  o f  a l o o s e  n e t w o r k  o f  m o s t l y  a x i a l l y  o r i e n t e d  
c e l l u l o s e  m i c r o f i b r i l s .  The s e c o n d a r y  w a l l  (รพ) d e v e l o p s  n e x t  
and  c o n s i s t s  o f  t h r e e  s u c c e s s i v e l y  fo rm ed  l a y e r s  d e s i g n a t e d  S I ,  
S2,  and  S3.  The SI and  S3 a r e  n a r r o w  z on e s  i n  w h ich  t h e  
c e l l u l o s e  m i c r o f i b r i l s  a r e  a r r a n g e d  i n  a f l a t  h e l i x .  The S2,  
w h ich  com poses  t h e  b u l k  o f  t h e  c e l l  w a l l ,  c o n s i s t s  o f  
m i c r o f i b r i l s  a r r a n g e d  i n  a s t e e p  h e l i x ,  o r i e n t e d  n e a r l y  p a r a l l e l  
t o  t h e  l o n g i t u d i n a l  a x i s  o f  t h e  c e l l .  The S2 l a y e r  i s  t h e  m os t  
i m p o r t a n t  zone  o f  t h e  c e l l  w a l l  and  i s  r e s p o n s i b l e  f o r  a m a j o r i t y  
o f  w o o d - s t r e n g t h  p r o p e r t i e s ,  p a r t i c u l a r l y  i t s  r e m a r k a b l e  t e n s i l e  
s t r e n g t h .  I n  some woods ,  t h e  w a r t y  l a y e r  c o u l d  d e v e l o p  on 
s u r f a c e  o f  S3.  The lumen i s  t h e  i n n e r  c e l l  c a v i t y  o f  wood c e l l  
w a l l .  The lumen vo lum e,  c o l l e c t i v e l y ,  i n  m o s t  woods i s  l a r g e ,  
and  w i l l  b e  s e e n  l a t e r  a s  t h e  c r i t i c a l  c e l l - w a l l  zone  w here  mos t  
d e c a y  f u n g i  i n i t i a t e  t h e i r  d e c a y  p r o c e s s e s .  ( Z a b e l  a n d  M o r r e l l ,  
1992)

S e v e r a l  m o d e l s  have  b e e n  p u t  f o r w a r d  t o  e x p l a i n  t h e  
a s s o c i a t i o n  b e t w e e n  t h e  p o l y s a c c h a r i d e  and  l i g n i n  co m p o n e n t s  i n  
wood c e l l  w a l l .  I t  i s  w e l l  a c c e p t e d  t h a t  c e l l u l o s e  m i c r o f i b r i l s  
make up t h e  b a c k b o n e  s t r u c t u r e  o f  t h e  w a l l  w h i l e  t h e  
h e m i c e l l u l o s e s  and  l i g n i n  fou nd  a s s o c i a t e d  b e t w e e n  t h e s e  
d i f f e r e n t  co m p o n en t .  (E a ton  and  H a l e ,  1993)

F e n g e l  a n d  Wegener (1989) r e c o g n i s e d  t h e  c l o s e  a s s o c i a t i o n s  
b e t w e e n  c e l l u l o s e - h e m i c e l l u l o s e s  and  h e m i c e l l u l o s e s - l i g n i n  and  
i n c o r p o r a t e d  t h i s  i n t o  a model  w hich  d e m o n s t r a t e s  t h e  t i e  a t  
i n t e r f a c e s  o f  t h e s e  co m p o n en t s .  The model  a l s o  h i g h l i g h t s  t h e  
a s s o c i a t i o n  o f  s e p a r a t e  h e m i c e l l u l o s e s  w i t h i n  t h e  s u r r o u n d i n g  
l i g n i n  m a t r i x  ( F i g u r e  2 . 5 ) .

WOOD DETERIORATION AGENTS

The m a j o r  a g e n t s  and  t y p e s  o f  wood d e t e r i o r a t i o n  a r e  
g r o u p e d  u n d e r  a b i o t i c  and  b i o t i c  c a t e g o r i e s  and  l i s t e d  a s  
f o l l o w s  ะ

Abiotic damage
1.  W e a t h e r i n g  — p r i m a r i l y  p h o t o d e g r a d a t i o n  by  u l t r a v i o l e t  

l i g h t  and  o x i d a t i o n
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2 .  T h e rm a l  d e c o m p o s i t i o n  — d i s t i l l a t i o n  o r  b u r n i n g
a .  L o w - t e m p e r a t u r e  e x p o s u r e  (be low 200°C)
b .  H i g h - t e m p e r a t u r e  e x p o s u r e  i n  a b s e n c e  o f  oxyg en  (above  

200°C)
c .  C o m b u s t io n  (above  275°C)

3.  C h e m ic a l  d e c o m p o s i t i o n  — h y d r o l y s i s  and  o x i d a t i o n
a .  E x p o s u r e  t o  s t r o n g  a c i d s
b .  E x p o s u r e  t o  s t r o n g  b a s e s
c .  E x p o s u r e  t o  s t r o n g  o x i d i z i n g  a g e n t s  and  some o r g a n i c  

s o l v e n t s
4.  M e c h a n i c a l  w ea r  — b r e a k a g e  and  e r o s i o n  o f  s u r f a c e  

f r a g m e n t s
Biotic damage
1.  Animal  a t t a c k  — m e c h a n i c a l  d i s r u p t i o n

a .  B o r i n g  and  s u r f a c e  r a s p i n g  by m a r i n e  b o r e r s
b .  T u n n e l i n g  and  e x c a v a t i o n s  by  i n s e c t s  ( t e r m i t e s ,  

b o r i n g  b e e t l e s ,  and  c a r p e n t e r  a n t s )  and  m a r i n e  b o r e r s  
( s h ip w o rm s ,  p h o l a d s ,  and  i s o p o d s )

2 .  Decays and  d i s c o l o u r a t i o n  — p e n e t r a t i o n  a n d  d i g e s t i o n
a .  C e l l - w a l l  e t c h i n g  and  t u n n e l i n g  by  b a c t e r i a
b .  S u r f a c e  m o u ld in g  by  f u n g i
c .  Sapwood s t a i n i n g  by  f u n g i
d .  Decay by  f u n g i  ( s o f t  r o t s ,  brown r o t s ,  and  w h i t e  

r o t s  )
The d e s c r i p t i o n s  o f  wood damage a r e  s u m m a r i s e d  i n  T a b l e

FUNGI AS AGENTS FOR BIODETERIORATION OF WOOD

L ik e  a l l  l i v i n g  o r g a n i s m s ,  f u n g i  have  c e r t a i n  r e q u i r e m e n t s  
f o r  g r o w th  a n d  s u r v i v a l .  The m a j o r  g ro w th  n e e d s  o f  wood- 
i n h a b i t i n g  f u n g i  a r e  a s  f o l l o w s :  (Z ab e l  and  M o r r e l l ,  1992)

1. W a te r  — f r e e  w a t e r  on s u r f a c e s  o f  c e l l  lumen
2 .  Oxygen — a t m o s p h e r i c  oxygen  a t  r e l a t i v e l y  low l e v e l s  f o r  
m o s t  f u n g i  and  v e r y  low l e v e l s  f o r  some f a c u l t a t i v e  
a n a e r o b i c  f u n g i
3.  T e m p e r a t u r e  — opt imum r a n g e  f o r  m os t  w o o d - i n h a b i t i n g  
f u n g i  f rom  15 t o  45°c
4.  S u b s t r a t e  (Wood) — p r o v i d e  e n e r g y  and  m e t a b o l i t e s  f o r  
s y n t h e s i s  v i a  m e t a b o l i s m
5. pH — opt imum r a n g e  from 3 t o  6
6.  C h e m ic a l  g r o w th  f a c t o r s  — n i t r o g e n  compound and  
e s s e n t i a l  e l e m e n t
S in g h  (1994) s u g g u s t e d  t h e  t y p i c a l  d e c a y  c y c l e  o f  f u n g i  on 

wood ( F i g u r e  2 . 6 ) .  The c y c l e  c o n s i s t s  o f  c o l o n i z i n g  h y p h ae  t h a t  
p e n e t r a t e  and  r a m i f y  wood c e l l s  e v e n t u a l l y  l e a d  t o  t h e  d e c a y  o f  
wood.  When c o n d i t i o n s  a r e  p e r m i t t e d  t h i s  m y c e l ium  p r o c e e d  t o  
fo rm f r u i t i n g  b o d i e s  and  s p o r o p h o r e s  on t h e  s u r f a c e  i n  v a r i o u s  
fo rm s  and  s h a p e s .  The a p p e a r a n c e  o f  f r u i t  b o d i e s  u s u a l l y  
i n d i c a t e s  a f a i r l y  a d v a n c e d  s t a g e  o f  wood d e c a y .  S p o r e s  a r e  
p r o d u c e d  i n  t h e  f r u i t i n g  b o d i e s  w h ic h ,  when m a t u r e ,  a r e  r e l e a s e d
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i n t o  t h e  a i r .  Under f a v o u r a b l e  e n v i  
g e r m i n a t e  and  s e t  up a new r o u n d  o f  
s p r e a d  i s  m a i n l y  by  t h e  g e r m i n a t i o n  
c o n d u c i n g  s t r a n d s .

r o n m e n t a l  c o n d i t i o n s  s p o r e s  
i n f e c t i o n .  The s e c o n d a r y  
o f  s p o r e s  and  f o r m a t i o n  o f

Table 2.1 ะ Major types of wood damage and their descriptions.

Weathering

Thermal
decomposition

Chemical
decomposition

Mechanical
damage

Ultraviolet light, 
oxidation, swelling and 
shrinkage, leaching, and 
fungi

Unprotected surfaces develop a 
gray colour and roughened 
texture

High temperature < 200°c, uniform surface
brittleness> 200°c, charcoal in absence of 
oxygen, combustion around 275°c

Caustic chemicals With acids wood turns brown,
chars, and becomes brittle; 
with bases wood bleaches and 
defibrillates

Mechanical forces Selective surface erosion in
rupturing surface tissues heavy friction zones

Insect damage Termites

Borers
Ants

Localised honeycomb cavities, 
wood soiled and filled with 
f rass

Tunnels, cavities, pinholes 
Localised honeycomb cavities, 
wood channels clean

Marine borer Shipworms
damage

Pholads

Gribbles

Decay Fungi

Moulds Fungi

Interior tunnels with 
lime-coated walls

Large interior tunnels—near 
surface

Surface tunneling in tidal zone

White fibrous pockets or punky 
texture

Brown fibrous pockets or cubical 
checking pattern

Soft surface embrittlement and 
exfoliation in small fragments

Coloured spores or mycelium on 
the wood surface

Stains Fungi

Ray cell and Bacteria
cell-wall damage

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

Source: Zabel and Morrell (1992)

Soft surface, ray cells 
destroyed, microscopic tunnels 
in cell walls
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Figure 2.6: The typical decay cycle of fungi on wood. (Singh, 1994)

Two m a j o r  t y p e s  o f  w o o d - i n h a b i t i n g  f u n g i  a r e  d e c a y e r s  and  
n o n d e c a y e r s  ( S t a i n e r s ) . Decay f u n g i  d e s t r o y  t h e  c e l l  w a l l s  o f  
wood,  r e s u l t i n g  i n  t h e  change  o f  c h e m i c a l  a n d / o r  p h y s i c a l  
p r o p e r t i e s  o f  wood v i a  e n z y m a t i c  a c t i v i t i e s ,  w h i l e  t h e  s t a i n i n g  
f u n g i  a r e  r e s p o n s i b l e  f o r  change  i n  c o l o u r  o f  wood.  The 
a p p e a r a n c e  o f  t h e  wood a t t a c k e d  by  t h e s e  f u n g i  i s  b l u e  t o  d a r k  
b rown ,  o r  g r e e n i s h  i n  some c a s e  w hich  t a k e  p l a c e  o n l y  i n  t h e  
sapwood .  A summary o f  t y p e s  o f  w o o d - i n h a b i t i n g  m i c r o o r g a n i s m s  i s  
d e p i c t e d  i n  T a b l e  2 . 2 .

W o o d - r o t t i n g  f u n g i  a r e ,  by  d e f i n i t i o n ,  t h o s e  w h ic h  can  
b r i n g  a b o u t  s i g n i f i c a n t  w e i g h t  l o s s  and  s t r u c t u r a l  c h a n g e  i n  
woody t i s s u e s .  T h r e e  b a s i c  t y p e s  o f  r o t  a r e  r e c o g n i s e d ,  e a c h  
c o n s p i c u o u s l y  d i f f e r e n t  and  t a k i n g  i t s  name f rom  t h e  g e n e r a l  
a p p e a r a n c e  o f  t h e  d e c a y e d  wood, w h i t e - r o t t e d  wood t a k e s  on a 
l i g h t e n e d  b l e a c h e d  a p p e a r a n c e  a l t h o u g h  i n  t h e  e a r l y  s t a g e s  o f  
d e c a y ,  d a r k e n e d  and  brown t i n g e s  and  s t r e a k s  may o c c u r .  I n  l a t e  
s t a g e s  o f  d e c a y  t h e  wood s u r f a c e  d oe s  become s o f t e n e d  and  
s h r i n k a g e .  B r o w n - r o t t e d  wood i s  r e d d i s h  brown t o  d a r k  brown i n  
a p p e a r a n c e  a n d  s o f t e n e d  t o  some d e p t h  when w e t .  At l a t e  s t a g e s  
o f  d e c a y  a n d  when d r y  t h e  wood commonly shows d e e p  c u b o i d a l  
c r a c k i n g  due  t o  s h i n k a g e .  I n  s o f t  r o t ,  when w et  t h e  wood s u r f a c e
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i s  c h e e s y  s o f t  a n d  c o n s i d e r a b l y  d a r k e n e d .  When d r i e d  t h e  r o t t e d  
s u r f a c e  shows f i n e  s h a l l o w  l o n g i t u d i n a l  and  c r o s s - c r a c k i n g .  
A l t h o u g h  wood a t t a c k e d  by  brown r o t  f u n g i  shows a s i m i l a r  
d a r k e n i n g  o f  t h e  s u r f a c e ,  more c r a c k s  a r e  v i s i b l e  i n  s o f t - r o t t e d  
wood and  c r a c k i n g  i s  much s h a l l o w e r  b e c a u s e  o f  t h e  s u p e r f i c i a l  
n a t u r e  o f  t h e  a t t a c k .  (E a to n  and  H a le ,  1993)

Table 2.2: A summary of the anatomical and chemical features of the major types of wood-inhabiting microorganisms.

Wood-inhabiting constituents Anatomical 
microorganisms used 5  features

Causative
agents

D e c a y e r s
(Cell-wall erosion and/or large bore holes formed > 2 pm)

Simultaneous All 
white rots

Cell walls attacked 
progressively from 
lumen surface

Basidiomycotina 
Some Ascomycotina

Sequential 
white rots

All, but 
hemicelluloses 
and lignin used 
selectively 
initially

Cell walls attacked 
progressively from 
lumen surface

Basidiomycotina 
Some Ascomycotina

Brown rots Carbohydrates, 
but lignin 
modified

Entire wall zone 
attacked rapidly

Basidiomycotina

Type 1 soft rot Carbohydrates Longitudinal bore holes 
develop in secondary 
wall

Ascomycotina 
Deuteromycotina 
Some bacteria

Type 2 soft rot Carbohydrates Secondary wall erosion 
from lumen surface (in 
conifers mainly the S2)

Ascomycotina 
Deuteromycot ina 
Some bacteria

N o n d e c a y e r s
(No cell-wall erosion and occasional bore holes are minute < 1 pm)

Sapstainers Wood extractives Invade parenchyma cells 
in sapwood primarily

Ascomycotina
Deuteromycotina

Moulds Wood extractives Surface growth on wet 
wood

Zycomycotina
Ascomycotina
Deuteromycotina

Scavengers Wood extractives 
and decay 
residues

Penetrate wood cells 
primarily through pits

Bacteria
Zycomycotina
Ascomycotina
Basidiomycotina
Deuteromycotina

Source: Zabel and Morrell (1992)

The m i c r o m o r p h o l o g i c a l  c h a r a c t e r i s t i c s  o f  d e c a y  r e s u l t i n g  
from w h i t e  r o t ,  brown r o t ,  and  s o f t  r o t  a t t a c k  a r e  e x a m in e d ,  i t  
i s  f o u n d  t h a t  f u n d a m e n t a l l y  d i f f e r e n t  p a t t e r n s  o f  a t t a c k  o f  t h e  
S I ,  S2,  and  รร l a y e r s  o c c u r  ( F i g u r e  2 . 7 ) .
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Figure 2.7: The micromorphology of different types of wood decay, 
h, hyphae; b, brown rot; พ, white rot; ร, soft rot (type 1); m, middle lamella; p, primary wall; S1, S2, S3, layers of secondary wall; wa, warty layer. 
(Rayner and Boddy,1988)

R ayn e r  and  Boddy (1988) i n t i m a t e d  t h e s e  p a t t e r n s  i n  o u t l i n e  
h e r e .  I n  w h i t e  r o t s  hyphae  t y p i c a l l y  p e n e t r a t e  i n t o  t h e  c e l l  
lum en ,  w here  t h e y  l i e  on t h e  i n n e r  s u r f a c e  o f  t h e  wood c e l l  w a l l .  
E r o s i o n  o f  t h e  c e l l  w a l l  may be  g e n e r a l i s e d  o r  l o c a l i s e d  t o  t h e  
im m e d ia t e  v i c i n i t y  o f  t h e  h y p h a e ,  f o r m in g  a g r o o v e  o f  t r o u g h  w i t h  
a c e n t r a l  r i d g e  on w hich  t h e  hypha  l i e s .  New t r o u g h s  a r e  fo rm ed  
a s s o c i a t e d  w i t h  h y p h a l  b r a n c h i n g ,  w h ich  r a p i d l y  c o a l e s c e ,  
u l t i m a t e l y  r e s u l t i n g  i n  p r o g r e s s i v e  c e l l - w a l l  e r o s i o n  from t h e  
lumen t h r o u g h  t h e  S3 and  S2 l a y e r s .  The hyp h ae  a r e  c a p a b l e  o f  
p e n e t r a t i n g  t h e  S3 l a y e r  i n t o  t h e  S2;  when t h e  r e s u l t a n t  t r o u g h  
i s  p a r a l l e l  t o  t h e  m i c r o f i b r i l s  i t s  e d g e s  a r e  sm o o th ,  b u t  when i t  
c u t s  a c r o s s  t h e i r  o r i e n t a t i o n  r a g g e d  e d g e s  a p p e a r  a s  t h e  e nd s  o f  
t h e  c e l l  m i c r o f i b r i l s  p r o j e c t .  T hese  f e a t u r e s  im p ly  t h e  b i n d i n g  
o f  enzymes t o  h y p h a e ,  p e r h a p s  by  an  e x t e r n a l  l a y e r  o f  m u c i l a g e ;  
t h e  r i d g e  may r e s u l t  from i n t i m a t e  c o n t a c t  b e t w e e n  t h e  hypha  and  
t h e  c e l l  w a l l ,  p o s s i b l y  v i a  s u r f a c e - t e n s i o n  e f f e c t s ,  t h e r e b y  
e x c l u d i n g  t h e  e n z y m e - b e a r i n g  m u c i l a g e  from i m m e d i a t e l y  b e n e a t h  
t h e  h y p h a .

S o f t - r o t  f u n g i  p r o d u c e  two d i s t i n c t  t y p e s  o f  a t t a c k ,  t e r m e d  
1 a n d  2 .  Type 2 a t t a c k  i s  s i m i l a r  t o  l o c a l i s e d  w h i t e - r o t  a t t a c k ,  
i n  t h a t  i t  works  o u t w a r d  from t h e  lumen and  r e s u l t s  i n  a e r o d e d  
g r o o v e  w i t h  t h e  hypha  l y i n g  on a c e n t r a l  r i d g e .  Type 1 a t t a c k  i s
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c h a r a c t e r i s e d  by  t h e  f o r m a t i o n  o f  c h a i n s  o f  c a v i t i e s  w i t h  p o i n t e d  
e n d s  i n  t h e  S2 l a y e r ,  w i t h  f o l l o w  t h e  o r i e n t a t i o n  o f  t h e  
m i c r o f i b r i l s .

Brown r o t  h a s  e n t i r e l y  d i f f e r e n t  m o r p h o l o g i c a l  e f f e c t s .
H ere  h yp h ae  l i e  on t h e  s u r f a c e  o f  t h e  S3 l a y e r  i n  t h e  lum en ,  b u t  
n o t  w i t h i n  i t .  The h yp h ae ,  S3 l a y e r  and  compound m i d d l e  l a m e l l a  
a l t e r  v e r y  l i t t l e  b u t  t h e  S2 and  SI l a y e r s  become e x t e n s i v e l y  
h o l l o w e d  o u t  owing  t o  r em o v a l  o f  c e l l u l o s e  and  h e m i c e l l u l o s e s .

CELLULOLYTIC FUNGI

W hereas  many f u n g i  a r e  a b l e  t o  d e g r a d e  m o d i f i e d  c e l l u l o s e  
p r o d u c t s ,  o n l y  a l i m i t e d  number a r e  a b l e  t o  d e g r a d e  c e l l u l o s e  i n  
i t s  n a t i v e ,  h i g h l y  c r y s t a l l i n e  fo rm .  These  s p e c i e s  a r e  t e r m e d  
c e l l u l o l y t i c  f u n g i .  Fung i  p r o d u c i n g  t h e  n e c e s s a r y  enzymes  f o r  a 
c e l l - f r e e  d e g r a d a t i o n  o f  c r y s t a l l i n e  c e l l u l o s e  n o r m a l l y  b e l o n g  t o  
t h e  A s co m y c e te  and  D e u t e r o m y c e te  g r o u p s  o r  t o  t h e  w h i t e - r o t  
B a s i d i o m y c e t e s  a l s o  d e g r a d e  c r y s t a l l i n e  c e l l u l o s e .  However,  
t h e s e  f u n g i  do n o t  seem t o  p r o d u c e  exo -p— 1 , 4 - g l u c a n a s e s .
( E r i k s s o n ,  B l a n c h e t t e ,  and  A nder ,  1990)

The c e l l u l o l y t i c  enzymes hav e  b e e n  d e f i n e d  a s  t h e  enzymes 
h y d r o l y s i n g  c e l l u l o s e ,  t h e r e b y  u l t i m a t e l y  y i e l d i n g  s o l u b l e  s u g a r s  
s m a l l  eno u gh  t o  p a s s  t h r o u g h  t h e  m i c r o b i a l  c e l l  w a l l s .  Today ,  a 
m o d i f i c a t i o n  o f  t h i s  d e f i n i t i o n  seems n e c e s s a r y  s i n c e ,  i n  
a d d i t i o n  t o  t h e  h y d r o l y t i c  enzymes ,  o x i d a t i v e  enzymes  a l s o  
p a r t i c i p a t e  i n  c e l l u l o s e  d e g r a d a t i o n .

C e l l u l a s e  was c o n s i d e r e d  t o  be  a m u l t i e n z y m a t i c  s y s t e m  
c o n s i s t i n g  o f  a t  l e a s t  t h r e e  e n z y m a t i c  c om ponen ts  t h a t  c o n v e r t e d  
c e l l u l o s e  t o  g l u c o s e .  A c o m p l e t e  s e t  o f  h y d r o l y t i c  c e l l u l a s e  
enzymes i s  m i n i m a l l y  composed o f  t h e  f o l l o w i n g  enzymes  (R ayne r  
and  Boddy,  1988) ะ

1. Endo—p—1 , 4 —g l u c a n  g l u c a n o h y d r o l a s e  ( e n d o g l u c a n a s e ,  EC 
3 . 2 . 1 . 4 ,  synonymous w i t h  CMCase o r  c x c e l l u l a s e )  w h ich  
r a n d o m ly  h y d r o l y s e s  p—1 , 4 —g l u c o s i d i c  l i n k a g e s .

2. Exo—p—1 , 4 —g l u c a n  c e l l o b i o h y d r o l a s e  ( e x o g l u c a n a s e ,  EC 
3 . 2 . 1 . 9 1 ,  synonymous w i t h  A v i c e l a s e  o r  Cl c e l l u l a s e )  
w h ic h  remove g l u c o s e  u n i t s  from n o n r e d u c i n g  e n d s  o f  
c e l l u l o s e  m o l e c u l e s ,  l i b e r a t i n g  c e l l o b i o s e  o r  g l u c o s e .

3. p—1 , 4 —G l u c o h y d r o l a s e  (p—g l u c o s i d a s e ,  EC 3 . 2 . 1 . 2 1 ,  
synonymous  w i t h  c e l l o b i a s e )  w h ich  h y d r o l y s e s  c e l l o b i o s e  
and  c e l l o - o l i g o s a c c h a r i d e s  t o  g l u c o s e .

E a to n  a n d  H a le  (1993) d e s c r i b e d  t h e  s y n e r g i s t i c  a c t i o n  o f  
t h e s e  enzymes  t h a t  was shown i n  model  ( F i g u r e  278) .
E n d o g l u c a n a s e s  a t t a c k  by h y d r o l y s i n g  n o n - c r y s t a l l i n e  r e g i o n s  and  
r e g i o n s  o f  l e s s - o r d e r e d  c r y s t a l l i n e  c e l l u l o s e  t h u s  o p e n i n g  up 
c e l l u l o s e  c h a i n s .  The c e l l o b i o h y d r o l a s e s  b i n d  t o  t h e  e d g e s  o f  
t h e  c e l l u l o s e  c r y s t a l l i t e  and  move a l o n g  t h e  c e l l u l o s e  c h a i n  
t o w a r d s  t h e  r e d u c i n g  end ,  c l e a v i n g  o f f  c e l l o b i o s e  u n i t s  f rom  t h e  
n o n r e d u c i n g  e n d s .  I n  a d d i t i o n ,  E n d o g l u c a n a s e s  open  up v a r i o u s  
random p o i n t s  o f  t h e  c r y s t a l l i n e  r e g i o n s  w h ich  a r e  t h e n
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i n s t a n t a n e o u s l y  a t t a c k e d  by  c e l l o b i o h y d r o l a s e s  t o  p r e v e n t  
r e c l o s u r e  o f  t h e  o r i g i n a l  s c i s s i o n .  F u r t h e r  a t t a c k  by 
c e l l o b i o h y d r o l a s e s  r e l e a s e s  more c e l l o b i o s e  u n i t s ,  p—G l u c o s i d a s e  
c o n v e r t s  c e l l o b i o s e  a n d  s h o r t  c h a i n  c e l l o d e x t r i n s  t o  g l u c o s e .
The e x o g l u c o h y d r o l a s e  enzyme a t t a c k s  s o l u b l e  o l i g o m e r s  r e l e a s e d  
c e l l u l o s e  t o  y i e l d  g l u c o s e  m o l e c u l e s .

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

CONTROL OF BIODETERIORATION ( S in g h ,  1994)

1. Chemical control
Many t o x i c  c h e m i c a l s  a r e  a v a i l a b l e  f o r  u s e  a s  wood 

p r e s e r v a t i v e s .  The i d e a l  wood p r e s e r v a t i v e  s h o u l d  p o s s e s s  t h e  
f o l l o w i n g  c h a r a c t e r i s t i c s :

1) A h i g h  t o x i c i t y  t o w a r d s  w o o d - d e s t r o y i n g  o r g a n i s m s .
2) P erm anency  i n  t r e a t e d  wood,  t h a t  i s  low v o l a t i l i t y  

and  h i g h  r e s i s t a n c e  t o  l e a c h i n g .
3) A b i l i t y  t o  p e n e t r a t e  d e e p l y  i n t o  t h e  wood.
4) N o n - c o r r o s i v e  t o  m e t a l s  and  n o n - i n j u r i o u s  t o  t h e  wood 

i t s e l f .
5) R e a s o n a b l y  s a f e  t o  h a n d l e  and  w i t h o u t  i n j u r i o u s  

e f f e c t s  on o p e r a t i v e s  and  o c c u p a n t s .
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2. Biological control
M i c r o b i a l  i n t e r a c t i o n s  and  b i o l o g i c a l  c o n t r o l  m e th o d s  

h av e  r e c e i v e d  much a t t e n t i o n  d u r i n g  r e c e n t  y e a r s  a s  an 
a l t e r n a t i v e  t o  e x i s t i n g  c h e m i c a l  c o n t r o l  m e t h o d s ,  w h ic h  c a u s e  
e x t e n s i v e  e n v i r o n m e n t a l  d e g r a d a t i o n ,  p o s e  p o t e n t i a l  h a z a r d s  t o  
w i l d l i f e  and  a r e  o f  one b i o l o g i c a l  a g e n t  t o  s u p p r e s s  a n o t h e r .  
T h i s  i n v o l v e s  p l a c i n g  a m i c r o o r g a n i s m  i n t o  a m a t e r i a l  w h ich  does  
n o t  a f f e c t  t h e  p r o p e r t i e s  b u t  w h ich  s u c c e s s f u l l y  p r e v e n t s  
i n v a s i o n  by  s p e c i e s  c a p a b l e  o f  damage.

Figure 2.9: Biodeterioration cycle.

3. Environmental control
When c o n s i d e r i n g  t h e  p r e v e n t i o n  o f  any  fo rm  o f  

b i o d e t e r i o r a t i o n ,  t h e r e  a r e  t h r e e  f a c t o r s  w h ic h  c a n  be  t a k e n  i n t o  
a c c o u n t ;  t h e  m a t e r i a l ,  t h e  e n v i r o n m e n t  and  t h e  o r g a n i s m  ( F i g u r e  
2 . 9 ) .  The r e m o v a l  o r  a l t e r a t i o n  o f  any  one  o f  t h e s e  c a n  p r e v e n t  
t h e  g r o w t h  o f  d e c a y  o r g a n i s m .

The c o n t r o l  o f  t h e  e n v i r o n m e n t  o f  a s u s c e p t i b l e  m a t e r i a l ,  
i n s t e a d  o f  t h e  a p p l i c a t i o n  o f  b i o c i d e s ,  i s  t h e  o l d e s t  and  s t i l l  
t h e  m o s t  w i d e l y  u s e d  m e thod  o f  p r e v e n t i n g  b i o d e t e r i o r a t i o n .  
T r a d i t i o n a l l y ,  t h e  c o n t r o l  o f  p h y s i c a l  c o n d i t i o n s  h a s  b e e n  by  f a r  
t h e  m o s t  i m p o r t a n t  m e thod  o f  p r e v e n t i n g  b i o d e t e r i o r a t i o n .  For  
e x a m p l e ,  i n  t h e  u s e  o f  wood i n  c o n s t r u c t i o n  t h e  o b j e c t  h a s  b ee n  
d r i e d  t o  p r e v e n t  i t s  m o i s t u r e  c o n t e n t  r i s i n g  t o  l e v e l s  a t  which  
wood r o t t i n g  f u n g i  can  t h r i v e .
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The e n v i r o n m e n t  o f  m a t e r i a l  i s  com plex  a n d  d y n a m ic ;  a l l  
o r g a n i s m s  l i v e  i n  a b i o l o g i c a l  e q u i l i b r i u m  c a l l e d  a b i o l o g i c a l  
b a l a n c e ,  a n d  f o r  an  o r g a n i s m  t o  s u c c e e d  i t  m u s t  be  i n  b a l a n c e  
w i t h i n  f i n e  l i m i t s  w i t h  t h e  e n v i r o n m e n t .  I t s  b a l a n c e  c a n  be  
d i s t u r b e d  t o  r e n d e r  i t  more h o s t i l e  t o  t h e  o r g a n i s m ,  l e s s  g r o w t h ,  
and  t h e r e f o r e  l e s s  damage,  w i l l  o c c u r .  The l e v e l s  o f  m o i s t u r e  
c o n t e n t  a n d  t e m p e r a t u r e  n e c e s s a r y  f o r  t h e  s a f e  l i m i t s  o f  
b i o d e t e r i o r a t i o n  a r e  o f t e n  d e c i d e d  much more on p r a c t i c a l  
e x p e r i e n c e  t h a n  on t h e o r e t i c a l  c a l c u l a t i o n s  and  a k no w ledg e  o f  
t h e  p h y s i o l o g y  o f  t h e  m i c r o o r g a n i s m  c o n c e r n e d .  However,  when a 
s i t u a t i o n  a r i s e s  s u c h  a s  t h e  n e e d  t o  p r e v e n t  t h e  b i o d e t e r i o r a t i o n  
o f  m a t e r i a l s  i n  b u i l d i n g ,  i t  i s  a b s o l u t e l y  n e c e s s a r y  t o  p r e d i c t  
t h e  f o l l o w i n g :

a) How p a r t i c u l a r  t e m p e r a t u r e  and  m o i s t u r e  c o n d i t i o n s  
may a r i s e  and  be  c o n t r o l l e d  i n  t h e  m i c r o e n v i r o n m e n t  
o f  t h e  s u b s t r a t e .

b) The e f f e c t s  o f  t h e  i n t e r a c t i o n  o f  p h y s i c a l  c o n d i t i o n  
b o t h  b e t w e e n  t h e m s e l v e s  and  w i t h  o t h e r  f a c t o r s  on t h e  
g r o w t h  and  a c t i v i t y  o f  d e c a y  o r g a n i s m s .

c) The i n t e r r e l a t i o n s h i p  o f  b u i l d i n g  s t r u c t u r e s  and  
m a t e r i a l s  w i t h  t h e i r  e n v i r o n m e n t s ,  o c c u p a n t s  and  
c o n t e n t s .

The b a s i c  p r i n c i p l e  i n  t h e  c o n t r o l  o f  f u n g a l  g r o w t h  i s  
t o  r e n d e r  t h e  m i c r o e n v i r o n m e n t  i n  o r  a r o u n d  t h e  m a t e r i a l  i n  
b u i l d i n g  a s  h o s t i l e  a s  p o s s i b l e  t o  t h e  s e t t l e m e n t ,  g e r m i n a t i o n  
and  s p r e a d  o f  m i c r o o r g a n i s m s .  T h i s  can  be  a c h i e v e d  i n  v a r i o u s  
ways ะ

a) To p r e v e n t  o r  l i m i t  b i o l o g i c a l  g r o w th  an d  
p r o l i f e r a t i o n  by  means o f  t o x i c  c h e m i c a l s .

b) To e n s u r e  t h a t  t h e  m a t e r i a l  t o  be  p r o t e c t e d  i s  k e p t ,  
i n  s u c h  p h y s i c a l  c o n d i t i o n  t h a t  g r o w th  o f  b i o l o g i c a l  
a g e n t s  i n  s e v e r e l y  l i m i t e d  o r  p r e v e n t e d  e n t i r e l y .

The t h i r d  a p p r o a c h  w i l l  be  d i s c u s s e d  i n  more  d e t a i l  a s  
t r a d i t i o n a l l y ,  t h e  c o n t r o l  o f  p h y s i c a l  c o n d i t i o n s  h a s  b e e n  t h e  
m o s t  i m p o r t a n t  m e th o d  o f  p r e v e n t i n g  b i o d e t e r i o r a t i o n .  The 
a p p l i c a t i o n  o f  t h e  g e n e r a l  p r i n c i p l e s  o f  t h e  c o n t r o l  o f  p h y s i c a l  
c o n d i t i o n s  a n d  r e a c t i o n s  o f  m i c r o o r g a n i s m s  t o  t h e s e  c o n d i t i o n s  
o f t e n  r e s u l t s  i n  t h e  m o s t  e f f e c t i v e  and  e c o n o m i c a l  p r e v e n t i o n  o f  
d e t e r i o r a t i o n .

Microclimate and biodeterioration
The c o m p o n e n t s  o f  t h e  m i c r o c l i m a t e  c o n t r i b u t i n g  t o  t h e  on 

s e t  o f  i n f e c t i o n s  s h o u l d  n o t  o n l y  be  c o n s i d e r e d  i n d i v i d u a l l y  b u t  
s h o u l d  a l s o  be  c o r r e l a t e d ,  f o r  two r e a s o n s .  F i r s t l y  b e c a u s e  t h e  
l o w e r  t h e r m i c  v a l u e s ,  t h e  h i g h e r  t h e  h y g r o m é t r i e  v a l u e s  a t  w h ich  
m i c r o o r g a n i s m s  d e v e l o p ,  and  s e c o n d l y  b e c a u s e  a r e l a t i o n s h i p  
e x i s t s  b e t w e e n  t e m p e r a t u r e ,  r e l a t i v e  h u m i d i t y  i n  t h e  a i r  and  
m o i s t u r e  c o n t e n t  i n  t h e  m a t e r i a l s .  ( G a l l o ,  1993)
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To p r e v e n t  b i o d e t e r i o r a t i o n  o f  m a t e r i a l s  i t  i s  t h u s  t o  keep  
them i n  rooms w h e re  t e m p e r a t u r e s  and  r e l a t i v e  h u m i d i t i e s  a r e  low.

Microclimate of rooms
T h e r e  a r e  many i n f l u e n c i n g  f a c t o r s ,  t h e  m a in  a r e  a s  

f o l l o w s  ะ
a) The g e o g r a p h i c a l  p o s i t i o n  o f  t h e  museums.

O b v i o u s l y  t h e  c l i m a t i c  c h a r a c t e r i s t i c s  o f  t h e
g e o g r a p h i c a l  a r e a  and  i t s  s e a s o n a l  t h e r m o h y g r o m e t r i c  
f l u c t u a t i o n s  p l a y  a d e t e r m i n i n g  r o l e  i n  t h e  m i c r o c l i m a t e  o f  
t h e  museum. The i n f l u e n c e  o f  t h e  c l i m a t e  a l s o  d e p e n d s  on 
t h e  s t r u c t u r a l  f e a t u r e s  o f  t h e  b u i l d i n g .
b) The c h a r a c t e r i s t i c s  and  l o c a t i o n  o f  t h e  e x h i b i t i o n  room 

w here  t h e  o b j e c t s  a r e  k e p t .
W i t h i n  t h e  same b u i l d i n g ,  c l i m a t i c  d i f f e r e n c e s  a r e  

g e n e r a l l y  f o u n d  b e t w e e n  b a s e m e n t  and  g r o u n d  f l o o r  rooms and 
t h o s e  on h i g h e r  f l o o r s .
c) A i r - c o n d i t i o n i n g  and  a i r - h e a t i n g .

T hese  s t a b i l i s e  and  m o d i f y  t h e  m i c r o c l i m a t e ,  m o d e r a t i n g  
o r  p r e v e n t i n g  t h e r m i c  and  h y g r o m é t r i e  e x c e s s e s .
d) The a c t i v i t i e s  c a r r i e d  o u t  i n  t h e  room.

Human a c t i v i t i e s  c a n  d e t e r m i n e  v a r i a t i o n  i n  t e m p e r a t u r e  
and  h u m i d i t y .  For  e x a m p le ,  t h e  h y g r o m é t r i e  l e v e l  i n  t h e  
room w i l l  i n c r e a s e  on a r a i n y  day  i f  a l a r g e  number  o f  
p e o p l e  a r e  coming i n  t h e  room and  i f  t h e i r  c l o t h e s  a r e  
damp.

BIOAEROSOL

B i o a e r o s o l s  a r e  p a r t i c l e s  o f  v a r i a b l e  b i o l o g i c a l  o r i g i n ,  
e . g . ,  p o l l e n ,  f u n g i ,  b a c t e r i a ,  v i r u s e s ,  p r o t o z o a ,  o r  o t h e r  
c o m p o n e n t s ,  r e s i d u e s  o r  p r o d u c t s  o f  o r g a n i s m s .  The c o l l e c t i o n  o f  
b i o a e r o s o l s  i s  b a s e d  on t h e  same s a m p l i n g  p r i n c i p l e s  a s  t h o s e  f o r  
n o n - b i o l o g i c a l  a e r o s o l s .  However,  e n s u r i n g  t h e  s u r v i v a l  o r  
b i o l o g i c a l  a c t i v i t y  o f  b i o a e r o s o l s  d u r i n g  and  a f t e r  c o l l e c t i o n  i s  
an i m p o r t a n t  c o n c e r n .

F u n g a l  s p o r e s  a r e  e v e r - p r e s e n t  b i o a e r o s o l s  i n  t h e  n a t u r a l  
e n v i r o n m e n t .  Mos t  s p o r e s  a r e  a d a p t e d  f o r  a i r b o r n e  d i s p e r s a l ,  and  
t h o s e  p r e s e n t  i n  t h e  a t m o s p h e r e  w i l l  be  i n t r o d u c e d  i n d o o r s  a l o n g  
w i t h  f r e s h  a i r .  The s i z e  r a n g e  o f  f u n g a l  s p o r e s ,  0 . 5 - 3 0  pm o r  
s o m e t im es  e v e n  l a r g e r ,  a l l o w s  f o r  t h e i r  t r a n s p o r t  by  w inds  t o  
l o n g  d i s t a n c e s .  They a r e  o f t e n  r e s i s t a n t  t o  v a r i o u s  
e n v i r o n m e n t a l  s t r e s s e s  s u c h  a s  d r y n e s s ,  c o l d ,  h e a t ,  and  
u l t r a v i o l e t  r a d i a t i o n .

Most  f u n g i  a r e  s a p r o p h y t i c ,  i . e . ,  t h e y  u t i l i s e  and  grow on 
any  n o n l i v i n g  o r g a n i c  m a t e r i a l ,  p r o v i d e d  a d e q u a t e  m o i s t u r e  i s  
p r e s e n t .  The m o i s t u r e  l e v e l s  r e q u i r e d  f o r  f u n g a l  g r o w th  a r e  
o f t e n  q u i t e  low .  S u f f i c i e n t  m o i s t u r e  c an  be  a b s o r b e d  f rom  a i r  by  
some o r g a n i c  m a t e r i a l s ,  i f  t h e  r e l a t i v e  h u m i d i t y  e x c e e d s  70%.
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B i o a e r o s o l  c o n c e n t r a t i o n s  hav e  t i m e l y  v a r i a t i o n s  o f  s e v e r a l  
o r d e r s  o f  m a g n i t u d e .  For  ex a m p le ,  c o n c e n t r a t i o n s  o f  t h e  o r d e r  o f  
1 0 - 1 0 3 CFU/m3 c a n  be  fou nd  i n  homes o r  o c c u p a t i o n a l  e n v i r o n m e n t s .  
Lower c o n c e n t r a t i o n s  o f  ^ 102 CFU/m3 can  be  fo u n d  i n  w e l l -  
v e n t i l a t e d  f a c i l i t i e s  w i t h o u t  s i g n i f i c a n t  s o u r c e s .  High  
c o n c e n t r a t i o n s  w i t h  p e a k  c o n c e n t r a t i o n s  from 104 t o  a s  h i g h  a s  
1010 CFU/m3, c a n  o c c u r  i n  t h e  e n v i r o n m e n t  o f  s e r i o u s l y  
c o n t a m i n a t e d  a r e a s  ( N e v a l a i n e n  e t  a l . ,  1 9 9 3 ) .  I n  m o s t  o f  t h e s e  
e n v i r o n m e n t s ,  t h e  c o n c e n t r a t i o n s  v a r y  c o n s i d e r a b l y  i n  t i m e  and  
s p a c e .  T h i s  i s  p a r t l y  b e c a u s e  b i o a e r o s o l  s o u r c e s  do n o t  
n e c e s s a r i l y  g e n e r a t e  p a r t i c l e s  c o n t i n u o u s l y .  F o r  e x a m p l e ,  s p o r e  
p r o d u c t i o n  and  s p o r e  r e l e a s e  from f u n g a l  m y c e l iu m  may o c c u r  i n  
b u r s t s  u n d e r  c e r t a i n  a i r  h u m i d i t y  and  v e l o c i t y  c o n d i t i o n s .

SAMPLING EFFICIENCY OF BIOAEROSOL SAMPLERS.

The o v e r a l l  s a m p l in g  e f f i c a c y  o f  a b i o a e r o s o l  s a m p l e r  can  
be  d i v i d e d  i n t o  t h r e e  com ponen ts  ( N e v a l a i n e n  e t  a l . ,  1 9 9 3 ) :

1) The i n l e t  s a m p l in g  e f f i c i e n c y  i s  a f u n c t i o n  o f  t h e  
s a m p l e r  i n l e t ' ร a b i l i t y  t o  e x t r a c t  p a r t i c l e s  f rom  a i r  
w i t h o u t  b i a s  w i t h  r e g a r d  t o  t h e  p a r t i c l e  s i z e ,  s h a p e ,  o r  
a e r o d y n a m i c  b e h a v i o r .

2) The r e m o v a l  e f f i c i e n c y  i s  d e t e r m i n e d  by  t h e  s a m p l e r ' s  
a b i l i t y  t o  remove t h e  p a r t i c l e s  f rom  a i r s t r e a m  and  
d e p o s i t  them i n t o  o r  o n t o  t h e  c o l l e c t i n g  medium.

3) The b i o l o g i c a l  a s p e c t  o f  s a m p l in g  e f f i c a c y  i s  t h e  
s a m p l i n g  and  re m o v a l  o f  b i o l o g i c a l  p a r t i c l e s  w i t h o u t  
a l t e r i n g  t h e i r  v i a b i l i t y  o r  b i o l o g i c a l  a c t i v i t y ,  and  t o  
p r o v i d e  t h e  p r o p e r  c o n d i t i o n s  f o r  t h e  o r g a n i s m s  t o  fo rm 
c o l o n i e s  o r  t o  be  o t h e r w i s e  d e t e c t e d .

PRINCIPLE OF BIOAEROSOL SAMPLING

B i o a e r o s o l  s a m p l in g  i n v o l v e s  s e p a r a t i n g  t h e  p a r t i c l e  
t r a j e c t o r y  f rom  t h e  a i r  s t r e a m l i n e  t r a j e c t o r y .  To a c h i e v e  t h i s ,  
d i f f e r e n t  p h y s i c a l  f o r c e s  a r e  a p p l i e d  a s  i l l u s t r a t e d  i n  F i g u r e
2 .1 0 .

I n  F i g u r e  2 . 1 0 ( a ) ,  t h e  i n e r t i a  o f  t h e  p a r t i c l e  f o r c e s  i t s  
i m p a c t i o n  o n t o  a  s o l i d  o r  s e m i s o l i d  i m p a c t i o n  s u r f a c e ,  u s u a l l y  
e i t h e r  a c u l t u r e  medium, o r  an a d h e s i v e  s u r f a c e .  A p p l i c a t i o n s  o f  
t h i s  p r i n c i p l e  a r e  c a s c a d e  i m p a c t o r s  w i t h  o n e ,  tw o ,  o r  more  
s t a g e s  a n d  s l i t  s a m p l e r s .

F i g u r e  2 . 1 0 ( b )  i l l u s t r a t e s  a v i r t u a l  i m p a c t o r ,  w h ic h  i s  
a l s o  b a s e d  on t h e  i n e r t i a l  b e h a v i o r  o f  p a r t i c l e s .  s i z e  
s e p a r a t i o n  o f  p a r t i c l e s  o c c u r s  when t h e  s m a l l  l o w - i n e r t i a  
p a r t i c l e s  f o l l o w  t h e  a i r f l o w  and  t h e  l a r g e  h i g h - i n e r t i a  p a r t i c l e s  
c r o s s  t h e  v i r t u a l  i m p a c t i o n  s u r f a c e  and  a r e  c o l l e c t e d  o r  s e n s e d  
b e lo w  t h i s  i n t e r f a c e .  An e x p e r i m e n t a l  s a m p l e r  o f  t h i s  k i n d  h a s  
b e e n  u s e d  t o  c o l l e c t  o u t d o o r  a i r  a n t i g e n s .
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Figure 2.10: Mechanisms of particle removal from air. (Nevalainen ef a/., 1993)

I n  F i g u r e  2 . 1 0 ( c ) ,  The c e n t r i f u g a l  f o r c e  s e p a r a t e s  t h e  
p a r t i c l e  f rom  a i r  s t r e a m l i n e .  I t  a l s o  u s e s  t h e  i n e r t i a l  b e h a v i o r  
o f  t h e  p a r t i c l e ,  b u t  i n  a r a d i a l  g e o m e t r y .  The R e u t e r  
c e n t r i f u g a l  s a m p l e r  i s  o f  t h i s  t y p e .

The c o l l e c t i o n  by  f i l t r a t i o n  i s  shown i n  F i g u r e  2 . 1 0 ( d ) .
The i n e r t i a l  f o r c e s  a r e  a l s o  r e s p o n s i b l e  f o r  s e p a r a t i n g  t h e  
p a r t i c l e s  f rom  t h e  a i r s t r e a m .  However,  i n  c o n c e r t  w i t h  i n e r t i a l  
i m p a c t i o n ,  o t h e r  m echan ism s  s u c h  a s  i n t e r c e p t i o n ,  d i f f u s i o n ,  and  
e l e c t r o s t a t i c  a t t r a c t i o n  c o n t r i b u t e  t o  t h e  d e p o s i t i o n  o f  
p a r t i c l e s  o n t o  t h e  f i l t e r  m a t e r i a l .

F i g u r e  2 . 1 0 ( e )  i l l u s t r a t e s  a l i q u i d  i m p i n g e r  w h ic h  m a i n l y  
u s e s  i n e r t i a l  f o r c e s  t o  c o l l e c t  p a r t i c l e s ,  b u t  a l s o  u s e s  
d i f f u s i o n  w i t h i n  t h e  b u b b l e s  t o  e n h a n c e  p a r t i c l e  c o l l e c t i o n .  
S e v e r a l  l i q u i d  i m p e n g e r s  a r e  c u r r e n t l y  a v a i l a b l e  i n c l u d i n g  a 
p r e s e p a r a t i n g  u n i t s  and  a m u l t i s t a g e  i m p i n g e r .

P a r t i c l e s  may a l s o  be  removed  from t h e  a i r s t r e a m  by 
e x t e r n a l l y  a p p l i e d  f o r c e s ,  s u c h  a s ,  e l e c t r i c a l  f o r c e s  on c h a r g e d  
p a r t i c l e s ,  o r  t h e r m a l  f o r c e s  on an a e r o s o l  f l o w  w h ic h  h a s  a 
t h e r m a l  g r a d i e n t  p e r p e n d i c u l a r  t o  i t s  f l o w .  T h i s  p r i n c i p l e  i s  
i l l u s t r a t e d  i n  F i g u r e  2 . 1 0 ( f ) .  An e l e c t r o s t a t i c  s a m p l e r  h a s  b ee n  
u s e d  f o r  v i r u s  s a m p l i n g .
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Numerous a i r  s a m p l e r s  hav e  b e e n  d e s i g n e d  f o r  u s e  i n  
a e r o b i o l o g y .  T h es e  s a m p l e r s  c an  be  c a t e g o r i s e d  a s  e i t h e r  p a s s i v e  
o r  a c t i v e  d e p e n d i n g  on t h e i r  u s e  o f  f o r c e d  a i r  f l o w .  P a s s i v e  
t e c h n i q u e s  r e l y  on t h e  s e t t l i n g  o u t  o f  p a r t i c l e s  f rom  t h e  a i r  
o n t o  a s a m p l i n g  p l a t f o r m  s u c h  a s  open  s a m p l i n g  d i s h e s  w i t h  
c u l t u r e  medium o r  g l a s s  s l i d e s  c o v e r e d  w i t h  a s t i c k y  f i l m .  T h i s  
m e th o d  a s su m e s  t h a t  t h e  o r g a n i s m s  o f  i n t e r e s t  w i l l  s e t t l e  o n t o  
t h e  s u r f a c e s  u n d e r  g r a v i t y  and  e f f i c i e n c y  i s  d e p e n d e n t  on 
p a r t i c l e  s i z e ,  w ind  v e l o c i t y ,  and  t u r b u l a n c e .  ( S t e t z e n b a c h ,
H ern ,  and  S e i d l e r ,  1992)

I n e r t i a l  i m p a c t i o n  i s  t h e  m o s t  w i d e l y  u s e d  m echan ism  o f  
p a r t i c l e  r e m o v a l  i n  b i o a e r o s o l  s a m p l e r s .  As t h i s  s t u d y ,  t h e  
B u r k a r d  p o r t a b l e  a i r  s a m p l e r  f o r  a g a r  p l a t e s  was u s e d  f o r  
c o l l e c t i o n  o f  a t m o s p h e r i c  f u n g i .  The i m p a c t i o n  p r o c e s s  d ep e n d s  
on t h e  p a r t i c l e s ' '  i n e r t i a l  p r o p e r t i e s ,  s u c h  a s  s i z e ,  d e n s i t y ,  and 
v e l o c i t y ,  and  on t h e  i m p a c t o r ' s  p h y s i c a l  p a r a m e t e r s ,  s u c h  a s  
i n l e t - n o z z l e  d i m e n s i o n  and  a i r f l o w  p a t h s .

PREVIOUS WORKS IN THE PRESENT TOPIC

S in g h  and  Tandon (1991) c o n d u c t e d  t h e  m y c o l o g i c a l  a n a l y s i s  
o f  t h e  a i r  i n  t h e  B h a r a t  K a la  Bhavan l o c a t e d  i n  t h e  B a n a r a s  Hindu 
U n i v e r s i t y ,  V a r a n a s i ,  I n d i a  and  r e p o r t e d  t h a t  t w e n t y —t h r e e  
s p e c i e s  o f  f u n g i  c o u l d  be  i s o l a t e d  f rom  t h e  a i r  i n  t h e  museum.
The f u n g a l  s p e c i e s  were  A b s id ia  g la u c a  Hagem, A. l i c h t h e i m i i  
( L u c e t  a n d  C o s t a n t i n )  L e n d n e r ,  A. sc a b ra  C o c c o n i ,  A. s p in o s a  
L e n d n e r ,  A l t e r n a r i a  h u m ic o la  Oudenmans,  A. t e n u i s  N ees ,  
A s p e r g i l l u s  c a n d id u s  L in k ,  A. c l a v a t u s  D e s m a z i e r e s ,  A. fu m ig a tu s  
F r e s e n i u m ,  A. f l a v u s  L in k ,  A. n id u la n s  (Eidam) w i n t e r ,  A. n ig e r  
Van Tieghem ,  A. s u lp h u r e u s  ( F r e s e n i u s )  Thom and  C h u rc h ,  A. 
t e r r e u s  Thom, C i r c i n e l l a  s im p le x  Van Tieghem ,  C la d o sp o r iu m  
h erba ru m  (P e r s o o n )  L in k ,  F u sa riu m  ch la m yd o sp o ru m  L i n k ,
M o r t i e r e l l a  Coemans,  M ucor m ucedo  L in n é  B r e f e l d ,  P é n i c i l l i u m  
d a le a e  Z a l e s k i ,  p . h u m u li  Van Beyma, p . s c l e r o t i o r u m  Van Beyma 
and  T rich o d erm a  l ig n o r u m  (Tode) H a r z .  The s t u d y  i n d i c a t e d  t h a t  
m o s t  common f u n g a l  s p e c i e s  e . g .  A s p e r g i l l u s  f l a v u s , A . f u m ig a tu s , 
and  A. n i g e r  c o u l d  be  i s o l a t e d  from museum o b j e c t s  c o n t a i n i n g  
c e l l u l o s e ^

J a i n  (1995) s t u d i e d  some b i o d e t e r i o r a t i n g  co m p o n en t s  i n  t h e  
a i r  o f  c e n t r a l  I n d i a  and  t h e i r  i m p a c t  on c u l t u r a l  p r o p e r t i e s .
The s t u d y  was made a t  and  a r o u n d  G w a l i o r ,  a c u l t u r a l  and  
h i s t o r i c a l  c i t y  o f  c e n t r a l  I n d i a .  O u td o o r  a e r o b i o l o g i c a l  
s t u d i e s  w ere  made by  e x p o s i n g  g l y c e r i n e  j e l l y  c o a t e d  s l i d e s  i n  
t h e  A i r  S am p le r  d a i l y  and  r e p l a c i n g  w i t h  f r e s h  s l i d e s  a f t e r  24 
h o u r s .  For  i n d o o r  s t u d i e s  P e t r i  d i s h e s  w i t h  p o t a t o  d e x t r o s e  a g a r  
medium w ere  e x p o s e d  a t  d i f f e r e n t  s i t e s .  The a u t h o r  h a s  shown 
t h a t  c o n c e n t r a t i o n  o f  t h e s e  b i o c o m p o n e n t s  v a r i e s  f rom  s e a s o n  t o  
s e a s o n  and  m a i n l y  d e p e n d s  upon c l i m a t i c  c o n d i t i o n s .  A t o t a l  o f  
23 f u n g a l  s p o r e  t y p e s  were  o b s e r v e d  f rom  e n v i r o n m e n t  s u r r o u n d i n g  
h i s t o r i c a l  m onuments .  The p r e d o m i n a n t  c o l o n i e s  b e l o n g  t o  
D e u t e r o m y c e t e s ,  A s c o m y c e t e s ,  and  P hy com y ce te s  b y  w h ich
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A l t e r n a r i a , A s p e r g i l l u s , and  P é n i c i l l i u m  were  f o u n d  t o  be  
p r e d o m i n a n t  w h e r e a s  B o t r y t i s  and  C lo d o sp o r iu m  w ere  a l s o  
f r e q u e n t l y  f o u n d .  o t h e r  common t y p e s  were  t h o s e  o f  C a n d id a , 
C e r c o s p o r a , D r e c h le r a ,  F u sa r iu m , Phama, and  P le o s p o r a .  The same 
r e p o r t  a l s o  i n d i c a t e d  t h a t  c l i m a t i c  f a c t o r s  s u c h  a s  r a i n f a l l ,  
t e m p e r a t u r e ,  a n d  h u m i d i t y  p l a y e d  an  i m p o r t a n t  r o l e  i n  g r o w t h  o f  
t h e s e  b i o c o m p o n e n t s .

M a k e r j i ,  G arg ,  and  M is h r a  (1995) i n v e s t i g a t e d  t h e  f u n g i  i n  
d e t e r i o r a t i o n  o f  museum o b j e c t s .  They c o n c l u d e d  t h a t  t h e  c o n t r o l  
o f  f u n g a l  i n f e c t i o n  was v e r y  i m p o r t a n t  e s p e c i a l l y  f o r  museum 
o b j e c t s  o f  o r g a n i c  o r i g i n .  A wide  v a r i e t y  o f  f u n g a l  s p e c i e s  h as  
b e e n  fo u n d  g r o w i n g  o v e r  t h e  museum m a t e r i a l s ,  t h e  m o s t  common 
o n e s  w ere  A l t e r n a r i a , A s p e r g i l l u s , A u r e o b a s id iu m , C haetom ium , 
C la d o s p o r iu m , C u r v u la r ia , F u sa r iu m , M ucor, P é n i c i l l i u m ,  R h iz o p u s ,  
S c o p u l a r i o p s i s , S t a c h y b o t r y s , s te m p h y l iu m ,  and  T r ic h o d e rm a .

P andey  a n d  S r i v a s t a v a  (1995) i s o l a t e d  and  i d e n t i f i e d  t h e  
f u n g i  c a u s i n g  b i o d e t e r i o r a t i o n  o f  wood, s m a l l  p i e c e s  o f  wood 
w ere  k e p t  a t  95% h u m i d i t y  and  30°c t e m p e r a t u r e  i n  a h u m i d i t y  and  
t e m p e r a t u r e - c o n t r o l l e d  chamber f o r  60 d a y s .  F u n g i  o c c u r i n g  on 
wood w ere  i s o l a t e d  a t  w ee k ly  i n t e r v a l s ,  p u r i f i e d  a n d  i d e n t i f i e d .  
Twenty  s i x  s p e c i e s  o f  f u n g i  were  fou nd  i n f e s t  on t e a k  (T e c to n a  
g r a n d is )  n am e ly  A l t e r n a r i a  a l t e r n a t a , A s p e r g i l l u s  f l a v u s ,  A. 
f u m ig a tu s , A . n i g e r ,  A. n i d u l a n s , A. v e r s i c o l o r ,  C haetom ium  
g lo b a su m , c. in d ic u m , C la d o sp o r iu m  c la d o s p o r i o i d e s , c. h erb a c eu m , 
C u r v u la r ia  l u n a t a ,  E m e r ic e l la  n i d u l a n s , F u sar iu m  s o l a n i ,  H um ico la  
f u s c o a t r a , P a e c i lo m y c e te s  l i l a c i n u s , P. v a r i o t i ,  P é n i c i l l i u m  
c i t r i n u m ,  P. fu n ic u lo s u m ,  P. ja v a n ic u m , P. p i n o p h i l l u m ,  p . 
n o ta tu m , S c o p u l a r i o p s i s  b r e v i c a u l i s , T r ich o d erm a  h a r z ia n u m , T. 
k o n i n g i i , T. ro se u m ,  and  T. v i r i d a e .  S p e c i e s  o f  A s p e r g i l l u s , 
P é n i c i l l i u m ,  a n d  P a e c ilo m y c e s  were  fo u n d  t o  be  d o m i n a n t .

P h a r u h a s  Luksam anapha ,  U ra p o rn  S a r d s u d ,  and  M orako t  
S u k c h o t i r a t a n a  (1995) i s o l a t e d  c e l l u l o s e - d e c o m p o s i n g  m o u ld s  from 
Ton Gwen Wooden Temple l o c a t e d  i n  Amphur Hang Dong, C h i a n g  Mai 
p r o v i n c e .  C h ip  o f  wood from t h r e e  d i f f e r e n t  a r e a s  o f  t h e  t e m p l e  
l . e .  t h e  l e f t ,  t h e  r i g h t ,  and  t h e  b a c k  and  f rom  t h e  S a la  
C haturam uk  w ere  t a k e n  f o r  t h e  i s o l a t i o n .  C z a p e k ' s  a g a r  was u s e d  
a s  an  i s o l a t i n g  medium and  c e l l u l o s e  powder a s  a c a r b o n  s o u r c e .  
Moulds f rom  t h e  s u r f a c e  o f  wood i n  t h e  same a r e a s  w ere  i s o l a t e d  
by  s c r a p i n g  t h e  s u r f a c e  w i t h  s t e r i l e  b l a d e s ,  a l l o w i n g  t h e  wood 
p a r t i c l e s  t o  f a l l  down on t h e  a g a r  medium i n  P e t r i  d i s h e s .
Moulds f rom  t h e  a i r  w ere  a l s o  i s o l a t e d  by  e x p o s i n g  t h e  a g a r  
medium t o  t h e  a i r  n e a r  by f o r  10 m i n u t e s .  A l l  i s o l a t e s  were  
t e s t e d  f o r  c e l l u l o l y t i c  a c t i v i t i e s  by  t h e  d e t e c t i o n  o f  c l e a r  
z o n e s  p r o d u c e d  when grown on t h e  c a r b o x y m e t h y l  c e l l u l o s e  (CMC) 
a g a r  medium u s i n g  Congo r e d  a s  a s t a i n i n g  i n d i c a t o r .  The 
a c t i v i t i e s  o f  c e l l u l a s e  were  a l s o  d e t e c t e d  s p e c i f i c  a c t i v i t i e s  
u s i n g  c r u d e  enzyme h a r v e s t e d  from s u p e r n a t a n t  o f  C z a p e k ' s  b r o t h  
(CMC was u s e d  a s  a c a r b o n  s o u r c e ) . Twenty  i s o l a t e s  w e r e  o b t a i n e d  
f rom  wood c h i p s ,  t h e  r e m a i n i n g  16 i s o l a t e s  w ere  o b t a i n e d  i n  e q u a l  
num bers  f rom  wood s u r f a c e s  and  from t h e  a i r .  They  w ere  
i d e n t i f i e d  t o  be  9 g e n e r a  o f  i m p e r f e c t  f u n g i  i . e .  F u sa r iu m ,  
C u r v u la r ia , C la d o s p o r iu m , C h a la r a , L a s i o d i p l o d i a , A s p e r g i l l u s ,
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A l t e r n a r i a , C y l in d r o c a r p o n , a n d  one  u n i d e n t i f i e d  g e n u s .  A l l  
i s o l a t e s  w ere  a b l e  t o  h y d r o l y s e  c a r b o x y m e t h y l  c e l l u l o s e .  Some o f  
them showed d i s t i n c t  c l e a r  z o n e s  and  h i g h  s p e c i f i c  a c t i v i t y  o f  
c e l l u l o l y t i c  enzy m es .  s i x  g e n e r a  i . e .  F u sa r iu m , C u r v u la r ia ,  
C la d o s p o r iu m , L a s i o d i p l o d i a , C y l in d r o c a r p o n , and  u n i d e n t i f i e d  
g en u s  w ere  t h e  p o s s i b l e  c a u s a t i v e  a g e n t s  o f  wood d e c a y  i n  t h i s  
t e m p l e .

C h u le e  C h a i s r i s o o k ,  P o o n p i l a i  S u w a n a r i t  and  C h i r a p o r n  
A ra n y a n a k  (1995) s u r v e y e d  a number o f  f u n g a l  s p e c i e s  d i s t r i b u t e d  
i n  t h e  a i r  and  on wooden o b j e c t s  o f  t h e  Bangkok N a t i o n a l  Museum 
i n  t h e  l a s t  d e c a d e .  An a i r - t r a p p i n g  t e c h n i q u e  u s i n g  p o t a t o  
d e x t r o s e  a g a r  a s  a c u l t u r e  medium was u s e d  t o  i n v e s t i g a t e  t h e  
d i s t r i b u t i o n  o f  f u n g a l  s p e c i e s  i n  t h e  a i r .  The m a j o r  f u n g a l  
s p e c i e s  o b t a i n e d  i n  t h e  a i r  o f  17 e x h i b i t i o n  rooms w ere  
C u r v u la r ia , A s p e r g i l l u s , T r ic h o d e rm a , P é n i c i l l i u m , F u sa r iu m  and 
one s p e c i e  o f  y e a s t ,  C andida  s p .  F un ga l  g ro w th  on wooden 
o b j e c t s ,  e . g .  m u s i c a l  i n s t r u m e n t s ,  f u r n i t u r e ,  b a s k e t s  and  
w eapons ,  was e x a m in e d  by  s w ab b in g  t e c h n i q u e  and  s t i c k y  t a p e  
t e c h n i q u e .  The d o m in a n t  s p e c i e s  w ere  C u r v u la r ia , 
H e lm in th o s p o r iu m , T r ic h o d e rm a , A s p e r g i l l u s , A l t e r n a r i a , 
C haetom ium , N ig r o s p o r a  and  P é n i c i l l i u m .

Sakam oto ,  Kurozumi and  K enjo  (1995) r e p o r t e d  t h e  s t u d y  o f  
e f f e c t s  o f  a i r  f l o w  f o r  p r e v e n t i n g  f u n g a l  g r o w t h .  s i n c e  i n  
J a p a n ,  d e t e r i o r a t i o n  o f  a r t  o b j e c t s  c a u s e d  by  f u n g i  i s  a s e r i o u s  
p r o b l e m ,  b i o s e n s o r s  were  em p loyed  t o  m e a s u re  t h e  d e g r e e  o f  f u n g a l  
g ro w th  u n d e r  c e r t a i n  c i r c u m s t a n c e s .  I t  was o b s e r v e d  t h a t  a l i g h t  
a i r  f l o w  c o u l d  r e s t r a i n e d  f u n g a l  g r o w t h .  Thus ,  t h e  c o m b i n a t i o n  
o f  a i r  f l o w  w i t h  t e m p e r a t u r e  and  h u m i d i t y  c o n t r o l  makes  i t  
p o s s i b l e  t o  p r e v e n t  f u n g a l  g r o w th  i n  c i r c u m s t a n c e s  w here  a r t  
o b j e c t s  a r e  c o n s e r v e d .
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