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CLASSIFICATION OF ENVIRONMENTAL CONDITIONS –  

 
Part  2-7:  Environmental  condi tions appearing  in  nature –  

Fauna and  flora  
 

FOREWORD 

1 )  The  I n ternati onal  E lectrotechn i cal  Com m iss i on  ( I EC)  i s  a  worl dwide  organ i zati on  for  s tandard i zat i on  com pri s i ng  
al l  n ati onal  e l ectrotechn i cal  comm i ttees  ( I EC  Nati onal  Comm i ttees) .  The  object  o f  I EC  i s  to  prom ote 
i n ternati onal  co-operat i on  on  al l  q uest i ons  concern i ng  s tandard i zat i on  i n  the  e l ectri cal  and  e l ectron i c  f i e l ds .  To  
th i s  end  and  i n  add i t i on  to  other  acti vi t i es ,  I EC  publ i shes  I n ternati onal  Standards,  Techn i cal  Speci f i cat i ons,  
Techn i cal  Reports ,  Publ i cl y  Avai l abl e  Speci f i cat i ons  (PAS)  and  Gu ides  (hereafter referred  to  as  “ I EC  
Publ i cati on (s ) ”) .  Thei r  preparat i on  i s  en trusted  to  techn i cal  comm i ttees;  any I EC Nati onal  Comm i ttee  i n terested  
i n  the  su bject  deal t  wi th  m ay part i ci pate  i n  th i s  preparatory work.  I n ternati onal ,  governm ental  and  
non -g overnm ental  organ i zat i ons  l i ai s i ng  wi th  the  I EC  al so  part i ci pate  i n  th i s  preparati on .  I EC  co l l aborates  
c l osely  wi th  the  I n ternati onal  Org an i zati on  for  Standard i zati on  ( I SO)  i n  accordance  wi th  cond i t i ons  determ ined  
by ag reem ent  between  the  two  org an i zat i ons .  

2)  The  form al  deci s i ons  or  ag reem ents  of  I EC  on  techn i cal  m atters  express,  as  nearl y  as  poss ible,  an  i n ternati onal  
consensus  of  opi n i on  on  the  re l evan t  subjects  s i nce  each  techn i cal  com m i ttee  has  represen tati on  f rom  al l  
i n terested  I EC  N ati onal  Com m ittees.   

3 )  I EC  Publ i cat i ons  have  the  form  of  recom m endati ons  for  i n ternati onal  u se  and  are  accepted  by  I EC  Nati onal  
Com m i ttees  i n  that  sense.  Whi l e  al l  reasonable  efforts  are  m ade  to  ensu re  that  the  techn i cal  con ten t  of  I EC 
Publ i cati ons  i s  accu rate,  I EC  cannot  be  held  responsi ble  for  the  way i n  wh i ch  they  are  used  or  fo r any 
m i s i n terpretat i on  by any end  u ser.  

4)  I n  order to  prom ote  i n ternati onal  u n i form i ty,  I EC  Nati onal  Com m i ttees  undertake  to  apply I EC Publ i cati ons  
transparen tl y  to  the  m axim u m  extent  poss ible  i n  thei r  nat i onal  and  reg i onal  publ i cat i ons.  Any d i vergence  
between  any I EC  Pu bl i cati on  and  the  correspond i ng  nati onal  or  reg i onal  publ i cat i on  shal l  be  c l earl y i n d i cated  i n  
the  l atter.  

5)  I EC  i tsel f  does  not  provi de  any attestati on  of  con form i ty.  I ndependent  cert i f i cati on  bod ies  provide  con form i ty  
assessm ent  servi ces  and ,  i n  som e  areas,  access  to  I EC m arks  of  con form i ty.  I EC i s  not  responsi ble  for  any 
servi ces  carri ed  ou t  by i ndependen t  cert i f i cat i on  bod i es .  

6)  Al l  u sers  shou ld  ensu re  that  they have  the  l atest  ed i t i on  of  th i s  publ i cati on .  

7)  No  l i abi l i ty  shal l  attach  to  I EC  or  i ts  d i rectors,  em ployees,  servants  o r  ag en ts  i ncl u d i ng  i n d i vi dual  experts  and  
m em bers  of  i ts  techn i cal  com m i ttees  and  I EC  N ati onal  Com m i ttees  for  any  personal  i n j u ry,  property  dam age  or  
other dam age  of  any natu re  whatsoever,  whether d i rect  o r  i nd i rect,  or  for  costs  ( i ncl ud i ng  l eg al  fees )  and  
expenses  ari s i ng  ou t  of  the  publ i cati on ,  u se  of,  or  re l i ance  upon ,  th i s  I EC  Publ i cat i on  or  any other I EC  
Publ i cat i ons .   

8)  Atten ti on  i s  d rawn  to  the  N orm ati ve  references  ci ted  i n  th i s  publ i cat i on .  Use  of  the  referenced  publ i cati ons  i s  
i nd i spensable  for the  correct  appl i cati on  of  th i s  publ i cat i on .  

9)  Atten ti on  i s  d rawn  to  the  poss ibi l i ty  that  som e of  the  e l em ents  of  th i s  I EC  Publ i cat i on  m ay be  the  subject  of  
paten t  ri g h ts .  I EC  shal l  not  be  held  respons ibl e  for  i den t i fyi ng  any or  a l l  such  paten t  ri gh ts .  

I n ternati onal  Standard  I EC  60721 -2-7  has  been  prepared  by I EC  techn ical  com m i ttee  1 04:  
Envi ronm en tal  cond i t ions ,  c lassi f ication  and  m ethods  of  test.  

Th is  second  ed i t i on  cancels  and  replaces  the  f i rst  ed i t i on  publ i shed  in  1 987.  Th is  ed i t ion  
consti tu tes  a  techn ical  revis ion .  

Th is  ed i ti on  i ncl udes  the  fo l l owing  s i gn i f i can t  techn ical  changes  wi th  respect  to  the  previous  
ed i t ion :  

a)  Th is  ed i t ion  has  been  en ti rel y rewri tten .  
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The  text  of  th is  I n ternational  Standard  i s  based  on  the  fo l lowing  docum ents :  

CDV Report  on  vot i ng  

1 04/741 /CDV 1 04/792/RVC  

 
Fu l l  i n form ation  on  the  voti ng  for the  approval  of  th is  I n ternati onal  Standard  can  be  found  in  
the  report  on  voti ng  i nd icated  i n  the  above  table.  

Th is  docum ent has  been  drafted  i n  accordance  wi th  the  I SO/I EC  D i recti ves ,  Part  2.  

A l i st  of  al l  parts  i n  the  I EC  60721  seri es,  publ i shed  under the  general  t i t l e  Classification of 
environmental conditions,  can  be  found  on  the  I EC webs i te.  

The  com m i ttee  has  decided  that  the  con ten ts  of  th is  docum ent wi l l  rem ain  unchanged  un t i l  the  
stabi l i ty date  i nd icated  on  the  I EC  webs i te  under  "h ttp: //webstore. i ec. ch "  i n  the  data re lated  to  
the  speci fi c  docum ent.  At  th is  date,  the  docum ent  wi l l  be   

•  reconfi rm ed,  

•  wi thdrawn ,  

•  replaced  by a revised  ed i ti on ,  or  

•  am ended.  

A b i l i ngual  vers ion  of  th is  publ ication  m ay be  i ssued  at  a  l ater date.  
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CLASSIFICATION OF ENVIRONMENTAL CONDITIONS –  
 

Part  2-7:  Environmental  condi tions appearing  in  nature –  
Fauna and  flora  

 
 
 

1  Scope 

This  docum ent  addresses  the  occurrence  of  fauna and  f l ora,  i nclud ing  i ts  m ain  effects  on  
e lectrotechn ical  products .  Exposure  and  dam age from  the  effects  of  fauna and  f l ora can  occur  
at  alm ost  an y t im e  i n  a  product's  l i fe  cycle.  Moreover,  there  are  m an y agen ts  of  attack wi th  
various  acti ons.  

Th is  docum ent addresses  the  occurrence  and  dam age  aris i ng  from  fauna and  f l ora i n  al l  
l ocations  a product  can  be  stored ,  transported  or  used.  General l y,  fauna can  be  present  and  
cause  dam age to  products  i n  both  the  natural  envi ronm en ts  experienced  i n  open-ai r  l ocati ons  
as  wel l  as  i n  art i f i c i al l y created  envi ronm ents ,  such  as  i n  a  warehouse  or  bu i ld i ng .  H owever,  
f lora wi l l  predom inantl y be  present  and  cause  dam age to  products  on l y i n  open-ai r  locations.  
Fungus  and  bacteria can  be  present  i n  both  open-ai r  l ocati ons  as  wel l  as  i n  warehouses  or 
bu i l d ings.  

2 Normative references  

There  are  no  norm ati ve  references  i n  th is  docum ent.  

3 Terms and  defin i tions  

No  term s  and  defi n i t i ons  are  l i s ted  i n  th is  docum ent.  

ISO and  I EC m ain tain  term inolog ical  databases  for use  i n  s tandard i zati on  at  the  fo l l owing  
addresses:  

•  I EC  E lectroped ia:  avai lable  at  h ttp: //www. electroped ia.org / 

•  I SO On l ine  browsing  p latform :  avai lable  at  h ttp: //www. iso. org /obp  

4 General  

The m ain  attacking  agen ts  cons idered  i n  th is  docum ent  are  m icro-organ ism s  i ncl ud ing  fung i ,  
bacteria,  as  wel l  as  i nsects ,  roden ts,  al gae  and  m ari ne  organ ism s.  Hazards  due  to  o ther  
agents  are  considered  to  be  of  l esser im portance  and  have  been  om i tted.  These  incl ude  the  
corrosive  action  of  j u ices  secreted  by som e plan ts ,  the  m echan ical  acti on  due  to  the  g rowth  of  
the  l arger trees,  wh ich  may be  su ff ic ien tl y g reat  to  destroy the  foundations  of  a  bu i l d i ng  or  to  
break cables ,  and  the  dam age  caused  by an im als  such  as  m onkeys  and  e lephan ts.  B i rds  in  
f l i g h t  can  be  a hazard  to  ai rcraft,  and  i n  the  reg ion  of  b i rd  co lon ies ,  widespread  droppings  can  
create  corros ion  problems.  I n  add i ti on ,  som e agents  wh ich  are  m enti oned  have  o ther m odes  
of  action  wh ich  have  not  been  i ncluded ;  for exam ple  both  rodents  and  i nsects  are  occas ional l y 
responsible  for chem ical  corrosion  or so i l i ng .  

The  frequency of  occurrence  of  fauna and  f l ora wi th  a poss ibi l i ty of  dam ag ing  products  very 
m uch  depends  on  cond i t i ons  of  tem perature  and  hum id i ty.  I n  geograph ical  areas  wi th  warm  
dam p cl im ates,  fauna and  f l ora,  especial l y i nsects  and  m icro-organ ism s  such  as  m ou ld  and  
bacteria,  wi l l  f i nd  favourable  cond i t i ons  of  l i fe .  Moreover,  hum id  or  wet  room s  i n  bu i l d ings,  or  
room s  for processes  producing  hum id i ty,  are  su i table  l i vi ng  spaces  for roden ts,  i nsects  and  
m icro-organ ism s.  
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Fauna and  f l ora can  affect  products  i n  vari ous  ways,  the  m ost  im portant  of  wh ich  are  g i ven  i n  
the  fo l l owing  exam ples .  

a)  Deteri orati on  by phys ical  attack:  The  function ing  of  products  m ay be  affected  by phys ical  
attacks  of  fauna and  f lora.  The  m aterials  of  a  product  m ay be  attacked  by fauna,  
part icu larl y by rodents  and  i nsects ,  by the  actions  of  feed ing  from  m aterial ,  gnawing  at  
m aterial ,  eati ng  i n to  m aterial ,  chewing  m aterial  or  cu tti ng  ho les  i n to  m aterial .  The  severe  
dam age  aris i ng  from  the  ph ys ical  attack by term i tes  i s  especial l y em phas ized  in  th is  
respect.  Am ong  m aterial s  susceptib le  to  attack are  natu ral  m aterials  such  as  wood ,  paper,  
l eather,  texti l es,  bu t  also  p last ic  m aterials ,  i nclud ing  e lastom ers  and  even  som e m etals  
such  as  ti n  and  l ead .  

b)  Deteri orati on  by depos i ts:  The  function ing  of  products  m ay be  affected  by depos i ts  
orig i nati ng  from  fauna and  f lora.  These  surface  depos i ts  affect  the  products  by chem ical  
and  m echan ical  reactions.  Deposi ts  from  fauna,  especial l y from  insects,  rodents ,  b i rds,  
etc. ,  m ay consist  of  e l em ents  such  as  the  presence  of  the  an im al  i tse l f,  the  bu i l d i ng  of  
nests  or  sett l em ents ,  feed  stock as  wel l  as  the  m etabol ic  products  such  as  excrem ents,  
enzym es.  Depos i ts  from  al l  ki nds  of  f l ora m ay consist  of  m aterial  such  as  detached  parts  
of  p lants  ( l eaves,  b l ossom ,  seeds,  fru i ts ,  etc. ) ,  g rowth  l ayers  of  cu l tu res  of  m ou lds  or 
bacteria  and  effects  of  the i r  m etabol ic  products.  

5 Occurrence of  fauna and  flora  

5.1  Fung i  

5. 1 . 1  Background  

The nam e fungus  i s  used  to  denote  m em bers  of  a  l arge  heterogeneous  g roup of  organ ism s,  of  
wh ich  there  are  abou t  a  hundred  thousand  known  species .  Most  fung i  are  so  sm al l  that  they 
can  be  observed  on l y wi th  the  ai d  of  a  m icroscope.  The  term s  'm ou ld '  and  'm i ldew' ,  al though  
not  exactl y defi ned  in  the  bi o log ical  sense,  are  used  by both  b io log ists  and  laym en  to  refer to  
sm al l  non-paras i t ic  fung i ,  such  as  those  wh ich  do  not  l i ve  on  other l i ving  organ ism s.  

A fungus  can ,  i n  general ,  be  d i vi ded  i n to  two  parts:  the  vegetati ve  and  the  reproducti ve.  The  
vegetati ve  part,  known  as  the  h ypha,  i s  essential l y a  th read l ike  f i lam ent  norm al l y having  a 
d iam eter between  2  μm  and  20  μm  and  m ay be  several  cen tim etres  l ong .  I n  the  s im plest  fung i  
the  h yphae are  m erel y con tinuous  tubes  of  l i ving  m atter;  i n  others  they are  d i vided  by cel l  
wal l s,  cal led  septa,  i n to  separate  ce l ls .  Co l lecti vel y the  h yphae are  referred  to  as  the  
m ycel i um .  The  m ycel i um ,  together wi th  the  reproducti ve  spores,  i s  comm on ly observed  on  
m ou ldy bread,  shoes,  oranges,  etc.  

I n  the  vast  m ajori ty of  cases  the  un i t  of  reproducti on  i s  the  spore.  Norm al l y i t  i s  un ice l l u lar and  
m icroscopic,  though  occasional l y,  g i an ts  500  μm  i n  leng th  occur.  They m ay be  produced  
d i rectl y vi a the  h yphae  or from  a structure  created  for th is  speci fi c  purpose,  as  i n  the  
m ushroom .  From  a functi onal  vi ewpoin t  spores  m ay be  d i vided  i n to  two  c lasses  each  of  wh ich  
m ay be  produced  by the  sam e organ ism :  those  wh ich  can  be  produced  rapid l y and  i n  large  
num bers  bu t  have  l i tt l e  res istance  to  adverse  envi ronm ental  factors,  and  those  wh ich  are  
com parati vel y few i n  num ber bu t  m uch  m ore  resistant  to  adverse  cond i ti ons.  The  form er 
enable  the  fungus  to  spread  rapid l y during  good  g rowing  cond i t i ons  and  the  l atter enable  i t  to  
survi ve  hard  tim es  such  as  win ter or  drought  and  have  been  known  to  su rvi ve  for m any years  
i n  a  dry cond i t ion .  

5.1 .2  Growth  and  survival  factors  

I n  order to  adapt  them selves  to  changes  i n  the i r  en vi ronm ent  or  food  suppl y,  m ost  species  of  
fung i  can  s l i gh tl y change  thei r  characteristics  and  needs  over several  generations .  Th is  m ay 
be  a very short  t im e;  i n  m any cases  the  whole  cycle  from  spore  to  spore  can  be  com pleted  i n  
a  few days.  I n  add i t ion ,  i t  shou ld  be  noted  that  the  cond i t ions  requ i red  for the  production  and  
d ispersal  of  spores  are  general l y m ore  exacti ng  than  those  for  g rowth  and  survi val .  
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The  precise  m in im um ,  maxim um  and  optim um  tem peratures  for g rowth  appear to  be  a  m atter 
of  debate  between  the  various  au thori t i es.  Th is  m ay be  because  these  values  vary from  one  
species  to  another.  H owever,  i n  general ,  the  m in im um  i s  2  °C  to  5  °C,  the  m axim um  40  °C  to  
50  °C  and  the  optim um  22  °C  to  27  °C.  I n  add i t i on ,  there  are  a few fung i  that  can  g row at  and  
below 0  °C,  and  one  species  has  been  reported  g rowing  at  a  m axim um  of  62  °C.  They are,  of  
course,  capable  of  survivi ng  even  g reater extrem es  i n  a  qu iescent  state.  

The  optim um  hum id i ty for the  g rowth  of  nearl y al l  m ou lds  i s  a  re lati ve  hum id i ty of  95  % to  
1 00  %.  I f  subm erged  i n  water,  however,  m ost  fung i  wi l l  not  g row.  An y reducti on  from  th is  
optim um  wi l l  m ean  a  reduced  g rowth  rate  and  few species  wi l l  g row i n  a  re lati ve  hum id i ty of  
l ess  than  70  %.  Optim um  g rowth  cond i t i ons  also  occur i n  s t i l l  ai r.  

A su i table  source  of  carbon  that  can  be  absorbed  as  food  i s  essen tial  to  fung i  for  the i r  g rowth .  
Alm ost  al l  natu ral l y occurring  carbon  con tain ing  com pounds ,  together wi th  m an y syn thetic  
organ ic  com pounds  of  a  s im i lar structure  can  be  used  by fung i  as  a  source  of  food .  Al l  fung i  
can  u t i l i ze  an  organ ic  suppl y of  n i trogen  and  a few can  also  use  an  i norgan ic  source  such  as  
amm onia.  N i trogen ,  o ther  than  as  a  gas ,  i s  essential  for  the  g rowth  of  fung i .  

Most  fung i  are  strict l y aerobic,  that  i s  they cannot  g row i n  com plete  absence  of  free  oxygen .  
I n  the  sm al l  num ber of  cases  where  fung i  g row i n  water,  they always  do  so  i n  a  few 
cen tim etres  near  the  surface.  

Other elem ents  requ i red  for the  g rowth  of  fung i  i ncl ude  su l fu r  (as  su l fate) ,  potass ium ,  
phosphorus  (as  phosphate)  and  m agnesium .  I n  som e cases  m inu te  traces  of  i ron ,  z i nc,  
m anganese,  m ol ybdenum ,  or  calci um  are  requ i red,  though  i n  such  sm al l  quan ti t ies  that  on l y i n  
a few fung i  i s  there  a  cl ear p icture  of  these  requ i rem ents .  Som e fung i  also  requ i re  a  suppl y of  
certain  vi tam ins  for g rowth .  

U l tra-vio let  i s  known  to  i nh ibi t  the  g rowth  of  m ost  fung i ,  al though  dayl i gh t  norm al l y has  no  
effect.  I n  a  very few i nstances  dayl i gh t  can  i n fl uence  g rowth  and  i ndeed  can  cause  i t  to  
i ncrease.  However,  the  production  and  d ispersal  o f  spores  i s  dependen t  upon  the  presence  of  
l i g h t  for  m an y species .  

Most  fung i  g row best  i n  a  s l i gh t l y acid  m ed ium  wi th i n  the  range  pH  5  to  pH  6 ,5 .  Th is  varies  
from  one  species  to  another,  bu t  few wi l l  g row at  al l  be low pH  3  or  above  pH  9 .  

5. 1 .3  Habi tat  and  geograph ical  d i stribution  

Since  fung i  can  survi ve  adverse  g rowth  cond i t i ons  i n  a  qu iescen t  state  and  can  g radual l y 
evo lve  to  survi ve  m ore  extrem e cond i t i ons ,  and  s i nce  new species  are  st i l l  be i ng  i denti f i ed ,  i t  
i s  not  poss ible  to  def ine  exactl y the  geograph ical  areas  i n  wh ich  fung i  wi l l  g row.  There  are,  
however,  certain  tendencies  wh ich  are  re levant.  

Fung i  of  one  sort  or  another  are  found  i n  the  so i l ,  water  and  ai r  over a l arge  part  of  the  earth 's  
surface,  wh i ls t  others  l i ve  on  or  upon  both  l i vi ng  and  dead  an im als  and  p lan ts.  Those  found  i n  
the  ai r  do  not  g row there,  bu t  are  i n  the  form  of  spores.  Most  l i ve  i n  the  so i l  and  on l y abou t 
2  % l i ve  i n  water;  i n  both  cases  they g row i n  the  few cen tim etres  j ust  be low the  surface.  

The  best  cond i t ions  for  m ost  types  of  m ou ld  g rowth  are  in  hum id  tropical  areas,  al though  
deteri oration  due  to  m ou ld  i s  not  conf ined  to  the  tropics .  Equal l y seri ous  dam age  can  occur i n  
tem perate  reg ions ,  though  not  so  rapid l y,  and  at  l east  one  species  of  m ou ld  i s  often  found  i n  
the  form  of  spores  i n  the  ai r  over arctic  reg ions .  

Condi t ions  favourable  for m ou ld  g rowth  m ay eas i l y be  created  art i f i c ial l y i ns ide  a bu i l d i ng  or  
equ ipm ent.  Those  wh ich  are  paras i t i c  upon  parti cu lar  an im als  or  p lan ts  are  am ong  the  few 
wh ich  are  restricted  to  geograph ical  reg ions .  
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The  m ap i n  F i gure  1  shows  areas  i n  wh ich  cl im atic  cond i t ions  are  m ost  favourable  for fungal  
corrosion .  I t  i s  based  on  an  anal ysis  of  re lati ve  hum id i ty and  tem perature  data from  
approxim ate l y two  thousand  m eteorolog ical  s tati ons  th roughout  the  world ,  as  fo l l ows:  

a)  Reg ion  A – i ncl udes  areas  wi th  at  l east  one  m onth  a year i n  wh ich  the  m ean  m onth l y 
re lat i ve  hum id i ty i s  from  70  % to  75  % i n  the  hou rs  from  1 2:00  h  (noon)  to  1 4:00  h ,  and  
wi th  a m ean  m onth l y m in im um  tem perature  at  the  sam e t im e  of  not  l ess  than  1 5  °C.  

b)  Reg ion  B  – i ncludes  areas  where  the  equ ivalent  re lat i ve  hum id i ty i s  from  75  % to  80  %,  
again  wi th  the  sam e tem perature  as  Reg ion  A.  

c)  Reg ion  C  – i ncludes  areas  where  the  equ ivalen t  re lat i ve  hum id i ty i s  g reater than  80  %,  
again  wi th  the  sam e tem perature  as  Reg ion  A.  

 

Figure 1  – Map  of  reg ions wi th  d i fferent  degrees of  fungal  corrosion  

I t  shou ld  be  noted  that  the  above  cl im atic  cond i t i ons  do  not  take  accoun t  of  other natural l y 
occurri ng  factors  m en ti oned  earl ier,  such  as  ai r  f l ow.  I t  also  does  not  cover  cases  where  
favourable  cond i t i ons  may be  art i f i ci al l y i nduced ,  i ns i de  bu i l d i ngs  or containers  for exam ple.  
Nevertheless ,  wi th in  these  l im i ts ,  i t  does  provide  a usefu l  i nd ication  of  the  n atu ral  l iabi l i ty to  
attack by m icro-organ ism s.  

5. 1 .4  Effects  of  fung i  on  materials  

Un l ike  m ost  p lan ts,  fung i  con tain  no  ch loroph yl l ,  the  g reen  co louri ng  m atter wi th  wh ich  p lan ts  
u t i l i ze  the  sun 's  energ y to  m anufacture  the i r  food  from  absorbed  raw m aterials .  Thus  they 
have  to  re l y on  the  food  i n  the  substratum  on  wh ich  they g row.  However,  the  s tructu re  of  the  
cel l  wal l s  on l y al l ows  them  to  absorb th is  food  i f  i t  i s  i n  so l u t ion .  To  ach ieve  th is ,  the  fung i  
secrete  enzym es  via thei r  h yphae.  Th is  substance  converts  th e  food  i n to  a so luble  form  wh ich  
can  then  be  read i l y absorbed .  

There  are  th ree  ways  i n  wh ich  fung i  m ay cause  dam age.  Each  can  occur i ndependen tl y,  or  i n  
associat ion  wi th  one  or  both  of  the  others :  

IEC  
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1 )  A m aterial  m ay be  a  food  for  the  fung i ,  i n  wh ich  case  the  m aterial  i s  g radual l y eaten  away.  

2)  The  waste  products  of  fung i  are  excreted  as  j u i ces,  m any of  wh ich  are  corros ive  and  
cause  dam age  to  the  substrate  on  wh ich  the  fung i  are  g rowing .  Thus  i t  i s  possible  for 
fung i  to  dam age a m aterial  even  though  i t  i s  not  a  source  of  food.  For exam ple  the  m inute  
im puri t i es  i n  f i nger prin ts  on  g lass  have  been  known  to  support  g rowths  whose  corros ive  
waste  products  have  etched  the  su rface  of  the  g lass.  I n  add i ti on ,  the  m ou ld  coati ng  has  
the  effect  of  retain ing  m oisture  and  retard ing  the  d ryi ng -ou t  process.  

3)  Fungus  m ay h i nder  the  effi cient  operation  of  equ ipm ent,  even  though  i t  has  not  caused  
dam age to  an y m aterial  part.  Exam ples  of  th is  are  so i l i ng  i n  optical  equ ipm ent,  or  the  
form ation  of  undes i rable  conducti ng  paths  i n  e l ectrical  equ ipm ent.  

The  preferred  m ethod  for contro l l i ng  fungus  g rowth  i s  by the  selecti on  of  fungus  i nert  
m aterials .  Also  acceptable  i s  the  treatm ent of  poten tial  fungus  nu tri ent  m aterials  or  by 
herm etic  seal i ng .  Table  1  l i s ts  m aterials  wh ich  have  a known  res istance  to  fungus  g rowth ,  
wh i lst  Table  2  l i s ts  those  m aterials  wh ich  are  potential  fungus  nu trients .   

Table  1  – List  of  fungus  resistant  materials  

Acryl i cs  Pol ycarbonate  

Acrylon i ti l e-s tyrene  Pol yester  

Acrylon i ti l e-vin yl -ch loride  copol ym er  Pol yester-g lass  f ibre  l am inate  

Asbestos  Pol yethylene,  h igh  densi ty (>  0 , 94)  

Ceram ics  Pol yethylene  terephthalate  

Ch lorinated  po l yether  Pol yam ide  

Fl uorinated  eth ylenepropylene  copol ym er  Pol ym onoch lorotri f l uoreth ylene  

Fl uorocarbon  Pol ypropylene  

G lass  Pol ystryrene  

Metals  Pol ysu l fone  

M ica Pol ytetrafl uoroethylene  

P lastic  l am inate:  s i l i cone  g lass  f i bre  Pol yvin yl i dene  ch loride  

P lastic  l am inate:  phenol i c-nylon  f ibre  S i l i cone  res in  

D ial l yl  ph thalate  S i loxane-pol yo lefi n  

Pol yacrylon i ri l e  S i loxane-pol ystyrene  

Pol yam ide   
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Table  2  – List  of  potential  fungus  nutrient  materials  

ABS (acrylon i tri l e-bu tad iene-styrene)  Pol yethylene,  l ow dens i ty (<  0 , 94)  

Acetyl  res i ns  Pol ym eth yl  m ethacrylate  

Cel l u l ose  acetate  Pol yu rethane  (ester types  are  particu larl y 
susceptib le)  

Cel l u l ose  acetate  bu tyrate  

Epoxy-g lass  f i bre  l am inates  Pol yric inoleates  

Epoxy-res in  Pol yvin yl  ch lori de  

Lubrican ts  Pol yvin yl  ch lori de-acetate  

Melam ine-form aldeh yde  Pol yvin yl  f l uori de  

Organ ic  po l ysu lph ides  Rubbers,  natural  and  syn thetic  

Phenol - form aldeh yde  Urea-form aldehyde  

Pol yd i ch lorostyrene   

 

A num ber of  m aterials  have  a known  susceptib i l i ty to  dam age  by fungal  g rowth .  A num ber of  
these  are  set  ou t  be low.  

a)  Wood:  Wood  i n  con tact  wi th  the  g round  i s  particu larl y prone  to  decay by fung i .  I f ,  
however,  i t  i s  kept  off  the  g round  i n  a  d ry,  wel l  ven ti lated  p lace  i t  i s  m uch  m ore  res istant,  
and  i f  the  wood  con tains  l ess  than  20  % water i t  i s  not  attacked  at  al l .  Res istance  to  at tack 
varies  from  one  species  to  another,  and  heartwood  i s  always  less  l i able  to  attack than  
sapwood.  I n  use,  wood  i s  norm al l y coated  or im pregnated  i n  som e m anner.  Th is  m ay 
m odi fy i ts  res is tance  to  fungal  attack.  Man y fung i  cause  very l i t t le  m echan ical  dam age  to  
the  wood  on  wh ich  they l i ve  bu t  are  found  to  d isco lour  i t .  

b)  Paper and  cardboard:  Paper,  cardboard,  and  s im i lar products  are  al l  susceptible  to  attack.  
The  bas ic  consti tuent,  ce l l u lose,  i s  affected  as  wel l  as  o ther substances  used  duri ng  
m anufacture  such  as  starch ,  ge latine.  The  effects  are  general l y revealed  as  patches  of  
surface  d iscolouration ,  fo l l owed  by com plete  d is i n tegration  of  the  paper.  However,  m ou ld  
g rowth  occurs  after m ois ture  pick up,  and  i ts  dam ag ing  effects  are  often  cons idered  to  be  
second  to  those  of  m oisture.  

c)  Pain ts  and  varn ishes:  Pain ts  and  varn ishes  are  m ade of  a  com plex  m ixture  of  o i ls ,  
ce l l u l ose  deri vati ves,  so lvents ,  p lastic i zers ,  th i nners ,  etc . ,  som e of  wh ich  m ay be  
susceptib le  to  attack.  Alm ost  al l  pai n ts  wi l l  support  m ou ld  g rowth  under favourable  
cond i t i ons.  A few are  res i stant,  bu t  others  have  been  known  to  support  m ou ld  even  in  co ld  
storage  room s.  The  l i abi l i ty of  a  pain t  or  varn ish  to  attack i s  dependent  on  the  type  of  
substance  and  surface  on  wh ich  i t  has  been  placed ,  and  upon  cl im atic  cond i t ions,  such  as  
sun l i gh t,  m ois ture.   

d )  Natural  ce l l u l ose  f i bres :  Natural  ce l l u l os ic  f i bres  such  as  cotton ,  s isal ,  hem p,  f lax  and  j u te  
are  al l  h i gh l y susceptible  to  attack,  al though  prote in  f i bres  such  as  wool  and  s i lk  are  not  
qu i te  so  l iable.   

e)  Syn thetic  f i bres:  Syn theti c  f ibres  show som e variati on  i n  thei r  res istance,  bu t  are  general l y  
superior to  natural  ce l l u los ic  f ibres .  F ibre  form s  of  cel lu lose  acetate,  regenerated  protein ,  
po l yam ides,  po l yesters,  po l yacrylon i tri l e,  po l yvin yl idene  ch lori de,  vi nyl  ch lori deacrylon i tr i l e  
copol ym ers ,  vinyl  ch loride-vi n yl  acetate  copolym ers,  and  g lass  al l  have  excel l ent  
res istance  or  are  i nert  to  fung i .  F i bres  m ay have  pi gm ent added  or be  coated ,  and  
syn thetic  f i bres  m ay have  o ther add i t i ves  wh ich  can  support  g rowth  (see  also  i tem  g )  
be low) .  I n  use,  when  these  f ibres  are  i n  the  form  of  a  cloth  or  cord ,  they can  eas i l y ho ld  
m oistu re  and  im puri ti es  wh ich  wi l l  nourish  m ou lds.  

f)  Leather:  Tanned  l eather  general l y has  h yg roscopic  substances  on  i ts  surface,  such  as  
dextrin ,  s tarch ,  g l yceri ne  or sugar,  wh ich  i s  often  used  for dress ing ,  and  m ay support 
m ou ld  g rowth .  Sim i larl y,  g reases,  o i l s  and  em u ls ions  used  for l ubricati ng  l eather  m ay also  
support  m ou ld  g rowth .  I n  general ,  chrom e-tanned  l eather i s  m ore  resis tan t  than  vegetable  
tanned  leather.  Mou ld  rare l y d i rectl y attacks  the  l eather to  any s i gn i f i can t  exten t,  even  
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when  a  profuse  g rowth  i s  found  on  i ts  surface.  However,  i f  l eather  i s  exposed  to  m ou ld  for  
protracted  peri ods,  enzym es  secreted  by m ou ld  wi l l  tend  to  d igest  fats ,  sugars  and  
carboh ydrates  i n  the  leather,  re leasing  various  organ ic  acids .  Over t im e,  these  acids  m ay 
react  wi th  vegetable  tann ins  producing  s i gns  of  ph ys ical  deterioration  i nclud ing  l oss  of  
streng th  and  su rface  cracking .  

g )  P lastic  and  rubber:  P lastic  and  rubber m aterials  are  not  subj ect  to  deterioration  i n  qu i te  
the  sam e m anner as  other m aterials  such  as  wood .  They nearl y always  con tain  one  or 
m ore  add i t i ves  for exam ple,  a  p last ic i zer  to  reduce  the  natural  bri tt l eness  of  the  plast ic,  
res in  to  i ncrease  the  ri g id i ty,  p i gm ents  for co louring ,  f i l lers ,  stabi l i zers,  etc.  Each  one  i s  
added  for a  speci f ic  effect  on  the  f i nal  product  and  each  has  a d i fferen t  effect  on  the  f i nal  
res istance  against  attack.  Hence,  to  pred ict  the  res istance  of  a  g i ven  plastic  or  rubber 
requ i res  knowledge  not  on l y of  the  m aterial ,  bu t  also  of  al l  i ts  add i t i ves,  wh ich  m ay 
consti tu te  as  m uch  as  50  % of  the  total .  I n  certain  ci rcum stances  m oisture  rather than  
m ou ld  wi l l  con tribu te  to  the  deterioration  of  a  p lastic  m aterial ,  and  s ince  i t  i s  not  poss ible  
to  have  m ou ld  g rowth  wi thout  the  presence  of  mo isture,  there  i s  som e controversy abou t 
wh ich  factor con tribu tes  m ost.  From  investi gations  i t  i s  c lear that  a  g i ven  plastic  m ay not  
support  the  g rowth  wh ich  i s  found  on  i t,  bu t  i s  m erel y ho ld ing  im puri t i es  on  i ts  surface 
wh ich  nourish  the  m ou ld ,  wi thou t  dam ag ing  the  plast ic  i tsel f.  

h )  G lass:  G lass  i s  not  a  source  of  food ,  bu t  i ts  surface  i s  read i l y covered  wi th  m oistu re  to  
wh ich  organ ic  particles  wi l l  adhere.  Th is  favours  m ou ld  g rowth  wh ich  i n  tu rn  so i l s  and  m ay 
even  etch  the  surface,  thus  affecti ng  the  eff icien t  use  of  opt ical  i ns trum ents.  I n  add i t ion ,  
Canada balsam  wh ich  i s  often  used  to  cem ent  l enses  together i s  also  susceptible.  

i )  Other m aterials :  Other organ ic  m aterials  l i ke l y to  be  attacked  i nclude  m ost  foodstu ffs,  
adhes ives,  g l ues ,  i nks,  etc.  There  are  also  reports  of  deterioration  of  som e h ydrocarbons,  
especial l y j et  fuels ;  i n  th is  case  the  fung i  are  found  i n  association  wi th  bacteria,  and  the  
precise  m anner of  deterioration  i s  not  c lear.  The  m etabo l ic  products  of  cladospori um  
res inae,  the  'kerosene  fungus'  that  g rows  at  the  j et  fue l /water i n terface,  are  corrosive  to  
alum in ium  al loy fuel  tanks.  

5.2  Bacteria  

5.2. 1  Background  

Bacteria are  found  i n  a  variety of  shapes  and  form s.  They are  general l y un icel l u lar org an ism s,  
between  0, 5  μm  and  1 0  μm  in  length  and  0 , 3  μm  to  2  μm  in  d iameter.  Some species  of 
bacteria can  m ove  and  possess  f lexible  hai r- l ike  proj ecti ons  wh ich  enable  them  to  do  so,  
wh i l st  o thers  are  carri ed  along  in  the  m ed ium  in  wh ich  they g row.  Protecti on  i s  afforded  i n  
som e cases  by a  ge lat i nous  sheath  or capsu le,  bu t  i n  o thers  th is  i s  absen t.  

A m ature  ce l l  m ay reproduce  by s im pl y d i vi d i ng  i n  two.  Later these  two  m ay d ivide  again  and  
so  on  at  i n tervals  as  sm al l  as  1 5  m in .  Many bacteria  can  also  produce  spores.  H owever,  
un l ike  the  fung i ,  these  spores  are  produced  i ns ide  the  bacterial  ce l l ,  wi th  norm al l y one  spore 
per cel l .  These  spores  are  m ore  res is tan t  to  heat  and  dryi ng  than  ord inary ce l l s ,  and  they 
have  been  known  to  survi ve  for  m any years  i n  a  d ry s tate.  

5.2.2  Growth  and  survival  factors  

As a consequence  of  the i r  m inu te  s i ze,  s im i lari ty of  action  to  fung i  and  the i r  association  wi th  
the  sam e envi ronm ents ,  som e of  the  propert ies  and  acti ons  of  bacteria  have  not  been  i so lated  
or fu l l y i denti f i ed .  I n  add i t i on ,  bacteria  can  evo lve  and  adapt  them selves  to  new cond i t ions.  

Bacteria  are  l ess  sensi ti ve  than  fung i  to  tem peratu re.  The  extrem e g rowing  tem peratu res  are  
a m atter  of  debate  bu t  general l y the  range  i s  from  -3  °C  to  +75  °C.  Like  fung i ,  they can  also  
survi ve  even  g reater extrem es  i n  the  qu iescen t  state.  Optim um  g rowth  tem peratu res  are  
general l y h i gher than  for  fung i .  They norm al l y requ i re  the  presence  of  water for g rowth  and  
can  f l ourish  even  when  subm erged  i n  water.  Consequentl y bacteria  are  found  g rowing  i n  
cond i t i ons  that  are  wetter  than  for m ost  fung i .  

Man y bacteria can  m ake use  of  carbon  on l y when  suppl ied  i n  an  organ ic  form .  However,  
others  can  g row in  a  m ed ium  devoid  of  organ ic  m aterial  and  m ake use  of  carbon  d i oxide  as  
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the i r  source  of  carbon .  Various  bacteria can  u t i l i ze  organ ic  and/or i norgan ic  sources  of  
n i trogen .  Som e bacteria are  aerobic,  others  are  anaerobic  and  wi l l  g row on l y i n  the  absence  
of  oxygen ,  wh i ls t  others  can  l i ve  e i ther  wi th  or  wi thou t  oxygen .  

Som e vi tam ins  and  associated  com pounds  have  proved  necessary to  al l  bacteria,  wh i l st  
others  are  found  to  be  requ i red  by on l y one  or  two  species.  Those  bacteria wh ich  can  g row i n  
media devoid  of  an y organ ic  m aterials  obtain  the i r  energ y requ i rem en ts  from  the  oxidati on  of  
i norgan ic  com pounds  such  as  am m onia,  vari ous  com pounds  of  su l fu r  and  som e com pounds  of  
i ron .  

Most  bacteria are  act i ve  i n  the  range  of  pH  6  to  pH  8 ,  bu t  they can  survi ve  both  h i gher and  
lower pH  values.   

5.2.3  Habi tat  

Bacteria  occur  i n  soi l ,  i n  natural  bod ies  of  water,  i n  the  ai r  and  i n ternal l y as  causal  agents  of  
d i seases  i n  an im als  and  plants .  Most  l i ve  i n  the  soi l ,  g eneral l y i n  wetter  and  s l i gh t l y m ore  
alkal i ne  cond i t i ons  than  fung i ,  and  are  capable  of  survi vi ng  g reater extrem es  of  envi ronm ent.  

I t  i s  not  poss ible  to  defi ne  exactl y i n  wh ich  geograph ic  areas  bacter ia wi l l  g row,  and  on l y 
those  wh ich  are  paras i t i c  upon  particu lar p lan ts  or  an im als  are  at  al l  restricted  geograph ical l y.  

5.2.4  Effects  of  bacteria  on  materials  

Like  fung i ,  bacteria possess  no  ch lorophyl l  and  secrete  enzym es  to  d igest  food  i n to  a  so luble  
state  before  absorbing  i t  th rough  the i r  ce l l  wal ls .  Also  l ike  fung i ,  they can  evolve  and  adapt  
them selves  to  new cond i t i ons .  

Bacteria are  general l y too  sm al l  to  im pai r  the  operati on  of  equ ipm en t.  They can ,  however,  
u t i l i ze  a  m aterial  d i rectl y  for food  and  thus  dam age i t .  I n  add i ti on ,  they can  cause  corros ion  
when  obtain ing  thei r  energ y from  chem ical  reacti on  or by thei r  waste  products.  They m ostl y 
l i ve  i n  the  so i l  near  the  surface,  and  i t  i s  here  that  they can  cause  m ost  dam age.  Even  so,  i t  i s  
general l y cons idered  that  i n  m ost  cases  m ore  dam age  i s  caused  by fung i  than  by bacteria.  

Wood,  l eather,  paper products  and  m ost  associated  m aterials ,  for  exam ple  f i n ishes,  g l ues,  are  
al l  l i able  to  bacterial  attack in  varyi ng  degrees.  Natural  f i bres ,  of  both  an im al  and  plan t  or i g i n  
are  attacked  by bacteria.  The  effect  on  syn thetic  f i bres  i s  not  cl ear,  al though  i t  appears  to  be  
s im i lar to  that  due  to  fungal  attack,  that  i s ,  vi scose  rayon ,  cel l u l ose  n i trate  and  a few others  
are  prone,  bu t  general l y they are  reth iobasistan t.  Most  pain ts  and  varn ishes  are  attacked  by 
bacteria and  so  are  som e rubbers  and  p lastics.  However,  deteriorati on  of  these  latter 
general l y occurs  on l y i n  som e special i zed  c i rcum stances,  as  when  perm anen tl y subm erged  i n  
water.  As  wi th  fung i ,  i t  i s  often  one  of  the  m any add i t i ves  wh ich  are  attacked ,  rather than  the  
bas ic  m aterial  i tse l f .  Petro leum  fuels  and  i nsu lati ng  o i ls  are  am ong  the  hydrocarbons  wh ich  
are  deteri orated  by bacteria.  

Bacterial  attack i s  general l y f i rs t  noticed  as  a  d i scolourati on  of  the  m aterial  concerned .  I n  
som e i nstances,  however,  such  as  i nsu lati ng  o i ls  and  the  rubber-coveri ng  of  cables ,  l ow 
i nsu lati on  res istance  i s  often  the  f i rs t  i nd icati on .  

Bacterial  corros ion  i s  the  term  used  to  describe  corros ion  due  to  bacteria  obtain ing  the i r  
energ y requ i rem ents  from  chem ical  act ion  and  to  bacterial  waste  products .  I n  these  cases  the  
m aterials  are  not  used  as  food.  Ferrous  m etals  are  m ost  l i able  to  th is  m ethod  of  corros ion ,  bu t  
there  are  exam ples  of  attack on  stone,  rubber and  non- ferrous  m etals .  The  organ ism s  induce  
a chem ical  reaction ,  for  exam ple  oxidation ,  and  use  the  chem ical  energ y thus  l i berated .  
Al though  th is  m eans  of  corrosion  i s  alm ost  exclus i vel y bacterial ,  i t  i s  occasional l y appl icable  
to  m ou ld .  
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Bacterial  corros ion  m ay be  one  of  the  fo l l owing  types:  

a)  Corros ion  due  to  acid  form ation :  

i )  One  of  the  m ain  form s  of  corros ion  i s  attri bu table  to  the  oxidation  of  i norgan ic  su l fu r  
com pounds  to  su l fu ric  acid  by the  m em bers  of  the  th i obaci l lus  species .  These  are  fai rl y 
comm on  i n  so i l  and  water.  I n  the  process,  they generate  and  can  survi ve  i n  so lu tions  
of  up  to  1 2  % su l fu ric  acid .  I ron  and  concrete  p ipes,  bu i l d ings  and  vu lcan i sed  rubber  
are  am ong  obj ects  thus  corroded.  

i i )  Another form  of  corrosion  i s  caused  by oxidation  of  i ron  pyri tes  to  su l fu ri c  acid  by the  
ferrobaci l l us  species .  These  are  often  found  i n  associati on  wi th  th i obaci l l us .  
Ferrobaci l l us  i s  respons ible  for the  problem s  aris ing  from  acid  water  i n  gold  and  
bi tum inous  coal  m ines  corrod ing  pum ping  m ach inery.   

i i i )  Mou lds  of  ce l lu l ose  bacteria,  wh ich  ferm ent ce l l u l os ic  m aterial  to  organ ic  acids,  cause  
corrosion  known  as  'phenol  corrosion ' .  Th is  can  lead  to  the  etch ing  and  pi tt i ng  of  
stored  or buried  l ead  and  other  cables  and  al so  of  the  paper or  o ther ce l lu l os ic  
m aterials  wi th i n .   

b)  Corros ion  at  neu tral  pH  values:   

i )  Corros ion  i s  often  brought  about  by cathod ic  depolari zati on ,  attri bu table  to  bacteria  
con tain i ng  an  act i ve  h ydrogenase.  Th is  type  of  corrosion  i s  com plex  and  i ts  exact  
m echan ism  is  s t i l l  a  m atter of  debate,  bu t  there  i s  no  doubt  that  the  su l fate  reducing  
bacteria  are  the  cause.  They are  anaerobic,  are  comm onl y found  i n  waterlogged  soi l  o r  
water and  som e of  them  survive  and  f l ourish  at  tem peratures  around  40  °C.  They have  
been  respons ible  for the  corros ion  of  i ron  and  steel  i n  waterlogged  so i ls ,  e lectrical  
transform ers,  hot  water  system s,  etc.   

i i )  Corros ion  often  occurs  fo l l owing  d i fferen tial  aerati on  caused  by the  d i fferen t  seasonal  
water  leve ls  found  i n  f l ood  water p ipes,  and  i s  attri bu table  to  depos i ts  form ed  by i ron  
bacteria and  other m icro-organ ism s.  These  form  i nso luble  or  part l y-so luble  products  
that  can  adhere  as  f i lm s  or  tubercles  to  m etal  surfaces  such  as  the  i ns ide  of  m etal  
water  suppl y p ipes.   

i i i )  Another form  of  corros ion  i s  due  to  bacterial  m etabol i sm .  Certain  bacteria produce  
chem icals  s im ply as  the  waste  product  of  the i r  d igesti ve  system s.  These  m ay be  
corrosive  and  yet  are  not  acids  of  the  type  d iscussed  previous l y.  Corros ion ,  of  th is  
form ,  can  occu r rem otely from  the  s i te  of  bacterial  g rowth ;  for  exam ple  the  copper  
heaters  and  valves  i n  a  h igh -pressure  steam  un i t  showed  su l f i de  corros ion ,  al though  
the  am bien t  tem perature  was  between  1 20  °C  and  1 75  °C.  The  corrosive  m aterial  was  
hydrogen  su l f i de,  form ed  by bacteria g rowing  i n  the  coo ler  water of  the  reservoi r  at  the  
expense  of  su l f i te  used  to  de-oxygenate  the  bo i ler water.  

Corros ion  m ay also  occu r because  of  the  loss  of  a  protecti ve  coating  wh ich  has  provided  food  
for the  bacteria.  Exam ples  are  the  rem oval  of  asphal t,  waxy,  or  po l yester coatings  by bacteria  
i n  the  soi l .  I n  add i t ion ,  corrosion  m ay be  i ncreased  by the  j o i n t  act ion  of  several  of  the  
d i fferent  types  of  bacteria i n  the  sam e area.  

5.3  Insects  

5.3. 1  Background  

There  are  m ore  than  hal f  a  m i l l i on  d i fferen t  kinds  of  i nsects,  wi th  a wide  range  of  eati ng  habi ts  
and  behaviour  patterns.  H ence  m any art icles  m ade from  m aterials  of  an im al  or  vegetable  
orig i n ,  and  syn thetic  m aterials  of  a  s im i lar structu re,  are  dam aged  or  destroyed  by i nsects .  
Un l ike  m icro-organ ism s,  the  predom inan t  m ethod  of  attack i s  m echan ical .  

Two  categories  of  dam age  can  be  d is t ingu ished .  The  f i rst  concerns  dam age by insects  to  
i nd i gestible  m aterials  wh ich  are  used  i n  bu i ld i ng  nests,  etc. ,  or  form  a barrier  between  the  
i nsect  and  i ts  goal ,  or  wh ich  are  dam aged  in  thei r  search  for  food .  The  second  concerns  
dam age  to  m aterials  used  as  food :  wood,  paper,  rayon  and  other ce l l u l ose  derivati ves,  for  
exam ple.  
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The  l i fe  span  of  the  i nsects  cons idered  here  i s  from  two  m onths  to  twenty years .  They m ay be  
destructi ve  i n  the  l arval  s tage  or  the  m ature  s tage,  or  som etim es  i n  both .  

5.3.2  Habi tat  

Most of  the  destructi ve  i nsects  are  restricted  geograph ical l y by the  avai labi l i ty of  the i r  natural  
food.  However,  as  m ost  form s  of  l i fe  g row m ore  profusel y i n  the  tropics,  i t  i s  here  that  i nsect  
dam age  i s  g reatest.  

Species  of  term i te  con fi ned  m ain l y to  the  tropics  are  general l y cons idered  to  be  the  m ost 
destructi ve  of  al l  i nsects.  Other i nsects  m ain l y confi ned  to  tropical  areas  i nclude  m ud  wasps,  
wool l y bears,  carpenter  bees  and  certain  species  of  beetles ,  m oths ,  an ts  and  spiders ,  
al though  strict l y spiders  are  of  the  Arachn ida  c lass.  

I nsects  cons idered  to  be  m ore  un i versal  i n  the i r  d istribu tion  i nclude  cockroaches,  crickets ,  
g rasshoppers,  c lothes  m oths,  powder-post  beetles ,  carpet  beetles,  h ide  and  skin  beetles,  
s i l verf i sh ,  an ts ,  wasps,  and  i nsects  attacking  stored  g rain  and  cereals  and  o ther foods.  I n  
most  cases  the  hom e of  the  i nsect  i s  i ns ide  the  m aterial  wh ich  i t  attacks.  

5.3.3  Effects  of  insects  on  materials   

Liabi l i ty to  attack by i nsects  i s  g reatest  on  the  g round,  i n  the  g round,  or  i n  bu i l d ings  i n  wh ich  
there  i s  poor  d rainage  or  poor ven ti lat ion ,  or  unhyg ien ic  cond i t i ons .  Materials ,  of  an im al  or  
vegetable  orig i n ,  wh ich  m ay be  attacked  by i nsects,  i ncl ude  the  fo l lowing :  

a)  Wooden  products  are  particu larl y subj ect  to  attack by term i tes ,  wh ich  use  the  ce l l u lose  for 
food,  and  by powder-post  beetles  whose  larvae  feed  on  wood.  Dam age  caused  by both  of  
these  i nsects  can  be  severe  in  tropical  reg ions.  

b)  Paper i s  attacked  by m any i nsects ,  particu larl y term i tes,  cockroaches,  s i l verf i sh  and  
bookworm s.  

c)  Texti l es  and  cordage  m ay be  dam aged  by m any i nsects  i ncl ud ing  clo thes  m oths,  wool l y 
bears ,  s i l verf ish ,  e tc.   

d )  Leather products  are  attacked  by term i tes ,  h ide  and  ski n  beetles  and  carpet  beetles,  etc.  

General l y,  m aterials  wh ich  are  not  of  an im al  or  vegetable  ori g i n  are  rarel y attacked  by i nsects ,  
un less  they bar the  way to  food .  For exam ple,  red  ants  and  term i tes  can  penetrate  m ost  
plast ics  and  rubbers  i f  they form  a barri er between  the  i nsect  and  a  sou rce  of  food .  H owever,  
such  m aterials  rarel y form  a source  of  food  i n  them selves.  I ndeed,  the  on l y p las tic  not  
attacked  du ri ng  a series  of  tests ,  was  ce l l u lose  acetate.  S im i larl y,  pain ts  and  varn ishes  m ay 
be  attacked  by term i tes ,  i f  they bar the  term i tes  from  a source  of  food .  

5.4  Rodents  

5.4. 1  Background  

Of the  m any form s  of  m amm als  i n  the  world  wh ich  cause  dam age,  rodents  are  the  m ost  
comm on.  They vary i n  s i ze  from  the  sm al l  1 5  g  m ice  to  the  large  f ie ld  rodents  of  5  kg  or  m ore.  
Al l  possess  ch isel - l i ke  i ncisor teeth  especial l y adapted  for gnawing ,  and  the  dam age thus  
caused  i s  usual l y the  resu l t  of  the i r  search  for food  or nesti ng  m aterial .  They are  found  i n  al l  
parts  of  the  world ,  even  i n  arctic  reg ions.  

5.4.2  Effects  of  rodents  on  materials  

A wide  variety of  m aterials  are  subject  to  dam age  by rats,  m ice  and  other rodents .  They can  
ru in  text i les  by thei r  droppings  and  u ri ne,  or  by shredd ing  the  cloth  for nesting .  They m ay 
gnaw holes  i n  wooden ,  cardboard  or  plastic  packing  cases,  expos ing  the  con ten ts  to  attack by 
m oistu re,  i nsects,  m ou lds  and  bacteria.  I n  the i r  search  for shel ter,  rodents  m ay underm ine  
foundations,  or  ru in  the  i nsu lat i on  of  bu i ld i ngs,  refri gerati on  un i ts  and  e lectrical  cables.  
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Wh i lst  there  i s  agreem ent  that,  under duress,  roden ts  wi l l  attack m ost  of  the  softer m aterials  
and  even  som e m etals  i n  the i r  search  for food,  there  i s  no  agreem ent on  whether the  plast ics ,  
paper,  wood ,  etc,  are  attacked  as  a  source  of  food.  

5.5  Algae and  marine  organ isms 

5.5. 1  Algae 

Algae  are  rud im entary mem bers  of  the  plan t  fam i l y,  and  un l ike  fung i  con tain  ch loroph yl l  and  
are  capable  of  photosyn thes is .  The  form  of  the  al gae  can  vary considerably  from  un icel l u lar to  
com plex m u l t i ce l lu lar.  Thei r  m ethods  of  reproducti on  can  also  vary,  be ing  both  asexual  and  
sexual .  They occur i n  fresh  and  sal t  water,  i n  and  on  the  so i l ,  and  i n  m oist  p laces  varyi ng  from  
snow and  ice  to  hot  springs .  Variations  i n  s i ze  cover  a  range  from  a few m icrom etres  to  
g reater  than  th i rty m etres .  

5.5.2  Borers  

There  are  two  types  of  borers,  the  m ol l uscan  borers  and  the  crustacean  borers.  I n  the  form er,  
the  an im al  head  or en ti re  body i s  enclosed  in  a  b i -valve  she l l  wh ich  has  becom e a cu tt ing  tool .  
I n  the  l atter,  boring  i s  accom pl ished  by m eans  of  a  s trong  pai r  of  m andibles.  

Borers  spread  by swim ming ,  wh ich  can  on l y be  done  during  the i r  l arval  s tage;  th is  vari es  i n  
durati on  from  a day to  a  week.  Thei r  destructi ve  l i fe  beg ins  after th is  stag e.  I n  som e waters  
the  attack i s  m ost  destructi ve  between  the  t ide  leve ls,  whereas  in  others  i t  i s  m ost  destructi ve  
at  a  depth  of  9  m  to  1 2  m  or m ore,  or  at  the  m ud  l i ne .  They do  not  g row i n  s trong  cu rren ts.  I n  
the  tropics  thei r  destructi ve  act ion  m ay be  several  t im es  that  found  i n  tem perate  waters,  bu t  
they f lourish  even  wi th in  the  Arctic  C i rcle.  

Borers  are  found  m ain l y i n  sal t  water,  though  som e species  th ri ve  i n  fresh  water.  They l i ve  
prim ari l y on  wood ,  where  they can  cause  severe  dam age.  They can  penetrate  the  i nsu lat ion  
of  e l ectrical  cables  and  som e protecti ve  arm ouri ng .  The  cau lking  on  the  bottom  of  wooden  
boats  i s  attacked  and  occas ional l y they bore  th rough  clay,  sandstone,  shale,  m arble  and  
i n ferior  concrete.  

5.5.3  Fou l ing  organisms 

Fou l i ng  organ ism s  i ncl ude  barnacles,  seaweeds,  corals ,  sea anem ones,  sea squ i rts ,  clam s,  
oysters  and  m ussels.  

Som e of  these  provide  an  envi ronm en t i n  wh ich  bacteria f l ou rish  and  cause  corros ion ,  such  
as  dead  organ ism s  trapped  by barnacles  on  sh ips '  hu l ls .  Various  form s  of  fou l i ng  are  found  i n  
al l  parts  of  the  world .   

Fou l i ng  organ ism s  can  produce  very seri ous  problem s  wherever they are  encoun tered .  They 
attach  them selves  to  both  wooden  and  m etal  hu l l s  of  sh ips,  and  can  raise  the  cost  of  dri ving  
the  sh ip  by between  25  % and  30  %.  Another form  of  dam age i s  i n  thei r  g rowth  i ns ide  i n l et  
p ipes,  from  the  sea or  fresh  water,  to  cool i ng  system s.  I n  add i t i on ,  they can  penetrate  
coatings  of  p i tch ,  etc. ,  and  i n  so  do ing  trap  dead  m atter  g i vi ng  r ise  to  bacterial  corros ion .  
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