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I N T R O D U C T I O N

T h e  t e r m  " a i r  s p o r a "  w a s  c o i n e d  by G r e g o r y  ( 1 9 6 1 )  

t o  d e s c r i b e  t h e  f u n g a l  s p o r e s  a n d  p o l l e n  c o n t e n t  o f  t h e  

a i r ,  t h e  p o l l e n  g r a i n  o f  t h e  f l o w e r i n g  p l a n t  b e i n g  k n o w n  

b o t a n i c a l l y  as a m i c r o s p o r e .  C r e d i t  f o r  t h e  f i r s t  s t u d y  

o n t h e  c o n t e n t  o f  t h e  a i r  in r e l a t i o n  t o  a l l e r g i c  d i s e a s e  

m u s t  b e g i v e n  t o  C . H .  B l a c k l e y  ( 1 8 7 3 )  a f a m i l y  p h y s i c i a n  

in M a n c h e s t e r ,  w h o  b y e x p e r i m e n t s  u p o n  h i m s e l f  p r o v e d  

t h a t  g r a s s  p o l l e n  w a s  t h e  c a u s e  o f  t h e  S u m m e r  c o n j u n c t 

i v i t i s  a n d  r h i n i t i s  c o m m o n l y  t e r m e d  h a y  f e v e r .  B l a c k l e y  

e x p o s e d  s t i c k y  f a c e d  m i c r o s c o p e  s l i d e s  t o  t h e  a i r  a n d  

r e l a t e d  t h e  s e v e r i t y  o f  h i s  o w n  s y m p t o m s  t o  t h e  n u m b e r s  

o f  p o l l e n  g r a i n s  t r a p p e d .  T h e  y e a r  B l a c k l e y ' s  m o n o g r a p h  

w a s  p u b l i s h e d  in E n g l a n d ,  C u n n i n g h a m  ( 1 8 7 3 ) ,  in an 

a t t e m p t  t o  d i s c o v e r  t h e  c a u s e  o f  c h o l e r a ,  r e p o r t e d  on 

t h e  c o n t e n t  o f  t h e  a i r  in t w o  C a l c u t t a  g o a l s  a n d  in so 

d o i n g  p r o d u c e d  t h e  f i r s t  m o n o g r a p h  on t h e  f u n g a l  s p o r e  

c o n t e n t  o f  t h e  a i r .  M i q u e l  ( 1 8 8 3 )  a n a l y s e d  t h e  b a c t e r i a  

a n d  m o u l d s  in t h e  a i r  o f  P a r i s  a n d  a p p e a r s  t o  h a v e  b e e n  

t h e  f i r s t  w o r k e r  t o  e s t i m a t e  t h e  n u m b e r  o f  m i c r o b e s  in 

a m e a s u r e d  v o l u m e  o f  a i r .  S i n c e  t h e s e  p i o n e e r  p u b l i c a t i o n s  

a p p e a r e d  in E n g l a n d ,  F r a n c e  a n d  I n d i a ,  m o r e  t h a n  a c e n t u r y  

e l a p s e d  b e f o r e  a n y  s t u d y  o n  t h e  a e r o a  1 l e r g e n s  o f I r a q  w a s  

u n d e r t a k e n .

In t h e  f i r s t  r e p o r t  on t h e  a i r b o r n e  p o l l e n  a n d  

m o u l d s  o f  B a g h d a d ,  A l - T i k r i t i  e t  al ( 1 9 8 0 )  p o i n t e d  o u t  

t h a t  t h e r e  a r e  f e w  k n o w n  o r  a c c u r a t e  p o l l e n  s u r v e y s  f o r
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t h e  v a r i o u s  c l i m a t e s  o f  t h e  M i d d l e  E a s t .  T h e  o n l y

p u b l i s h e d  s u r v e y s  w e r e  p r i m i t i v e ,  a n d  b a s e d  o n  s e a r c h i n g

)
f o r  t h e  f a m i l i e s  o f o t h e r  n a t i o n s  h a y  f e v e r  p l a n t s  w i t h 

in t h e i r  b o u n d a r i e s .  T h e y  c o n c l u d e d  " n o  s o p h i s t i c a t e d  

s t u d i e s  e x i s t " .

T h e  p u r p o s e  o f  t h i s  t h e s i s  is t o  r e p o r t  a 

q u a n t i t a t i v e  i n v e s t i g a t i o n  i n t o  t h e  c o n t e n t  o f  t h e  a i r  o f  

B a g h d a d  in r e l a t i o n  t o  a l l e r g i c  d i s e a s e  a n d  t o  p r o d u c e  

p o l l e n  a n d  s p o r e  c a l e n d a r s  f o r  B a g h d a d .

P o l l e n o s i s  h a s  b e e n  t h e  s u b j e c t  o f  r e s e a r c h  at 

S t .  M a r y ' s  H o s p i t a l  s i n c e  N o o n  ( 1 9 1 1 )  f i r s t  p r a c t i c e d  

t h e r a p e u t i c  i n o c u l a t i o n  w i t h  a q u e o u s  e x t r a c t s  o f  g r a s s  

p o l l e n .  U n d e r  t h e  d i r e c t i o n s h i p  o f  F r e e m a n ,  a d e p a r t m e n t  

o f  a l l e r g y  w a s  e s t a b l i s h e d  in 1 9 2 0 ,  a n d  in 1 9 3 5  a p o l l e n  

f a r m  w a s  c o m m e n c e d  t o  p r o v i d e  p u r e  p o l l e n  in t h e  k i l o 

g r a m m e  q u a n t i t i e s  n e e d e d  f o r  h y p o s e n s i t i z a t i o n  a n d  r e s e a r c h  

in t h e  c l i n i c .  F r e e m a n  ( 1 9 5 0 )  d e s c r i b e d  h a y  f e v e r  as t h e  

k e y  t o  t h e  a l l e r g i c  d i s o r d e r s  a n d  F r a n k l a n d  & D a v i e s  c i t e d ^ j  

D a v i e s  & S m i t h  ( 1 9 7 3 a )  s h o w e d  t h a t  w h e n  t h e  g r a s s  p o l l e n  

c o n c e n t r a t i o n s  o v e r  c e n t r a l  L o n d o n  r e a c h e d  50 g r a i n s  p e r  

c u b i c  m e t r e ,  a ll  t h e  c l i n i c a l l y  s e n s i t i v e  p a t i e n t s  

e x p e r i e n c e d  s y m p t o m s .  H a v i n g  in m i n d  t h e  e x p e r i e n c e  o f  

a e r o b i o l o g y  a n d  i ts  r e l a t i o n s h i p  t o  a l l e r g i c  d i s e a s e  

o b t a i n e d  at S t.  M a r y ' s ,  a b r i e f  c o m p a r i s o n  w i l l  b e  m a d e  

b e t w e e n  t h e  c o n t e n t  o f  t h e  a i r  o f  B a g h d a d  a n d  t h a t  

r e c o r d e d  a t S t .  M a r y ' s ,  in c e n t r a l  L o n d o n .
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G E O G R A P H I C A L  F E A T U R E S  OF I R A Q  

G E O G R A P H I C A L  L I M I T S

T h e  t e r r i t o r y  o f  t h e  R e p u b l i c  o f  I r a q  - r o u g h l y  

t h e  l o w e r  p o r t i o n  o f  t h e  M e s o p o t a m i a  o f  h i s t o r y ,  l i e s  

b e t w e e n  l o n g i t u d e s  3 8 °  4 2 E ,  a n d  4 8 °  2 3 E  a n d  b e t w e e n  

l a t i t u d e s  2 9 °  2 7 N  a n d  3 7 °  2 3 N  ( G u e s t ,  1 9 6 6 ) :  t h e  p h y s i o 

g r a p h i c  r e g i o n s  a r e  s h o w n  in F i g  1.

T h e  l o n g e s t  a x i s  o f  I r a q  is n e a r l y  1 0 0 0  k m  l o n g  

a n d  r u n s  N . N . W .  t o  S . S . E .  f r o m  t h e  T u r k i s h  f r o n t i e r  a b o v e  

Z a k h o  t o  t h e  s h o r e  o f  t h e  A r a b i a n  G u l f  at F a o .  It s 

g r e a t e s t  w i d t h ,  r u n s  N . E .  t o  S . W .  f r o m  t h e  b o r d e r ,  n o r t h  

o f  R a w a n d u z  t o  t h e  j u n c t i o n  o f  t h e  S a u d i a  A r a b i a ,  K u w a i t  a n d  

I r a q i  f r o n t i e r s  a n d  is n e a r l y  7 5 0  k m

T h e  t o t a l  l a n d  a r e a  is c o m p i l e d  as n e a r l y  4 4 4 ,

5 0 0  s q . k m  o f  w h i c h  r a t h e r  l e s s  t h a n  a h a l f  is d e s e r t .

T O P O G R A P H Y

T o p o g r a p h i c a l l y  I r a q  h a s  f o u r  m a i n  r e g i o n s : -

1. T h e  M o u n t a i n  r e g i o n  T h i s  is b o u n d e d  b y  t h e  N. a n d  N . E .  

f r o n t i e r s  o f  I r a q  w i t h  T u r k e y  a n d  I r a n  r e s p e c t i v e l y ,  

f r o m  W. o f  Z a k h o  t o  S . E .  o f  H a l a b j a .

2. T h e  U p p e r  P l a i n  a n d  F o o t h i l l s  r e g i o n  T h e s e  c o m p r i s e  t h e  

o u t  l y i n g  d i s t r i c t  o f  t h e  r e g i o n  in t h e  N . W . ,  a n d  t h e  

m a r g i n  o f  t h e  l o w e r  p l a i n  a t  t h e  f o o t  o f  t h e  J a b a l  

H a m r i n .  T h e r e  is no s h a r p  t o p o g r a p h i c  f e a t u r e  t o  m a r k
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t h e  l o w e r  m a r g i n  o f  t h e  U p p e r  P l a i n s  a n d  F o o t h i l l s  

r e g i o n ,  a n d  h e r e  m o s t  o f  t h e  l a n d  is h i l l y .

3. D e s e r t  P l a t e a u  r e g i o n  T h i s  is b o u n d e d  t o  t h e  N. a n d  

N . W .  b y t h e  l o w e r  b o u n d a r y  of t h e  U p p e r  P l a i n s  a n d  

F o o t h i l l s  r e g i o n  as f a r  as t h e  R. D i y a l a  a n d  in t h e

E. a n d  S . E .  m a i n l y  b y  t h e  r i g h t  b a n k  o f  t h e  R. E u p h r a t e s  

u n t i l  it r e a c h e s  t h e  s o u t h e r n  m a r s h e s  n e a r  N a s i r i y a .

M o s t  o f  t h e  a r e a  in t h i s  r e g i o n  is f l a t  a n d  c o m p r i s e s  

t h e  w e s t e r n  d e s e r t  b o u n d e d  by S y r i a  a n d  J o r d a n ,  S a u d i a  

A r a b i a  a n d  K u w a i t .

4. L o w e r  M e s o p o t a m i a n  r e g i o n  T h e  g r e a t  a l l u v i a l  p l a i n  

c o m p r i s e s  t h e  r e m a i n d e r  o f  t h e  t e r r i t o r y  o f  I r a q .  It 

is b o u n d e d  b y  t h e  d e s e r t  p l a t e a u  r e g i o n  t o  t h e  N . W .

a n d  W. a n d  S. a n d  b y  t h e  l o w e r  m a r g i n  o f  t h e  U p p e r  P l a i n  

a n d  F o o t h i l l s  r e g i o n  a n d  t h e  P e r s i a n  f r o n t i e r  t o  t h e  

N . E .  a n d  E. B a g h d a d  l i e s  in t h i s  d i s t r i c t .

B a g h d a d  is l o c a t e d  in t h e  c e n t r a l  a l l u v i a l  p l a i n  d i s t r i c t  

( C .A ) F i g  1, t h e  m a i n  c e n t r a l  M e s o p o t a m i a n  P l a i n  w h i c h  l i e s  

b e t w e e n  t h e  R i v e r  T i g r i s  a n d  t h e  o u t e r  H i n d y a  c h a n n e l  o f  

t h e  E u p h r a t e s .  It is b o u n d e d  t o  t h e  E a s t  a n d  S o u t h - E a s t  

b y  t h e  S o u t h e r n  m a r s h e s .  T h i s  f e r t i l e  a r e a  is c h i e f l y  

d e v o t e d  t o  a r a b l e  f a r m i n g  a n d  w a s  t h e  g r a n n a r y  o f  a n c i e n t  

M e s o p o t a m i  a .

E F F E C T  O F C L I M A T E  O N T H E  V E G E T A T I O N  O F  I R A Q

Z o h a r y  ( 1 9 5 0 )  h a s  b r i e f l y  d i s c u s s e d  t h e  e f f e c t  o f  t h e  

c l i m a t e  o f I r a q  o n  it s v e g e t a t i o n  a n d  c o n c l u d e d  t h a t  t h e
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c l i m a t e  o f  t h e  c o u n t r y  as a w h o l e ,  l i e s  b e t w e e n  t h e  

t y p i c a l  C e n t r a l  A s i a n  ( I r a n o - T u r a n i a n ) a n d  S a h a r o -  

S i n d i a n  c l i m a t e s .  T h e  f o r m e r  is c h a r a c t e r i z e d  b y t h e  

o c c u r r e n c e  o f  t h r e e  s e a s o n s ;  c o l d  W i n t e r ,  a m i l d  g r o w i n g  

p e r i o d  o f  S p r i n g  a n d  a h o t  d r y  S u m m e r ,  a n d  t h e  l a t t e r  by 

t h e  o c c u r r e n c e  o f  t w o  a l t e r n a t i n g  s e a s o n s ,  a g r o w i n g  

p e r i o d  a n d  a h o t  d r y  S u m m e r  w i t h  n o  p l a n t  g r o w t h .  A p a r t  

f r o m  t h e  h i g h  m o u n t a i n s ,  t h e r e  is no p a r t  o f  I r a q  w h e r e  

t h e  m e a n  m o n t h l y  t e m p e r a t u r e  d r o p s  b e l o w  0 ° C ,  w h i c h  is 

a c o m m o n  f e a t u r e  of t h e  m a i n  I r a n o - T u r a n i a n  t e r r i t o r y .

O n t h e  o t h e r  h a n d  t h e r e  is o n l y  o n e  d i s t r i c t  in I r a q  

w h e r e  t h e  m e a n  m o n t h l y  t e m p e r a t u r e  of J a n u a r y  is a p p r e c i 

a b l y  a b o v e  1 0 ° C  ( 5 0 ° F ) ,  as c o m m o n l y  f o u n d  in t h e  S a h a r o -  

S i n d i a n  c o u n t r i e s .  Z o h a r y  c o n s i d e r e d  t h e  t e m p e r a t u r e  o f 

1 0 ° C  t o b e  n e a r  t h e  c r i t i c a l  p o i n t  f o r  p l a n t  l i f e  in I r a q .  

W h e r e  t h e  m e a n  J a n u a r y  t e m p e r a t u r e  is n o t  m a t e r i a l l y  a b o v e  

1 0 ° C  t h e  d e v e l o p m e n t  o f  t h e  W i n t e r  f l o r a  is d e l a y e d  u n t i l  

S p r i n g .  T h u s ,  d e s p i t e  a s u f f i c i e n t  a n n u a l  r a i n f a l l ,  t h e  

g r o w t h  p e r i o d  o f  v e g e t a t i o n  in m o s t  p a r t s  o f  I r a q  o c c u r s  

in S p r i n g  a n d  n o t  in W i n t e r .  H e  c o n c l u d e s  t h a t  in t h i s  

r e s p e c t  t h e  c l i m a t e  o f I r aq  as a w h o l e  a p p r o a c h e s  m u c h  m o r e  

t o  t h e  t y p i c a l  I r a n o - T u r a n i a n  c l i m a t e  t h a n  t h e  S a h a r o -  

S i n d i a n  a n d  B a g h d a d  h a s  t h i s  t y p e  o f  c l i m a t e .

Z o h a r y  ( 1 9 5 0 )  r e c o g n i z e s  f o u r  m a i n  v a r i a n t s  f r o m  t h e  

c l i m a t e  o f m o s t  o f  I r a q .
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1. T h e  S o u t h e r n  D e s e r t  h a s  a c l i m a t e  w i t h  v e r y  l o w  r a i n 

f a l l  ( 5 0 - 1 5 0 m m )  a n d  a m e a n  J a n u a r y  t e m p e r a t u r e  n o t  

b e l o w  1 0 ° c .  T h e  s e a s o n  f o r  r a i n  g e n e r a l l y  o c c u r s  

b e t w e e n  N o v e m b e r  a n d  M a r c h .  T h e r e  a r e  o n l y  t w o  

p r o n o u n c e d  s e a s o n s ;  W i n t e r  a n d  t h e  " d e a d "  S u m m e r  

s e a s o n  s t a r t i n g  a t  t h e  e n d  o f  A p r i l .

2. T h e  W e s t e r n  D e s e r t , L o w e r  J a z i r a  a n d  p a r t s  o f  t h e  

L o w e r  A l l u v i a l  P l a i n  h a v e  a c l i m a t e  w i t h  an a n n u a l  

r a i n f a l l  b e t w e e n  1 0 0 - 2 0 0 m m ,  b u t  t h e  m e a n  J a n u a r y  

t e m p e r a t u r e  d r o p s  b e l o w  1 0 ° C  ( 5 0 ° F ). A l t h o u g h  

J a n u a r y  is a m o n t h  o f  c o m p a r a t i v e l y  h e a v y  r a i n  t h e r e  

is a s h a r p  i n t e r r u p t i o n  in p l a n t  d e v e l o p m e n t  b e c a u s e  

o f  t h e  p r e v a i l i n g  l o w  t e m p e r a t u r e ,  a n d  t h e  m a i n  

g r o w i n g  s e a s o n  is in t h e  p e r i o d ,  M a r c h  t o  A p r i l .

3. T h e  S t e p p e  Z o n e  o f  t h e  U p p e r  P l a i n s  a n d  F o o t h i 1 1 s , 

h a s  an a n n u a l  r a i n f a l l  o f  f r o m  3 0 0 - 6 0 0 m m .  A l t h o u g h  

t h e  m e a n  J a n u a r y  t e m p e r a t u r e  h e r e  is 7 ° C  ( 4 5 ° F ) ,  w i t h  

a b s o l u t e  m i n i m a  b e l o w  - 1 5 ° C ,  l o w  t e m p e r a t u r e s  a l s o  

p r e v a i l  in F e b r u a r y .  T h e  t e m p e r a t u r e  r i s e s  r a p i d l y  

in M a r c h  a n d  t h i s  is a c c o m p a n i e d  b y  s u f f i c i e n t  r a i n  

d u r i n g  t h e  l a t e  S p r i n g  o f  M a r c h  a n d  M a y  f o r  t h e  

d e v e l o p m e n t  o f  a r i c h  p e r e n i a l  h e r b a c e o u s  f l o r a .

4. T h e  M o u n t a i n  R e g i o n  h a s  a c l i m a t e  w i t h  a h i g h e r  a n n u a l)
r a i n f a l l  f r o m  7 0 0  t o  1 2 0 0 m m  o r  m o r e ,  d i s t r i b u t e d  o v e r  

a l o n g e r  p e r i o d  o f  m o n t h s  a n d  an e v e n  m o r e  s e v e r e  

W i n t e r .  T h e  m o u n t a i n s  a b o v e ,  a b o u t  1 8 0 0 m ,  a r e  s n o w -
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b o u n d  f o r  s e v e r a l  m o n t h s  a n d  s n o w  o f t e n  f a l l s  in 

t h e  v a l l e y s .  T h e  v e g e t a t i o n  h e r e  d o e s  n o t  b e g i n  

t o  d e v e l o p  m u c h  b e f o r e  t h e  e n d  o f  A p r i l  a n d  t h e  

m a i n  g r o w i n g  p e r i o d  is f r o m  M a y  t o  J u n e  o n w a r d s .

T H E  C L I M A T E  O F  B A G H D A D

B a g h d a d  is 3 4 m  a b o v e  m . s . l .  T h e  m e a n  a n n u a l  

r a i n f a l l  o f  5 8  s e a s o n s  b a s e d  o n o b s e r v a t i o n s  at t h e  

B r i t i s h  E m b a s s y  f r o m  1 8 8 8  t o  1 9 1 4  a n d  1 9 1 8  t o  1 9 2 2 ,  t h e  

B r i t i s h  R o y a l  A i r  F o r c e  1 9 2 3  - 1 9 3 6  a n d  t h e  I r a q i  

M e t e o ^ l o g i c a 1 S e r v i c e  1 9 3 6  - 1 9 4 8 ,  w a s  1 4 9 m m .

T h e  r e l a t i v e  h u m i d i t y  a t  3 p . m .  d u r i n g  t h e  S u m m e r  

m o n t h s  o f  J u n e ,  J u l y ,  A u g u s t ,  S e p t e m b e r  a n d  O c t o b e r  

a v e r a g e d  1 6 % .

T h e  a t m o s p h e r i c  h u m i d i t y  is t h e r e f o r e  l o w .  In 

r e l a t i o n  t o  p l a n t  g r o w t h  a n d  d e v e l o p m e n t  it s h o u l d  b e  

n o t e d  t h a t  t h e  r a t e  o f  e v a p o r a t i o n  h a s  b e e n  c a l c u l a t e d  

t o  e x c e e d  t h e  a n n u a l  r a i n f a l l  b y  a f a c t o r  o f  2 0 - 4 0 .  T h e  

r a i n f a l l  is e x t r e m e l y  v a r i a b l e ,  b o t h  f r o m  y e a r  t o  y e a r  a n d  

in i ts  d i s t r i b u t i o n  d u r i n g  a n y  g i v e n  W i n t e r  s e a s o n .  In 

1 9 0 8 - 1 9 0 9  o n l y  5 0 m m  (2 i n s . )  o f  r a i n  w a s  r e c o r d e d  at 

B a g h d a d ,  w h i l s t  in an e x c e p t i o n a l l y  w e t  y e a r  1 8 8 9  - 1 8 9 0 ,  

4 2 0 m m  (1 7 i ns  .) w a s  r e c o r d e d .

V e r y  l i t t l e  r a i n  f a l l s  d u r i n g  t h e  S u m m e r  a n d  r a r e l y  

a n y  at a ll  d u r i n g  t h e  m o n t h s  o f  J u n e ,  J u l y  a n d  A u g u s t .  T h e  

c o l d e s t  m o n t h  o f  t h e  y e a r  in a l l p a r t s  o f  I r a q  is J a n u a r y ,  

w h e n  t h e  m e a n  d a i l y  m a x i m u m  a n d  m i n i m u m  t e m p e r a t u r e s  at



23

B a g h d a d  r a n g e  f r o m  2 ° - 1 5 0 C ( F i g  2) w i t h  r e c o r d e d  

a b s o l u t e  m i n i m a  o f  - 8 ° C .

T h e  h o t t e s t  m o n t h s  o f  t h e  y e a r  a r e  J u l y  a n d  

A u g u s t  ( F i g  2) w h e n  t h e  d a i l y  m a x i m u m  a n d  m i n i m u m  

t e m p e r a t u r e s  r a n g e  f r o m  4 3 ° C  - 2 5 ° C  w i t h  r e c o r d  a b s o l u t e  

s h a d e  m a x i m a  o f  a b o u t  5 1 ° C .

T h e  p r e v a i l i n g  w i n d s  t h r o u g h o u t  t h e  y e a r  a r e  N . W . ,  

b u t  d u r i n g  t h e  W i n t e r  m o n t h s ,  d e p r e s s i o n s  p a s s  f r o m  E a s t 

w a r d s  a c r o s s  t h e  c o u n t r y  f r o m  t h e  E a s t e r n  M e d i t e r r a n e a n .  

T h e  d e p r e s s i o n s  r e s u l t  in u n s e t t l e d  w e a t h e r  w i t h  s t r o n g

S . E .  e a s t e r l y  w i n d s ,  o f t e n  o f  g a l e  f o r c e  b r i n g i n g  in r a i n  

a n d  d u s t - s t o r m s .

S i n c e  t h e  c r e a t i o n  o f  t h e  T h i r t h a r  L a k e  in t h e  

J a z i r a ,  d u s t  s t o r m s  a r e  o f  l e s s  f r e q u e n t  o c c u r r e n c e ,  a n d  

a r e  m a i n l y  e n c o u n t e r e d  in t h e  h o t  s e a s o n  o f  J u n e ,  J u l y  

a n d  A u g u s t .
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[BAGHDADI DURATION OF DAY LIGHT

F i g  2: M e a n  m o n t h l y  a i r  t e m p e r a t u r e s  a n d  d u r a t i o n  

o f  d a y l i g h t  in B a g h d a d  ( D r a w n  f r o m  d a t a  in 

G u e s t  & A l - R a w i  1 9 6 6 .  )



S E C T I O N  I

M E T H O D S  IN A E R O B I O L O G Y

S U M M A R Y  O F L I T E R A T U R E  O N  T H E  C O N T E N T  OF T H E  A I R  W I T H  

S P E C I A L  R E L E V A N C E  F O R  B A G H D A D  A N D  T H E  M I D D L E  E A S T  A N D

T H E  M E T H O D S  E M P L O Y E D
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M E T H O D S  IN A E R O B I O L O G Y

F A L L  O U T  O R  S E D I M E N T A T I O N  M E T H O D S  

T h e  G r a v i t y  S l i d e

In t h e  p a s t ,  m u c h  u s e f u l  i n f o r m a t i o n  on t h e  

p o l l e n  c o n t e n t  o f  t h e  a t m o s p h e r e  a n d  t h e  a e r i a l  o c c u r r 

e n c e  o f  s u c h  f u n g a l  s p o r e s  as A 1 t e r n a r i a  h a v e  b e e n  

o b t a i n e d  w i t h  t h i s  s i m p l e  m e t h o d .  S u c h  p i o n e e r s  as 

C h a r l e s  H a r r i s o n  B l a c k l e y  ( 1 8 7 3 ) ,  W o d e h o u s e  ( 1 9 3 5 ) ,

D u r h a m  ( 1 9 4 5 )  a n d  H y d e  a n d  W i l l i a m s  ( 1 9 4 4 )  e x p o s e d  m i c r o 

s c o p e  s l i d e s  h o r i z o n t a 1 l y , s t i c k y  s i d e  u p p e r - m o s t ,  in a 

s h e l t e r  w h i c h  a l t h o u g h  o p e n  t o  t h e  w i n d ,  p r o t e c t e d  t h e  

s l i d e  f r o m  r a i n .  A m a j o r  c r i t i c i s m  is t h a t  this m e t h o d  

is b a s e d  in f a v o u r  o f  t h e  l a r g e r  p a r t i c l e s ,  l a r g e  p o l l e n  

g r a i n s  s e t t l e  m o r e  q u i c k l y  t h a n  s m a l l e r  o n e s .  If t h e  a i r  

w e r e  s t i l l  a n d  t h e  p a r t i c l e s  s e t t l e d  a c c o r d i n g  t o  t h e i r  

t e r m i n a l  v e l o c i t i e s ,  it w o u l d  b e  p o s s i b l e  t o  c a l c u l a t e  

a e r i a l  c o n c e n t r a t i o n s  f r o m  t h e  n u m b e r s  w h i c h  s e t t l e d  on 

t h e  s l i d e  in a g i v e n  t i m e .  T h e  a i r  o u t d o o r s ,  h o w e v e r ,  is 

n e v e r  s t i l l ,  a n d  D u r h a m  ( 1 9 4 4 )  s h o w e d  t h e  t e r m  " g r a v i t y  

s l i d e "  t o  b e a m i s n o m e r  w h e n  h e  g r e a s e d  b o t h  s u r f a c e s  o f  

a s l i d e  a n d  a f t e r  e x p o s i n g  it h o r i z o n t a l l y  f o u n d  t h e  l o w e r  

s u r f a c e  c a u g h t  as m a n y  as 5 0 %  o f  t h e  n u m b e r  o f  r a g w e e d  

p o l l e n  g r a i n s  w h i c h  w a s  t r a p p e d  o n t h e  u p p e r  s u r f a c e .  In 

w i n d  t u n n e l  e x p e r i m e n t s ,  G r e g o r y  a n d  S t e d m a n  ( 1 9 5 3 )  h a v e  

s h o w n  t h a t  d e p o s i t i o n  o n  a h o r i z o n t a l  s l i d e  d o e s  n o t  o n l y  

d e p e n d  o n t h e  s i m p l e  r e s u l t a n t s  o f  g r a v i t y  a n d  w i n d ,  b u t
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is a c o m p l e x  p r o c e s s .  T h e y  f o u n d  t h a t  t r a p p i n g  e f f i c i e n c y  

v a r i e d  in d i f f e r e n t  p a r t s ,  it is s u b j e c t  t o  e d g e  e f f e c t s  

w h i c h  c a n  l e a d  t o  u n d e r e s t i m a t i o n  by , f r o m  5 t o  5 0 0  

t i m e s  at e v e n  m o d e r a t e  w i n d  s p e e d s ,  t u r b u l e n t  d e p o s i t i o n  

o c c u r s  at h i g h  w i n d  s p e e d s  a n d  t h e  h i g h e s t  c o l l e c t i o n  

e f f i c i e n c y  f o r  L y c o p o d i u r n  s p o r e s  ( a p p r o x i m a t e l y  t h e  s a m e  

s i z e  as g r a s s  p o l l e n  g r a i n s )  w a s  o n l y  4% .

T h e  h o r i z o n t a l l y  e x p o s e d  s t i c k y  s l i d e  is i n e f f i c 

i e n t  b u t  c h e a p ;  it m a y  s h o w  w h i c h  p o l l e n s  w e r e  in t h e  a i r  

d u r i n g  t h e  e x p o s u r e  p e r i o d ,  b u t  s i n c e  it c a n n o t  b e  u s e d  t o  

m e a s u r e  c o n c e n t r a t i o n s  it s h o u l d  b e  a b a n d o n e d  in f a v o u r  o f  

v o l u m e t r i c  m e t h o d s .  H y d e  ( 1 9 5 9 )  c i t e d  D a v i e s  ( 1 9 6 2 )  f o u n d  

t h a t  a f t e r  t h r e e  y e a r s  e x p e r i e n c e  w i t h  o n e  o f  t h e s e  ( t h e  

H i r s t  t r a p )  t h e  r e l a t i v e  i m p o r t a n c e  o f  U r t i c a  in t h e  

a t m o s p h e r e  h a d  b e e n  s e r i o u s l y  u n d e r e s t i m a t e d  d u r i n g  a 

t h i r t e e n  y e a r  s t u d y  w i t h  g r a v i t y  s l i d e s .

A n o t h e r  d r a w b a c k  t o  u s e  o f  t h e  s e t t l e  s l i d e  is t h a t  

p a r t i c l e s  a r e  d i s t r i b u t e d  o v e r  a w i d e  a r e a  o f  s l i d e .  T h i s  

m a k e s  s c a n n i n g  t e d i o u s  s i n c e  a l a r g e r  a r e a  h a s  t o  b e  

s c a n n e d  t h a n  is t h e  c a s e  w i t h  a n a r r o w  d e p o s i t  i m p a c t e d  

f r o m  a v o l u m e  o f  a i r .  H o w e v e r ,  a l t h o u g h  t h e  n u m b e r s  o f  

p a r t i c l e s  t r a p p e d  c a n n o t  b e  u s e d  t o  o b t a i n  a v o l u m e t r i c  

e s t i m a t e ,  in d e v e l o p i n g  c o u n t r i e s  w h e r e  t h e r e  is no 

i n f o r m a t i o n ,  t h e  m e t h o d  m a y  b e  u s e d  t o  o b t a i n  p u r e l y  

q u a l i t a t i v e  i n f o r m a t i o n  on t h e  p o l l e n  c o n t e n t  o f  t h e  a i r .
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S t u d i e s  w i t h  t h i s  m e t h o d  o f  a i r  s a m p l i n g  a r e  l i s t e d  in 

T a b l e  1.

T h e  S e t t l e  P l a t e

In t h e  " s e t t l e  p l a t e "  m e t h o d ,  a p e t r i  d i s h  of 

a g a r  m e d i u m  is h o r i z o n t a l l y  e x p o s e d  t o  t h e  a i r  f o r  a 

s t a n d a r d  i n t e r v a l  o f  t i m e .  F o l l o w i n g  i n c u b a t i o n  t h e  

c o l o n i e s  w h i c h  d e v e l o p  a r e  c o u n t e d  a n d  i d e n t i f i e d .  It 

h a s  b e e n  w i d e l y  u s e d  f o r  s t u d y i n g  t h e  f u n g a l  c o n t e n t  of 

t h e  a i r  o u t d o o r s ,  a n d  t h e  c o n c e n t r a t i o n  o f  b a c t e r i a  in 

t h e  a i r  i n d o o r s .  It h a s  b e e n  c r i t i c i z e d  by D u  B u y  e t  

al ( 1 9 4 5 )  a n d  B o u r d i l l o n  a n d  L i d w e l l  ( 1 9 4 8 )  w h o ,  f r o m  

t h e o r e t i c a l  c o n s i d e r a t i o n s ,  s t a t e  t h a t  p e t r i  d i s h e s  u s e d  

a l o n e  a r e  o f  l i t t l e  v a l u e  f o r  p a r t i c l e s  s m a l l e r  t h a n  3Op 

in d i a .  It h a s  b e e n  f u r t h e r  c r i t i c i z e d  b y G r e g o r y  ( 1 9 5 2 )  

w h o  r e p o r t s  t h a t  s u r f a c e  t r a p s  a r e  h i g h l y  s e l e c t i v e  a n d  

f a v o u r  t h e  h e a v i e r  s p o r e s .  G r e g o r y  a n d  S t e d m a n  ( 1 9 5 3 )  

u s i n g  L y c o p o d i u r n  s p o r e s  in w i n d  t u n n e l  i n v e s t i g a t i o n s  

f o u n d  t h a t  b o t h  h o r i z o n t a l l y  e x p o s e d  s l i d e s  a n d  p e t r i  d i s h e s  

h a d  l o w  t r a p p i n g  e f f i c i e n c i e s ,  e x c e p t  at w i n d  s p e e d s  o f  

b e t w e e n  1.1 a n d  1 . 7  m e t e r s / s e c .

T h e  u s e  o f  t h e  h o r i z o n t a l l y  e x p o s e d  p e t r i  d i s h e s  

s h o u l d  b e  r e s t r i c t e d  t o  s i t u a t i o n s  in w h i c h  t h e  f r e e  f a l l i n g  

v e l o c i t y  o f t h e  p a r t i c l e  t o  b e  s a m p l e d  is k n o w n .

S t u d i e s  o n t h e  f u n g a l  c o n t e n t  of t h e  a i r  o u t d o o r s
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w i t h  s e t t l e  p l a t e s  w e r e  u n d e r t a k e n  b y  A m b l e r  a n d  V e r n o n  

( 1 9 5 1 ) ,  V a n  d e  W e r f f  ( 1 9 5 8 )  a n d  O r d m a n  ( 1 9 6 3 b ) .  I n v e s 

t i g a t i o n s  w i t h  s p e c i a l  r e f e r e n c e s  f o r  I r a q  a r e  l i s t e d  in 

T a b l e  2 .

I n d o o r s  t h e  m e t h o d  w a s  u s e d  t o  t r a p  f u n g i  by 

R i c h a r d s  ( 1 9 5 4 ) .  In a d d i t i o n  t o  t h e  l o w  t r a p p i n g  e f f i c i 

e n c y ,  t h e  s e t t l e  p l a t e  o n l y  r e c o r d s  t h e  s p o r e s  w h i c h  

g e r m i n a t e  a n d  g r o w  t o  f o r m  an i d e n t i f i a b l e  c o l o n y  on 

t h e  a g a r  m e d i u m  e m p l o y e d .  T h e r e  a r e  a l w a y s  f u n g i  w h i c h  

f o r m  c o l o n i e s  w i t h  n o  s p o r e s  a n d  w h i c h  c a n n o t  b e  i d e n t i f i e d .

T h e  m e t h o d  d o e s  n o t  r e c o r d  b a s i d o s p o r e s  a n d  t h e  

s p o r e s  o f  o b l i g a t e  p l a n t  p a t h o g e n s .

A i r b o r n e  a s c o s p o r e s  c a n  b e  r e c o r d e d  as an i m p e r f e c t  

s t a t e .  D e a d  s p o r e s  c a n  b e  a l l e r g e n i c .  F u r t h e r  t h e  r a p i d l y  

g r o w i n g  c o l o n i e s  t e n d  t o  i n h i b i t  t h o s e  w h i c h  a r e  s l o w  t o  

d e v e l o p .

V O L U M E T R I C  A I R  S A M P L I N G

I m p a c t o r s

T h e s e  a r e  d e v i c e s  w h i c h  s a m p l e  a i r b o r n e  p a r t i c l e s  

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

G e n e r a l  P r i n c i p l e s

D a v i e s  ( 1 9 7 1 )  r e p o r t s  t h a t  a p p a r a t u s  f o r  u s e  o u t 

d o o r s  s h o u l d  h a v e  a f e a t h e r  e d g e d  i n t a k e  n o z z l e  a n d  b e
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f r e e l y  p i v o t e d  so t h a t  t h e  i n t a k e  a p e r t u r e  f a c e s  t h e  w i n d .

If t h e  a i r  v e l o c i t y  in t h e  i n t a k e  t u b e  is t o o  l o w  l a r g e  

p a r t i c l e s  a r e  b l o w n  i n t o  t h e  o r i f i c e  a n d  t o o  m a n y  l a r g e  

p a r t i c l e s  o c c u r  in t h e  s a m p l e .  W h e n  t h e  s u c t i o n  r a t e  is 

t o o  h i g h ,  a l t h o u g h  s m a l l  p a r t i c l e s  f o l l o w  t h e  s t r e a m l i n e s  

c o n v e r g i n g  i n t o  t h e  o r i f i c e ,  l a r g e  p a r t i c l e s  w i t h  s i g n i f 

i c a n t  m a s s  a n d  i n e r t i a  f a i l  t o  f o l l o w  t h e  c u r v a t u r e  o f  

t h e  s t r e a m l i n e s  a n d  a r e  u n d e r e s t i m a t e d  in t h e  s a m p l e .

I d e a l l y ,  p a r t i c l e s  s h o u l d  b e  s u c k e d  i n t o  t h e  s a m p l i n g  

o r i f i c e  a t t h e  s a m e  s p e e d  as t h e  w i n d  s p e e d ,  a c o n d i t i o n  

w h i c h  w a s  d e s c r i b e d  b y  D r u e t t  ( 1 9 4 2 ,  c i t e d  D a v i e s  1 9 7 1 )  as 

i s o k i n e t i c ,  b u t  w h i c h  is i m p r a c t i c a b l e  o t h e r  t h a n  u n d e r  

c o n t r o l l e d  c o n d i t i o n s  o f  l a m i n a  f l o w  in a w i n d  t u n n e l .

A c o m p r o m i s e  s o l u t i o n  f o r  t h i s  p r o b l e m  w a s  d e v i s e d  

b y  M a y  ( 1 9 4 5 )  in h i s  d e s i g n  o f  t h e  " C a s c a d e  I m p a c t o r "  a n d  

l a t e r  a d o p t e d  b y H i r s t  ( 1 9 5 2 )  in t h e  " A u t o m a t i c  V o l u m e t r i c  

S p o r e  T r a p " .  In u s e  o u t d o o r s ,  b o t h  a r e  d i r e c t e d  i n t o  w i n d  

b y  a v a n e  a n d  h a v e  a i r  v e l o c i t i e s  in t h e  i n t a k e  t u b e s  w h i c h  

a p p r o x i m a t e  t o  t h e  m e a n  w i n d  s p e e d  e n c o u n t e r e d  in t h e  

B r i t i s h  I s l e s .  W i t h  s u c h  a p p a r a t u s  u n l e s s  t h e  s a m p l i n g  is 

f o r  a v e r y  b r i e f  p e r i o d ,  a n i s o k i n e t i c  s a m p l i n g  e r r o r s  t e n d  

t o  b e  a v e r a g e d  as t h e  w i n d  s p e e d  f l u c t u a t e s  a b o v e  a n d  b e l o w  

t h e  m e a n .  A n i s o k i n e t i c  s a m p l i n g  e r r o r s  c a n  b e  o f  s i g n i f i c a n c e  

w h e n  s t u d y i n g  t h e  a i r b o r n e  c o n c e n t r a t i o n s  o f  l a r g e  p a r t i c l e s  

s u c h  as p o l l e n  g r a i n s  r a n g i n g  f r o m  12 t o  80/U in d i a m e t e r  

a n d  " r a f t s "  u p o n  w h i c h  m i c r o b e s  a r e  c a r r i e d ,  b u t  t h e  g r e a t e r
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t h e  s i z e  o f  t h e  i n t a k e  o r i f i c e  t h e  s m a l l e r  a r e  t h e s e  

e r r o r s  l i k e l y  t o  be.

M a y  ( 1 9 6 7 )  c o n t r a s t s  t h e  h i g h  e f f i c i e n c y  o f  

s a m p l i n g  in s t i l l  a i r  w i t h  t h e  v a r i a b l e  e r r o r s  o f  a n i s o -  

k i n e t i c  s a m p l i n g  in an u n s t e a d y  a i r  s t r e a m  a n d  s u g g e s t s  

t h a t  " i f  m o v i n g  a e r o s o l s  c o u l d  b e  b r o u g h t  n e a r l y  t o  t h e  

r e s t  a b o u t  t h e  s a m p l i n g  p o i n t ,  t h e n  h i g h  e f f i c i e n c y  

s a m p l i n g  o v e r  a w i d e  r a n g e  o f  a i r  s p e e d  a n d  d i r e c t i o n  

m i g h t  b e  a c h i e v e d  b y  an o r i f i c e  s u c k i n g  a t  a c o n s t a n t  

r a t e  ".

In M a y ' s  c o n c e p t  o f  " S t a g n a t i o n  p o i n t  s a m p l i n g "  a 

b a f f l e  o f  s u i t a b l e  s h a p e  a n d  s i z e  is f i x e d  b e h i n d  t h e  

s a m p l i n g  n o z z l e  so t h a t  a i r  a p p r o a c h i n g  t h e  b a f f l e  is 

b r o u g h t  n e a r l y  t o  r e s t  b y  a c u s h i o n  o f  a i r  in t h e  b a f f l e .  

M a y  a n d  D r u e t t  ( 1 9 5 3 )  in t e s t s  w i t h  t h e  p r e - i m p i n g e r , 

f o u n d  t h a t  w i t h  3 Oyu d i a .  p a r t i c l e s  in a 6 m . p . h .  w i n d ,  

t h e  i n t a k e  o f  t h e  b u l b  w a s  i n c r e a s e d  f r o m  5 8  t o  8 0 %  if 

t h e  s a m p l e  w a s  t a k e n  t h r o u g h  t h e  c e n t r e  o f  a 4 in. d i a m e t e r  

b a f f l e  n o r m a l  t o  t h e  w i n d  d i r e c t i o n .  S i m i l a r l y ,  E d w a r d s  

( c i t e d  M a y ,  1 9 6 6 )  f o u n d  t h e  i n t a k e  e f f i c i e n c y  o f  t h e  m u l t i 

s t a g e  l i q u i d  i m p i n g e r  ( M a y ,  1 9 6 6 )  f o r  15jj d i a .  p a r t i c l e s  

in a w i n d  o f  10 m . p . h .  w a s  r a i s e d  f r o m  9 . 6  t o  9 9 %  w i t h  a 

6 in. s q u a r e  c o n c a v e  b a f f l e .  S i n c e  i s o k i n e t i c  s a m p l i n g  

o u t d o o r s  is u s u a l l y  i m p o s s i b l e  f u r t h e r  e x p e r i m e n t a l  

e v a l u a t i o n  o f  w h a t  M a y  h a s  t e r m e d  " S t a g n a t i o n  p o i n t  

s a m p l i n g "  is h i g h l y  d e s i r a b l e .  H o w e v e r ,  w h i l s t  t h i s
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p r i n c i p l e  m a y  b e  u s e d  f o r  s p o t  s a m p l i n g  ( s a m p l i n g  o v e r  

a s h o r t  t i m e  i n t e r v a l )  e q u i p m e n t  f o r  c o n t i n u o u s  s a m p l i n g  

in v a r i a b l e  w i n d  c o n d i t i o n s  h a s  y e t  t o  b e  d e s i g n e d  a n d  

e v a l u a t e d .

D a v i e s  ( 1 9 7 1 )  o b s e r v e d  t h a t  a p p a r a t u s  f o r  

s a m p l i n g  a i r b o r n e  m i c r o b e s  m u s t  n o t  o n l y  b e  f r e e  f r o m  

c o l l e c t i o n  e r r o r s  b u t  a l s o  h a v e  h i g h  r e t e n t i o n  e f f i c i e n 

c i e s .  T h e r e  s h o u l d  b e  n o  s h a r p  b e n d s  so t h a t  t h e  

d e p o s i t i o n  o f  l a r g e  p a r t i c l e s  o n  w a l l s  is m i n i m i z e d .  T h e  

s u r f a c e  u p o n  w h i c h  p a r t i c l e s  a r e  i m p a c t e d  s h o u l d  b e  h i g h l y  

r e t e n t i v e  a n d  a i r  v e l o c i t y ,  j e t  d i m e n s i o n s  a n d  d i s t a n c e  

f r o m  t h e  s a m p l i n g  s u r f a c e  a r e  p a r t i c u l a r l y  i m p o r t a n t  

v a r i a b l e s .  S i n c e  t h e s e  f e a t u r e s  a r e  e a s i l y  e v a l u a t e d ,  t h e  

r e t e n t i v i t i e s  o f  t h e  v o l u m e t r i c  a i r  s a m p l e r s  in c o m m o n  

u s e  a r e  w e l l  k n o w n .

T h e  S l i t  S a m p l e r

T h e  s l i t  s a m p l e r  d e s c r i b e d  b y  B o u r d i l l o n  e t  al 

( 1 9 4 1 ) ,  e m p l o y s  t h e  p r i n c i p l e  t h a t  a i r  is s u c k e d  at h i g h  

v e l o c i t y  t h r o u g h  a n a r r o w  s l i t  a n d  t h e  e n t r a i n e d  p a r t i c l e s  

i m p a c t e d  o n t o  t h e  s u r f a c e  o f  t h e  a g a r  m e d i u m  in a p e t r i  

d i s h .  D u r i n g  s a m p l i n g  t h e  p e t r i  d i s h  is r o t a t e d  on a 

t u r n t a b l e  so t h a t  t h e  p a r t i c l e s  a r e  d i s t r i b u t e d  o v e r  a w i d e  

b a n d .  A f t e r  s u i t a b l e  i n c u b a t i o n ,  t h e  n u m b e r s  o f  c o l o n i e s  

w h i c h  d e v e l o p  a r e  c o u n t e d ,  a n d  f r o m  a k n o w l e d g e  o f  t h e  

s a m p l i n g  r a t e  w h i c h  is c o n s t a n t  a n d  t h e  t i m e  o f  e x p o s u r e  

w h i c h  m a y  b e  v a r i e d ,  t h e  n u m b e r s  o f  v i a b l e  m i c r o b e s  p e r



32

u n i t  v o l u m e  o f  a i r  c a n  b e  c a l c u l a t e d .  S i n c e  t h e  s p e e d  

a t  w h i c h  t h e  d i s h  is r o t a t e d  is a l s o  k n o w n ,  t h e  t i m e  w h e n  

p a r t i c u l a r  m i c r o b e s  w e r e  p r e s e n t  in t h e  a i r  a b o v e  t h e  s a m p l i n g  

i n t a k e  c a n  b e  d e t e r m i n e d .  A n  i m p r o v e d  s l i t  s a m p l e r  w i t h  

a c c u r a t e  t i m i n g  w a s  d e s c r i b e d  b y  B o u r d i l l o n  e t  al ( 1 9 4 8 b )  

a n d  a l a r g e  s l i t  s a m p l e r  f o r  b a c t e r i o 1 o g i c a 1 1 y c l e a n  a i r  

b y  B o u r d i l l o n  e t  al ( 1 9 4 8 c ) .

T h e  c o l l e c t i o n  e f f i c i e n c y  o f t h e  s l i t  s a m p l e r  is 

r e p o r t e d  t o  b e  9 6 %  f o r  an a e r o s o l  o f  S t a p h - a 1 b u s  s p r a y e d  

f r o m  d i s t i l l e d  w a t e r  a s  s i n g l e  c o c c i  ( B o u r d i l l o n  e t  al 1 9 4 1 ) .  

F r o m  a f o r m u l a  g i v e n  b y  M a y  ( 1 9 4 5 ) ,  B o u r d i l l o n  a n d  L i d w e l l  

( 1 9 4 8 )  c a l c u l a t e d  t h a t  t h e  i m p a c t i o n  e f f i c i e n c i e s  f o r  t h e  

1 m m  a n d  0 . 3  m m  s l i t  w i d t h s  r e s p e c t i v e l y  w e r e  9 0  a n d  9 8 %  

f o r  s p h e r e s  o f  1/j d i a m e t e r  a n d  u n i t  d e n s i t y .  T h i s  a p p a r a t u s  

is s i m p l e  t o  o p e r a t e  a n d  h a s  t h e  c o n v e n i e n c e  o f  s a m p l i n g  

m i c r o b e s  d i r e c t l y  o n t o  t h e  s u r f a c e  of t h e  a g a r  m e d i u m  in a 

p e t r i  d i s h .  U s e  o f  t h e  s l i t  s a m p l e r  h a s  c o n t r i b u t e d  m u c h  

t o  o u r  k n o w l e d g e  o f  a i r  h y g i e n e  a n d  c r o s s  i n f e c t i o n  in 

h o s p i t a l s  as i l l u s t r a t e d  in t h e  w o r k  o f  B o u r d i l l o n  a n d  

C o l e b r o o k  ( 1 9 4 6 )  B o u r d i l l o n  e t  al ( 1 9 4 8  b,c), D u g u i d  a n d W a l l a c e

( 1 9 4 8 ) ,  D r u m m o n d  a n d  H a m l i n  ( 1 9 5 2 ) ,  B l o w e r s  e t  al ( 1 9 5 5 ) ,  

W i l l i a m s  e t  al ( 1 9 5 6 )  a n d  W i l l i a m s  et al ( 1 9 6 2 ) .  E x a m p l e s  

o f  i t s  u s e  in m y c o l o g i c a l  s t u d i e s  o f  t h e  a i r  o u t d o o r s  a r e  

t o  b e  f o u n d  in t h e  w o r k  o f  P a d y  a n d  K a p i c a  ( 1 9 5 3 ) ,  M a u n s e l l  

( 1 9 5 4 ) ,  D a v i e s  ( 1 9 5 7 )  a n d  N o b l e  a n d  C l a y t o n  ( 1 9 6 3 ) .
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T h e  a p p a r a t u s  w a s  d e s i g n e d  f o r  s a m p l i n g  u n d e r  

r e l a t i v e l y  s t i l l  a i r  c o n d i t i o n s  i n d o o r s  a n d  t h e  i n t a k e  o r i f i c e  

f a c e s  v e r t i c a l l y  u p w a r d s .  O u t d o o r s  it c a n n o t  b e  o p e r a t e d  

i s o k i n e t i c a 1 1 y a n d  s a m p l i n g  e r r o r s  a r e  l i k e l y  t o  b e c o m e  

i n c r e a s i n g l y  s i g n i f i c a n t  as p a r t i c l e  d i a m e t e r s  b e c o m e  g r e a t e r  

t h a n  5yj.

In a s t u d y  o f t h e  n a t u r a l l y  o c c u r r i n g  c l o u d s  o f 

C 1 a d o s p o r i u r n  D a v i e s  ( 1 9 5 7 )  o b t a i n e d  v a l u e s  w i t h  a s l i t  s a m p l e r  

w h i c h  w e r e  s i m i l a r  t o  t h o s e  o b t a i n e d  w i t h  c a s c a d e  i m p a c t o r .  

S i n c e  7 0 %  o f  t h e  s p o r e s  w e r e  t r a p p e d  as s i n g l e  c o n i d i a  a n d  

l e s s  t h a n  5 %  as c l u m p s  o f 5 o r  m o r e ,  a n d  N o b l e  e t  al ( 1 9 6 3 )  

r e p o r t e d  t h e  " m e d i a n :  e q u i v a l e n t  d i a m e t e r "  f o r  C 1 a d o s p o r i u r n  

s p o r e s  t o  b e 4 . 9/j , c l e a r l y  w i t h  t h i s  a p p a r a t u s ,  a n i s o k i n e t i c  

s a m p l i n g  e r r o r s  a r e  u n i m p o r t a n t  w i t h  s p o r e s  as s m a l l  as 

C 1 a d o s p o r i  urn.

T h e  C a s c a d e  I m p a c t o r

T h i s  a p p a r a t u s  w a s  d e s c r i b e d  b y  M a y  ( 1 9 4 5 )  as an 

i n s t r u m e n t  f o r  s a m p l i n g  c o a r s e  a e r o s o l s  a n d  c o m p r i s e s  a s y s t e m  

o f  f o u r  a i r - j e t s  a n d  s a m p l i n g  s l i d e s  in s e r i e s .  W h e n  u s e d  

o u t d o o r s  t h e  a p p a r a t u s  is f r e e l y  s u s p e n d e d  a n d  a v a n e  d i r e c t s  

t h e  f e a t h e r  e d g e d  i n t a k e  o r i f i c e  i n t o  t h e  w i n d .  F o r  s a m p l i n g  

in s t i l l  a i r  a b e l l  m o u t h  a d a p t o r  is f i t t e d  t o  t h e  i n t a k e  

o r i f i c e  w h i c h  m u s t  t h e n  b e  f a c e d  u p w a r d s  t o  a v o i d  a d e f i c i e n c y  

o f  l a r g e  p a r t i c l e s  in t h e  s a m p l e .
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T h e  s a m p l i n g  r a t e  o f  1 7 . 5  l i t r e s  a m i n u t e  t h a t  is 

u s u a l l y  e m p l o y e d  g i v e s  a i r  v e l o c i t i e s  t h r o u g h  t h e  f o u r  j e t s  

o f  2 . 2 ,  1 0 . 2 ,  2 7 . 5  a n d  7 7 m e t r e s  p e r  s e c o n d  r e s p e c t i v e l y .

T h e i r  p e r f o r m a n c e  w h e n  s a m p l i n g  d r o p s  o f  u n i t  d e n s i t y  is s u c h  

t h a t  t h e  m a x i m u m  d r o p  s i z e  f o u n d  in t h e  d e p o s i t s  b e h i n d  t h e  

s e c o n d ,  t h i r d  a n d  f o u r t h  j e t s  h a v e  d i a m e t e r s  o f  20 , 7 a n d  

2.5ju, e a c h  b e i n g  n e a r  t h e  m i n i m u m  s i z e  i m p a c t e d  w i t h  1 0 0 %  

e f f i c i e n c y  b y  t h e  p r e v i o u s  o r i f i c e .  I m p a c t i o n  v e l o c i t i e s  

a r e  s u c h  t h a t  5 0 %  o f  p a r t i c l e s  w i t h  d i a m e t e r s  o f  12, 4, 1. 5 

a n d  0.4yj p e n e t r a t e  t h e  r e s p e c t i v e  j e t s .  T h e  i n s t r u m e n t  n o t  

o n l y  g i v e s  g o o d  r e t e n t i o n  f o r  p a r t i c l e s  d o w n  t o  0.5yj d i a m e t e r  

b u t  t r a p s  d r o p l e t s  as l a r g e  as 50 ju d i a m e t e r  a n d  a g g r e g a t e s  

s u c h  as c l u m p s  o f  f u n g a l  s p o r e s  w i t h o u t  s h a t t e r i n g  t h e m .

M a y ' s  d e s i g n  o f  t h e  c a s c a d e  i m p a c t o r  is p a r t i c u l a r l y  i m p o r t a n t  

s i n c e  it t r a p s  p a r t i c l e s  a c c o r d i n g  t o  s i z e  in a s i m i l a r  m a n n e r  

t o  t h e  h u m a n  r e s p i r a t o r y  t r a c t .  P a r t i c l e s  l a r g e r  t h a n  s p h e r e s  

o f  d i a .  a n d  u n i t  d e n s i t y  a r e  d e p o s i t e d  in t h e  u p p e r  r e s p i r 

a t o r y  t r a c t ,  5 0 %  o f  t h o s e  4yj d i a .  r e a c h  t h e  a l v e o l i  o f  t h e  

l u n g  ( C . N .  D a v i e s ,  1 9 6 3 ;  D r u e t t ,  1 9 6 7 ) .  S i n c e  t h e  f i r s t  a n d  

s e c o n d  s t a g e s  o f  t h e  c a s c a d e  i m p a c t o r  h a v e  a 1 0 0 %  r e t e n t i o n  

f o r  7 A j x  d i a .  s p h e r e s  o f  u n i t  d e n s i t y ,  it s i m u l a t e s  t h e  u p p e r  

r e s p i r a t o r y  t r a c t  in w h i c h  t h e  n a t u r a l l y  i n h a l e d  p o l l e n s  a n d  

l a r g e r  f u n g a l  s p o r e s  a r e  d e p o s i t e d ,  a n d  w h i c h  in t h e  a l l e r g i c  

s u b j e c t  p r o d u c e  s u c h  s y m p t o m s  as r h i n i t i s ,  a n d  a s t h m a .  T h e  

t h i r d  a n d  f o u r t h  s t a g e s  t r a p  s u c h  p a r t i c l e s  a n d  s p o r e s  as m a y  

b e  i n h a l e d  a n d  r e t a i n e d  in t h e  d e e p e s t  p a r t s  o f  t h e  l u n g .  

M a x i m u m  r e t e n t i o n  in t h e  l u n g  a l v e o l i  is 50 - 6 0 %  f o r  

p a r t i c l e s  1 . 5 u t o  2 yu d i a .  ( C . N .  D a v i e s ,  1 9 5 2  ) a n d  5 0 %  o f
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o f  p a r t i c l e s  1 . 5 y u  d i a .  a r e  t r a p p e d  a t t h e  t h i r d  s t a g e  

o f  t h e  c a s c a d e  i m p a c t o r .

T h e  c a s c a d e  i m p a c t o r  r e p r e s e n t s  a m i l e s t o n e  

in a i r  s a m p l i n g  t e c h n i q u e  a n d  it is t h e  r e f e r e n c e  

i n s t r u m e n t  b y  w h i c h  t h e  e f f i c i e n c i e s  o f  o t h e r  a i r  s a m p l 

i n g  d e v i c e s  a r e  c o m p a r e d  ( D a v i e s ,  1 9 7 1 ) .  T h e  s i z e  g r a d i n g  

s l i t  s a m p l e r  ( L i d w e  1 1 , 1 9 5 9 )  p o r t a b l e  s p o r e  t r a p  ( G r e g o r y ,  

1 9 5 4 )  a n d  H i r s t  ( 1 9 5 2 )  t r a p  a r e  b a s e d  u p o n  it. In 

m i c r o b i o l o g y  it h a s  b e e n  u s e d  t o  s t u d y  t h e  i n f l u e n c e  o f  

p a r t i c l e  s i z e  o n i n f e c t i o n  w i t h  a n t h r a x  s p o r e s  ( D r u e t t  

e t  al 1 9 5 3 )  a n d  w i t h  P a s t e u r e l l a  p e s t i s  ( D r u e t t  e t  al 

1 9 5 6 )  a n d  t o  s t u d y  t h e  s p o r e s  l i b e r a t e d  f r o m  m o u l d y  h a y  

a s s o c i a t e d  w i t h  f a r m e r s  l u n g  d i s e a s e  ( G r e g o r y  a n d  L a c e y ,  

1 9 6 3 ) .

S l i d e s  o r  c o v e r  g l a s s e s  m a y  b e  m a d e  a d h e s i v e  f o r  

m i c r o b i o l o g i c a l  s a m p l i n g  b y  e i t h e r  s m e a r i n g  w i t h  p e t r o l e u m  

j e l l y  w h i c h  is b e s t  a p p l i e d  h o t  t o  g e t  an e v e n  l a y e r ,  o r  

a s t r i p  o f c l e a r  p l a s t i c  m a y  b e  s t u c k  o n  a n d  m a d e  s t i c k y  

w i t h  g l y c e r o l  j e l l y  as u s e d  b y  G r e g o r y  a n d  L a c e y  ( 1 9 6 3 ) .

F o r  u s e  in h o t  c l i m a t e s ,  D a v i e s  ( 1 9 6 9 c )  u s e d  s i l i c o n e  g r e a s e .  

T h e  s t i c k y  s u r f a c e  m u s t  n o t  b e  a p p l i e d  t o o  s p a r i n g l y  s i n c e  

w i t h  t o o  t h i n  a l a y e r  r e t e n t i v i t y  m a y  b e  i m p a i r e d .

T h e  a u t o m a t i c  v o l u m e t r i c  s p o r e - t r a p  ( H i r s t  t r a p )

H i r s t  ( 1 9 5 2 )  in e x p e r i m e n t s  in t h e  f i e l d  a n d  in 

a w i n d  t u n n e l  f o u n d  m o s t  f u n g a l  s p o r e s  w e r e  t r a p p e d  on t h e  

s l i d e  b e h i n d  t h e  s e c o n d  j e t  o f  t h e  c a s c a d e  i m p a c t o r  a n d  

d e v i s e d  a c o n t i n u o u s l y  r e c o r d i n g  s a m p l e r  b a s e d  u p o n  it.
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In t h e  H i r s t  t r a p  a i r  is d r a w n  at 10 1 / m i n .  

t h r o u g h  a f e a t h e r  e d g e d  1 4 x  2 m m  o r i f i c e  w h i c h  is d i r e c t e d  

i n t o  t h e  w i n d  b y  a v a n e .  T h e  p a r t i c l e s  in t h e  a i r  s t r e a m  

a r e  d i r e c t e d  o n t o  a s t i c k y  s u r f a c e d  m i c r o s c o p e  s l i d e  w h i c h  

is m o v e d  2 m m  an h o u r  b e h i n d  t h e  i n n e r  e d g e  o f  t h e  o r i f i c e .

O n a s l i d e  e x p o s e d  f o r  2 4 h r  t h e  t r a p p e d  p a r t i c l e s  o c c u r  in 

a t r a c e  m e a s u r i n g  14 x 4 8 m m .  A f t e r  s u i t a b l y  m o u n t i n g  in 

e i t h e r  g l y c e r i n e  j e l l y  o r  l a c t o p h e n o l  s o l v a r  ( H i r s t  1 9 5 3 )  

t h e  t r a c e  m a y  b e  s c a n n e d  l o n g i t u d i n a l l y  t o o b t a i n  a d a i l y  

m e a n  o r  t r a n s v e r s e l y ,  at 4 m m  i n t e r v a l s ,  t o  t r a c e  t w o  h o u r l y  

c h a n g e s  in c o n c e n t r a t i o n .

W h e n  o p e r a t e d  c o n t i n u o u s l y  t h i s  a p p a r a t u s  p r o v i d e s  

a c o m p l e t e  r e c o r d  o f  t h e  d i u r n a l  a n d  s e a s o n a l  c h a n g e s  in t h e  

a i r - s p o r a .  U n d e r  f i e l d  c o n d i t i o n s  in B r i t a i n ,  a n i s o k i n e t i c  

s a m p l i n g  e r r o r s  a r e  u n l i k e l y  t o  b e  l a r g e  a n d  G r e g o r y  a n d  

H i r s t  ( 1 9 5 7 )  r e p o r t  a m e a n  t r a p p i n g  e f f i c i e n c y  o f  8 0 % ,  b u t  

w h i c h  v a r i e s  w i t h  w i n d  s p e e d  a n d  p a r t i c l e  s i z e .

I d e n t i f i c a t i o n  is v i s u a l  u n d e r  t h e  m i c r o s c o p e  a n d  

w h i l s t  t h e  s p o r e s  o f  p l a n t  p a t h o g e n i c  f u n g i  s u c h  as r u s t s ,  

s m u t s  a n d  p o w d e r y  m i l d e w s  w h i c h  a r e  d i f f i c u l t  t o  g r o w  in 

a r t i f i c i a l  c u l t u r e  a r e  r e c o r d e d ,  t h e  c o n i d i a  o f  s u c h  c o m m o n  

m o u l d s  as A s p e r g i  11 us a n d  P e n i c i 1 1 iurn a r e  i n d i s t i n g u i s h a b l e  

a n d  u n d e r e s t i m a t e d  b e c a u s e  t h e  i m p a c t i o n  v e l o c i t y  is s u f f i c i e n t  

t o  t r a p  o n l y  a b o u t  5 0 %  o f p a r t i c l e s  o f  4yu d i a m e t e r .  N o b l e  e t  

al ( 1 9 6 3 )  r e p o r t e d  t h a t  in A s p e r g i l l u s  f u m i g a t u s  t h e  s p o r e s
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h a v e  a m e d i a n  e q u i v a l e n t  d i a m e t e r  t o  4ju a n d  t h a t  in S u m m e r  

t h e  s p o r e s  h a v e  s m a l l e r  e q u i v a l e n t  d i a m e t e r s  t h a n  in W i n t e r .  

D a v i e s  ( 1 9 7 1 )  o b s e r v e s  t h a t  w h e n  a i r b o r n e  t h e  s p o r e  is 

s u b j e c t e d  t o  d e s s i c a t i o n  a n d  t h e  d i m e n s i o n s  q u o t e d  f r o m  

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

T h e  H i r s t  t r a p  is r o b u s t  a n d  r e l i a b l e .  D a v i e s  

( 1 9 6 2 )  r e p o r t s  t h a t  t h e  H i r s t  t r a p  is t h e  a p p a r a t u s  of 

c h o i c e  f o r  s u r v e y s  o f  a i r b o r n e  s p o r e s  a n d  p o l l e n s  in r e l a t i o n  

t o  i n h a l a n t  a l l e r g y .  I t  s a m p l e s  c o n t i n u o u s l y  a n d  o v e r c o m e s  

t h e  p r o b l e m  t h a t  t h e  c o l l e c t i o n  o f  a i r  s a m p l e s  at a p a r t i c u l a r  

t i m e  o r  t i m e s  e a c h  d a y  c a n  m i s s  p e a k  c o n c e n t r a t i o n s  of 

i m p o r t a n t  a l l e r g e n s  s i n c e  t h e i r  d i u r n a l  p e r i o d i c i t i e s  a r e  

a f f e c t e d  b y  t h e  v a g a r i e s  o f  t h e  w e a t h e r .

In t h i s  i n s t r u m e n t  t h e  s p o r e s  a n d  p o l l e n s  a r e  

i m p a c t e d  in a d e n s e  d e p o s i t  w h i c h  m a k e s  s c a n n i n g  l e s s  t e d i o u s  

a n d  t i m e  c o n s u m i n g  t h a n  s e a r c h i n g  an a r e a  o f  s t i c k y  s l i d e  u p o n  

w h i c h  p a r t i c l e s  h a v e  b e e n  t r a p p e d  b y  s e d i m e n t a t i o n  a n d  i m p a c t 

i on  b y e d d y  d i f f u s i o n .  It s e r i o u s l y  u n d e r e s t i m a t e s  s m a l l  

s p o r e s  s u c h  as t h o s e  o f S p o r o b o 1 o m y c e s  w h i c h  E v a n s  ( 1 9 6 5 )  

c o n s i d e r e d  an i m p o r t a n t  a l l e r g e n  a n d  t h e  f i t t i n g  o f  a n a r r o w e r  

s a m p l i n g  o r i f i c e  w h o u l d  i n c r e a s e  i m p a c t i o n .  H o w e v e r ,  in t h e  

p o l l u t e d  a t m o s p h e r e s  o f c i t i e s  t h e  e n v i r o n m e n t  f o r  m o s t  o f 

t h e  a l l e r g i c  p o p u l a t i o n ,  i n c r e a s i n g  t h e  a i r  s p e e d  in t h e  

o r i f i c e  in a d d i t i o n  t o  an i n c r e a s e  in a n i s o k i n e t i c  s a m p l i n g  

e r r o r s  w o u l d  l e a d  t o  a g r e a t l y  i n c r e a s e d  d e p o s i t i o n  o f  s o o t ,
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a n d  a s h ,  a n d  in t h e  M i d d l e  E a s t  s a n d  on t h e  s l i d e s .  T h i s  

m a k e s  v i s u a l  i d e n t i f i c a t i o n  a n d  c o u n t i n g  d i f f i c u l t ,  a n d  t h e  

a m o u n t  of s a n d  in t h e  a i r  o f  a d e s e r t  r e g i o n  as r e p o r t e d  by 

D a v i e s  ( 1 9 6 9 c )  c a n  so o v e r l o a d  t h e  a d h e s i v e  s u r f a c e  as to 

r e d u c e  its r e t e n t i v i t y .

T h e  u s e  o f  t h i s  m e t h o d  o f  a i r  s a m p l i n g  is i l l u s 

t r a t e d  in g e n e r a l  a c c o u n t s  o f  t h e  f u n g a l  a i r - s p o r a  by H i r s t  

( 1 9 5 3 ) ,  G r e g o r y  a n d  H i r s t  ( 1 9 5 7 ) ,  D a v i e s  ( 1 9 6 9  a , b , c )  a n d  

f o r  g r a s s  p o l l e n  D a v i e s  a n d  S m i t h  ( 1 9 7 3 a ) .  S t u d i e s  u n d e r 

t a k e n  w i t h  t h e  H i r s t  t r a p  w i t h  r e l e v a n c e  f o r  I r a q  a r e  a l s o  

1 i s t e d  in T a b l e  3.

T h e  B u r k a r d  V o l u m e t r i c  T r a p

•This c o m p r i s e s  a c o m p a c t  u n i t  w i t h  a b u i l t - i n  

v a c u u m  p u m p  a n d  is b a s e d  o n  t h e  s p e c i f i c a t i o n  o f  H i r s t  ( 1 9 5 2 )  

w i t h  t h e  d i f f e r e n c e  t h a t  it s a m p l e s  a i r b o r n 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  p e r i o d s  o f  up t o  s e v e n  d a y s  w i t h o u t  

a t t e n t i o n .  It is s h o w n  in ( F i g  3) p 5 0 .

T h e  p a r t i c l e s  a r e  n o t  i m p a c t e d  on t o  a s t i c k y  f a c e d  

m i c r o s c o p e  s l i d e  b u t  on t o  an a d h e s i v e - c o a t e d  t r a n s p a r e n t  

p l a s t i c  t a p e  s u p p o r t e d  on a c 1 o c k w o r k - d r i v e n  d r u m .  T h e  d r u m  

c i r c u m f e r e n c e  is 3 4 5 m m .  In u s e  it is m o v e d  a t 2 m m / h  a n d  t h i s  

a l l o w s  a 9 m m  g a p  o r  an a p p r o x i m a t e l y  4h i n t e r v a l  b e f o r e  t h e  

s p o r e  c a t c h e s  b e c o m e  s u p e r i m p o s e d .  T h e  s t a n d a r d  m o d e l  h a s  

a 2 x 14 m m  o r i f i c e  as in t h e  H i r s t  t r a p  b u t  i n t e r c h a n g e a b l e  

o r i f i c e s  a r e  a v a i l a b l e  t o i m p r o v e  t h e  t r a p p i n g  e f f i c i e n c y  f o r  

p a r t i c l e s  in t h e  r a n g e  1 t o 10jj in d i a m e t e r .
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P r e p a r a t i o n  o f  t h e  t r a p p i n g  s u r f a c e

1. T h e  d r u m  is p l a c e d  o n  a s p e c i a l  b r a c k e t  a n d  l o c k i n g

n u t  t i g h t e n e d  so t h a t  t h e  d r u m  c a n  b e  r e v o l v e d  ( F i g  4) p 51

2. A c r o s s  t h e  d r u m  o v e r  t h e  t w o  b l a c k  i n d i c a t o r  m a r k s  a 

p i e c e  o f  d o u b l e  s i d e d  a d h e s i v e  t a p e  is f i x e d .

3. A l e n g t h  o f  M e l i n e x  p l a s t i c  s t r i p  is c u t  a n d  p l a c e d  on

t h e  d r u m  in s u c h  a w a y  t h a t  t h e  j o i n t  c o i n c i d e s  w i t h  

t h e  b l a c k  m a r k s  a n d  t h e  t w o  e n d s  o f  t h e  M e l i n e x  s t r i p  

a r e  h e l d  in p l a c e  b y  t h e  a d h e s i v e  t a p e .  T h e  e n d s  o f 

t h e  M e l i n e x  t a p e  s h o u l d  n o t  o v e r l a p .  T h e  t a p e  is t h e n

m a d e  s t i c k y  w i t h  p e t r o l e u m  j e l l y ,  o r  a m i x t u r e  o f

p e t r o l e u m  j e l l y  a n d  p a r a f f i n  w a x .  F o r  u s e  in h o t  

c o u n t r i e s  s i l i c o n e  g r e a s e  h a s  b e e n  e m p l o y e d .  S i l i c o n e  

g r e a s e  is d i s s o l v e d  in c h l o r o f o r m .  A c a m e l  h a i r  b r u s h  

is d i p p e d  i n t o  t h e  m i x t u r e  o f  t h e  s i l i c o n e  g r e a s e  a n d  

c h l o r o f o r m ,  a n d  t h e n  h e l d  l i g h t l y  a g a i n s t  t h e  M e l i n e x  

s t r i p  w h i l e  t h e  d r u m  is r e v o l v e d .  W i t h  c a r e ,  a u n i f o r m  

c o a t  o f  s i l i c o n e  g r e a s e  c a n  b e  a p p l i e d  t o  t h e  M e l i n e x .

T o o  t h i c k  a f i l m  c o u l d  f o u l  t h e  i n s i d e  o f  t h e  o r i f i c e ,

t o o  t h i n  a f i l m  a f f e c t s  r e t e n t i v i t y .

U s e  o f  s i l i c o n e  g r e a s e  as a s t i c k y  s u r f a c e  u p o n  

w h i c h  s p o r e s  a n d  p o l l e n s  c o u l d  b e  i m p a c t e d  a n d  r e t a i n e d  

w a s  e s s e n t i a l  b e c a u s e  o f  t h e  h i g h  t e m p e r a t u r e s  e n c o u n t 

e r e d  in B a g h d a d  d u r i n g  t h e  S u m m e r  t i m e .  S h a d e  t e m p e r 

a t u r e s  o f  4 5 ° C  o c c u r  a n d  t h e  a p p a r a t u s  is s i t e d  on a 

r o o f - t o p  w h e r e  it h a s  t o  b e  f r e e l y  e x p o s e d  t o t h e  a i r
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s t r e a m s  a n d  is t h e r e f o r e  in t h e  d i r e c t  h e a t  o f  t h e  

s u n .  U n d e r  t h e s e  c o n d i t i o n s  t h e  p e t r o l e u m  j e l l y  

u s e d  b y  H i r s t  ( 1 9 5 2 )  a n d  D a v i e s  e t  al ( 1 9 6 3 )  s i m p l y  

m e l t s  a n d  r u n s  o f f  t h e  t a p e .

T h e  R o t o r o d

T h i s  i n s t r u m e n t  d e s c r i b e d  b y P e r k i n s  ( 1 9 5 7 )  r e l i e s  

u p o n  t h e  e f f i c i e n c y  w i t h  w h i c h  s m a l l  a i r - b o r n e  p a r t i c l e s  

a r e  d e p o s i t e d  o n  n a r r o w  c y l i n d e r s  o r i e n t a t e d  a t  r i g h t  

a n g l e s  t o  h i g h  v e l o c i t y  w i n d s  ( G r e g o r y ,  1 9 5 1 ) .

It c o n s i s t s  o f  a p a i r  o f  t h i n  b r a s s  r o d s  o f  s q u a r e  

c r o s s  s e c t i o n  w h i c h  a r e  w h i r l e d  a t  a c o n s t a n t  s p e e d  b y a 

b a t t e r y  o p e r a t e d  m o t o r .  P a r t i c l e s  a r e  t r a p p e d  f r o m  an 

a n n u l u s  o f  a i r .  T h e  l e a d i n g  e d g e  o f  e a c h  r o d  c a r r i e s  a 

s t r i p  o f  s e l l o t a p e  s m e a r e d  w i t h  e i t h e r  p e t r o l e u m  j e l l y ,  

g l y c e r i n e  j e l l y  o r  s i l i c o n e  g r e a s e .  A f t e r  e x p o s u r e  t h e  

s t r i p  is r e m o v e d ,  c u t  i n t o  s e v e r a l  l e n g t h s  a n d  m o u n t e d  in 

g l y c e r i n e  j e l l y  b e n e a t h  a c o v e r  g l a s s  o n  a s l i d e .

T h e  v o l u m e  o f  a i r  s a m p l e d  is c a l c u l a t e d  f r o m  t h a t  

s w e p t  b y t h e  r o d  a n d  t h e  n u m b e r  o f  r e v o l u t i o n s  m a d e  b y t h e  

m o t o r  d u r i n g  t h e  s a m p l i n g  i n t e r v a l .  H a r r i n g t o n  e t  al ( 1 9 5 9 )  

c o m p a r e d  a m o d i f i e d  r o t o r o d  w i t h  m e m b r a n e  f i l t e r s  a n d  

r e p o r t e d  i t s  m i n i m u m  c o l l e c t i o n  e f f i c i e n c y  t o  b e  8 5 %  f o r  

p a r t i c l e s  h a v i n g  an e q u i v a l e n t  d i a m e t e r  o f  1 2yu. C a r t e r

( 1 9 6 0 ) ,  h o w e v e r ,  t e s t e d  an E n g l i s h  m o d e l  a g a i n s t  an i s o -  

k i n e t i c a l l y  o p e r a t e d  C a s c a d e  i m p a c t o r  in a w i n d  t u n n e l  a n d
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f o u n d  w i t h  L y c o p o d i u m  s p o r e s  (30/j d i a . )  t r a p p i n g  e f f i c i e n c y  

v a r i e d  b e t w e e n  5 0 a n d  9 0 %  a c c o r d i n g  t o  w i n d  s p e e d .  W h e n  

c o m p a r e d  w i t h  a s l i t - s a m p l e r  u n d e r  t h e  r e l a t i v e l y  s t i l l  

a i r  c o n d i t i o n s  o f  a l a b o r a t o r y ,  D a v i e s  ( 1 9 7 1 ) ,  r e p o r t e d  

i t s  e f f i c i e n c y  f o r  C l - a d o s p o r i u m  w a s  l e s s  t h a n  5 0 % .  S i n c e  

t h e  R o t o r o d  s a m p l e s  a l a r g e  v o l u m e  o f  a i r  f o r  u s e  in s u r v e y s  

a n u m b e r  w o u l d  h a v e  t o  b e  r u n  in s e q u e n c e ,  e s p e c i a l l y  in 

c i t i e s  w i t h  a h i g h  l e v e l  o f  p o l l u t i o n .  T h e  a m o u n t  o f  l a b o u r  

r e q u i r e d  in p r e p a r i n g  s a m p l i n g  s u r f a c e s  a n d  s u b s e q u e n t  

c o u n t i n g  r e n d e r s  t h i s  m e t h o d  u n e c o n o m i c .  A s  a p o r t a b l e  

p o l l e n  t r a p  h o w e v e r ,  t h e  R o t o r o d  is p a r t i c u l a r l y  u s e f u l  

s i n c e  it c a n  b e  c a r r i e d  in an o p e n  b a s k e t  t h r o u g h  p u b l i c  

p l a c e s .  It s u s e  is i l l u s t r a t e d  in t h e  p u b l i c a t i o n s  o f 

H a r r i n g t o n  e t  al ( 1 9 5 9 ) ,  D a v i e s  et al ( 1 9 6 3 ) ,  G r e g o r y  a n d  

L a c e y  ( 1 9 6 4 )  a n d  R a y n o r  e t  al ( 1 9 6 1 ) .

R o t o - s 1 i d e

T h i s  m e t h o d  u s e d  b y  O g d e n  ( p e r s o n a l  c o m m u n i c 

a t i o n  R . R .  D a v i e s )  e m p l o y e s  t h e  p r i n c i p l e  o f  t h e  r o t o r o d ,  

w i t h  t h e  d i f f e r e n c e  t h a t  a p a i r  o f  m i c r o s c o p e  s l i d e s  a r e  

s p u n ,  w i t h  t h e  e d g e s  d i r e c t e d  f o r w a r d s  i n t o  t h e  s w e p t  

a n n u l u s .  T h e  e d g e  o f t h e  s l i d e  is m a d e  s t i c k y  a n d  t h e  

s l i d e s  m o u n t e d  v e r t i c a l l y  in a r a c k  f o r  m i c r o s c o p i c  e x a m 

i n a t i o n  .

I m p  i n g e r s

T h e s e  a r e  e x e m p l i f i e d  b y  t h e  P o r t o n  i m p i n g e r  

a n d  m u l t i - s t a g e  l i q u i d  i m p i n g e r  o f  M a y  ( 1 9 6 6 ) ,  a n d  d e t a i l s  

a r e  g i v e n  b y D a v i e s  ( 1 9 7 1 ) .



42

I m p i n g e r s s a m p  1 e p a r t i c l e s  f r o m  a i r  by 

i m p i n g e m e n t  o n t o  a l i q u i d .  W h i l s t  i m p i n g e r s  c o u l d  be 

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

b o t h  m i c r o s c o p i c a l l y  a n d  by c u l t u r a l  m e t h o d s ,  in g e n e r a l  

t h e  t i m e  a n d  l a b o u r  e m p l o y e d  r e n d e r s  t h e  m e t h o d  u n e c o n 

o m i c a l .  W h e r e a s  t h e  m u l t i  s t a g e  l i q u i d  i m p i n g e r  ( M a y ,  

1 9 6 6 )  is t h e  a p p a r a t u s  o f  c h o i c e  f o r  s a m p l i n g  a i r  f o r  

s u c h  a l l e r g e n s  as r a t  u r i n e  p r o t e i n s  in an e x p e r i m e n t a l  

a n i m a l  h o u s e ,  o r  t h e  a i r b o r n e  a l l e r g e n s  c a u s i n g  h u m i d i f i e r  

d i s e a s e ,  t h e  H i r s t  t r a p  r e m a i n s  t h e  a p p a r a t u s  o f  f i r s t  

c h o i c e  f o r  s u r v e y s  o f  a i r b o r n e  s p o r e s  a n d  p o l l e n s  s i n c e  

it h a s  t h e  o u t s t a n d i n g  a d v a n t a g e s  t h a t  it is n o t  o n l y  

c o n t i n u o u s ,  b u t  e n a b l e s  t h e  t i m e  w h e n  a p o l l e n  o r  s p o r e  

w a s  t r a p p e d  t o  b e  d e t e r m i n e d .  T h i s  is i m p o r t a n t  in a i r  

s a m p l i n g  o u t d o o r s  as t h e  t i m e  w h e n  a p o l l e n  o r  s p o r e  c l o u d  

b e c o m e s  a i r b o r n e  c a n  v a r y  w i t h  t h e  w e a t h e r .

S U M M A R Y  O F L I T E R A T U R E  O N  T H E  F U N G A L  S P O R E  A N D  P O L L E N  

C O N T E N T  O F  T H E  A I R  O F C O U N T R I E S  W I T H  R E L E V A N C E  F O R  

B A G H D A D  A N D  T H E  M I D D L E  E A S T

A d e t a i l e d  w o r l d  w i d e  r e v i e w  on t h e  c o n t e n t  o f  

t h e  a i r  in a l l  t h e  v a r i o u s  c o u n t r i e s  o f  t h e  w o r l d  f r o m  

w h i c h  s t u d i e s  h a v e  b e e n  p u b l i s h e d  w o u l d  r e q u i r e  m o r e  

t i m e  t h a n  t h a t  a v a i l a b l e  f o r  t h e  p r e s e n t  p r o j e c t .  C l i m a t e  

a n d  t o p o g r a p h y  d e t e r m i n e  t h e  v e g e t a t i v e  c o v e r  o f  an a r e a  

a n d  t h e  w e e k s  o r  m o n t h s  o f  t h e  y e a r  w h e n  s u c h  s e a s o n a l
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d i s e a s e s  as p o l l e n o s i s  a n d  f u n g a l  s p o r e  a l l e r g i e s  

o c c u r .  T o a l a r g e  e x t e n t  t h e  c l i m a t e  o f  an a r e a  is 

d e t e r m i n e d  b y  l a t i t u d e .  E m p h a s i s  h a s  t h e r e f o r e  b e e n  

g i v e n  t o  s t u d i e s  f r o m  p l a c e s  l y i n g  in s i m i l a r  l a t i t u d e s  

t o  I r a q ,  o r h a v i n g  c l i m a t i c  o r  s i m i l a r  v e g e t a t i v e  

f e a t u r e s ,  o r  b e i n g  i m p o r t a n t  as p i o n e e r  s t u d i e s .  F o r  

e a s e  o f  r e f e r e n c e  t h e  r e p o r t s  s e l e c t e d  as h a v i n g  

r e l e v a n c e  f o r  s t u d i e s  in B a g h d a d  a n d  I r a q  is p r e s e n t e d  

in T a b l e s  1, 2 a n d  3.
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T a b l e  1: " G r a v i t y  s l i d e 11 B a s e d  S t u d i e s  o f  A i r b o r n e

A1 l e r g e n s

A u t h o r Y e a r

(1) B i e b e r d o r f ,F .W . 

H a m p t o n ,S . F .

1 9 4 6

(2) B u r t n e s s  , H . I . & 

A l l e n ,  S o n i a e .

1 9 5 0

(3) K e s  s 1 e r ,A .
1 9 5 3

(4) K e s s l e r ,A. 1 9 5 4

(5) K e s s l e r ,A. 1 9 5 8

(6) S h a p  i r o ,R . S .

E i s e n b e r g , B . C . & 

B i n d e r ,W .

1 9 6 5

(7) B a r u a h ,H . K . & 

C h e t  i na , M .

1 9 6 6

(8) A g a r w a l  , M . K .  

S h i v p u r i , D . N .  & 

Mu k e r j  i ,K . G .

1 9 6 9

(9) A m  i n ,R . &

B o k h a r i ,M . H .

1 9 7 9

( 1 0 ) S n e  11 e r  , M . R . , 1 9 81

H a y e s , H .D . & 

P i nn a s ,J . L .

C o u n t r y  a n d  P l a c e

U . S . A .  T e x a s ,  S a n  A n t o n i o  

( f u n g a l  s p o r e s )

U . S . A .  C a l  i f o r n i a ,

S a n t a  B a r b a r a

P a l e s t i n e ,  T e l A v i v  

( f u n g a l  s p o r e s  a n d  p o l l e n s )

P a l e s t i n e ,  J a f f a ,  C e n t r a l  

o f  T e l  A v i v  ( f u n g a l  s p o r e s  

a n d  p o l l e n s )

P a l e s t i n e ,  J a f f a ,  T e l A v i v

U . S . A .  C a l  i f o r n i a ,

H u n t i n g t o n  P a r k  a n d

L o s  A n g e l e s  ( F u n g a l  s p o r e s

a n d  p o l l e n s )

I n d i a ,  G a u h a t i

( F u n g a l  s p o r e s  a n d  p o l l e n s )

I n d i a ,  D e l h i  ( F u n g a l  s p o r e s )

I r a n ,  S h i r a z  ( F u n g a l  s p o r e s )

U . S . A .  T u c s o n ,  A r i z o n a  

( A l t e r n a r i a  s p o r e s )
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T a b l e  2: " S e t t l e  P l a t e " S t u d i e s on t h e  F u n g a l  S p o r e

C o n t e n t  of t h e A i r

A u t h o r Y e a r C o u n t r y  a n d  P l a c e

t o F e i n b e r g ,S .M . & 

L i t t l e , H . T .

1 9 3 6 U . S . A .  C h i c a g o

I m p o r t a n t  as a p i o n e e r  s t u d y

(2) B i e b e r d o r f , F . W .  & 

H a m p t o n ,S . F .

1 9 4 6 U . S . A .  T e x a s ,  S a n  A n t o n i o

(3) D e a m e r , W . G .  & 

G r a h a m ,H .W .

1 9 4 7 U . S . A .  C a l i f o r n i a ,  

S a n  F r a n c i s c o

(4) P a s s  a r e  1 1 i , N .,

D e  M a r a n d a , M . P .  & 

D e  C a s t r o , G .

1 9 4 9 B r a z i 1, R i o  d e  J a n e i r o

(5) T o r o , R .A . 1 9 5 0 P u e r t o  R i c o

(6) B u r t n e s s ,H . I . & 

A l l e n  ( S o n i a e )

1 9 5 0 U . S . A .  C a l  i f o r n i a ,  

S a n t a  B a r b a r a

(7) B l a c k a l l e r , A . 1 9 5 0 M e x i c o , G u a d a l a j a r a

(8) M e n d e s , E .  & 

L a c a z , C .  D a s

1 9 5 2 B r a z i 1, S a o  p a u 1 o

(9) C o  1 1 i e r ,T . W . & 

F e r g u s o n ,  B e t t y , A .

1 9 5 3 U . S . A .  G e o r g i a

( 1 0 ) R o o k s ,  R o l a n d  & 

S h a p i r o  R i c h a r d  S.

1 9 5 8 U . S . A .  I o w a

( 1 1 ) G u e v a ,J ., T e 1 1 e z , G . 

O r t i z  , L .,& C a s t i  1 lo 

Y o 1 a n d a

1 9 5 8 M e x i c o ,  M e x i c o  C i t y

( 1 2 ) B a r k a  i - G o  1 an , R . 1 9 5 8 P a l e s t i n e ,  T e l  A v i v

( 1 3 ) Ba r k a  i - G o  1 an , R . & 

G 1 a z e r , I .

1 9 6 2 P a l e s t i n e ,  E i l a t  a n d  

T e 1 - H a s h o m e r

C o n t i  n u e d /  . . ..
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Table 2/Continued

A u t h o r Y e a r C o u n t r y  a n d  P l a c e

( 1 4 ) L i m a , A . O . , S e a b r a  , 
0 . , T a v a r e s  F r a n c a  

A. & C u k i e r , J .

1 9 6 3

5
B r a z  i 1 , R i o  d e  J a n e i r o

( 1 5 ) B a r a t ,  R o m a  & D a s ,  

A .  C .
1 9 6 3 I n d i a , C a l c u t t a

( 1 6 ) S a n d h u , D . K .
Sh i v p u r i , D . N . & 

S a n d h u , R . S .

1 9 6 4 I n d i a , D e l h i

( 1 7 ) L i e b e s k i n d , A . 1 9 6 5 P a l e s t i n e ,  H a i f a

( 1 8 ) Y o u s e f , Y . A .  & 

E l - T a r a b i s h y , N . M .

1 9 6 6 E g y p t , C a i r o

( 1 9 ) B a r u a h , H . K .  & 

C h e t i  n a , M .

1 9 6 6 I n d i a , G a u h a t i

( 2 0 ) D w o r i  n , M . 1 9 6 6 U . S . A . A r i z o n a ,  T u c s o n

( 2 1 ) G o o d m a n , D . H . , 
N o r t h e y , W .  T . , 
L e a t h e r s  , C .  R .  & 

S a v a g e , T .  H .

1 9 6 6 U . S . A . A r i z o n a ,  P h o e n i x

( 2 2 ) A l - D o o r y  , Y . 1 9 6 7 U . S . A . T e x a s ,  S a n  A n t o n i o

( 2 3 ) D u p o n t , E i 1 e e n , M . , 
F i e 1 d , R .  C .
L e a t h e r s  , C . R .
& N o r t h e y , W . T .

1 9 6 7 U . S . A .  N e w  M e x i c o , 
M e t r o p o l i t a n  A r e a

( 2 4 ) B r u n  i n i , J . R .  & 

C o r r e a  C e l i a  D e L . H

1 9 6 7 B r a z  i 1 , S a o  P a u l o

( 2 5 ) C h a b e r t , J .

N i c o t , J a c q u e l i n e

1 9 6 8 R a b a t , M o r o c c o

( 2 6 ) A g a r w a 1 , M . K . 

S h i v p u r i , D . N .  & 

M u k e r j  i ,K . G .

1 9 6 9 I n d i a , D e l h i

C o n t i n u e d / ...
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Table 2/Continued

A u t h o r Y e a r C o u n t r y  a n d  P l a c e

( 2 7 ) O z k a r a g o z ,K . 1 9 6 9 T u r k e y ,  A n k a r a

( 2 8 ) Mi s h r a ,R . R . & 

K a m a  1

1 9 7 1 I n d i a ,  G o r a k h p u r

( 2 9 ) S t a l k e r , W . W .  & 

M o o r e ,P . M .

1 9 7 2 U . S . A .  A l a b a m a

( 3 0 ) C h a d  1 i ,A . & 

H u g u e s , J . N .

1 9 7 3 T u n i s i a ,  T u n i s

( 3 1 ) P a p a v a s s  i 1 i o u ,J .T . 

B a r t z o k a s ,C .A .

1 9 7 5 G r e e c e ,  A t h e n s

( 3 2 ) M o u s t a f a  , A. F . & 

K a m e l , S . M .

1 9 7 6 K u w a i t ,  K u w a i t

( 3 3 ) O k u y a n ,M . , A k s o z  , N . 

& V a r a n , A .

1 9 7 6 T u r k e y ,  A n k a r a

( 3 4 ) Y u 1 u g , N . & 

K u s t  i m u r ,S .

1 9 7 7 T u r k e y ,  A n k a r a

( 3 5 ) B a r k a i - G o l a n , R . , 1 9 7 7 P a l e s t i n e ,

F r a n k , M .  , K a n t o r , D . 

K a r a d a v i d , R .  & 

T o s h n e r ,D .

3 A r a d  D e s e r t  T o w n

( 3 6 ) H a r i r i , A . R .  , 

C h a h a r y ,A. , 

N a d e r i n a s a b , M .  & 

K i m b e r l i  n , C .

1 9 7 8 I r a n ,  A h w a z

( 3 7 ) A l - T i k r i t i , S . K .  

A l - S a l i h i , M .  & 

G a  i 1 1 a r d ,G . E .

1 9 8 0 I r a q , B a g h d a d
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T a b l e  3: I n v e s t i g a t i o n s  i n t o  t h e  F u n g a l  S p o r e  a n d  P o l l e n

C o n t e n t of t h e A i r  b y  V o l u m e t r i c  M e t h o d s

A u t h o r Y e a r C o u n t r y  

& P l a c e

M e t h o d

(1) R o o k s , R .  & 

S h a p  i r o , R . S .

1 9 5 8 U . S . A .

I o w a

C o m b i n a t i o n  of 

e l e c t r o - s t a t i c  

p r e c  i p i t a t  i on 

w i t h  i m p i n g e m e n t s

(2) R o o k s ,R . 

S h a p i r o , R . S .  

H o r m a n , E . C .

1 9 6 0 U . S . A .

I o w a

V o l u m e t r i c  s a m p l e r  

( i m p i n g e m e n t  o n t o  

m o v i n g  s t i c k y  t a p e )

(3) C h a b e r t , J .  & 

N i c o t , J .

1 9 6 6 M o r o c c o

R a b a t

H i r s t  T r a p

(4) P a d y  , S . M .  

K r a m e r ,C . L . 

& C 1 a r y ,R .

1 9 6 7 U . S . A .

K a n s a s

S l i t  s a m p l e r

(5) C h a b e r t , J . 

& N i c o t , J .

1 9 6 8 M o r o c c o

R a b a t

H i r s t  T r a p

(6) D a v i e s , R . R . 1 9 6 9 c K u w a i t  

A h m a d  i

H i r s t  T r a p

(7) A 1 - D o o r y  , Y . 1 9 7 0 U . S . A .

T e x a s

S a n  A n t o n i o

A n d e r s o n  S a m p l e r

(8) S a l v a g g i o , J .  

S e a b u r y ,J .

1 971 U . S . A .

N e w  O r l e a n s

R o t o  s l i d e  s a m p l e r  

o f  O g d e n  & R a y n o r

(9) S t a 1 k e r ,W .W . 

& M o o r e , P . M .

1 9 7 2 U . S . A .

A 1 a b a m a  

B i r m  i n g h a m

F l a g  S a m p l e r  a n d  

R o t o  s l i d e

( 1 0 ) S t r e e t ,D . H .

& H a m b u r g e r ,  

R . N .

1 9 7 6 U . S . A .

C a l i f o r n i a  

S a n  D i e g o

I n t e r m  i t t e n t  

r e t r a c t a b l e  a r m  

r o t o r o d

C o n t i  n u e d / ...
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Table 3/Continued

A u t h o r Y e a r C o u n t r y  

& P l a c e

M e t h o d

( 1 1 ) B a r k a  i - G o l a n , 1 9 7 7 P a l e s t i n e C a s e l l a - s l i t

R . , F r a n k  , M . , A r a d s a m p  1 e r

K a n t o r ,D . 

K a r a d a v  i d ,R . 

& T o s h n e r ,D .

( d e s e r t  t o w n )

( 1 2 ) C a l v o  T o r r a s , 1 9 7 8 S p a i n S 1 i t - s a m p  1 e r

M .A ., G u a r r o  

A r t  i g a s ,J . 

V i c e n t e , E .  & 

S u a r e z

F e r n a n d e z ,G.

B a r c e l o n a

( 1 3 ) D 1 A m a t o ,G . 1 9 8 2 I t a l y B u r k a r d

S t a n z i o l a ,A. N a p l e s v o  1 u m e t r  i c

L i c c a r d  i , G . 

L o s c h i a , M .  & 

M e l i 1 1 o ,G. Vo

s p o r e  t r a p



S E C T I O N  II

A I R  S P O R A  B A G H D A D



Fig 3. Burkard Seven-day Volumetric Spore Trap.
Above on the roof of the Central Allergy 
Hospital Alwiah, Baghdad. Below - 
sect i ona1 drawi ng .



5 1

Fig 4: Containers used to transport drums bearing sticky
faced tapes for exposure in the Burkard trap in 
Baghdad and their subsequent return to London.
The bracket with a handle holds a drum carrying 
Melinex tape. The handle is rotated when a brush 
loaded with si1icone/ch1oroform is applied so that 
a uniform layer of the grease is obtained. The 
clear plastic block inscribed at 48mm intervals 
was used to cut the exposed tapes into lengths 
appropriate to each day of exposure in the trap.



Fig 5: Appearance of deposits impacted from the air. The three slides to the right show deposits trapped
from the air of Baghdad, the two to the left are from London. In consequence of a Clean Air Act 
(1956), the air of London now contains very little soot and ash. In contrast the air of Baghdad 
is polluted with soot and fine wind blown sand which on some days made the examination of slides 
for pollen and spores difficult.



53

A I R  S P O R A  B A G H D A D  

M A T E R I A L S  A N D  M E T H O D S

T h e  B u r k a r d  t r a p  h a s  b e e n  d e s c r i b e d  ( p p 3 8 ). 

S i l i c o n e  g r e a s e  w a s  e m p l o y e d  f o r  t h e  r e t e n t i v e  s u r f a c e ,  

b e c a u s e  it h a s  o u t s t a n d i n g  h e a t  s t a b i l i t y  o v e r  t h e  

r a n g e  o f  4 0 ° C  t o  2 0 0 ° c .  D r u m s  w i t h  t h e  t a p e  a l r e a d y  

p r e p a r e d  f o r  e x p o s u r e  in t h e  t r a p  w e r e  p a c k e d  in s p e c i a l

a i r t i g h t  ( F i g  4) c a n s  a n d  s e n t  t o  B a g h d a d  t h r o u g h  t h e
/

L o n d o n  o f f i c e  o f  t h e  M e d i c a l  A t t a c h e ,  E m b a s s y  o f  t h e  

R e p u b l i c  o f I r a q .  A f t e r  e x p o s u r e  in t h e  t r a p ,  t h e  

d r u m s  w e r e  r e p a c k e d  in t h e  s p e c i a l  c a n s  a n d  r e t u r n e d  

t o  t h e  o f f i c e  o f  t h e  I r a q i  M e d i c a l  A t t a c h e ^  in L o n d o n ,  

f r o m  w h i c h  t h e y  w e r e  c o l l e c t e d .  In t h e  l a b o r a t o r y ,  t h e  

s t i c k y  f a c e d  M e l i n e x  t a p e  w a s  c a r e f u l l y  r e m o v e d  f r o m  t h e  

d r u m ,  a n d  l a i n  o n a p e r s p e x  b l o c k  w i t h  t h e  e x p o s e d  s u r 

f a c e  u p w a r d s .  T h e  b l o c k  w a s  i n s c r i b e d  at 4 8  m m  

i n t e r v a l s  t o  f a c i l i t a t e  t h e  c u t t i n g  o f  t h e  t a p e  i n t o  4 8 m m  

l e n g t h s .  E a c h  l e n g t h  o f  t a p e  w a s  c a r e f u l l y  p l a c e d  on a 

c l e a n  m i c r o s c o p e  s l i d e  a n d  m o u n t e d  b e n e a t h  a 2 2 x 50 m m  

c o v e r s l i p  in g e l v a t o l  m o u n t i n g  f l u i d .  E a c h  s l i d e  w a s  

l a b e l l e d  w i t h  t h e  d a t e  o f  t h e  d a y  o f  e x p o s u r e  in t h e  

t r a p  a n d  t h e  14 x 4 8  m m  a r e a  o f  d e p o s i t  w a s  t h a t  i m p a c t e d  

f r o m  t h e  a i r  o n  t h a t  d a y .  W h e n  t h e  g e l v a t o l  w a s  s e t ,  

t h e  s l i d e  w a s  r e a d y  f o r  s c a n n i n g  u n d e r  t h e  m i c r o s c o p e .

V i s u a l  i d e n t i f i c a t i o n  o f  f u n g a l  s p o r e s  a n d  p o l l e n s  

S p e c i m e n  s l i d e s

A c o l l e c t i o n  o f  p o l l e n  g r a i n s  f r o m  i d e n t i f i e d
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p l a n t s  w a s  a v a i l a b l e  in t h e  M y c o l o g y  L a b o r a t o r y ,  St . 

M a r y ' s  H o s p i t a l  M e d i c a l  S c h o o l ,  w h e r e  an i n t e r e s t  in 

a e r o b i o l o g y  in r e l a t i o n  t o  a l l e r g i c  d i s e a s e  h a s  b e e n  

m a i n t a i n e d  f o r  m a n y  y e a r s .  S p e c i m e n  s l i d e s  o f  f u n g a l  

s p o r e s  w e r e  p r e p a r e d  f r o m  a c u l t u r e  c o l l e c t i o n  of 

c o m m o n  m o u l d  f u n g i .  S l i d e s  e x p o s e d  in a H i r s t  t r a p  

o v e r  a p e r i o d  o f  m o r e  t h a n  2 0  y e a r s  w e r e  a v a i l a b l e  f o r  

s t u d y .  S c a n n i n g  w a s  u n d e r t a k e n  w i t h  a L e i t z  L a b o r l u x  

m i c r o s c o p e  u s i n g  a x 4 0  o b j e c t i v e  a n d  x 1 0  e y e p i e c e s .

W h e n  n e c e s s a r y  f i n e  d e t a i l s  o f  s p o r e s  a n d  p o l l e n s  w e r e  

e x a m i n e d  w i t h  a x 5 4  o i l  i m m e r s i o n  o b j e c t i v e .

R e f e r e n c e  w o r k s

W h e n  n e c e s s a r y  d u r i n g  s c a n n i n g  r e f e r e n c e  w a s  

m a d e  t o  t h e  f o l l o w i n g  w o r k s  w i t h  i n f o r m a t i o n  o n t h e  

i d e n t i f i c a t i o n  o f  f u n g a l  s p o r e s  a n d  p o l l e n  g r a i n s .

A n  A t l a s  o f  A I R B O R N E  P O L L E N  G R A I N S ,  H .A . H y d e  

a n d  K . F .  A d a m s ,  ( 1 9 5 8 ) .  M a c M i l l a n  & C o .  L t d . ,  

L o n d o n ,  N e w  Y o r k ,  p p  1 1 2.

T H E  M I C R O B I O L O G Y  O F  T H E  A T M O S P H E R E ,  P . H .  G r e g o r y

( 1 9 6 1 ) .  P l a n t  S c i e n c e  M o n o g r a p h s ,  L e o n a r d  H i l l  

B o o k s ,  L o n d o n ,  p p 2 5 2 .

A i r  S a m p l i n g  f o r  F u n g i ,  P o l l e n s  a n d  B a c t e r i a ,  

R . R .  D a v i e s  ( 1 9 7 1 )  C h a p t e r  X I I I  in M E T H O D S  IN 

M I C R O B I O L O G Y ,  V o l 4. E d i t e d  b y  C. B o o t h ,  

A c a d e m i c  P r e s s ,  L o n d o n  a n d  N e w  Y o r k ,  p p  7 9 5 .



55

A M A N U A L  O F C L I N I C A L  A L L E R G Y ,  J. S h e l d o n ,

R. L o v e l l  a n d  K. M a t h e w s  ( 1 9 5 3 ) .  W . B .

S a u n d e r s  C o m p a n y ,  P h i l a d e l p h i a  a n d  L o n d o n ,  

p p 4 1 3 .

A T L A S  O F  E U R O P E A N  A L L E R G E N I C  P O L L E N  ( A t l a s  

E u r o p e e n  d e s  p o l l e n s  al l e r g i s a n t s ). J. C h a r p i n ,  

R. S u r i n i y a c h ,  A . W .  F r a n k l a n d  ( 1 9 7 4 ) .  S a n d o z ,  

E d i t i o n s ,  p p 2 2 9 .

A T L A N T E  D E I  P R I N C I P A L I  P o l l i n i  a l l e r g e n i c i  

p r e s e n t i  in I t a l i a .  F. C i a m p o l i n i ,  N. C r e s t i

( 1 9 8 1 ) .  U n i v e r s i t a  di S i e n a ,  pp 1 9 0.

P h o t o g r a p h s  o f  V e g e t a t i o n

P l a n t s  g r o w i n g  in t h e  v i c i n i t y  o f  t h e  t r a p p i n g  

s i t e  in B a g h d a d  w e r e  p h o t o g r a p h e d  a n d  as n e c e s s a r y  

r e f e r e n c e  m a d e  t o : -

F l o r a  o f  I r a q ,  V o l .  1. E d i t e d  b y  E v a n  G u e s t  

( 1 9 6 6 )  B a g h d a d  M i n .  A g r i c .  R e p .  I r a q .

W i l d  P l a n t s  o f  I r a q  w i t h  t h e i r  D i s t r i b u t i o n .

A l i  A l - R a w i  ( 1 9 6 4 )  B a g h d a d  G o v e r n m e n t  P r e s s .

P o l l e n  C o  1 1 e c t i o n s f r o m  B a g h d a d

S p e c i m e n s  w e r e  o b t a i n e d  f r o m  p l a n t s  f l o w e r i n g  

in I r a q  a t d i f f e r e n t  t i m e s ,  a n d  t h e  p o l l e n  o b t a i n e d  by 

c r u s h i n g  t h e  a n t h e r s  in l a c t o p h e n o l  on a m i c r o s c o p e  

s l i d e .  S p e c i m e n s  o f  p o l l e n  w e r e  o b t a i n e d  f r o m  p l a n t  

c o l l e c t i o n s  in t h e  H e r b a r i u m  o f  t h e  R o y a l  B o t a n i c a l
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G a r d e n s ,  K e w .  t h i s  f a c i l i t y  w a s  i n v a l u a b l e  a n d  

e n a b l e d  t h e  p o l l e n  o f  Z i z i p h u s  t r a p p e d  f r o m  t h e  a i r  

t o  b e  c o m p a r e d  w i t h  t h o s e  o f  t h e  t h r e e  s p e c i e s  o f  

Z i z i p h u s .

D r a w i n g s  o f  p o l l e n s  in t h e  d e p o s i t s  a n d  f r o m  

h e r b a r i u m  s p e c i m e n s  w e r e  m a d e  b y m e a n s  o f  a cami er o^ 

l u c i d a  t o  o b t a i n  t h e  c o r r e c t  p r o p o r t i o n s  a n d  s i z e  o f  

t h e  p o l l e n .

S c a n n i n g  a n d  C a l c u l a t i o n s  

D u r i n g  a 2 4 h  p e r i o d  o f  e x p o s u r e  in t h e  t r a p ,

3
w i t h  an a i r  f l o w  o f  10 1 / m i n ,  a t o t a l  o f  1 4 . 4 m  o f  a i r  

is s a m p l e d .  T h e  p a r t i c u l a t e  m a t t e r  f r o m  t h i s  v o l u m e  is 

i m p a c t e d  i n t o  a d e p o s i t  w h i c h  m e a s u r e s  4 8  x 1 4 . 4  m m .

T h e  d e p o s i t  is w i d e r  t h a n  t h e  o r i f i c e  as t h e r e  is a 

s l i g h t  s c a t t e r i n g  o f  t h e  p a r t i c l e s  d u e  t o  t h e  d i s t a n c e  

b e t w e e n  t h e  s t i c k y  s u r f a c e  a n d  t h e  i n n e r  e d g e  o f  t h e  

o r i f i c e .  S c a n n i n g  w a s  u n d e r t a k e n  w i t h  a m e c h a n i c a l  s t a g e .

T h e  w i d t h  o f  t h e  m i c r o s c o p e  f i e l d  s c a n n e d  

p a r a l l e l  t o  t h e  l e n g t h  o f  t h e  d e p o s i t  t o  o b t a i n  t h e  m e a n  

d a i l y  c o n c e n t r a t i o n s  w a s  0 . 3 6  m m .

T o t a l  v o l u m e  o f  a i r  s a m p l e d  in 2 4 h  = 1 4 . 4  

W i d t h  o f d e p o s i t  = 1 4 . 4  m m

M u l t i p l i c a t i o n  o f  t h e  n u m b e r  o f  s p o r e s  o r  

p o l l e n  g r a i n s  c o u n t e d  a l o n g  t h e  t r a v e r s e
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g i v e s  t h e  n u m b e r  p e r  M 3  o f  a i r

0 . 3 6 x 3  = 1 0 . 8  m m

T h e  t r a p  is a p p r o x i m a t e l y  8 0 %  e f f i c i e n t  

a n d  w i t h  t h i s  in m i n d  t h e  c o n c e n t r a t i o n s  

g i v e n  t e n d  t o b e  u n d e r e s t i m a t e s .

C h a n g e s  in t h e  d i u r n a l  c o n c e n t r a t i o n s  of 

J u n i p e r u s , Z i z i p h u s  , G r a s s  a n d  U r t i c a  w e r e  c a l c u l a t e d  

a t  2 h i n t e r v a l s  as f o l l o w s .  A s  t h e  s u c t i o n  r a t e  (10 

1 / m i n ) ,  t h e  c r o s s  s e c t i o n a l  d i m e n s i o n s  o f  t h e  o r i f i c e  

(2 x 14 m m )  a n d  t h e  r a t e  o f  m o v e m e n t  o f  t h e  d r u m  

(2 m m / h r )  a r e  k n o w n ,  t h e  n u m b e r  o f s p o r e s  o r  p o l l e n s  

c o u n t e d  in a 3 6 0  m i c r o n  t r a v e r s e  c a n  b e  c o n v e r t e d  i n t o  

an e s t i m a t e d  n u m b e r  p e r  c u b i c  m e t r e  o f  a i r .

S u c t i o n  r a t e  = 10 l m i n

= 6 0 0  1 in 1 h o u r

2 m m  t r a c e  d e p o s i t e d  f r o m  6 0 0  1 a i r

0 . 3 6  m m  t r a c e  d e p o s i t e d  f r o m  1 0 8  1 a i r

1 s p o r e  o r  p o l l e n  g r a i n  in 1 0 8  1 is t a k e n  as 

9 p e r  c u b i c  m e t r e .  As t h e  t r a p  is n e v e r  1 0 0 %  e f f i c i e n t  

t h i s  f i g u r e  t e n d e d  t o  u n d e r e s t i m a t e  t h e  a c t u a l  n u m b e r  

p r e s e n t a n d  i n p r a c t i c e  a c o u n t  o f  o n e  s p o r e  in t h e  d e p o s i t  

w a s  t a k e n  as e q u i v a l e n t  t o  10 s p o r e s  p e r  c u b i c  m e t K e  o f  

a i r .
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F i g  6 T h e  B a g h d a d  p o l l e n  c a l e n d a r ,  s h o w i n g  p e a k  m o n t h s  

a n d  m o n t h s  o f  t h e  y e a r  w h e n  t h e  g e n e r a  o f  p o l l e n  

w e r e  r e c o r d e d .

Zi
zi

ph
us
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R E S U L T S

T h e  P o l l e n  C a l e n d a r

T h e  p o l l e n  c o n t e n t  o f  t h e  a i r  o f  B a g h d a d  

is s u m m a r i z e d  as a p o l l e n  c a l e n d a r  in ( F i g  6) w h i c h  

s h o w s  t h e  m o n t h s  o f t h e  y e a r  in w h i c h  t h e  g e n e r a  w e r e  

t r a p p e d  f r o m  t h e  a i r ,  t o g e t h e r  w i t h  t h e  s e a s o n a l  

i n c r e a s e .  T h e  c a l e n d a r  is in n o  s e n s e  q u a n t i t a t i v e  

a n d  t h e  m e a n  d a i l y  c o n c e n t r a t i o n s  f o r  t h e  d i f f e r e n t  

f o r m  g e n e r a  a r e  g i v e n  b e l o w  a n d  d i s c u s s e d  s e p a r a t e l y  

in r e l a t i o n  t o  b o t h  n u m e r i c a l  a n d  a l l e r g e n i c  i m p o r t a n c e .

T h e  c a l e n d a r  ( F i g  6) s h o w s  t h a t  p o l l e n  f r o m  the 

G r a m i n e a e  a n d  t h e  U r t i c a c e a e  w e r e  t r a p p e d  f r o m  t h e  a i r  

in a l l  t h e  m o n t h s  o f  t h e  y e a r .  P o l l e n  f r o m  t h e  

C h e n o p o d i a c e a e  w a s  o n l y  a b s e n t  f r o m  t h e  a i r  in F e b 

r u a r y  a n d  M a r c h .  T h i s  p o l l e n  w a s  u n i q u e  in t h a t  t h e  

c o n c e n t r a t i o n s  r o s e  in J u l y  a n d  A u g u s t  ( F i g  10) w h e n  

t h e  S u m m e r  t e m p e r a t u r e s  w e r e  a t  t h e i r  h i g h e s t .  P o l l e n  

f r o m  t r e e  p o l l e n s  o f t h e  g e n e r a  B e t u  1 a a n d  F r a x i n u s  

w e r e  r e c o r d e d  in t h e  a i r  b e t w e e n  J a n u a r y  a n d  J u n e ,

J u n  i p e r u s  - F e b r u a r y  u n t i l  A p r i l  a n d  0 l e a - F e b r u a r y  

t o  J u n e .  C a r e x  w a s  r e c o r d e d  f r o m  J a n u a r y  t o  J u n e ,

A r t e m i  s e a  f r o m  O c t o b e r  u n t i l  D e c e m b e r ,  a n d  Z i z i p h u s  

f r o m  S e p t e m b e r  u n t i l  F e b r u a r y .

In t e m p e r a t e  c o u n t r i e s ,  s o u r c e s  o f p o l l e n  

a l l e r g e n s  a r e  g e n e r a l l y  a t t r i b u t e d  t o  C a t k i n  b e a r i n g
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t r e e s  in t h e  S p r i n g ,  t h e  g r a s s e s  in t h e  S u m m e r  a n d  

h e r b a c e o u s  p l a n t s  a n d " w e e d s "  in t h e A u t u m n .  T h i s  

p a t t e r n  o f p o l l e n  p r o d u c t i o n  in I r a q  is c o m p l i c a t e d  

b y  t h e  i n t e n s e  h e a t  o f  t h e  S u m m e r  m o n t h s ,  w h i c h  is 

i n i m i c a l  t o  f l o r a l  d e v e l o p m e n t .  It is n o t e w o r t h y  

t h a t  w h i l s t  A r t e m i s  i a h a s  i t s s e a s o n  in t h e  A u t u m n ,  

t h e  p e a k  f o r  t h e  U r t i c a c e a e  is in t h e  S p r i n g ,  a n d  

Z i z i p h u s  f l o w e r s  in t h e  A u t u m n  a n d  W i n t e r .

T h e  i m p o r t a n c e  o f  t h e s e  p o l l e n s  as a 

c a u s e  o f  a l l e r g i c  d i s e a s e  in I r a q  m u s t  b e  c o n s i d e r e d  

in r e l a t i o n  t o  T h o m m e n ' s  ( 1 9 3 1 )  P o s t u l a t e s .

1. T h e  p o l l e n  m u s t  c o n t a i n  an e x c i t a n t  o f  h a y -  

f e v e r .

2. T h e  p o l l e n  m u s t  b e  a n e m o p h i l o u s  o r  w i n d  b o r n e  

as r e g a r d s  i t s  m o d e  o f p o l l i n a t i o n .

3. T h e  p o l l e n  m u s t  b e  p r o d u c e d  in s u f f i c i e n t l y  

l a r g e  q u a n t i t i e s .

4. T h e  p o l l e n  m u s t  b e  s u f f i c i e n t l y  b u o y a n t  t o  be 

c a r r i e d  c o n s i d e r a b l e  d i s t a n c e s .

5. T h e  p l a n t  p r o d u c i n g  t h e  p o l l e n  m u s t  b e w i d e l y  

a n d  a b u n d a n t l y  d i s t r i b u t e d .

A s  t h e  p r e s e n t  s t u d y  is b a s e d  o n  p o l l e n  g r a i n s  

t r a p p e d  f r o m  t h e  a i r ,  p o s t u l a t e s  2, 3 a n d  4 a r e  m e t .  

P o s t u l a t e s  1 a n d  5 a r e  c o n s i d e r e d  in t h e  d e t a i l e d

d i s c u s s i o n s  b e l o w .
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P O L L E N

G r a m i n e a e  - G r a s s e s

R e s u l t s

In B a g h d a d ,  t h e  p e a k  s e a s o n  f o r  g r a s s  p o l l e n  

c o m m e n c e d  in e a r l y  M a r c h  a n d  l a s t e d  u n t i l  t h e  e n d  o f  J u n e ,  

in b o t h  1 9 8 2  a n d  1 9 8 3  ( F i g s  7 , 8  ).

In 1 9 8 2  t h e  h i g h e s t  m e a n  d a i l y  c o n c e n t r a t i o n  of 4 8  

g r a i n s / c u b i c  m e t r e  w a s  r e c o r d e d  o n  A p r i l  6 t h ,  in 1 9 8 3  t h e  

h i g h e s t  c o n c e n t r a t i o n  w a s  3 6  g r a i n s / c u b i c  m e t r e  on A p r i l  1 5 t h .  

T h e  m e a n  d a i l y  c o n c e n t r a t i o n s  g i v e n  in ( F i g s  7 , 8 )  s h o w  t w o  

p e a k s  o f  f l o w e r i n g ,  an A p r i l  p e a k  w h i c h  is t h e  h i g h e s t  

f o l l o w e d  b y a s e c o n d  p e a k  in M a y .  In b o t h  1 9 8 2  a n d  1 9 8 3 , t h i s  

s e c o n d  p e a k  w a s  o n M a y  1 6 t h .

In t h e  v e r y  h o t  m o n t h s  ( F i g  6) in J u l y  g r a s s

p o l l e n  w a s  t r a p p e d  f r o m  t h e  a i r  on 11 d a y s  a n d  in A u g u s t  on 

2 d a y s .  In S e p t e m b e r ,  as it b e c a m e  c o o l e r ,  g r a s s  p o l l e n  w a s  

t r a p p e d  o n  21 d a y s ,  in O c t o b e r  on 20 d a y s  a n d  N o v e m b e r ,  22 

d a y s .  In t h e  W i n t e r  m o n t h s  g r a s s  p o l l e n  w a s  r e c o r d e d  on 4 

d a y s  in D e c e m b e r ,  18 d a y s  in J a n u a r y  a n d  10 d a y s  in F e b r u a r y .  

6 4 %  o f  t h e  a n n u a l  g r a s s  p o l l e n  c a t c h  w a s  o b t a i n e d  d u r i n g  t h e  

4 m o n t h  s e a s o n ,  a n d  3 6 %  d u r i n g  t h e  o t h e r  8 m o n t h s .  G r a s s  

p o l l e n  c o m p r i s e d  1 7 %  o f  a l l t h e  p o l l e n s  t r a p p e d  f r o m  t h e  a i r  

o f  B a g h d a d  a n d  i t s  p r o p o r t i o n  in t h e  t o t a l  c a t c h  is s h o w n  in 

( F i g  9 ).

D i s c u s s  io n

T w o  p e a k s  o f p o l l e n  p r o d u c t i o n  c o n s e q u e n t  u p o n  an
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F i g  7: M e a n  d a i l y  g r a s s  c o n c e n t r a t i o n  in t h e  a i r  o v e r  B a g h d a d  in 1 9 8 2 .
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F i g  8: M e a n  d a i l y  g r a s s  p o l l e n  c o n c e n t r a t i o n s  in t h e  a i r  o v e r  B a g h d a d  1 9 8 3 .
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F i g  9

Other pollens-

Artem i s i a

Juniperus

01eaceae

Grami neae

Chenopod i aceae

Z i z i phus

Urt i caceae

*Oleaceae includes both Olea & Fraxinus.

P r i n c i p a l  p o l l e n s  as a p r o p o r t i o n  o f  t h e  t o t a l  

p o l l e n  c a t c h  f r o m  t h e  a i r  o f  B a g h d a d .
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e a r l y  a n d  l a t e  p e a k  o f f l o w e r i n g  is c o n s i s t e n t  w i t h  t h e  

r e s u l t s  o b t a i n e d  b y  B a g n i  e t  al ( 1 9 7 6 )  in a s t u d y  o f  t h e  

g r a s s  p o l l e n  c o n t e n t  o f t h e  a i r  o v e r  E u r o p e a n  c i t i e s .  In 

1 9 7 3  a t B o l o g n a  ( g e o g r a p h i c a l  p o s i t i o n . 4 4 , 3 1 0 N ) t h e r e  w a s  

an A p r i l  a n d  M a y  p e a k ,  in B r u s s e l s  ( 5 0,  4 8 ° N )  a n d  L o n d o n  

( 5 1 ,  2 9 ° N )  J u n e  a n d  J u l y  p e a k s .  B a g h d a d  ( 32, 2 0 ° N )  l i e s  

f u r t h e r  S o u t h  t h a n  B o l o g n a  a n d  t h e  g r a s s  p o l l e n  s e a s o n  

c l e a r l y  c o m m e n c e d  in M a r c h ,  w h e r e a s  in B o l o g n a  in 1 9 7 3  on 

o n l y  o n e  d a y  w a s  g r a s s  p o l l e n  r e c o r d e d  d u r i n g  t h e  f i r s t  

f o r t n i g h t  o f  A p r i l .  D a v i e s  a n d  S m i t h  ( 1 9 7 3 a )  r e p o r t  t h a t  

w h e n  t h e  s u m  o f  t h e  m e a n  a i r  t e m p e r a t u r e s  f o r  A p r i l  a n d  M a y  

a t  f o u r  s t a t i o n s  a r o u n d  L o n d o n  r e a c h e d  2 1 ° C , t h e  g r a s s  p o l l e n  

s e a s o n  c o m m e n c e d  o n  J u n e  4 t h .  In S o u t h e r n  E n g l a n d ,  w h e n  t h e  

s u m  o f  t h e  m e a n  o f  t h e  m a x i m u m  a n d  m i n i m u m  a i r  t e m p e r a t u r e s  

f o r  A p r i l  a n d  M a y  r e a c h e s '  2 1 ° C , t h e r e  h a s  b e e n  an e x c e p t i o n 

a l l y  w a r m  S p r i n g ,  a n d  t h i s  e n s u r e s  an e a r l y  s t a r t  t o  t h e  

g r a s s  p o l l e n  s e a s o n  in L o n d o n .  In B a g h d a d ,  t h e  s u m  o f  t h e  

m e a n  a i r  t e m p e r a t u r e s  f o r  J a n u a r y  a n d  F e b r u a r y  ( F i g  2) 

a v e r a g e d  o v e r  a 6 0  y e a r  p e r i o d  w a s  2 1 0 C .

T h e  w a r m  t e m p e r a t u r e  o f  t h e  v e r y  e a r l y  S p r i n g  in B a g h d a d  

f a c i l i t a t e s  a n e a r l y  o n s e t  o f  g r a s s  p o l l e n  p r o d u c t i o n  in 

M a r c h .  O n a b a s i s  o f t h e  2 y e a r s  s t u d i e d  t h e  g r a s s  p o l l e n  

s e a s o n  in B a g h d a d  e x t e n d s  o v e r  12 w e e k s .  It r a r e l y  e x t e n d s  

f o r  m o r e  t h a n  6 w e e k s  in L o n d o n  ( D a v i e s  & S m i t h  1 9 7 3 b ) .  T h e  

g r a s s  p o l l e n  c o n c e n t r a t i o n s  r e c o r d e d  in B a g h d a d  a r e  v e r y  m u c h  

l o w e r  t h a n  t h o s e  r e c o r d e d  in t h e  E u r o p e a n  c i t i e s  ( B a g n i  e t  

al 1 9 7 £ , D a v i e s  & S m i t h  1 9 7 3 b ) .  T h e  l o w e r  c o n c e n t r a t i o n s  in
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B a g h d a d  s h o u l d  n o t  b e t a k e n  t o  i m p l y  t h a t  g r a s s - p o l l e n o s i s  

is l e s s  o f  a p r o b l e m  t h a n  in E u r o p e a n  c i t i e s .

T h e r e  is a d i s t i n c t  s e a s o n ,  a n d  t h e  f a c t  t h a t  t h e  

p o l l e n  c o n c e n t r a t i o n s  a r e  m u c h  l o w e r  t h a n  t h o s e  e x p e r i e n c e d  

in E u r o p e a n  c i t i e s  m u s t  a l s o  m e a n  t h a t  t h e  d e g r e e  o f  h y p o -  

s e n s i t i s a t i o n  w h i c h  t h e  s u f f e r e r  o b t a i n s  f r o m  t h e  n a t u r a l  

c h a l l e n g e  m a y  b e  l o w e r  t h a n  t h a t  e x p e r i e n c e d  in t h e  p o l l e n  

s e n s i t i v e  p o p u l a t i o n s  t o  t h e  N o r t h .  T h e  p o l l e n  a l l e r g i c  

p o p u l a t i o n  o f  I r a q  is p r o b a b l y  h i g h l y  s e n s i t i v e  in M a r c h  a n d  

A p r i l  a n d  s i n c e  D a v i e s  ( 1 9 7 3  ) r e p o r t s  an a p p a r e n t  d e c l i n e  

in s e n s i t i v i t y  d u r i n g  t h e  s e a s o n ,  t h e  I r a q i  p a t i e n t s  a r e  

p r o b a b l y  l e s s  s e n s i t i v e  b y  t h e  e n d  o f  J u n e .  C l e a r l y  a 

c l i n i c a l  i n v e s t i g a t i o n  o f  t h i s  is n e c e s s a r y .

A n o t h e r  f e a t u r e  is t h a t  a p a r t  f r o m  t h e  h o t t e s t  

m o n t h ,  g r a s s  p o l l e n  w a s  l i k e l y  t o  b e  e n c o u n t e r e d  a t a n y  

t i m e .  ( C y n o d o n  d a c t y I o n ) B e r m u d a  g r a s s  is c o m m o n  a n d  t h i s  

g r a s s  s p e c i e s  is a d a p t e d  t o  g r o w t h  at h i g h  t e m p e r a t u r e .  

A l t h o u g h  a p o o r  p o l l e n  p r o d u c e r  it is an i m p o r t a n t  a l l e r g e n  

a n d  m a y  b e r e s p o n s i b l e  f o r  t h e  a l m o s t  c o n s t a n t  p r e s e n c e  o f  

g r a s s  p o l l e n  in v e r y  l o w  c o n c e n t r a t i o n s  t h r o u g h o u t  t h e  y e a r  

in B a g h d a d  ( F i g  .6 ). T h e  p o l l e n  o f  C y n o d o n  d a c t y l o n  is

k n o w n  t o  g i v e  p o s i t i v e  i m m e d i a t e  r e s p o n s e s  in t h e  s k i n - p r i c k  

t e s t  in I r a q i  p a t i e n t s  ( P e r s o n a l  C o m m u n i c a t i o n  D r . B a s i l  

B e h n a m ) .  T h e  g r a s s e s  w h i c h  p r o d u c e  t h e  p o l l e n  c l o u d s  in 

t h e  M a r c h  t o  J u n e  s e a s o n  s h o w  e a r l y  a n d  l a t e  f l o w e r i n g  p e a k s  

s i m i l a r  t o  t h a t  s e e n  w i t h  t h e  P o o i d  g r a s s  s p e c i e s  in N o r t h e r n
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E u r o p e .

In L o n d o n  t h e  e a r l y  J u n e  p e a k  is e x e m p l i f i e d  

b y t h e  c o p i o u s  p o l l e n  p r o d u c t i o n  o f  D a c t y l i s  g l o m e r a t a , 

a n d  a l a t e r  p e a k  t y p i f i e d  b y  P h l e u m  p r a t e n s e .

T h e  w h e a t  a n d  o t h e r  c e r e a l s  g r o w n  in t h e  c e n t r a l  

a l l u v i a l  p l a i n  a n d  m a r s h  a r e a s  o f  I r a q  a r e  u n l i k e l y  t o  be 

i m p o r t a n t  in c a u s i n g  a l l e r g i c  d i s e a s e .  W h e a t ,  o a t ,  b a r l e y  

a n d  r i c e  a r e  n o r m a l l y  s e l f  p o l l i n a t e d ,  t h e  m a j o r  p a r t  o f  

t h e  p o l l e n  p r o d u c e d  b y a f l o r e t  r e m a i n s  w i t h i n  t h e  f l o r e t ,  

f e r t i l i z a t i o n  o f t e n  o c c u r r i n g  b y  t h e  d i r e c t  e x t e n s i o n  o f  a 

p o l l e n  t u b e  t h r o u g h  t h e  w a l l  o f  t h e  a n t h e r  s a c  t o  t h e  s t i g m a  

( T h o m m e n  1 9 3 1 ) .

T h e  g r a s s l a n d s  o f  E n g l a n d  a n d  W a l e s  c o m p r i s e  t h e  

m a j o r  s o u r c e  o f  a i r b o r n e  g r a s s  p o l l e n  in t h e  U . K .  a n d  D a v i e s  

& S m i t h  ( 1 9 7 3 b )  f r o m  a s t u d y  o f  a i r b o r n e  g r a s s  p o l l e n  c o n 

c e n t r a t i o n s ,  r e c o r d e d  in c e n t r a l  L o n d o n  b e t w e e n  1 9 6 1  a n d  

1 9 7 0 ,  r e l a t e d  t h e  c a t c h  t o  w i n d  d i r e c t i o n  a n d  t h e  p e r c e n t 

a g e s  o f  l a n d  u n d e r  g r a s s  in t h e  " h o m e  c o u n t i e s "  t o  t h e  NW , 

N E , S E  a n d  S W .  T h e  p r e v a l a n c e  o f  h a y  f e v e r  d i f f e r s  in 

d i f f e r e n t  p a r t s  o f  t h e  B r i t i s h  I s l e s .  ( M o r b i d i t y  s t a t i s t i c s  

f o r  g e n e r a l  p r a c t i c e s ,  1 9 6 2 )  a n d  t h i s  h a s  b e e n  r e l a t e d  t o  

c l i m a t e  t o p o g r a p h y  a n d  l a n d  u s e a g e  ( D a v i e s  1 9 6 9 b ) .  In 

a r e a s  o f  r o u g h  g r a z i n g  a n d  m o u n t a i n o u s  a r e a s ,  l e s s  p o l l e n  

is p r o d u c e d  a n d  t h e  c l i m a t i c  f e a t u r e s  o f  t h e  v a l l e y s  e n s u r e

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

t h r o u g h  a g r e a t e r  d e p t h  o f  a i r  t h a n  o c c u r s  f r o m  c o m p a r a b l e
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s o u r c e s  on a p l a i n  ( D a v i e s  1 9 6 9 b ) .  In E n g l a n d  a s e r i e s  

o f  g r a s s l a n d  s u r v e y s  h a v e  s h o w n  t h a t  m o s t  of t h e  g r a s s e s  

in t h e  s w a r d s  a r e  n a t i v e  t o  B r i t a i n .  A b o u t  6 p e r c e n t  o f 

t h e  g r a s s l a n d  a n d  e n c l o s e d  r o u g h  g r a z i n g  a r e a  o f  E n g l a n d  

a n d  W a l e s  is r e s e e d e d  a n n u a l l y  ( H o p k i n s ,  1 9 7 9 ) .  T h e  

g r a s s e s  s o w n  c a n  b e  d e t e r m i n e d  f r o m  M i n i s t r y  o f  A g r i c u l t u r e  

F i s h e r i e s  a n d  F o o d  s t a t i s t i c s .  C o m p a r a b l e  s t a t i s t i c s  a r e  

n o t  y e t  a v a i l a b l e  f o r  I r a q ,  a n d  it h a s  n o t  y e t  b e e n  

p o s s i b l e  t o  d e t e r m i n e  t h e  s p e c i e s  o f  g r a s s  s o w n  f o r  p a s t u r e  

in I r a q .  H o p k i n s  ( 1 9 7 9 )  r e p o r t s  t h a t  o v e r  8 0  p e r c e n t  of 

t h e  g r a s s  s e e d  c u r r e n t l y  s o w n  in B r i t i s h  a g r i c u l t u r e  

c o n s i s t s  o f  r y e  g r a s s e s ,  t w o  t h i r d s  L o l i u m  p e r e n n e  

( P e r e n n i a l  r y e  g r a s s )  a n d  o n e  t h i r d  L o l i u m  m u l t i f l o r a  

( I t a l i a n '  r y e  g r a s s )  a n d  h y b r i d  r y e  g r a s s e s .  O f  t h e  o t h e r  

g r a s s  s p e c i e s  P h l e u m  p r a t e n s e  h a s  n o w  s u r p a s s e d  D a c t y 1 is 

g 1 o m e r a t a  in r e l a t i v e  i m p o r t a n c e  a n d  its u s e  at a b o u t  5 - 7  

p e r c e n t  b y  w e i g h t  o f t h e  t o t a l  g r a s s  s e e d  u s e d  h a s  r e m a i n e d  

f a i r l y  c o n s t a n t .

T h e  c a p a c i t y  o f  t h e  i n d i v i d u a l  a v e r a g e  p l a n t  

t o  p r o d u c e  p o l l e n  w a s  e s t i m a t e d  by T h o m m e n  ( 1 9 3 1 )  w h o  g a v e  

A m b r o s i a  t r i f i d a  ( g i a n t  r a g w e e d )  t h e  m o s t  p r o d u c t i v e  h a y  

f e v e r  p l a n t  in t h e  U S A  a s c o r e  o f  1 0 0.  In c o m p a r i s o n ,  

D a c t y l i s  g l o m e r a t a  w a s  g i v e n  a v a l u e  o f  8 0 ,  P h l e u m  p r a t e n s e  

6 0,  P o a  p r a t e n s i s  50 a n d  A g r o s t i s  a l b a  4 5 . A l t h o u g h  

a c c u r a t e  d a t a  is n o t  a v a i l a b l e ,  it is u n l i k e l y  t h a t  L o l i u m

s p e c i e s  h a v e  a g r e a t e r  p o l l e n  p r o d u c t i o n  t h a n  A g r o s t i s  a l b a
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( p e r s o n a l  c o m m u n i c a t i o n  R . R .  D a v i e s ) .

In S E  E n g l a n d  t h e  h a y  f e v e r  c h a l l e n g e  is 

c h a r a c t e r i s e d  b y  t w o  p e a k s  o f  p o l l e n  p r o d u c t i o n ,  a n d  in 

a n y  s e a s o n ,  a l t h o u g h  t h e  o n s e t  o f  t h e  p o l l e n  c h a l l e n g e  is 

d e t e r m i n e d  b y  t h e  w e a t h e r ,  D a c t y l i s  g l o m e r a t a  a l w a y s  s h e d s  

i t s  p o l l e n  b e f o r e  a n t h e s i s  c o m m e n c e  in P h l e u m  p r a t e n s e .

In I r a q  D a c t y l i s  g l o m e r a t a  is c o m m o n  o n l y  in t h e  u p p e r  

f o r e s t  z o n e ,  w i t h  p e n e t r a t i o n  i n t o  t h e  l o w e r  m a r g i n  of 

t h e  t h o r n  c u s h i o n  z o n e .

T h e  g r a s s e s  s o w n  f o r  f o d d e r  in t h e  B r i t i s h  I s l e s  

a r e  a ll  c l a s s i f i e d  in t h e  P o o i d e a e  o f  C l a y t o n  ( 1 9 8 1 ) ,  a n d  

s i n c e  t h e  p i o n e e r  s t u d i e s  o f  D u n b a r  ( 1 9 0 3 )  a n d  N o o n  ( 1 9 1 1 )  

e m p l o y e d  p o l l e n  e x t r a c t s  f r o m  P o o i d  s p e c i e s ,  r e s e a r c h  i n t o  

t h e  a l l e r g e n i c i t y  o f  g r a s s  p o l l e n  h a s  b e e n  m a i n l y  c o n f i n e d  

t o  c o m m o n  P o o i d  s p e c i e s  w i t h  t h e  n o t e a b l e  e x c e p t i o n  o f 

C y n o d o n  d a c t y l o n  o f t h e  C h l o r i d e a e . T h e  f o d d e r  g r a s s e s  

o f  I r a q  a r e  l i s t e d  in T a b l e  (4) P 7 5 .  T h e  t h r e e  s p e c i e s  d e s 

c r i b e d  as v e r y  c o m m o n l y  g r o w n  f o r  f o d d e r  b y B o h r  a n d  

G u e s t  ( 1 9 6 8 )  t o g e t h e r  w i t h  A e g i l o p s  s p e l t o i d e s , A v e n a  f a t u a , 

L o 1 iurn r i g i d u m , P h a l a r i s  m i n o r  a n d  S e c a l e  m o n t a n u m  a r e  al l 

c l a s s i f i e d  in t h e  P o o i d e a e . It is l i k e l y  t h a t  t h e s e  

g r a s s e s  w i l l  b e  f o u n d  t o  b e  a n t i g e n i c a 1 1 y s i m i l a r  t o  t h o s e  

c a u s i n g  h a y  f e v e r  in t h e  B r i t i s h  I s l e s  a n d  N . E u r o p e ,  b u t  

c l e a r l y  an e x p e r i m e n t a l  i n v e s t i g a t i o n  is d e s i r a b l e .  T h e  

o b s e r v a t i o n  t h a t  h a y  f e v e r  is a s e a s o n a l  d i s e a s e  in I r a q  

is t o  s o m e  e x t e n t  i n d i c a t i v e  o f  t h e  i m p o r t a n c e  o f  t h e s e  

P o o i d  g r a s s e s  s i n c e  C y n o d o n  d a c t y l o n  p r o b a b l y  p o l l i n a t e s
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t h r o u g h o u t  m u c h  o f  t h e  y e a r .  A v e n a  f a t u a  o c c u r s  as a 

c o m m o n  w e e d  in B r i t i s h  a g r i c u l t u r e ,  L o l i u m  r i g i d u m  is a 

n a t i v e  o f  t h e  M e d i t e r r a n e a n  a n d  h a s  b e e n  o b s e r v e d  in 

B r i t a i n  by H u b b a r d  ( 1 9 6 8 )  w h o  a l s o  r e p o r t s  P h a 1 a r i s  

m i n o r  as b e i n g  o f  c a s u a l  o c c u r r e n c e  on w a s t e  l a n d .  T h e  

c o n t r i b u t i o n s  o f  t h e s e  t h r e e  s p e c i e s  t o  t h e  t o t a l  g r a s s  

p o l l e n  c h a l l e n g e  in E n g l a n d  is l i k e l y  t o  b e  e x t r e m e l y  

s m a l l  w h e r e a s  in I r a q  t h e y  a r e  p r o b a b l y  i m p o r t a n t .

C y n o d o n  d a c t y l o n  is o f  r a r e  o c c u r r e n c e  in c o a s t a l  s a n d y  

a r e a s  in S . E n g l a n d  w h e r e  it is u n l i k e l y  t o  b e  o f  a l l e r g i c  

s i g n i f i c a n c e .

E v i d e n c e  o f  a c o m m o n  a n t i g e n i c i t y  w h i c h  e x t e n d s  

t h r o u g h o u t  t h e  g r a s s e s  c a n  b e  f o u n d  in r e p o r t s  w h e r e  

p a t i e n t s  h a v e  b e e n  c h a l l e n g e d  w i t h  e x t r a c t s  f r o m  a w i d e  

v a r i e t y  o f  g r a s s e s ,  a n d  f r o m  s e r o l o g i c a l  s t u d i e s .  N o o n  

( 1 9 1 1 )  t e s t e d  t h e  p o l l e n  o f  P h l e u m  p r a t e n s e , P o a  t r i  v i a 1 i s , 

H o l c u s  l a n a t u s  a n d  A g r o p y r u m  c a n i n u m  w i t h  t h e  o p t h a l m o -  

r e a c t i o n  o f  D u n b a r  ( 1 9 0 3 ) .  A l t h o u g h  al l r e a c t e d  in t h e  

c o n j u n c t i v a l  s a c  o f  p a t i e n t s  w h o  s u f f e r e d  f r o m  h a y  f e v e r ,  

it w a s  p o l l e n  f r o m  P h l e u m  p r a t e n s e , w h i c h  g a v e  t h e  m o s t  

a c t i v e  e x t r a c t .  F r e e m a n  ( 1 9 1 1 )  t e s t e d  p o l l e n  f r o m  r u s h e s ,  

s e d g e s  a n d  g r a s s e s  a n d  c o n c l u d e d  n o n e  g a v e  so s t r o n g  an 

o p t h a l m i c  r e a c t i o n  as P h l e u m . H e  o b s e r v e d  t h a t  t h e  r a t i o  

b e t w e e n  t h e  s t r e n g t h  o f  a n  e x t r a c t  o f  P h l e u m  p r a t e n s e  

p o l l e n  a n d  t h a t  o f  A l o p e c u r i s  p r a t e n s i s  w a s  4 : 1 .  F u r t h e r 

m o r e ,  "a p a t i e n t  i n o c u l a t e d  w i t h  A l o p e c u r i s  p o l l e n  v a c c i n e
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is f o u n d  t o  b e c o m e  i m m u n e  t o  P h l e u m  p o l l e n  e x t r a c t  as 

t e s t e d  b y  t h e  o p t h a l m o - r e a c t i o n  . A p p a r e n t l y ,  t h e r e f o r e ,  

w e  n e e d  n o t  s e l e c t  d i f f e r e n t  t y p e s  o f  p o l l e n  f o r  t r e a t i n g  

d i f f e r e n t  p a t i e n t s " .

In a l a t e r  s t u d y  in w h i c h  a s k i n  t e s t  w a s  u s e d  

t o  e x a m i n e  t h e  s p e c t r u m  o f  a n t i g e n i c i t y  in t h e  g r a s s e s ,

T h o m m e n  ( 1 9 3 1 )  e m p l o y e d  g r a s s  p o l l e n  e x t r a c t s  f r o m  81 

s p e c i e s  r e p r e s e n t i n g  5 0 g e n e r a .  T h e s e  s p e c i e s  m a y  b e  

c l a s s i f i e d  as P o o i d e a e  4 9 ,  P a n i c o i d e a e  19, C h 1 o r i d e a e  6,

A r u n d i n o i d e a e  4, C y n o d o n t e a e  2, a n d  B a m b u s o i d e a e  1. W i t h  

3 0  p a t i e n t s  c l i n i c a l l y  s e n s i t i v e  to g r a s s  p o l l e n ,  in e a c h  

i n s t a n c e  a p o s i t i v e  r e a c t i o n  o f  v a r y i n g  d e g r e e  w a s  o b t a i n e d  

w h i l s t  in 8 n o r m a l  s u b j e c t s  a l l t h e  t e s t s  w e r e  n e g a t i v e .

It w a s  f o u n d  b y  S c h e p p e g r e l l  ( 1 9 2 3 )  c i t e d  T h o m m e n  ( 1 9 3 1 )  

t h a t  w i t h  a p r o l o n g e d  s e r i e s  o f  t e s t s  w i t h  o v e r  a h u n d r e d  

v a r i e t i e s  o f  g r a s s  p o l l e n s ,  a l l t h e  g r a s s e s  h a d  a s i m i l a r  

h a y  f e v e r  r e a c t i o n .  T h e  s i m i l a r i t y  d i f f e r e d  in d e g r e e ,  

b u t  t h e r e  w a s  n o p a t i e n t  s e n s i t i v e  t o  o n e  o f  t h e  g r a s s  

p o l l e n s  w h o  d i d  n o t  r e a c t  t o  t h e  o t h e r  g r a s s  p o l l e n  e x t r a c t s  w i t h  

w h i c h  h e w a s  t e s t e d .  B o t h  T h o m m e n  a n d  S c h e p p e g r e l l  e m p l o y e d  

a n i n t r a c u t a n e o u s  t e s t .  T h e y  c o n s i d e r e d  t h a t  a b s o r p t i o n  by 

t h e  c u t a n e o u s  m e t h o d  m a k e s  t h e  r e s u l t  l e s s  d e p e n d a b l e .  It 

is a n o t h e r  v i e w  t h a t  t h e  i n t r a c u t a n e o u s  t e s t  g i v e s  a g r e a t e r  

n u m b e r  o f  n o n - s p e c i f i c  r e a c t i o n s .  M o r e o v e r ,  T h o m m e n ' s  

r e s u l t s  a r e  o p e n  t o  t h e  c r i t i c i s m  t h a t  h i s  t e s t s  w e r e  p e r 

f o r m e d  " p r i o r  t o  t h e  u s u a l  p r e - s e a s o n a l  c o u r s e  o f  t r e a t m e n t " .
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In t h e  l i k e l y  e v e n t  h i s  3 0  p a t i e n t s  h a d  p r e v i o u s l y  b e e n  

i n j e c t e d  w i t h  g r a s s  p o l l e n  e x t r a c t s  t h e i r  s k i n  t e s t  

r e s p o n s e s  c o u l d  h a v e  b e e n  m o d i f i e d .

A p a r t  f r o m  C y n o d o n  d a c t y l o n , n o n e  o f  t h e  

f o d d e r  g r a s s e s  l i s t e d  as c o m m o n  o r  v e r y  c o m m o n  in I r a q  

a r e  t o  be f o u n d  in t h e  l i s t  o f  81 s p e c i e s  f r o m  w h i c h  

p o l l e n  w a s  o b t a i n e d  a n d  t e s t e d  b y  T h o m m e n  ( 1 9 3 1 ) .  W e e k e  

& L o w e n s t e i n  ( 1 9 7 3 )  h a v e  s h o w n  t h e  p r e s e n c e  o f  s i x  a n t i 

g e n s  in t h e  p o l l e n  o f  P h l e u m  p r a t e n s e  w h i c h  m i g r a t e  

t o w a r d s  t h e  a n o d e  a n d  b i n d  s e r u m  i g E  f r o m  s e n s i t i s e d  

p e r s o n s .  W a t s o n  & K n o x  ( 1 9 7 6 )  in a s t u d y  o n  t h e  c r o s s 

r e a c t i v i t y  o f  4 6  g r a s s e s  t o  a r a b b i t  a n t i s e r u m  a g a i n s t  

L o l i u m  p e r e n n e  f o u n d  t h e  s i x  p r e c i p i t i n  l i n e s  d e t e c t e d  

f o r  L .P e r e n n e  w e r e  a l s o  o b t a i n e d  w i t h  P h l e u m  p r a t e n s e , 

a n d  o n l y  o n e  o f  t h e  l i n e s  o f  i d e n t i t y  w a s  n o t  f o u n d  in 

an e x t r a c t  o f  p o l l e n  f r o m  D a c t y l i s  g l o m e r a t a .

T h u s ,  t h e  P h l e u m  a n d  D a c t y l i s  e x t r a c t s  o f  

F r e e m a n  ( 1 9 5 0 )  c o n t a i n e d  a l l  t h e  c o m m o n  a n t i g e n s  d e t e c t e d  

in p r e c i p i t i n  t e s t s  w i t h  a r a b b i t  a n t i s e r u m  t o  L o l i u m  

p e r e n n e . a n d  L .m u  11 i f 1 o r u m  a n d  h y b r i d  r y e

g r a s s e s  a r e  t h e  m o s t  w i d e l y  g r o w n  p a s t u r e  g r a s s e s  in t h e  

B r i t i s h  I s l e s .

T h e  P o o i d  g r a s s e s  t e s t e d  by W a t s o n  & K n o x  ( 1 9 7 6 )  

i n c l u d e d  2 6 s p e c i e s  f r o m  17 g e n e r a ,  a n d  a l l s h o w e d  at 

l e a s t  o n e  r e a c t i o n  o f i d e n t i t y  a n d  o n e  o f  p a r t i a l  i d e n t i t y
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w i t h  t h e  p o l l e n  o f  L . p e r e n n e . W a t s o n  & K n o x  a l s o  e x a m i n e d  

5 g e n e r a  a n d  s p e c i e s  in t h e  C h 1 o r i d o i d e a e , c y n o d o n  d a c t y l o n  

s h o w e d  2 r e a c t i o n s  o f  i d e n t i t y  a n d  2 o f  p a r t i a l  i d e n t i t y .  

F o u r  g e n e r a  a n d  s p e c i e s  w e r e  t e s t e d  in t h e  A r u n d e n o i d e a e , 

S t i p a  f a l c a t a  s h o w e d  1 l i n e  o f  i d e n t i t y  a n d  3 o f  p a r t i a l  

i d e n t i t y  C o r t a r d e r i a  s e l l a n o a  s h o w e d  2 l i n e s  o f  i d e n t i t y  

a n d  2 o f p a r t i a l  i d e n t i t y  w h e r e a s  P h r a g m i t e s  a u s t r a l i s  

s h o w e d  2 o f  i d e n t i t y  a n d  1 o f  p a r t i a l  i d e n t i t y .  D a n t h o n i a  

e r i  a n t h a  g a v e  n o p r e c i p i t i n  r e s p o n s e  a g a i n s t  t h e  Lo 1 i u m  

a n t i s e r u m .  P o l l e n  f r o m  S t i p a g r o s t i s  p l u m o s a  t h e  o n l y  

c o m m o n  f o d d e r  g r a s s  in I r a q  w h i c h  b e l o n g s  t o  t h e  s u b f a m i l y  

A r u n d e n o i d e a e  h a s  n e i t h e r  b e e n  t e s t e d  in t h i s  t y p e  o f  s e r o 

l o g i c a l  s t u d y  n o r  d o e s  it a p p e a r  t o  h a v e  b e e n  e m p l o y e d  in 

a s k i n - p r i c k  t e s t .

E l e v e n  g e n e r a  a n d  s p e c i e s  o f  t h e  P a n i c o i d e a e  

w e r e  t e s t e d  a n d  s h o w e d  f e w e r  s h a r e d  a n t i g e n s  w i t h  L o 1 i u m .

A n  a n t i g e n  p r e s e n t  in a l l t h e  P o o i d  g r a s s e s  t e s t e d  by 

W a t s o n  & K n o x  ( 1 9 7 6 ) ,  p r e s e n t  in 3 o f  t h e  C h l o r i d o i d  

a n d  3 o f  t h e  A r u n d i n o i d  g r a s s e s  w a s  n o t a b l y  a b s e n t  in t h e  

P a n  i c o  i d e a e .

T h e  P a n i c o i d  g r a s s e s  of I r a q  a r e  s e c o n d  o n l y  

in i m p o r t a n c e  t o  t h e  P o o i d  s p e c i e s  a n d  t h e  c o m m o n  f o d d e r  

g r a s s e s ,  E c h i n o c h  1 oa C r u s - g a 1 1 i , C h r y s o p o g o n  g r y l l u s , 

H y p a r r h e n a  h i r t a  a n d  I m p e r a t a  c y l i n d r i c a  b e l o n g  t o  t h e  

P a n  i c o i d e a e . T h e  p o l l e n  o f  n o t  o n e  o f  t h e s e  c o m m o n  I r a q  

g r a s s e s  h a s  b e e n  t e s t e d  s e r o l o g i c a l l y  in t h e  m a n n e r  o f
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W a t s o n  & K n o x  ( 1 9 7 6 ) .

M o r e o v e r ,  a p a r t  f r o m  C y n o d o n  d a c t y l o n  p o l l e n  

e x t r a c t s  f r o m  t h e  g r a s s  s p e c i e s  c o m m o n l y  u s e d  as f o d d e r  

in I r a q  ( T a b l e  4) a r e  n o t  c o m m e r c i a l l y  a v a i l a b l e ,  w i t h  

t h e  r e s u l t  t h a t  e v e n  t h e  r e s p o n s e s  o f  I r a q i  p a t i e n t s  to 

t h e i r  o w n  n a t i v e  g r a s s  p o l l e n s  in t h e  s k i n - p r i c k  t e s t  is 

u n k n o w n .
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T a b 1 e 4: F o d d e r  G r a s s e s  o f  I r a q  ( F r o m  B o h r  & G u e s t ,  1 9 6 8 )

V E R Y  C O M M O N

A e g i l o p s  k o t s c h y i  B o i s s ,  A e g i l o p s  t r i u n c a l i s  L.,

S t  ipg. c a p e n s  i s T h u m b .

C O M M O N

A e g i l o p s  s p e l t o i d e s  T a u s c h . ,  A v e n a  f a t u a  L., C h r y s o p o g o n  

g r y  11 us L. T r i n . ,  C y n o d o n  d a c t y l o n  ( L.) P e r s .  E c h i n o c h 1 oa 

c r u s - g a l  1 i ( L . )  P. B e a u v . ,  H y p a r r h e n a  h i r t a  ( L . )  S t a p f .  

I m p e r a t a  c y l i n d r i c a  ( L . )  P. B e a u v . ,  L o l i u m  r i g i d u m  G a u d . ,  

P h a l a r i s  m i n o r  R e t z . ,  S t i p a  b a r b a t a  D e s f . ,  S t i p a g r o s t i s  

p 1 u m o s a  ( L . ) ,  M u n r o  e x  T . a n d e r s .

C l a y t o n  ( 1 9 8 1 )  h a s  c l a s s i f i e d  t h e  G r a m i n e a e  i n t o  6 s u b 

f a m i l i e s ,  t h e  A r u n d i n o i d e a e  , B a m b u s o i d e a e , C e n t o t h e c o i d e a e ,  

C h l o r i d o i d e a e , P a n i c o i d e a e  a n d  P o o i d e a e . T h o s e  l i s t e d  

b e l o n g  t o  t h e  P o o i d e a e ,  w i t h  t h e  e x c e p t i o n  t h a t  S t i p a g r o s t i s  

p 1 u m o s a  is c l a s s i f i e d  in t h e  A r u n d i n o i d e a e , C y n o d o n  d a c t y l o n  

in t h e  C h 1 o r i  d o  i d e a e  , E c h i n o c h l o a  c r u s - g a l l i , C h r y s o p o g o n  

g r y 11 us , H y p a r r h e n a  h i r t a  a n d  I m p e r a t a  c y l i n d r i c a  a r e

c l a s s i f i e d  in t h e  P a n i c o i d e a e .
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C h e n o p o d  i u m

R e s u l t s

In B a g h d a d  p o l l e n  f r o m  t h e  g e n u s  C h e n o p o d i u m  

w a s  r e c o r d e d  in t h e  a i r  f r o m  t h e  m i d d l e  o f  A p r i l  u n t i l  

t h e  e n d  o f  t h e  y e a r  ( F i g  6 ). In J a n u a r y  1 9 8 3  C h e n o p o d  

p o l l e n  w a s  t r a p p e d  on o n l y  4 d a y s ,  t h i s  p o l l e n  w a s  n o t  

f o u n d  in e i t h e r  F e b r u a r y  o r  M a r c h  ( F i g  6 ).

T h i s  p o l l e n  c o m p r i s e d  1 4 %  o f  t h e  t o t a l  a n n u a l  

p o l l e n  c a t c h  in B a g h d a d  ( F i g  9 ), a n d  s h o w e d  a s e a s o n a l  

o c c u r r e n c e  in t h e  a i r  w h i c h  e x t e n d e d  f r o m  J u l y  u n t i l  t h e  

f i r s t  w e e k  o f  N o v e m b e r  ( F i g  1 0 ) .  T h e  p e a k  m o n t h  in 1 9 8 2  

w a s  S e p t e m b e r ,  w h e n  t h e  h i g h e s t  c o n c e n t r a t i o n  o f  4 8  

g r a i n s / m  w a s  r e c o r d e d  o n  t h e  1 4 t h  ( F i g  10). 7 7 %  o f  t h e

C h e n o p o d  p o l l e n  w a s  t r a p p e d  in t h e  p e a k  s e a s o n  a n d  c l e a r l y  

t h e  C h e n o p o d i a c e a e  a r e  an i m p o r t a n t  s o u r c e  o f  a t m o s p h e r i c  

p o l l e n  in B a g h d a d .  T h e  a e r o b i o 1 o g i c a 1 e v i d e n c e  s h o w s  t h e  

C h e n o p o d i a c e a e  a r e  w e l l  a d a p t e d  t o  w i t h s t a n d  t h e  h o t  s u m m e r .  

It s h o u l d  b e  n o t e d  t h a t  t h e r e  is a g a p  in t h e  r e c o r d s  f r o m  

A u g u s t  1 1 t h  t o  1 7 t h ,  t h e  e l e c t r i c i t y  s u p p l y  t o  t h e  e q u i p 

m e n t  w a s  d i s r u p t e d  b y t h e  w a r .

D i s c u s s i o n

B a g h d a d  l i e s  o n  t h e  b a n k s  o f  t h e  T i g r i s  in t h e  

c e n t r a l  a l l u v i a l  p l a i n  a n d  a l t h o u g h  m u c h  o f  t h e  p o l l e n  

t r a p p e d  m a y  b e  l o c a l  in o r i g i n ,  w i n d  b o r n e  p o l l e n s  m a y  

h a v e  t h e i r  o r i g i n s  in t h e  E a s t e r n  A l l u v i a l  D i s t r i c t ,  G u r f a
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F i g  10: M e a n  d a i l y  c o n c e n t r a t i o n s  o f  c h e n o p o d  p o l l e n  in t h e  a i r  o f  B a g h d a d  in 1 9 8 2 .
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o r  l o w e r  J a z i r a  D i s t r i c t ,  o r  t h e  W e s t e r n  D e s e r t .  As 

a p e r c e n t a g e  o f t h e  t o t a l  p o l l e n  c a t c h ,  t h e  1 4 %  r e c o r d e d  

in B a g h d a d  m a y  b e  c o n t r a s t e d  w i t h  t h e  r e p o r t  o f  D a v i e s  

( 1 9 6 9 c )  t h a t  p o l l e n  f r o m  t h e  C h e n o p o d i a c e a e  c o m p r i s e d  

6 6 %  o f  t h e  c a t c h  a t A h m a d i ,  a n e w  t o w n  in t h e  d e s e r t  in 

K u w a i t .  D a v i e s  ( 1 9 6 9 c )  a s s o c i a t e d  t h e  C h e n o p o d  p o l l e n  

in t h e  a i r  o f  K u w a i t  w i t h  S a l s o l a  b a r y o s m a  ( R o e m  e t  

S c h u l t ) ,  D a n d y  a n d  a T h o r n y  S h r u b  C o r n u l a c a  l e u c a c a n t h a  

C h a r i f  e t  A e l l e n .  B o t h  t h e s e  p l a n t s  a r e  c o m m o n  w e e d s  in 

t h e  d e s e r t  a n d  h a d  b e e n  s e e d e d  in t h e  v i c i n i t y  o f  A h m a d i  

t o  b i n d  t h e  s a n d .  G u e s t  a n d  A l - R a w i  ( 1 9 6 6 )  r e p o r t  t h e  

c o m m o n e s t  p l a n t  a s s o c i a t i o n  in t h e  d e s e r t s  o f  I r a q  t o  b e  

H a l o x y l e t u m  s a l i c o r n i c i . T h i s  c o v e r s  v a s t  t r a c t s  o f  t h e  

S o u t h e r n  a n d  W e s t e r n  D e s e r t s  a n d  is w i d e  s p r e a d  in t h e  

l o w e r  J a z i r a .  It is t h e r e f o r e  p r o b a b l e  t h a t  H a l o x y I o n  

s a l i c o r n i c u m  ( M o q . )  B u r g e  is an i m p o r t a n t  s o u r c e  o f  t h e  

c h e n o p o d  p o l l e n  w h i c h  o c c u r s  in t h e  a i r  o f  I r a q ,  a n d  it 

is r e c o m m e n d e d  t h a t  e x t r a c t s  o f  t h i s  p o l l e n  f o r  s k i n -  

p r i c k  t e s t i n g  s h o u l d  b e  p r e p a r e d  f o r  u s e  in a s u r v e y  o f  

p o l l e n  s e n s i t i v i t i e s  a m o n g  t h e  I r a q i  p e o p l e .

A l o c a l  s o u r c e  o f  c h e n o p o d  p o l l e n  c o u l d  b e  t h e  

v a r i e t i e s  o f  c u l t i v a t e d  B e t a  m a r i t i m a  w h i c h  a r e  a b u n d a n t l y  

g r o w n  in t h e  g a r d e n s  a n d  s m a l l  f a r m s  in t h e  a r e a  o f  B a g h d a d .

A l - A n i  a n d  H a d d a d  ( 1 9 7 5 )  in t h e  l i s t  o f  

t h e  H e r b a r i u m ,  D e p a r t m e n t  o f  P l a n t  P r o t e c t i o n ,  C o l l e g e  o f  

A g r i c u l t u r e ,  U n i v e r s i t y  o f  B a g h d a d ,  l i s t  2 2  g e n e r a  a n d  6 9
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s p e c i e s ,  w h e r e a s  A l - R a w i  ( 1 9 6 4 )  l i s t s  25 g e n e r a  a n d  8 2 

s p e c i e s  in t h e  C h e n o p o d i a c e a e  o f  I r a q .

S i n c e  p o l l e n  o f  t h e  C h e n o p o d i a c e a e  is l i k e l y  

t o  b e  an i m p o r t a n t  c a u s e  o f  a l l e r g i c  d i s e a s e  t h r o u g h o u t  

t h e  M i d d l e  E a s t ,  A l - R a w i ' s  c h e c k  l i s t  o f  t h i s  f a m i l y  is 

g i v e n  in t h e  a p p e n d i x ,  t o g e t h e r  w i t h  d e t a i l s  o f  t h e  

D i s t r i c t s  o f  I r a q  w h e r e  t h e  p l a n t s  w e r e  f o u n d ;  t h e s e  

d i s t r i c t s  a r e  s h o w n  in F i g  1.

T h e  p o l l e n  g r a i n s  o f  t h e  A m a r a n t a c e a e  a r e  

m o r p h o l o g i c a l l y  s i m i l a r  t o  t h o s e  o f  t h e  C h e n o p o d i a c e a e .

S i n c e  t h e  g e n e r a  A m a r a n t h u s  a n d  A 1 t e r n a n t h e r a  a r e  n o t  

m e n t i o n e d  in t h e  i n t r o d u c t i o n  o f  t h e  F l o r a  o f  I r a q  ( G u e s t  

a n d  A l - R a w i ,  1 9 6 6 )  it m a y  b e  c o n c l u d e d  t h a t  t h e y  a r e  o f 

l i t t l e  i m p o r t a n c e  in t h e  c o m p a r i s o n  w i t h  t h e  C h e n o p o d i a c e a e . 

H o w e v e r ,  a l i s t  o f  t h e  g e n e r a  a n d  s p e c i e s  in t h e  A m a r a n t a 

c e a e  is i n c l u d e d  in t h e  A p p e n d i x .

A l l e r g e n i c i t y  o f  C h e n o p o d  p o l l e n s

I m m e d i a t e  p o s i t i v e  s k i n - p r i c k  t e s t s  t o  t h e  

p o l l e n  o f  C h e n o p o d i u m  a l b u m  a r e  c o m m o n  in p a t i e n t s  f r o m  

t h e  M i d d l e  E a s t  ( A . W .  F r a n k l a n d ,  p e r s o n a l  c o m m u n i c a t i o n ) .  

S e l l e s  e t  al ( 1 9 8 2  ) r e l a t e d  t h e  a e r i a l • o c c u r r e n c e  o f  

c h e n o p o d  p o l l e n  t o  t h e  c l i n i c a l  s e n s i t i v i t y  o f  10 p a t i e n t s  

w i t h  p o l l e n o s i s  in S p a i n .  S k i n - p r i c k  t e s t s  w i t h  a p o l l e n  

e x t r a c t  o f  C . a 1 b u m  w e r e  p o s i t i v e .  S e l l e s  e t  al ( 1 9 8 3  ) 

s t u d i e d  t h e  a l l e r g e n i c i t y  o f  t h e  p o l l e n  e x t r a c t  f r o m  4 

s p e c i e s  o f  c h e n o p o d  ( C . a 1 b u m , S a 1 so 1 a k a l i ,  B e t a  v u l g a r i s ,

a n d  A t r i p l e x  l a t i f o l i a ) a n d  o n e  s p e c i e s  o f  t h e  A m a r a n t a c e a e
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(A m a r a n t h u s  r e t r o f l e x u s ) b y  s k i n - p r i c k  t e s t s  on p a t i e n t s

s e n s i t i v e  t o  C. a l b u m , R A S T  i n h i b i t i o n  t e s t s  u s i n g  d i s c s

s e n s i t i z e d  w i t h  t h e  C. a l b u m  e x t r a c t  a n d  a s e r u m  p o o l

f r o m  C h e n o p o d i u r n  s e n s i t i v e  p a t i e n t s ,  C I E  a n d  C R I E

t e c h n i q u e s  u s i n g  a r a b b i t  a n t i - s e r u m  t o  C h e n o p o d i u r n .

W i t h  s l i g h t  d i f f e r e n c e s  in a c t i v i t y  al l t h e  p o l l e n

e x t r a c t s  g a v e  p o s i t i v e  s k i n  r e s p o n s e s .  R A S T  i n h i b i t i o n s

w e r e  r e p o r t e d  t o  b e  in a g r e e m e n t  w i t h  t h e  s k i n - p r i c k  t e s t s .

A l l  t h e  e x t r a c t s  w e r e  a b l e  t o  i n h i b i t  t h e  b i n d i n g  o f

s p e c i f i c  I g E t o  C h e n o p o d i  urn s e n s i t i z e d  d i s c s  s u g g e s t i n g

t h a t  c o m m o n  a l l e r g e n ( s )  a r e  p r e s e n t  in t h e  5 s p e c i e s

t e s t e d .  C I E  t e c h n i q u e s  s h o w e d  t h e  p r e s e n c e  o f  c o m m o n

a n t i g e n s .  I n c u b a t i o n  o f  t h e  C I E  i m m u n o p l a t e s  w i t h  t h e

1 25
h u m a n  s e r u m  p o o l  u s e d  in t h e  R A S T  e x p e r i m e n t  a n d  I- 

a n t i  I g E  ( C R I E )  s h o w e d  a f e w  a l l e r g e n s  w e r e  s h a r e d  b y  t h e  

4 c h e n o p o d  a n d  1 a m a r a n t h  t e s t e d .  It w a s  c o n c l u d e d  t h a t  

t h e r e  were c o m m o n  a l l e r g e n i c  d e t e r m i n a n t s  a m o n g  s o m e  s p e c i e s  

o f  C h e n o p o d i a c e a e  a n d  A m a r a n t a c e a e  a n d  t h e  p o s s i b i l i t y  o f  

s p e c i f i c  a l l e r g e n i c  d e t e r m i n a n t s  c a n n o t  b e r u l e d  o u t .

G u p t a  e t  al ( 1 9 7 0 )  i n v e s t i g a t e d  t h e  a t o p i c  

r e l a t i o n s h i p s  a m o n g s t  3 s p e c i e s  o f  C h e n o p o d i  urn, C . a 1 b u m , 

C . m u r a l e , C . a 1 b u m ( T e t r a p 1 o i d ) a n d  C . a m b r o s  i o i d e s  a n d  2 

s p e c i e s  o f  A m a r a n t h u s , A . s p i n o s u s  a n d  A . h y b r i d u s . T h e  

p o l l e n  e x t r a c t s  w e r e  p r e p a r e d  in a 1 : 5 0  W / V  c o n c e n t r a t i o n ,  

b u f f e r e d  s a l i n e  w a s  u s e d  as a c o n t r o l ,  a n d  t h e  p o l l e n  

e x t r a c t s  w e r e  t e s t e d  in h e a l t h y  v o l u n t e e r s .  P o s i t i v e
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i n t r a d e r m a l  s k i n  r e a c t i o n s  w e r e  c o n f i r m e d  by r e p e a t i n g  

t h e  t e s t s  t h e  s a m e  d a y .

T h e  p a t i e n t s  t e s t e d  s u f f e r e d  f r o m  b r o n c h i a l  

a s t h m a  a n d / o r  a l l e r g i c  r h i n i t i s .  1 0 0  p a t i e n t s  w e r e  t e s t e d  

w i t h  t h e  p o l l e n  e x t r a c t s  o f  t h e  C h e n o p o d i  a c e a e  a n d  1 0 3 

w i t h  t h o s e  f r o m  t h e  A m a r a n t a c e a e . 3 1 . 5 %  o f t h e  p a t i e n t s

r e a c t e d  t o  s p e c i e s  o f  c h e n o p o d  p o l l e n ,  2 7 %  to C . a 1 b u m ,

4 1 %  t o  C . m u r a 1 e in c o n t r a s t  w i t h  7 . 2 %  in h e a l t h y  v o l u n t e e r s .  

2 8 . 2 %  o f  t h e  p a t i e n t s  g a v e  p o s i t i v e  s k i n  r e s p o n s e s  t o  t h e  

2 s p e c i e s  o f  A m a r a n t h u s  in c o n t r a s t  w i t h  9 . 2 %  o f  h e a l t h y  

v o l u n t e e r s .  T h e  f a c t  t h a t  9 . 2 %  a n d  7 . 2 %  of h e a l t h y  

v o l u n t e e r s  g a v e  p o s i t i v e  s k i n  r e s p o n s e s  m a y  b e  h e l d  t o  

s u p p o r t  t h e  v i e w  t h a t  t h e  i n t r a d e r m a l  s k i n  t e s t  g i v e s  

n o n - s p e c i f i c  r e s p o n s e s .  It w a s  c o n c l u d e d  t h a t  s p e c i e s  

s p e c i f i c  a l l e r g e n s  o c c u r r e d  in t h e  C h e n o p o d i a c e a e  b u t  t h e  

e v i d e n c e  w a s  i n s u f f i c i e n t  t o  d r a w  a n y  c o n c l u s i o n s  c o n 

c e r n i n g  t h e  A m a r a n t a c e a e .

T h e  c r o s s  r e a c t i v i t y  a m o n g  w e e d s  o f  t h e  A m a r a n t h  

a n d  C h e n o p o d  f a m i l i e s  h a s  a l s o  b e e n  i n v e s t i g a t e d  b y  

W e b e r  e t  al ( 1 9 7 8 ) .  H o w e v e r ,  t h i s  s t u d y  is d i f f i c u l t  t o  

u n d e r s t a n d  s i n c e  a n u m b e r  o f  t h e  p l a n t s  a r e  r e f e r r e d  t o  

b y  n o n - s p e c i f i c  n a m e s  s u c h  as s m o t h e r w e e d ,  g r e a s e w e e d ,  

a l l s c a l e ,  a n d  it w a s  f o u n d  i m p o s s i b l e  t o  d e t e r m i n e  t h e  

p r e c i s e  i d e n t i t y  o f  s o m e  o f  t h e s e  s p e c i e s .

T h o m m e n  ( 1 9 3 1 )  r e p o r t e d  4 s p e c i e s  o f  A m a r a n t h u s

as c a u s i n g  h a y  f e v e r  in t h e  U . S . A . ,  A . r e t r o f 1e x u s ,
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A . s p i n o s u s  , A .g r a e c i o u s  a n d  A . p a l n e r i . N o t  o n e  o f  t h e  

s p e c i e s  l i s t e d  b y  T h o m m e n  ( 1 9 3 1 )  o c c u r s  in I r a q .  A p a r t  

f r o m  A . h y b r i d u s  w h i c h  w a s  s t u d i e d  b y  G u p t a  e t  al ( 1 9 7 0 )  

t h e  A m a r a n t h u s  s p e c i e s  in I r a q  h a v e  n e v e r  b e e n  

i n v e s t i g a t e d  as a c a u s e  o f  a l l e r g i c  d i s e a s e .

R e s u l t s

Z i z i p h u s

Z i z i p h u s  p o l l e n  w a s  t r a p p e d  f r o m  S e p t e m b e r  

u n t i l  F e b r u a r y  ( F i g  6 ) t h e  m a i n  s e a s o n  o c c u r r i n g  in t h e  

m o n t h s  o f  N o v e m b e r ,  D e c e m b e r  a n d  J a n u a r y .  T h e  s e a s o n a l

3
m e a n  d a i l y  p e a k  c o n c e n t r a t i o n  o f  6 9  g r a i n s / m  o f  t h e  a i r  

w a s  r e c o r d e d  o n N e v e m b e r  1 5 t h  ( F i g  11) t h e  Z i z i p h u s  

p o l l e n  c o m p r i s e d  1 0 . 5 %  o f  t h e  t o t a l  a n n u a l  p o l l e n  c a t c h  

in. B a g h d a d  ( F i g  9 ), 8 5 %  o f  t h i s  p o l l e n  w a s  t r a p p e d  d u r i n g  

t h e  N o v e m b e r ,  D e c e m b e r  a n d  J a n u a r y  s e a s o n .  Z i z i p h u s  

p o l l e n  w a s  f i r s t  t r a p p e d  o n  t h e  18th of S e p t e m b e r  a n d  w a s  

f o u n d  on o n l y  3 d a y s  in t h i s  m o n t h .  T h e  p o l l e n  w a s  

r e c o r d e d  o n 11 d a y s  in O c t o b e r  a n d  12 d a y s  in F e b r u a r y .

D i s c u s s i o n

W h e n  it w a s  f i r s t  o b s e r v e d  t h i s  p o l l e n  ( F i g  13) 

c o u l d  n o t  b e  i d e n t i f i e d . .  It is n o t  i l l u s t r a t e d  in t h e  

r e f e r e n c e  w o r k s  l i s t e d  on p a g e 5 4 .  A s an a i d  t o  i d e n t i 

f i c a t i o n  t h e  p o l l e n  in t h e  d e p o s i t s  t r a p p e d  f r o m  t h e  a i r  

w a s  m e a s u r e d  a n d  d r a w n  w i t h  a c a m e r a  l u c i d a  ( F i g  13 ), a n d  

p h o t o g r a p h e d .  T h e  s i l i c o n e  g r e a s e  u s e d  as a r e t e n t i v e  

s u r f a c e  t o g e t h e r  w i t h  t h e  a m o u n t s  o f  s o o t  a n d  f i n e  s a n d
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F i g  11: M e a n  d a i l y  c o n c e n t r a t i o n s  o f  Z i z i p h u s  p o l l e n  in t h e  a i r  o f  

B a g h d a d  b e t w e e n  O c t o b e r  1 9 8 2  a n d  J a n u a r y  1 9 8 3 .
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Z i z i p h u s  j ujuba

Z i z i phu s n u m m u 1ar i a

Z i z i p h u s  s p i n a - c h r i s t i

Fig 12: Pollen grains from 3 sp ecies of Zi z i phus
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Fig 13: Above ca m e r a  L u ci da d r a w i n g  of Z i z i p h u s  j u j u b a . 

Below a p p e a r a n c e  of Z i z i p h u s  pollen grai ns in 

d e p o s i t  t r a p p e d  from air and p r o v i s i o n a l l y  

i d e n t i f i e d  as Z i z i p h u s  jujuba.
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Fig 14: Z i z i ph u s trees in g a r d e n s  and in st reets of

Ba g h d a d
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o n t h e  s l i d e s  r e n d e r e d  p h o t o g r a p h y  d i f f i c u l t  as m a n y  

o f  t h e  g r a i n s  w e r e  p a r t i a l l y  o c c l u d e d .  P h o t o m i c r o 

g r a p h s  o f  Z i z i p h u s p o l l e n  g r a i n s  t r a p p e d  f r o m  t h e  a i r  

a r e  s h o w n  in ( F i g  1 3 ).  P h o t o m i c r o g r a p h s  o f  t h e  p o l l e n  

g r a i n s  o f  Z i z i p h u s  j u j u b a , Z i z i p h u s  n u m m u l a r i a  a n d  

Z i z i p h u s  s p i n a - c h r i s t i  f r o m  m a t e r i a l  s u p p l i e d  b y  Dr .

I . K .  F e r g u s o n ,  H e r b a r i u m ,  R o y a l  B o t a n i c  G a r d e n s ,  K e w ,  

m a y  b e  s e e n  in ( F i g  1 2 ).

T h e  a n t h e r s  w e r e  t e a s e d  o u t  o f  t h e  d r i e d  

f l o w e r s  a n d  c r u s h e d  in l a c t o p h e n o l .  T h e  a p p e a r a n c e  of 

t h e  g r a i n s  in s q u a s h  p r e p a r a t i o n s  d i f f e r s  f r o m  t h a t  w h e n  

t h e  p o l l e n  is i m p a c t e d  o n t o  a s t i c k y  s u r f a c e  f r o m  t h e  a i r .  

In i t s  a e r i a l  t r a n s m i s s i o n  t h e  g r a i n  a d a p t s  an in f l i g h t  

a t t i t u d e  w i t h  t h e  r e s u l t  t h a t  o n  i m p a c t i o n  m o s t  o f  t h e  

g r a i n s  in t h e  d e p o s i t  s h o w  t w o  p o r e s .  T h e  g r a i n s  h a v e  

t h r e e  p o r e s  a n d  w h e n  s q u a s h e d  f r o m  a n t h e r s  t h e  g r e a t e s t  

n u m b e r  s h o w  t h r e e  p o r e s .  T h e  g r a i n s  a r e  t r i p o r a t e ,  s u b -  

o b l a t e  o r  o b l a t e  a n d  s m a l l .  In o p t i c a l  s e c t i o n  t h e  

e x i n e  is t h i n  w i t h  t h i c k e n i n g  a r o u n d  t h e  p o r e s ,  t h e  

e x t e r n a l  s u r f a c e  o f  t h e  e x i n e  is s m o o t h  a n d  t h e  i n t i n e  

b e n e a t h  t h e  p o r e s  a p p e a r s  t o  b e  g r a n u l a r .  T h e  p o l l e n  

g r a i n s  o f  Z .j uj u b a  a r e  c o l o u r l e s s ,  t h o s e  o f  Z . n u m m u 1 a r i a 

a n d  Z . s p i n a - c h r i s t i  a r e  y e l l o w .  T h e  Z i z i p h u s  g r a i n s  

s e e n  o n  t h e  s l i d e  a r e  c o l o u r l e s s .  T h e  m e a s u r e m e n t s  of 

p o l l e n  g r a i n s  f r o m  t h e  t h r e e  s p e c i e s  a r e  Z .j u j u b a ,

17-21ju x 18-22^u, Z . n u m m u l a r i a  21-23^u x 2 1 - 2 3/j a n d  

Z . s p i n a - c h r i s t i  1 9 - 2 1  x 2 1 - 2 3 yu. T h e  a p p e a r a n c e  of
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Z i z i p h u s  t r e e s  is s h o w n  in ( F i g  14 ) a n d  t h e  s p e c i e s  

i l l u s t r a t e d  is Z .j u j u b a . T h e r e  a r e  v e r y  m a n y  o f  t h e s e  

t r e e s  in B a g h d a d ,  s o m e  a r e  s e l f  s o w n ,  o t h e r s  p l a n t e d  by 

t h e  l o c a l  a u t h o r i t y .  M a n y  a r e  m o r e  t h a n  5 m e t r e s  t a l l  

a n d  t h e s e  a r e  e x a m p l e s  in c l o s e  p r o x i m i t y  t o  t h e  t r a p p i n g  

s t a t i o n  at t h e  C e n t r a l  A l l e r g y  H o s p i t a l ,  A l w i a h .

S i n c e  Z .j uj  u b a  a p p e a r  t o  b e  t h e  c o m m o n  s p e c i e s  

in B a g h d a d  a n d  t h e  p o l l e n  g r a i n s  a r e  c o l o u r l e s s  a n d  t h e  

s m a l l e s t  o f t h e  3 s p e c i e s ,  it is c o n c l u d e d  t h a t  t h e  

Z i z i p h u s  g r a i n s  t r a p p e d  f r o m  t h e  a i r  b e l o n g  t o  t h i s  s p e c i e s .

D r .  B e h n a m  c o n s i d e r s  it l i k e l y  t h a t  t h e  p o l l e n  o f  

Z i z i p h u s  is an i m p o r t a n t  a l l e r g e n  in B a g h d a d .  H o w e v e r ,  

u n t i l  a p o l l e n  e x t r a c t  s u i t a b l e  f o r  u s e  in a l l e r g e n  t e s t i n g  

h a s  b e e n  p r e p a r e d ,  t h i s  c a n  n e i t h e r  b e  c o n f i r m e d  o r  r e f u t e d .  

It is r e c o m m e n d e d  t h a t  p o l l e n  b e  c o l l e c t e d  f r o m  Z .j u j u b a  

a n d  e x t r a c t e d  in b u f f e r e d  s a l i n e  f o r  c l i n i c a l  u s e .

Guest & Al-Rawi in ( 1 9 6 6  ) r e p o r t s  Z i z y p h e t u m  n u m m u l a r i a e  

as a p l a n t  a s s o c i a t i o n  on f l o o d  p l a i n s  a n d  in w a d i  b e d s  in 

t h e  d e s e r t .  Z . n u m m u 1 a r i a  is r e p o r t e d  b e t w e e n  B a s r a  a n d  Ur, 

b e t w e e n  B a g h d a d  a n d  T a k r i t  a l t h o u g h  Z o h a r y  (1 94 0)  c o n 

s i d e r e d  t h i s  s p e c i e s  t o  b e  l i m i t e d  t o  t h e  e a s t e r n  p a r t  

o f  t h e  S y r i a n  d e s e r t .  It is r a r e  t o  f i n d  a n y  e x t e n s i v e  

s t a n d s  o f t h i s  s p e c i e s  of Z i z i p h u s  in its n a t u r a l  s t a t e  in 

I r a q ,  a l t h o u g h  s m a l l  t h i c k e t s  a r e  r e p o r t e d  in t h e  s o u t h 

e r n  d e s e r t  a n d  l o w e r  J a z i r a , ( G u e s t  & A l - R a w i  1 9 6 6 ) .
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T h e  s u r v i v a l  o f  Z . n u m m u 1 a r i a  in t h e  d e s e r t  is 

a t t r i b u t e d  t o  t h e  f a c t  t h a t  t h e  b u s n  is e x t r e m e l y  t h o r n y  

a n d  t h e r e  is a w i d e s p r e a d  b e l i e f  t h a t  Z i z i p h u s  is s a c r e d .

In an a r e a  o f  t h e  S . D e s e r t ,  Z . s p i n a - c h r i  st i , is t h e  

d o m i n a n t  s p e c i e s  C G u e s t  & Al-Rawi 1966). The specific epithet is 

d e r i v e d  f r o m  t h e  l e g e n d  t h a t  t h e  t h o r n s  o f  t h i s  b u s h  w e r e  

u s e d  t o  c r o w n  C h r i s t .

R e s u l t s

J u n  i p e r u s

J u n i p e r u s  p o l l e n  w a s  r e c o r d e d  as e a r l y  as t h e  

m i d d l e  o f J a n u a r y  a n d  p e r s i s t e d  in t h e  a i r  u n t i l  t h e  m i d d l e  

o f  A p r i l  ( F i g  6 ) .  T h i s  p o l l e n  h a d  a d i s t i n c t  s e a s o n  w i t h  

v e r y  h i g h  c o n c e n t r a t i o n s  o c c u r r i n g  in M a r c h .  T h e  r e s u l t s  

f o r  1 9 8 2  a r e  g i v e n  in T a b l e  5 a n d  o n  M a r c h  4 t h  a p e a k  

c o n c e n t r a t i o n  o f  135 g r a i n s / m  w a s  r e c o r d e d .  In 1 9 8 3  ( F i g  

15) t h e  h i g h e s t  c o n c e n t r a t i o n  o f  8 5 5  g r a i n s / m  w a s  f o u n d  on 

M a r c h  8 t h  a n d  on t h e  f o l l o w i n g  d a y  t h e  c o n c e n t r a t i o n  w a s  5 3 7  

g r a  i n s / m ^ .

P o l l e n  f r o m  t h e  g e n u s  J u n i p e r u s  c o m p r i s e d  2 9 %  o f 

t h e  t o t a l  a n n u a l  p o l l e n  c a t c h  in B a g h d a d  ( F i g  9). 8 2 %  o f

t h e  a n n u a l  c a t c h  of J u n i p e r u s  p o l l e n  w a s  t r a p p e d  d u r i n g  t h e  

m o n t h  o f  M a r c h .  In J a n u a r y  1 9 8 3 ,  J u n i p e r u s  p o l l e n  w a s

3
r e c o r d e d  in a c o n c e n t r a t i o n  o f  6 g r a i n s / m  on o n l y  t w o  d a y s ;  

it w a s  t r a p p e d  o n 9 d a y s  in A p r i l .  In A p r i l  1 9 8 2  n o  J u n i p 

e r u s  p o l l e n  w a s  r e c o r d e d .

Pi s c u s s  ion

J u n i p e r u s  p o l l e n  o c c u r r e d  in a h i g h e r  c o n -
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T a b l e  5 M e a n  D a i l y  C o n c e n t r a t i o n s  o f  J u n  i p e r u s  

P o l l e n  in M a r c h ,  1 9 8 2

D a y J u n  i p e r u s  

g r a  i n s / m ' 5

D a y J u n  i p e r u s  

g r a  i n s / m ^

1 30 17 66

2 4 8 18 39

3 90 19 12

4 1 35 2 0 33

5 63 21 0

6 57 2 2 72

7 4 2 23 2 7

8 • p H
c j
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9
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F i g  15: M e a n  d a i l y  c o n c e n t r a t i o n s  o f  J u n i p e r u s

p o l l e n  in t h e  a i r  o v e r  B a g h d a d .
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c e n t r a t i o n  t h a n  w a s  o b s e r v e d  f o r  a n y  o t h e r  g e n u s .  T h e  

s e a s o n  w a s  s h o r t  a n d  m a i n l y  c o n f i n e d  t o  t h e  c o o l  m o n t h  

o f  M a r c h .  T h e  o n l y  t w o  s p e c i e s  r e c o r d e d  in I r a q  b y  A l -  

R a w i  ( 1 9 6 4 )  a r e  J . o x y c e d r u s  L. a n d  J. p o l y c a r p o s  B o i s s  

(m a c r o p o d a  B o i s s ) .  T h e  f o r m e r  is d i s t r i b u t e d  in A, R,

S u ,  t h e  l a t t e r  in S u ( F i g  1) a n d  it m u s t  b e  c o n c l u d e d  

t h a t  t h e  t r e e s  o c c u r  in t h e  n o r t h e r n  f o r e s t .  T h i s  i m p l i e s  

l o n g  d i s t a n c e  t r a n s p o r t  t o  B a g h d a d  a n d  t h e r e  is a p o s s i b 

i l i t y  t h a t  t h e  p o l l e n  o f  t h e  f o r m  g e n u s  J u n i p e r u s  m a y  be 

f r o m  a n o t h e r  s o u r c e .  H o w e v e r ,  s i n c e  J u n i p e r u s  is t h e  

o n l y  g e n u s  in t h e  C u p p r e s s a c e a e  w h i c h  h a s  b e e n  r e c o r d e d  

in I r a q  t h i s  is u n l i k e l y .

K e y  ( 1 9 1 8 )  h a s  r e p o r t e d  t h e  p o l l e n  o f  

J . s a l i n o i d e s  as an i m p o r t a n t  c a u s e  o f  h a y  f e v e r  in 

C e n t r a l  and Eastern. Texas. T h e  p o l l e n  s e a s o n  w a s  f r o m  a b o u t  

D e c e m b e r  2 0 t h  u n t i l  t h e  e n d  o f  F e b r u a r y ,  a n d  t h e  t r e e s  

a r e  r e c o g n i z e d  as p r o d u c i n g  e x t r a o r d i n a r i l y  l a r g e  q u a n t 

i t i e s  o f  b u o y a n t  p o l l e n .  T h e  G y m n o s p e r m a e  c o n t a i n  f e w  

g e n e r a  o f  a l l e r g e n i c  s i g n i f i c a n c e  a l t h o u g h  P i n u s  a n d  P i c e a  

p r o d u c e  m a s s i v e  q u a n t i t i e s  o f  p o l l e n .  H e s s e l m a n  ( 1 9 1 9 )  

c a l c u l a t e d  t h a t  t h e  f o r e s t s  o f  P i c e a  in S o u t h  a n d  C e n t r a l  

S w e d e n  p r o d u c e d  a b o u t  7 5 , 0 0 0  t o n s  o f  p o l l e n  p e r  a n n u m .  

C u p r e s s u s  a n d  J u n  i p e r u s  h a v e  b e e n  r e p o r t e d  t o  p r o d u c e  

h i g h l y  a l l e r g e n i c  p o l l e n ;  t h e  C u p r e s s a c e a e  i n c l u d i n g  

C h a m a e c y p a r i s , C u p r e s s u s , J u n i p e r u s , L i b o c e d r u s  a n d  T h u j a

b y  Y o o  e t  al ( 1 9 7 4 ) ;  s p e c i e s  o f  J u n i p e r u s  b y  B l a c k  ( 1 9 2 9  ),
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s, i) , Sel lers ( 1 935) andFrench ( 1930), Kahn &

Lewis & Imber (1975b)

Although no species of Cupressus is reported 

to grow in Iraq, pollen attributed to Cupressus was 

trapped on 5 days in March, 1983. It is possible that 

this pollen, trapped in a maximum concentration of 18
3

grains/m was from a source exogenous to Iraq and an 

example of long distance pollen transport.

Allergy to Jun iperus pollen in March is worthy 

of investigation.

Results

Urt i caceae

The pollen of this family was found in all the 

months of the year (Fig 6 ) with the exception that 

although the pollen was trapped from the air in 4 days 

in June 1982, it was not recorded in June 1983.

Pollens of the Urticaceae comprised 12% of the 

pollens trapped from the air in Baghdad (Fig 9). Mean 

daily pollen concentrations are given in (Figs 16,17), which 

clearly shows a March and April season in both 1982 and 

1 983 .

In 1982, the highest concentration recorded
3

was 99 grains/m on April 3rd, in 1983 a peak concentration
3

of 159 grains/m was recorded on March 24th.
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Fig 16: Mean daily concentrations of pollen from
the Urticaceae in the air over Baghdad 1982
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Fig 17: Mean daily concent rations of pollen from the 
Urticaceae in the air over Baghdad in 1 983.
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Pi scuss ion

Parietaria alsinefolia Del 

Di stri: LJ, E, PF (Fig 1)

P. j u d a i c a L

Distri: A, R and P.lusitanica L.

D i stri: A , R , E, Su 

Urtica dioica L.

Distri: LJ, WD, CA, EA, A, R 

U.pilulifera L.

Distri: E, UJ, R and U . urens L.

Distri: Baghdad, Abughraib, Amara

In the British Isles Urtica dioica, the common 

stinging nettle, is the probable source of most of the 

airborne pollen from the Urticaceae. In Britain,numerically, 

Urtica pollen is second in importance to grass and surpr

isingly its importance as an allergen has not been well 

evaluated. It occurs in the air from May onwards and 

frequently reflects two peaks of flowering, one during the 

June and July season of grass pollenosis, and one in 

September, October period (Davies 1962) and unpublished 

aerobiological records Mycology Laboratory, Dept. Medical 

Microbiology, St.Mary's Hospital, London ). D'Amato et 

al (1983) in a study on the allergenic pollen content of 

the air of Naples considered the most important pollen to 

be that of Parietaria which occurs in the air from March

Al-Rawi ( 1 964) lists the Urticaceae of Iraq as follows:-
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to November. In this study a Burkard 7 day recording 

spore trap was employed, and the peaks Parietaria con

centrations for 1979, 1980 and 1981, were 100 grains/m^,
3 3400 grains/m and about 350 grains/m in these years 

respectively. There were two peaks of pollen production, 

one in late May and June, the second in mid August and 

September.

Naples has a dry Summer, where average monthly 

temperatures do not fall below 20°C. Parietaria is the 

most important hay-fever provoking plant in Naples and 

Southern Italy (Serafini 1957; D'Amato, Cocco & Melillo,

1979). The plant grows on walls under trees and bushes 

and is favoured by the climate, and by tufaceous, volcanic 

rocks on which the city of Naples is built.

In a study of all allergens, both seasonal and 

perennial, by means of skin-prick tests. D'Amato et al 

( 1 979) found a frequency of sensitization to Parietari a 

of 17% in the paediatric age group, and 31% in adults. 

D'Amato et al (1983) observed that days with Parietaria 

pollen counts of 50 or more may be described as 100% 

symptom days for patients sensitive to this pollen.

The season for pollen of the Urticaceae is 

reported to lie between late March and early August in 

Barcelona, and from late April until the end of June in 

Istanbul. (Charpin ^Atlas of European Allergenic Pollens, 

Sandoz Editions).
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It has been difficult to evaluate the importance 

of the Urticaceae as hay fever plants in the British Isles 

because the seasonal occurrence in June and July coincides 

with the season for grass pollenosis. Parietaria officin

alis is rare in comparison with Urtica dioica in the 

British Isles. The pollen extracts from both these species 

are commercially available prior to obtaining extracts of pollen 

from the Parietaria species indigenous to Iraq, a pre

liminary study based on skin-prick tests with U.dioica 

and P . officina 1 is would seem worthwhile.

Artemi s i a

Results

Artemi s i a pollen was found in the air from the 

first week of October until the beginning of December 

(Fig 6). Its season is October and November, and the
3

highest mean daily concentration recorded was 51 grains/m 

on October 24th, 1982 (Fig 18). Artemisia pollen comprised 

7% of the total pollen catch in Baghdad (Fig 9 ) and 71% 

of this was trapped in October.

In December, the pollen was trapped from the 

air on only 6 days (Fig 18).

Discussion

Artemi s i a is classified in the C ompos i tae and 

most of the genera and species in this family are insect 

po11i nated.
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Fig 18: Mean daily concentrations of Artemisia pollen in the air over 
Baghdad in 1982.
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The RAGWEED family Ambrosiaceae is considered 

to be closely related to the Compos itae and it is con

sidered that Artemi s i a pollen causes symptoms when inhaled 

by ragweed sensitive persons.

In Iraq, Rawi (1964), has listed five species 

of the genus Artemi s i a and these species with the 

districts in which they occur are listed below:-

. A.Campestris L,

A.haussknechtii Boiss 

A.herba alba Asso 

A.Scoparia W. et K.

A.Splendens Willd.

A.herba alba and A,scoparia are found in the 

Central Alluvial Plain, Eastern Alluvial Plain, Lower 

Jazira and the Western Desert.

Artemisia vulgaris is of occasional occurrence 

in the air of London during the Summer months. However, 

the use of selective weed-killers in agriculture appears 

to have led to a reduction in the occurrence of this pollen 

in the air of London, (unpublished records, Mycology 

Laboratory, Dept. Medical Microbiology, St.Mary's Hospital 

Medical School, London). D'Amato et al (1983) found 

Artemisia vulgaris to be the third most important herbac

eous allergenic pollen in the air of Naples. This species 

is very important cause of hay fever in California,

Colorado and New Mexico which include the hottest parts
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of the U.S.A. A.californica and A .tridentata are also 

important as causes of hay fever in the U.S.A. (Thommen, 

1931) Sheldon et al (1953) list A.frigida, A.filfolia 

and A .annua as three other species of Artemisia causing 

hay fever in parts of the U.S.A.

The role of the Artemi si a species of Iraq 

as hay fever plants is clearly worthy of investigation. 

Allergenic extracts of the pollen of eight species of 

Artemisia are commercially available, but not one of these 

species occurs in Iraq. The possibility of a common anti

genicity justifies testing Iraqi patients with extracts 

from the species which do not grow in Iraq until extracts 

of pollens from species of Artemisia which are common in 

Iraq have been prepared.

01eaceae

The pollen of two members of this family, Qlea 

europea and Fraxinus ornus are included in (Fig 9).

Results

Plea europea

In 1983 Plea pollen was trapped on 6 days in

February, 7 days in March, 17 days in April and 7 days in
3 3May. Concentrations as high as 42 grains/m and 63 grains/m 

were recorded on March 20th and April 16th, respectively,

(Fig 19).
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Fig 19: Mean daily concentrations of 0lea pollen in the air over Baghdad
in 1983.
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Discussion

Plea europea requires a warm Winter and thrives 

in a hot dry Summer. It has been cultivated in the 

Mediterranean region from early ages (Willis, 1908) 

and is of widespread occurrence in the Middle East. An 

Iraqi law requires every household to grow at least one 

tree, with the result that very many gardens have an olive 

tree. The olive is an evergreen and in recent years it 

has been planted along the roadways in Baghdad. The tree 

is grown in plantations in close proximity to Baghdad.

Gutman (1950), considered that Plea europea is not wind 

pollinated, but that the pollen was light enough to become 

airborne and cause hay fever. Kessler (1952) following 

tests on exposure concluded that there were many cases 

of hay fever due to the pollen of Plea europea in Palestine. 

D'Amato et al (1983) considered Plea europea to be the only 

tree of allergenic importance in Naples and that 0 lea 

pollen was as important in areas to the south of Naples 

such as Calabria and Pug 1 ia. It is possible that the 

Burkard trap underestimates the importance of olive pollen 

in the air of Baghdad. Some tree pollens e.g. Prosop i s 

spicigera produce sticky grains which clump. The clumps 

settle quickly to the ground in the vicinity of the trees, 

and although uncommon in Hirst trap deposits, the pollen 

is an important cause of allergic disease as in Kuwait, 

(Davies 1969c). Whether or not the pollen of Plea europea 

is produced in clumps, or occurs in high concentrations in
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the vicinityof the trees does not appear to have been 

investigated. It is possible that Plea europea is an 

important cause of pollenosis in Baghdad and further 

investigation is required.

Extracts of this pollen are commercially 

available. Pacini & Cresti (1977) have reported viral 

particles in developing pollen grains of Plea europea. 

Whether or not the presence of the virus has any effect 

on the allergenicity of the pollen appears to be unknown.

Results

F rax i nus

Pollen of the genus Fraxinus occurred in the 

air from mid January until mid June (Fig 6). The highest 

mean daily concentrations of 54 grains/m were recorded 

on April 15th and 16th, 1982 (Fig 29). The peak month 

was April and 65% of the Fraxinus pollen was trapped in 

this month. The pollen was trapped on only 2 days in 

January, 3 in February and on just one day in June, 1983.

Discussion

Sheldon et al ( 1 953 ) considered Fraxinus to be 

the only wind pollenated genus in the 91eaceae of importance 

in the U.S.A. Allergic response of Fraxinus pollen is rare 

although all species shed large quantities of pollen. 

Fraxinus ornus is of widespread occurrence in Italy, where

it flowers from April to June (Charpin et al 1974).



Fraxinus 1983

Fig 20: Mean daily concentrations of .Fraxinus pollen in the air over 
Baghdad in 1983.
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Fraxinus ornus occurs in the Northern forest of Iraq, 

where it is used as a source of manna. The tree is 

commonly known as the manna ash.

The pollen grains of three genera in the 

01eaceae, Plea, Fraxinus and Ligustrum, are reported 

to occur in the air. Yet, Gutman (1950), considered 

0 lea was not wind pollinated. Furthermore, Sheldon et 

al ( 1 953) considered the privet Ligustrum to be normally 

insect pollinated, although the pollen could be a cause 

of hay fever for persons in close contact with this shrub.

Ligustrum pollen is commonly trapped from the 

air over central London (unpublished records Dept, of 

Medical Microbiology, St. Mary's Hospital Medical School, 

London). Ligustrum does not occur in Iraq. However, 

from these studies, it must be concluded that pollen 

grains of the 01eaceae do occur in the air, and should be 

considered as possible allergens in the investigation of 

allergic patients in Iraq.
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Pollen recorded, but infrequent in occurrence

T rees

A 1nus pollen was trapped on one day, July
3

26th 1982 in a mean daily concentration of 6 grains/m .

Betu1 a was trapped intermittently between 

the beginning of January and mid-July. Highest mean
3

daily concentration was 12 grains/m on January 17th 

and March 23rd, 1983.

P1atanus was recorded in a mean daily con-
3

centration of 3 grains/m on varying occasions during 

February, March and April.

Pinus ,found between the end of March and the 

end of June. Highest mean daily concentration was 21 

grains/m and was recorded on June 21st 1982. This 

pollen .produced in massive quantities in the forests of 

Scandinavia, has never been shown to cause allergic 

d i sease.

Quercus pollen was occasionally found in mid 

January and April, 1983. The highest mean daily con-
3

centration of 12 grains/nr was recorded on April 15th 

1 983.

Morus, a few grains were seen in the deposits

during the second week of January and in February.
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Mean daily concentrationsof 6 grains/m were trapped on 

February 18th and 28th, 1982.

Discussion

Betu1 a pollen is an important allergen in the Scand

inavian countries, and causes symptoms in suburban areas 

where the trees are cultivated in Britain.

London plane is wind pollinated and its pollen 

can occur in the air in very high concentrations, a mean
3

daily concentration of over 2000 grains/m having been 

reported in Central London (unpublished). It is a cause 

of pollenosis in some London patients. Both Betu1 a and 

P1atanus should be considered as sources of allergenic 

pollen in Iraq in the places where these trees occur.

Platanus occidentalis , Betula alba and the following 

Quercus species occur in the Northern forest zone in Iraq.

The Quercus species are Q . aegilops, Q. infectoria,Q .hibani,

Q. macrocantha and Q. castanaefo1ia. It is unlikely that 

these species investigated as a cause of allergic disease,

Q. castanaefo1ia occur in the Gurfa district which is 

fairly close to Baghdad. A 1 nus is not recorded as occurr

ing in Iraq by either Guest & Al-Rawi (1966) or Al-Rawi (1964). It 

is therefore probable that the occurrence of these tree pollen 

grains in the air of Baghdad reflects long distance trans

port, with the possibility that some of the grains e.g.

A 1nus were from a source exogenous to Iraq.

Herbaceous Plants (Weeds)

3

Carex was found between the middle of January
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and the end of June, and the highest mean daily
3

concentration, 12 grains/m on May 16th.

Asteraceae (compositae) - pollens attributed 

to this family were trapped from March 19th until the 

end of the first week in April. Highest mean daily 

concentration 12 grains/m on March 28th 1983.

The grains trapped could not be assigned to 

a genus. Artemesia is a member of this family but having 

morphologically distinct grains the pollen has been dealt 

with separately. In the (J.S.A. Ambros ia (ragweed) is a 

very important allergenic plant in the Autumn but it is 

not listed as occurring in Iraq by Al-Rawi (1964). Since 

the family contains important sources of allergenic 

pollens in other countries, and 99 genera are listed as 

occurring in Iraq it is likely that members of this 

family may be important in places. Rhantorium epapposum 

is a common and conspicuous feature of Zubair (Guest and 

Al-Rawi, 1966). In the Rhanterium epapposi desert 

association Plantago ciliata is recorded by Guest and 

Al-Rawi (1966). Plantago lanceolata (English plantain) 

is reputed to cause more pol 1 inosis than any other 

P1antago species (Solomon and Durham, 1967). However, 

it is possible that P. c i1i ata has never been investi

gated and pollen which could be assigned to this genus 

with certainty was not found in the Burkard trap deposits.



Anthr i scus,a few grains were seen towards

the end of July and on one day in August. 6 grains/m 

were recorded for July 22nd, 1982. Anthriscus vulgaris 

Bernh is recorded as occurring in Singar. This member 

of the Umbel 1iferae is a common weed of agriculture, 

the source of the pollen is unknown, and it is not known 

to cause allergic disease.

The Diurnal Periodicity of Airborne Pollen 

Concentrations in Baghdad

The mean daily concentration of a pollen grain 

in the air is a useful parameter for Clinicians seeking 

to correlate the aerial concentration of the pollen with 

patients symptoms. Davies and Smith (1973) state that 

when the mean daily concentration for grass pollen over
3

central London reaches 50 grains/m all patients who 

are clinically sensitive to the pollen have symptoms.

D'Amato et al (1983) have published similar 

findings based on their experience in Naples. However, 

the concentration of pollen and other spores varies 

during the day. Grass pollen grains may not occur in 

the air throughout the 24 hours of the day, but may be 

present in the air for 12 or 8 hours.

In order to calculate the concentrations 

every 2 hours, the slides were scanned at right angles 

to the length of the deposit at 4mm intervals (Method p 57).

3



Results

Two hourly concentrations for Ziziphus are 

given in (Fig21), Jun i perus in (Fig 22) and for 

Urticaceae in both Baghdad and London is given in 

(Fig 23). The two hourly changes in grass pollen con

centration on June 19th, 1984 in London is shown in 

(Fig 24 ).

There was no Ziziphus pollen in the air 

between 1600 hours and 0200 hours the next day.

Maximum concentration was reached by 1000 hours. 

Similarly, in Baghdad, the maximum concentration of 

Juniperus pollen was recorded at 1 000 hours on March 9th 

and 1200 hours on March 8th, maximum concentration for 

pollen from the Urticaceae was 1200 hours in Baghdad, 

and 2000 hours in London. The maximum concentration

for grass pollen on the day shown (Fig 24) in London was 
at 18,00 hours.

Discussion

Pollen becomes airborne earlier in the day 

and attains its maximum concent ration for the day by 

1200 hours in Baghdad, whereas in London the peak 

concentrations are rarely attained before 1800 hours.

It is dessication of the anther which leads 

to the bursting of the pollen sacs and liberation of 

the dried pollen grains. This process is known as
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Ziziphus pollen Baghdad, Nov/83
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Fig 21: Concentrations of Ziziphus pollen at two 
hourly intervals, November 1983 showing 
diurnal periodicity. With peak concentra
tions at 10 a.m., which was before the 
maximum temperature of the day was reached.
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Fig 22: Concentrations of Juniperus pollen at
2 hourly intervals in the air over 
Baghdad. On March 8th the peak con
centration was recorded at 12,00. On 
March 9th at 10,00. On both days the 
diurnal peak concentration was obtained 
before the maximum temperature for the 
day was reached.
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Fig 23: Two hourly concentrations of Urtica pollen
in the air over Baghdad and London, the 
diurnal peak concentrations occur at 12,00 
hrs in Baghdad and 20,00 hrs in London.
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Fig 24: Concentrations of grass pollen at 2 hourly
intervals in London. On 19th June 1984.
The diurnal peak concentration is attained 
much later in the day than has been observed 
for airborne pollen in Baghdad.
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dehiscence. Hours of sunshine in Baghdad are given 

in (Fig 2). it is light by 0400 hours in the Spring 

whilst in London sunrise is never before about 0500 

hours.

In S.E. England, in .the morning,, tire vegetation, is frequently 

wet with dew. Temperature inversions occur near the 

ground and until heat of the sun ensures the inversion 

breakdown the air is still. Air movement is necessary 

to shake the pollen grains out of the anthers.

In Baghdad, the Spring and Summer weather 

conditions are constant, the air is dry. An earlier 

sunrise and rapid increase in insolation leads to an 

earlier dessication of the anthers, an earlier develop

ment of convectional air movement and an earlier rise 

in pollen concentration in Baghdad than is found in 

London. In Baghdad, the pollen concentrations are at 

their maximum before the temperature rises to its 

maximum for the day at about 1400 hours, whereas in 

London, the peak pollen concentrations occur several 

hours after, the maximum temperature has been reached.

Davies and Smith (1973) found that between 14° and 220°, 

the pollen concentrations increased for every degree 

centigrade, whereas above 22°C, the slope of the curve 

increased by 1 .50 C for every degree to a maximum of 30°C.

In June daily maximum temperatures of 30° are rarely 

attained in the British Isles, in Baghdad, temperatures



of 40° are common. The effect of these high temp

eratures on pollen concentration requires further 

investigation.

Other possible reasons for the development 

of earlier daily maximum pollen concentrations in 

Baghdad may reflect greater amounts of the pollen 

having its origin in local sources.

In the London area, most of the pollen 

trapped from the air has its origin outside the 

conurbation, and concentrations go on building up 

until the temperature begins to fall. In the Summer 

Britain enjoys a period of dusk each day. In the 

Middle East, it gets dark very quickly. In Britain 

there is brilliant sunshine at 2000 hours, whereas 

it is dark in Baghdad at 1800 hours. However, since 

Baghdad experiences maximum pollen concentrations 

before the maximum temperature for the day, it is 

the rate at which the temperature rises coupled with 

high isolation which is probably of greatest importance, 

and further studies are needed to determine the effect 

of temperature and sunshine on pollen concentration in 

Baghdad.
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FUNGAL SPORES

Hirst (1953) and Gregory (1961) distinguished 

a day time "dry air" spora and a characteristic "damp 

air" spora. The dry air spora is characterized by such 

spore types as Alternaria and C1 adosporiurn, whereas the 

damp air spora is characterized by Ascospores, Basidio 

spores and the spores of Ti11etiopsis and the mirror 

yeast Sporobo1omyces. The Ascospores of some species 

are discharged when the ground is wet with dew, and the 

spores of these fungi appear as part of the nocturnal 

air-spora. Hirst (1955) found high concentrations of 

the ascospores of Venturia inaequalis in the air after 

2 and 3 hours of rain. Basidiospores require high 

humidity for spore discharge. Even the spores of 

C1adosporiurn and the Aspergi11aceae are affected by 

changes in humidity which can lead to the hygroscopic 

disruption of spore chains and aid take off. Since 

Baghdad has a very dry climate with low relative hum

idities (page 22 ), no dew formation in the Summer 

months, and negligible rain (page 22 ), the fungal air 

spora was clearly worthy of investigation.

The flora of an area varies with the climate 

and topography, and the genera and species of higher 

green plants in Iraq comprise an assemblage which 

differs from that growing in temperate areas. Whether 

the genera and species of fungi encountered from the air
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of Baghdad differed from those trapped from the air 

of temperate regions required investigation.

Results

C1adospori urn

The distinctive conidia of this genus were 

trapped throughout the period studied (Fig 25 ). The 

mean monthly concentrations were highest in November, 

January, February and April, lowest in the months of 

May, June, July, August and September, which are the 

hottest dry months of the year.

C1adosporiurn was the predominant genus of 

spore trapped and comprised 46% of the total fungal 

spores recorded (Fig 26 ).

The highest mean daily concentration recorded 

for the spores of this genus each month is given in 

Table 6 .

A1ternari a

Alternaria spores were trapped throughout the 

year, and the average monthly concentrations are shown 

in (Fig 25 ). Again there is a trend for concentrations 

to be lowest in the hot dry months of June, July, August 

and September.

The highest mean daily concentration recorded 

for the spores of this genus each month is given in



Fig 25:

Average Monthly Concentration for all Fungal Spores.Cladosporium and Alternaria
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Fig 26: C1 adospori um, A 1ternari a , Ascospores and Bas id/ospores as a 
as a proportion of the total spore catch from the air over 
Baghdad.
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Table 6 Days with the highest mean concentration 

of C 1 adosporium and A lternaria at Baghdad 

in 1982 and 1983

Month Day C 1 adospori um Day Alternaria
spores/m^ spores/m^

Jan. 15 - 1983 435 15 - 1983 39

Feb. 4 - 1983 180 20 - 1983 45

March 22 - 1982 135 17
29 1982 36

13 - 1983 225 13 1983 96

Apr i 1 9 - 1982 108 4 - 1982 45

9 - 1983 249 12 42
14 1983
22

May 9 - 1982 78 15 - 1982 63

9
16 - 1983 75 12 - 1983 42
25

June 28 - 1982 105 4 - 1982 42

27 - 1983 78 16 - 1983 39

July 14 - 1982 96 12 - 1982 42

Aug. 2
3 - 1982

51 4 - 1982 24

Sept. 14 - 1982 42 14 - 1982 27

Oct. 29 - 1982 138 25 - 1982 39

Nov. 9 - 1982 180 7 - 1982 45

Dec. 2 - 1982 108 30 - 1982 33
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Table 6 . A1ternaria comprised 12.5% of the total 

spores trapped from the air of Baghdad(Fig 26).

Discussion

Under the mesophytic conditions of temperate 

climates, C1adosporiurn and A 1ternaria are characteristic 

of the day time dry-air spora. Both are ubiquitous mould 

fungi. C1adosporiurn has been recorded from the air over 

the Atlantic Ocean (Pady and Kapica, 1955), in the air 

of the Arctic (Pady and Kapica, 1953), in the air of an 

Alpine Valley (Davies,1 96 9a ) various situations in 

America (Feinberg,1949; Bieberdorff and Hampton,1946; 

Burtness and Allen,1950; Collier and Ferguson,1953; Rooks 

and Shapiro,1958; Dworin,1966; A1-Doory,1967; Stalker and 

Moore,1 972), Brazil (Passarelli, DeMaranda and DeCastro, 

1949; Lima et al,1963); Puerto-Rico (Toro,1950),

Palestine (Kessler 1953,1954; Golan Barkai 1958,1962), 

India (Barat, Roma and Das,1 963; Sandhu, Shivpuri and 

Sandhu,1 964; Baruah and Chetina , 1 966; Agarwal, Shivpuri 

and Mukerji,1969), Kuwait (Davies,1969c), Rabat (Chabert 

and Nicot,1968); Turkey (Ozkargoz,1969; Okuyan, Aksoz and 

Varan,1 976; Yulug and Kustimur, 1 977), Iran (Hariri et al 

1978) and Iraq (Al-Tikriti, Al-Salihi, Gaillard, G.E.,

1980). Whenever, and wherever, the ambient atmosphere 

has been sampled C1adosporiurn has occurred in the fungal 

air spora. It is noteworthy that in a number of early 

reports from the U.S.A., the term Hormodendrum was

erroneously used to describe C1 adosporiurn conidia which 

were septate.
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The same species C .herbarum, C . sphaerospermum 

and C.macrocarpum have been recorded when the content of 

the air has been studied with cultural methods, and 

many of the conidia trapped from the air can be assigned 

to these very commonly occurring species.

The assemblages of C1 adosporiurn and A1 ternaria 

spores in the Burkard deposits from the air of Baghdad 

are not distinguishable from those seen in similar 

deposits trapped from the air over Central London.

Reports on the occurrence of fungi on vegetation from 

Iraq appear to be rare, although Mathur (1969) has 

reported C .macroca rpum Press, C .sphae rospermum Penzig, 

Alternaria tabacina (Ell and Ev.) A.tenuis Ness and 

A.tenui ssina (Ness ex Fries) Wiltshire on plants in 

N. Iraq. On the evidence so far available it is 

reasonable to assume that in allergic investigations 

A.tenui s , C .sphaerospermum, C .herbarum and C.macrocarpum 

would seem to provide reasonable sources for the pre

paration of allergic extracts for use in Iraq.

Credit for the early recognition of mould 

funga1 a 11ergy is generally ascribed to Cadham in Canada 

(1924), Van Leeuwen in the Netherlands (1924) and Bernton 

(1930) and Hopkins, Benham and Kesten (1930) in the U.S.A., 

although as early as 1873, Blackley had described his own 

allergy to the spores of Pen i c i11i urn and Chaetomi urn. The 

literature on atmospheric mould spores has been reviewed
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by Feinberg (1949), Maunsell (1954), Hyde (1972, 1973) 

and reports which may have relevance for Iraq and 

Baghdad are listed in Tables 1, 2 and 3.

Allergic sensitivity to C1 adosporium was 

first described by Cobe ( 1932) and to A1ternaria by 

Hopkins, Benham and Kesten (1930). Although Alternaria 

and C1adosporium are well recognized as fungal allergens, 

there appears to be little epidemiological or clinical 

information on atmospheric concentrations in relation to 

the development of patient symptoms. Hyde, Richards and 

Williams (1956), who tested 627 patients by injecting 

0.02 ml of a 1/100 extract of C1adosporium, reported 8% 

gave positive reactions and that 4% were clinically 

sensitive to the mould because their seasonal asthma 

occurred in the Summer when the spores are most abundant 

in the air of Cardiff. Frankland and Davies (1965) 

report that in patients in Greater London and S.E. 

England, with hypersensitivity to this spore, symptoms 

are precipitated when concentrations in Central London 

rise to 3000 or more/m . Many patients with allergic 

bronchial asthma are relieved of their symptoms in high 

mountains and Davies (1969a, b) related the freedom from 

asthma experienced by British children in the Alpine 

resort of Davos to low concentrations of fungal spores. 

In Davos in 1 966, concentrations of 3000 C1adosporium 

spores/m were recorded on 6 days, whereas in London
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3
concentrations of 3000/m were recorded on 40 days.

3
In 1 967, C1adosporium concentrations of 3000 spores/m or 

more were recorded on 2 days in Davos and on 25 days in 

London. Moreover, very much higher C1adosporium con- 

concentrat i ons were recorded in London. For British 

children with an experience of the seasonal allergen 

challenge in Great Britain, the challenge in the Alpine 

Valley was very low and there was a clinical benefit 

gained from temporary residence in the valley.

The mean daily concentrations for C1adosporium 

in Baghdad were all less than 3000/m and similar 

results were reported from Kuwait by Davies (1969c). 

Europeans with a history of Summer asthma might benefit 

from staying in Baghdad when the dry air-spore challenge 

was at its height in the third quarter of the year in 

Britain. However, it must not be assumed that C1ado

spor ium concentrations in Baghdad are too low to cause 

allergic disease in Iraqi patients. Allergic bronchial 

asthma occurs in patients native to the Alpine valleys, 

and the clinical sensitivity of a population must depend 

on its experience of exposure over many seasons. The 

patient with a seasonal allergic disease is free from 

symptoms until the seasonal challenge occurs. At the 

begining of the season, the patient appears to be more 

sensitive to an inhalant allergen such as grass pollen 

than he is towards the end of the season, (Davies,1973).
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The patient's sensitivity declines, through natural 

exposure and the development of a degree of hyposens

itization during the season.

In the cereal growing areas of Europe where 

high concentrations of C1adosporium occur in the 

Summer months, the allergic population may be less 

sensitive to this spore allergen than the comparable 

population of Baghdad, where the concentrations in the 

ambient atmosphere are low. On the other hand it may 

be the case that in such countries as Iraq, where the 

relative humidity of the ambient atmosphere is very low,

C1adosporium spore allergy is rare, or perhaps occurs 

only in the marsh area. Further investigations are 

required and test reagents for allergy to the common 

species of C1adosporium and A1ternaria are readily available 

suitable from commercial sources.

Sensitivity fro Alternaria is frequently present 

in patients sensitive to C1 adosporium and Frankland and 

Davies (1965) reported its clinical importance in Britain 

to be equal to that of the Penici11ia and second only to 

C1adosporium as a mould allergen. Frankland and Davies 

(1965) considered mean daily concentrations of 50
3

A1ternaria spores/m to be clinically significant, and 

higher concentrations than this were recorded in Baghdad 

on March 13th, 1983 and May 15th, 1982 (Table 6 )-



128

A1ternaria and C1adosporium occur in the air 

at the same time and under the same conditions. They 

are the most important constituents of the dry air 

spora and it must be appreciated that the ambient 

atmosphere never contains a pure suspension of only one 

spore type. The allergenic aerosol is a mixture of 

allergenic particles and both C1 adospori um and A1ternari a 

are associated with cereal crops, with aerial concen

trations rising at harvest time in areas of arable 

farming (Davies, personal communication). The airimmediately 

downwind from a combine harvester contains many millions 

of these spores per cubic metre.

Baghdad lies.in the area of historical Mesopo

tamia, a cereal growing area, and the low concentrations 

recorded for A1ternari a and C1adosporium must be attributed 

to a very dry micro-climate within the crops. These fungi 

commonly occur on the phylloplane and stems of grasses in 

temperate regions (Hudson and Webs ter , 1958).

Ascospores

The Ascomycetes comprise the largest group in 

the fungi and are characterised by the production of 

ascospores in special cells termed asci. Since the spores 

are formed following cytoplasmic cleavage within the 

ascus, the spores lack such points of attachment as the 

apiculus in the basidiospore or collar as seen in many
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conidia. In most, the ascospores are explosively 

discharged, "squirted out" from the ascus by a 

mechanism described by Ingold (1967). In Great 

Britain, highest airborne concentrations of asco

spores are recorded during damp weather in the Summer 

and Autumn (Gregory and Hirst 1957; Hamilton, 1959; 

Davies et al 1963; Davies 1969a). Details of genera 

with morpho1ogica 1 ly distinct ascospores are given by 

Hamilton (1959) and Davies et al (1963). These include 

Chaetomi urn, Leptosphaeri a, P1eospora , Sordari a and 

Venturi a. Hamilton ( 1 959) classified unidentified 

ascospores into Filiform Fat, Filiform Thin, Fusiform 

and miscellaneous ascospores.

The species of Leptosphaeria are "leaf spot 

fungi" which in the British Isles commonly occur on 

plant leaves and stems in the Autumn. The ascospores 

of Leptosphaeri a are multiseptate fusiform yel1ow .spores 

which may or may not have one markedly swollen cell 

(Hamilton, 1 959 ). She restricted Leptosphaeria to 

include only ascospores with one swollen cell. However, 

Davies et al (1963) included hyaline, yellow to brown, 

cylindrical or fusiform ascospores with transverse 

septae. The ascospores of the L.eustoma group do not 

have a swollen cell. Last (1955) recorded ascospores 

of the L.eustoma group in concentrations of 65,000 

spores/m in the air of a barley crop.
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Results

The ascospore types recorded in the air of 

Baghdad were hyaline once septate, brown ovoid and 

septate, but as concentrations were low they were 

simply grouped as Ascospores. The proportion of 

Ascospores to other spore types is shown in Fig 26, 

they comprised 4.2% of all the fungal spores trapped. 

Highest concentrations of ascospores were recorded in 

April, May and June (Table 8,9).

Discussion

The role of ascospores in the aetiology of 

seasonal allergies has been scarcely investigated. 

Ascospores recognised in deposits trapped from the air 

have either not been grown in artificial culture, or 

if developing in artificial culture are attributed to 

well known genera of the fungi imperfecti whose relation

ships to perfect states have yet to be established. For 

example, Leptosphaeria acuta (Hoffm. ex Fries) Karst 

grows on the lower stem regions of the common stinging 

nettle Urtica dioica Linn and produces yellow/brown 

ascospores which are fusiform and septate and character

ise the perfect form of the fungus. When portions of 

nettle stem are planted in agar media, the fungus that 

develops is the imperfect form Phoma acuta which pro

duces simple hyaline spores in flask shaped pycnidia. 

Ganderton (1968) obtained positive skin-prick tests with 

an extract of Phoma in patients with a clinical history
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Table 7 Days with the highest mean concentration 

of Basidiospores and Ascospores at Baghdad 

in 1982 and 1983

Month Day Bas i diospores 
spores/m3

Day Ascospores
spores/m3

Jan. 15
2g-1983

51 15-1983 30

Feb. 3-1983 84 3 9
4
5-1983
9

20

March 27-1982 102 27-1982 30

31-1983 105 9-1983 12

Apr i 1 1-1982 75 7-1982 42

1-1983 270 15-1983 15

May 8-1982 1 17 17-1982 30

10-1983 60 20-1983 27

June 7-1982 81 4-1982 24

23-1983 60 15-1983 21

July 25-1982 90 2-1982 12

Aug. 3-1982 51 2
3~1982

9

Sept. 9-1982 42 9-1982 12

Oct. 22-1982 60 25-1982 15

Nov. 11-1982 147
10-1982

18

Dec. 3-1982 39 14-1982 12



Table 8 Mean monthly spore concentrations i n the air of Baghdad from March to December, 1982

Spore Type March April May June July August September October November December

Ascospores 61 128 112 43 14 20 36 46 54 40
Bas i d i ospores 351 229 321 200 503 180 147 188 570 153
Curvu1aria 4 15 13
Ep i coccum 8 2 1
Helmi nthospori um 20 11 19 12 13 18 18 17 25 1 1
StemphyIlium 42 9 80 20 49 11 12 16 52 23
Toru1 a 1 1 14 2 6 2 4 2
Myxomycetes 39 106 6 47 13 8 4 74 18
Usti1 ago 27 15 10 28 35 12 1 42 15 5
Uredospores 23 12 68 30 23 10 17 23 73 23
T e 1 eutospores 13 4

indeterminate 3

132



Table 9 Mean monthly spore concentrations in the air of Baghdad from 
January to June 1983

January February March Apr i 1 May June

Ascospores 29 26 22 33 82 104

Basidiospores 171 167 234 642 350 100
Curvu1ar i a 3 2 12
Ep i coccum 3 1 12 6 4
He lmi nthospori urn 11 9 17 46 32 14
Stemphy11ium 16 5 31 32 29 22
Toru1 a 5 6 1 1 1
Myxomycetes 2 1 3 22 28 10
Ust i1 ago 10 5 16 87 32 41
Uredospores 20 13 29 39 41 110

Teleutospores 3 9 3 10 5

indeterminate 2 1



134

of seasonal asthma when Leptosphaeria spores occurred 

in the air. Whether or not the antigenicity of the 

ascospore is the same as the pycnidiospore is unknown 

since Leptosphaeria ascospores have yet to be produced 

in a pure, weighable quantity. This applies to most 

of the ascospore genera recognized as occurring in the 

air. It is probable that the spores of Erysiphe are 

allergenic but material to challenge a patient with an 

appropriate history of allergic sensitivity to this 

ascomycete has never been available. There is thus 

scope for research into ascospores and the ascomycetes 

as inhalent allergens.

Ascospores are unlikely to be important 

fungal allergens in Baghdad, the microclimate over the 

surfaces of vegetation is probably too dry to facilitate 

colonisation and ascospore discharge by these fungi. 

However, elsewhere in Iraq, in the marshes, these fungi 

could occur locally in high concentrations. The following 

ascomycetes have been listed by Abdullah (1982) and were 

found mainly in sheep or donkey dung in the Southern 

Desert: -

Ascobolus crenulatus Kebat 

Ascobolus immersus Pers ex Fries 

Ascodesiuis microscopica (Grouhan) Seaver 

Ascodesiuis porcina Seaver 

Ascopharus lacteus (Cooke and Phi 11) Sacc 

Chaetomium bostrychodes Zopf
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Chaetomium circinatum Chirers 

Chaetomium globosum Kuze ex Fries 

Chaetomium murorum Corda 

Chaetomium siprale Zopf

Coprotus dulpus Kimbrough, Luck-Alien and Cain 

Idophanus carneus (Pep ex Pers) Korf 

Idophanus sp.

Kernia nitida (Sacc) Neuil 

Lasiobolus sp.

Lophotrichus brevirostratus Awes 

Podospora communis (Spg) Niessel 

Podospora inaequalis (Cain) Cain 

Podospora longicaudata (Griff) Cain 

Podospora prethopodia 1is Cain

Saccobolus depauperatus (Berk and Broome) Ex Hansen 

Saccobolus minimus Vel 

Sordaria fimicola (Rab) Ces and De Not 

Sordaria humana (Fuckel) Winter 

Sparormiella austrolis (Speg.) Ahmed and Cain 

Sporormiella commutata (Nieisel) Ahmed and Cain 

Sporormiella intermedia (Auersw) Ahmed and Cain 

Sporormiella minima (Auersw) Ahmed and Cain 

Sporormiella pulchella (Hansen) Ahmed and Cain 

Sporormiella teretispora Ahmed and Cain 

Tripterospora erostrate (Griff) Cain 

Zygopleurage faigumensis Lung

Since these coprophilous fungi most probably 

have their origin in the fodder fed to the animals, they
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must occur on vegetation in Iraq. Evidence of 

ascomycetes growing on the surface of vegetation 

in the North of Iraq has been published by Mathur 

(1969) who records Cynathodia trifolii on clover,

Erisiphe cuichoracearum or Crepis spp, Leptosphaeria 

s a 1v i n i i an Oryzasati ra , Phyllachara graminis on 

Hordeum glaucum all from near Mosul. Amphalospora 

me 1aveae was found on Astragalus brugeiri and Thie1varia 

brasico1 a on Nicotiana tobacum from Sulaimaniya.

Didymosphaeria sinarogdina was reported by Mathur 

(1969) as causing leaf spot on Phoenix dactilifera 

near Basra in December. There is a possibility of 

ascopores occurring in high local concentrations in 

Iraq, but it is unlikely that ascospore sensitivity will 

be common. The scarcity of ascospores in the airspora of 

Baghdad may mean these fungi tend to occur in a mycelial 

form, which fails to sporulate and/or discharge ascospores 

under the very dry conditions within crops and vegetable 

litter in the vicinity of Baghdad.

Bas i d i ospores

Basidiospores from toadstools, bracket fungi 

etc. are usually asymmetrical and characterized by a 

distinct apiculus. A few are sufficiently distinctive to 

be recognizeab1e and assigned to genera and even species 

in the Agaricaceae. In general, Basidiospores are classified
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as hyaline, yellow or brown. Hyaline basidiospores 

can generally be distinguished from the spores of the 

hemibasidiomycete Sporobo1omyces. The toadstools 

occur in mycorrhizal association with the roots of 

forest trees and in consequence high concentrations 

of these spores may be encountered in forests.

Results

In the air of Baghdad, the total basidiospore 

catch comprised 25 % of all the fungal spores trapped 

(Fig 26 ). The maximum monthly concentrations were 

recorded in July, November 1982 and April 1983 (Table 8,9)
3

and the highest mean daily concentration of 270 spores/m
*

was obtained on April 1st 1983 (Table 7 )•

Discussion

In a paper entitled "Woodlands as a source of allergens" 

Adams, Hyde and Williams (1968) drew attention to the 

importance of basidiospores. the aerial occurrence of 

these spores in the air during late Summer and Autumn 

in the British Isles had been described by Gregory and 

Hirst (1952), Hamilton (1959), Hyde and Adams (1960)

Davies (1962), Davies, Denny and Newton (1963), Davies 

( 1 965 ).

Frankland and Hay (1951) reported the spores 

of the dry rot fungus Merulius (Serpula) lacrymans which 

grows on timber indoors could be an allergen. Gregory
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and Hirst (1952) observed that basidiospores 

"obviously need investigation in connection with 

seasonal asthma". Then Bruce (1963) by means of 

intradermal skin testing and bronchial challenge 

showed that two different mixtures of basidiospores 

gave positive reactions (in 15 out of 20 patients 

skin tested with extracts 1:10 w/v and 12 out of 20 

tested bronchia 1ly). Mixture 1 contained the spores 

of Polyporus giganteus, Ganoderma applanatum and 

Stereum hirsutum: mixture 2 contained the spores of 

Polyporus betulinus, Polystictus versicolor, Armi11aria 

me 11ea and Fomes annosus. Herxheimer, Hyde and Williams 

(1966) by skin testing (intraderma1ly with extracts 

1:1,000 w/v) and by inhalation tests have shown that 

the spores of certain individual basidiomycetes viz: 

Agaricus bisporus, Armi1laria mellea, Coprinus micaceous, 

Ganoderma applanatum, Hyphaloma fasciculare, Polyporus 

squamosus and Merulius (Serpula) lacrymans were 

allergenic in patients whose asthma was exacerbated 

in the late Summer and Autumn each year when airborne 

basidiospore concentrations are at their seasonal maxima. 

The challenge extracts were prepared from spores collected 

by laying the fructifications on glass under sheets of damp 

filter paper, and then scraping off the spores. This 

method is laborious and does not lend itself to the large 

scale manufacture of extracts in the pharmaceutical 

industry. It is probable that this reason accounts for
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the very few investigations into basidiospore 

sensitivity. Extraction of the entire macroscopic 

fungus is a possibility and Davies (unpublished) has 

compared pure spore extracts with whole fungus and 

dried pileus extracts and obtained similar results.

Use of the entire fructification is complicated by 

the fact that the fungus may be infected by maggots 

without any outward sign.

Apart from the investigations on basidiospores 

as allergens which have been described from the British 

Isles, the only other studies appear to be those of 

Chabert and Nicot (1966, 1968) who employed a Hirst 

trap to study the content of the air at Rabat, Morocco. 

Chabert and Nicot (1966) appear to have been primarily 

concerned with Usti1 ago but record Coprin us , Ganoderma,and 

Boletus. In 1 968 they record P i st i11ari a cu lmi gena Mont, 

ex Fr. Botryobasidiurn sp and Sistotrema Aff brinkmanii (Bres.) 

J.Erikss. It is doubtful that spores in a deposit trapped 

from the air could be identified with the taxonomic 

prec i s i on given.

Little is known of the Basidiomycetes of Iraq. 

Rattan and Abdullah (1977) in a study of wood rotting 

fungi in Iraq listed Ga1i n i a cyst i d i ata , sp nov.

G1eocystidiel 1 urn luridum, Radulomyces submolaris,

Athalia acrospora , Amphineum tomentel1astrum, Sterum

Sanguinolentum and Astreroma medium.
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Rattan et al (1980) report the following 

basidiomycetes to be associated with the date palm:

01i veon i a paux i11 a, Sistotrema brinkmanii, T rechi spora 

fareinacea, Phanerochaeta cremea, Hyphoderma sambuci , 

Hyphoderma pubera, Hyphoderma pubera var dactylifera,

Anerod i a a 1b i da. From Iran, Fallahyan ( 1 975) has 

recorded the Gasteromycete Cathrus cancellus; the 

Hymenomycetes - Amanita pqjitherina, Amanita phalloides, 

Amanita verna, ArmillarZa mellea, Boletus aereus, Boletus 

badius, Boletus edulis, Boletus luteus, Clitocybe geotropa. 

Collybia acervata, Collybia fusipes , Coprinus atramentarius, 

Coprinus cartinatus, Coprinus ephemeris, Coprinus miaceous, 

Hypholoma fasciculare, Hypholoma sublateritum, Lactarius 

vellereus, Lepiota helveola, Lepiota procera, Marasminus 

stipitarius, Mycena echinipes, Mycena inclinata, Paxi 11 us 

atrotmentosus , Pleurotus ostreatus, Psalliota campestris, 

Russula ilacea, Russu1 a sp, Vo 1 varia iranica, and in the 

Aphy11 ophara1es - Calocera viscose, Cantharellus ciborius, 

Cantharellus cinereius, Cantharellus tubaefaeasuis,

Clavaria abietina, C1avaria vermicu1 a, C1 avaria spp.

Hydnum (Sarcodon) repandum, Leptosporus adustus. Phoeo 1 us 

a 1 borubescefts, Ungulina annosa, Ung i nu1 a betu1i na , 

Xanthochonus hisbidus.

It should be noted that in studies on the air 

spora by cultural methods, apart from Trechispora brinkmanii 

and the mirror yeasts Sporobo 1 omyces, most basidispores, 

even if germinating on the medium employed, would only
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develop as sterile mycelium. Basidiospores are therefore, 

not recorded in settle plate surveys. Moreover, because 

they are small basidiospores are poorly impacted onto 

surface traps by eddy diffusion and tend not to be 

recorded on "gravity slides".

The concentrations of basidiospores trapped in 

Baghdad are very much lower than those recorded in the 

British Isles where they have been shown to be a cause 

of allergic asthma. However, the possibility of basidio- 

spores causing asthma in local situations in the Northern 

forest areas of Iraq should be considered.

The patient living in the North of the country 

should be asked if his symptoms of bronchial asthma 

developed when he was in or in close proximity to wood

lands and forests. Many of the toadstools occur in 

symbiotic association with forest trees, the trees act 

as a wind barrier with the result that in woodlands the 

air tends to be still, and a stable humid atmosphere 

develops which facilitates the production of high con

centrations of basidiospores. The notes of Rattan, 

Abdul-Haffiz and Al-Dboon (1980) on the fungi associated 

with the date palm may be important for patients living 

in the area of Baghdad. In taking a clinical history 

it would be useful to ask patients if they suffered 

symptoms of asthma in the vicinity of date plams, or
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decaying fallen vegetation from date palms. In 

considering the diagnosis of basidiospore sensitivity, 

the allergist should appreciate that the small size 

of the basidiospores renders it unlikely that the patient 

will complain of eye symptoms as in pollinosis. Where

as the mass of inertia of a pollen grain >30u in 

diameter facilitates impaction of the grain on to the 

eye, at low wind velocities, small fungal spores are not 

impacted and retained. Studies on basidiospores as 

allergens in Baghdad and Iraq are worthy of further 

attention and should be based primarily on investigation 

of the environment of the allergic patient when symptoms 

were developed. Allergen challenge tests, and tests for 

specific IgE antibodies should be developed and in this 

the Clinical Allergist will require mycological assist

ance to produce the appropriate allergens.
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The Aspergi11aceae

The Burkard trap underestimates the aerial 

concentrations of both Aspergi 11 us and PeniciIlium.

Both produce hyaline conidia in chains, and morphol

ogically it is not possible to distinguish between 

these two genera in a deposit trapped by impaction 

from the air. Because of the distance between Baghdad 

and London, and wartime complications, it was not 

practicable to undertake a cultural study by means of 

an impinger or impactor. A sample of house dust was 

collected each month, which should indicate some 

of. the Aspergi11 us and Penici11iurn species occurring 

in the intramural environment in Baghdad (See below).

However, it must be noted that the conidia of 

both Penici11iurn and Aspergi11 us are important allergens. 

Frankland and Davies ( 1 965 ) reported the genus Penici11iurn 

to be second in importance only to C[gdosporiurn as a 

mould allergen. Ambler and Vernon (1951) considered 

the Penicillia to be particularly important in urban 

atmospheres, and on temperate climates the Pen i c i 11 i a are 

frequently found in household waste. Al-Doory, Y.,

Tolba, M.K. and Al-Ani, H. (1959-61) in a study of the 

fungal flora of soils in 5 areas of Iraq, Baquba, Faleuja, 

Hilla, Kufa and Mahmudiya, record the isolation of 23 

species of Penic i11i urn and 12 species of Aspergi11 us . 

However, the species of Penicillia occurred sporadically,
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and no species was isolated from all the samples. In 

contrast Aspergillus fumigatus, Aspergi11 us f 1 avus and 

Aspergillus niger were recovered from all 5 sampling 

sites. Over a period of many years, occasional soil 

and house dust samples from countries in the Middle East 

have been examined in the mycology laboratory at St.

Mary's and Aspergi11 us species have been cultured more 

frequently than species of Penici11iurn (Davies, personal 

communication); the most common species being Aspergi11 us 

niger and species of A.flavus-oryzae series. The allergic 

patient in Baghdad may encounter high local concentrations 

of Penici11i urn spores because of its role in biodegradation 

but in the hot climate of the Middle East, Aspergi11 us 

f 1 avus and Aspergi11 us niger are likely to be more 

important as inhalant allergens.

In temperate climates the most important species 

of Aspergi11 us is without question Aspergillus fumigatus.

An extract of this fungus should be included in the

range of skin-prick test reagents in every allergists clinic

in Europe.

The importance of Aspergillus fumigatus as an 

allergen was first described by Storm van Leeuwen (1924). 

Without question, this species of Aspergi11 us is the most 

important in Europe since it is the cause of the Allergic 

Broncho-Pulmonary Aspergillosis syndrome (ABPA) described
frKeok!

by H i nson ,K. F . W .land Plummer ( 1 952 ). In ABPA, an asthmatic
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allergic to Aspergillus fumigatus suffers the complication 

of having asthma with a surfeit of excretion into the 

bronchial tree. A build-up of secretion in the lumen of 

the bronchioles results in a narrowing of the airways, an 

increased air velocity and impaction of inhaled spores 

into the secretion. Colonisation of the secretion can 

lead to the production of sputum plugs containing mycelium, 

and there is exacerbation of the allergic asthma.

A similar condition due to Aspergi11 us f1avus 

has been observed in a patient from Pakistan (Davies, 

personal communication). It is probable that Aspergi11 us 

f 1 avus and Aspergillus niger can cause ABPA in tropical 

areas. In Europe, an aqueous extract of Aspergi11 us 

fumigatus is an essential skin-test reagent for every 

allergy clinic. It is recommended that extracts of 

Aspergi11 us f 1 avus and Aspergillus niger should be used 

in the routine skin-prick testing of asthmatic patients 

in Baghdad and tropical parts of Iraq.
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Curvularia, Epicoccum,Helminthosporium, Stemphy11ium,

Torula, Myxomycetes, Rust and Smut Spores

Results

These spores are morphologically distinct and 

can be assigned to form genera. However, since they 

tended to occur sporodically, and in low concentrations 

in comparison with these recorded in London, the results 

are given as mean monthly concentrations in Tables 8 and 9.

Discussion

In this preliminary survey emphasis has been 

given to the months of the year when these spores attained 

their highest concentrations. Apart from the myxomycetes, 

all these fungi may be associated with cereal crops.

It is of interest that Usti1 ago was at its peak 

in April, 1983, Table 9 and October in 1 982 Table 8. Usti1 ago 

tends to occur in the air in high concentration at the 

same time as grass pollen in Great Britain, and the peak 

month for grass pollen in Baghdad was April, the occurrence 

of the spores in the air in the Autumn may reflect a col

onization of cereal straw. Usti1 ago sensitivity can occur 

in dock workers who unload grain, and in all probability 

'silo' workers exposed to high concentrations. A dia

gnostic problem observed by Davies (personal communication) 

is that a patient who does not give a positive reaction 

with skin prick test to an aqueous extract of Usti 1 ago,

can react when the spores are applied to the skin, a drop
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of saline added and the skin pricked through the puddle. 

Sensitivity to Usti1 ago requires further investigation. 

Sensitivity to rust spores appear to have first been 

described by Cadham (1924 ) from a cereal growing area 

of the Canadian prairie. This sensitivity is not well 

established since in cereal growing areas, the weather 

facilitating high spore concentrations ensures the rust 

spores are present in a mixed suspension with C1 adosp- 

orium and A1ternaria.

The importance of Curvu1aria as a mould allergen 

appears not to have been investigated, probably because it 

is common in tropical countries and of rare occurrence in 

temperate areas.

The spores of Epicoccum, Stemphy11ium, Helmin- 

thospori um and the Myxomycetes require further investigation 

as allergens in temperate countries where they occur in 

greater concentrations than in Baghdad. It seems unlikely 

that these spores will be individually important as air

borne allergens for the population of Baghdad. However, 

they do add to the total amount of antigenic material in 

the atmosphere.

A high local spore concentration consequent 

upon a severe crop infestation or the composting of 

vegetation can be a cause of allergic sensitivity. In 

such cases it is the clinical history which indicates the 

possibility of a mycological investigation being worthwhile.



SECTION III

MOULD FUNGI IN HOUSE DUST
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MOULD FUNGI IN HOUSE DUST

The Burkard trap has the trapping efficiency 

of the second stage of cascade impactor, which retains 

50 % of water droplets of 4/j diameter. Even when fully 

turgid the conidia of most members of the Aspergi11aceae 

are smaller than this. Moreover, the Aspergi11aceae 

contains the important genera Aspergi11 us and Penici11iurn, 

and although the conidia of the family can be identified 

in deposits impacted from the air, visual identification 

does not differentiate between the two genera. Since it 

was not practicable to take volumetric air-samples with 

either a slit sampler or a liquid impinger during the 

period of the survey, a pilot study of mould fungi in 

house dust was undertaken. The aim of this study was 

two-fold, first to provide information on mould fungi 

common in the environment in Baghdad, and secondly to 

gain an introduction to, and some experience of identify

ing common mould fungi in culture.

METHODS

Each month, a sample of house dust was collected 

in Baghdad and sent for examination. Samples of house dust 

were also collected from the houses of 8 allergic patients 

in February and March, 1982. A 10gm sample of dust was 

weighed and then added to 250ml of sterile distilled water, 

plus 0.1ml of Tween 80 in a 500ml conical flask, the flask 

was vigorously shaken and then 1m1 transferred to 9ml of
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sterile water in a screw capped universal container. This 

was thoroughly shaken and similar decimal dilutions pre

pared. 0.1ml samples of the different dilutions were 

transferred to petri dishes of malt extract agar and spread 

with a glass spreader. Malt extract agar was used for all 

primary isolations and when necessary for identification 

purposes, subcultures were made on Czapek's agar. Details 

of the culture media are given in the appendix. From each 

dilution not less than four plates were cultured, with a 

minimum of two plates being incubated at 37°C and 2 at 25°C. 

Cultures incubated at 37°C were examined daily, those incub

ated at 25°C were examined after 5 days and then daily. A 

simple outline drawing of the colonies in each culture plate 

labelled with the names of the colonies was made for record 

purposes, and all colonies which could not be identified in 

primary culture were subcultured. All the Penici11ia were 

grown on Czapek's agar for identification purposes.

Identification was based on the colony character

istics and microscopic details given in the following:-

(1) An Introduction to Industrial Mycology by 

George Smith. London, 1960. Edward Arnold 

(Publishers) Ltd., pp 399.

(2) A Manual of the Aspergilli:, by C.Thom and K.B. 

Raper. Baltimore. The Williams & Wilkins 

Company, 1945, pp 373.

(3) A Manual of the Penicillia by K.B. Raper, C.Thom 

& Dorothy J. Fennel. London Baillere, Tindall & 

Cox, 1949, pp 875.



Table 10 Fungi cultured from house dust samples collected each month from Baghdad

Fungi Jan. Feb. Mar. Apr. May Jun. July Aug. Sept. Oct. Nov. Dec.
Pen i c i11i urn eye 1 op i urn 
West 1i ng
Penicillium expansum Link

4x 103 5 x 10 3 4x 103 7 x 10 3 2 x 10 3
1 x 104 5 x 10 3

1 x 104
4x 104

3x 104

Penicillium viridicatum 
West 1 i ng 6x 103

Aspergillus fumigatus 
Freseri us 5x 10'* 2x 104

Aspergillus niger van Tieghem 
Aspergillus terreus Thom

6x104
5x 103 1x104 2x 105

5x 103
4

1x10
2x 104 
5x 103

25x103 
1 x 10 4

2x 104 3x 104 2x 1 O'3

Alternaria tenuis 
Nees ex Wallroth

6x 104 15 x 10 3

Aureobasidiurn pullulans 
(DeBary and Low)

1x1 04 5x 104

Cladosporium herbarum 
Link ex Fries 3 x 10 3 5x103 4x 103

4
1x10 5 x 10 4 5x103 2x 103 3x 103

41x10

Pestalotia gracilis de Notaris 5x 103 /I
Sterile white mycelium 5x 103 5x 103 1x10

Mucor racemosus Fresenius 5x 1 04 5x 103
5x 103Rhizopus nigricans Ehrenberg 5x 103 5x 104 2x 104 5x 1 O'3

Yeasts 
Pink 
Wh i te

4x104
3x 104

2x 103
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Table 11: Numbers of colonies isolated per g of House Dust 

samples collected by patients in February and March, 1982.

Patient Fungus

1 Asperg i11 us n i ger
Penicillium spp
White yeast

2 Asperg i11 us terreus
Penicillium spp
White yeast 
Pink yeast

3 Aspergi11 us niger
Penicillium viridicatum 
Cladosporium sphaerosperma 
Red yeast

4 Penici11iurn eye 1 opiurn 
Aspergillus niger 
White yeast 
Cladosporium herbarum

5 Aspergi11 us niger
Penicillium spp

6 Aspergi11 us niger
Penici11iurn spp 
Cladosporium herbarum 
White yeast
Pink yeast

7 Penicillium spp
Paecilomyces varioti 
Cladosporium herbarum 
Sterile white mycelia 
Brown yeast

8 Asperg i11 us n i ger
Penicillium spp 
Cladosporium herbarum 
White yeast

Temperature of Incubation
37C 25C

4 X 103 1 X 103

3 X 103
2 X 103

3 X 103 1 X 103
1 .9 X 104 5 X 104

2.9 X 105
1.4 X 104

3 X 103 1 X 103
1 X 103
2 X 103
1 X 103

8 X 103
6 X 102

1 X 103
6 X 103

1 X 103 2 X

COo

1 X

noO

3 X 103
2.7 X 104

4 X 103
1 X 103

1 X 103

2.3 X 105
1 X 104
4 X 1 o4
8 X 1 o4

2 X 104

3 X 102
3 X 103
6 X 103

1 103X
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Results

The results given in Table 10 show that 3

species of Penic i11i um, 3 species of Aspergi11 us,

Alternaria tenuis, Aureobasidium pul 1u 1 ans, C1 ado-

sporium herbarum, Pestaloti a grac i 1 i s , Mucor racemosus,

Rhizopus nigricans, and both pink and white yeasts.

With the technique employed, the lowest concentration 
3 5found was 10 per gram, the highest 10 per gram. The

pink yeasts were examined for the production of

ba11istospores, and as there was no evidence of this,

it may be concluded that they belonged to the genus Rhodo-

toru1 a. No further tests were made, and no attempt at

identification of the white yeast colonies was undertaken.

The fungi isolated from patients dust are shown in Table 11.
Discussion

In a study of mould colonies isolated from 

house dust samples collected in different parts of Britain, 

Davies (1960) reports that out of a total of 1,679 colonies 

only 2 were C1adosporium, moreover, in further investigations 

of samples of house dust from other countries including 

India, Mouritins, Canary Isles and Switzerland, C1 ado

spor i um was rarely isolated. If C1 adosporium was left out 

of consideration, the mould genera most commonly recovered 

from house dust by Davies (1960) viz Penici11ium.

Aureobas i d i um ( Pu 11 u 1 ar i a) , Phoma mycelia sterilia and 

Aspergi11 us, were those which Hyde & Williams ( 1 949) and

Richards( 1 956 ) found to be most frequently deposited



153

from the air outdoors. All the species isolated by 

Davies had been recorded by Richards as present in 

the British atmosphere. It is therefore reasonable 

to conclude that the mould fungi recorded from dust 

samples collected in Baghdad reflect the content of 

the air in that city. However, in this study, C1 ad 

osporium herbarum Link ex Fries was recovered in a 

concentration of 10^ and 10^ per gram from 9 of the 

12 samples examined (Table 10). Lactic acid has been 

successfully employed to examine British dust samples 

for the house dust mite. When lactic acid was added 

to house dust from Baghdad, the violent efferevescence 

that occurred prohibited the use of this technique, and 

showed a mineral content of "limestone" origin. It is 

possible that the alkaline content of the dust facilitated 

the survival of C1adosporiurn spores. The species recovered 

from the Baghdad dust were all recorded in the British study 

with the exception of Aspergillus terreus and Pestalotia 

gracilis. It is noteworthy that Aspergillus fumigatus was 

recovered less frequently than A.niger and A.terreus. The 

month of the year in which the dust samples were obtained 

appears to have no effect on the fungi grown. Although the 

mould content of the house dust is not a substitute for a 

cultural survey on the content of the air of Baghdad, it 

is reasonable to recommend that skin-test extracts of 

Penicillium cyclopium, Cladosporium herbarum, Aspergi11 us 

terreus. A.niger and A. fumigatus should be employed in
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the investigation of fungal allergy in Baghdad. Use 

of extracts of three species of C1 adosporium and A1ternaria 

tenuis has already been recommended for diagnostic use in 

Iraq.

The mould fungi isolated from dust samples 

collected in the homes of patients (Table 11), was combined 

with an attempt to record the presence or absence of the 

house dust mite. No mites were found. This study was 

undertaken prior to examination of the mould flora month 

by month, and the species of Pen i c i11i um were not determined. 

The assemblage of fungi in house dust from the patients homes 

did not appear to differ substantially from that given in 

Table 10. More species developed with incubation at 25°C, 

but at 37°C there was a greater recovery of Aspergillus spp.
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VAN LEEUWEN,  W . S .  ( 1 9 2 4 ) .  B r o n c h i a l  a s t h m a  i n  r e l a t i o n  
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C o l l e c t i o n  o f  p o l l e n  f o r  a l l e r g e n  e x t r a c t i o n

T he  m e t h o d  i s  b a s e d  on t h a t  o f  F r e e ma n  ( 1 9 5 1 ) .  

P i c k  t h e  " g r a s s - h e a d s "  d i r e c t l y  t h e  a n t h e r s  b e g i n  t o  

f o r m .  C u t  t h e  s t e m s  t o  a u n i f o r m  l e n g t h ,  o f  a b o u t  

30cms  and c a r r y  t h e m  i n d o o r s  so t h a t  t h e y  may be p l a c e d  

i n  b u n c h e s  o f  50  i n  a s u i t a b l e  v e s s e l  f i l l e d  w i t h  w a t e r .

T he  v e s s e l s  a r e  t h e n  p l a c e d  on g r e a s e p r o o f  c o v e r e d  t a b l e s  

i n  a s u n n y  r o o m .  The  a n t h e r s  w i l l  c o n t i n u e  t o  d e v e l o p ,  

and  when a n t h e s i s  c omme nc e s  t h e  p o l l e n  w i l l  a p p e a r  on 

t h e  a n t h e r s  c o a t i n g  t h e m  a b r i g h t  y e l l o w .  When t h e  " h e a d s "  

a r e  t h e n  g e n t l y  p a t t e d  t h e  p o l l e n  i s  d i s l o d g e d  and s e t t l e s  

o n t o  t h e  g r e a s e p r o o f  p a p e r ,  w h i c h  f a c i l i t a t e s  i t s  c o l l e c t 

i o n .

F r e e m a n  r e p o r t e d  t h a t  when a t a b l e  was p l a c e d  i n  

f r o n t  o f  a S .  f a c i n g  d o m e s t i c  w i n d o w ,  and t h e n  c o v e r e d  

w i t h  j a r s  c o n t a i n i n g  t h e  " G r a s s - h e a d s " ,  mo r e  was p r o d u c e d  

f r o m  t h e  r ow o f  j a r s  n e x t  t o  t h e  w i n d o w  p a n e  t h a n  f r o m  t h e  

j a r s  on t h e  r e s t  o f  t h e  t a b l e  p u t  t o g e t h e r .  To o b t a i n  

g r a s s  p o l l e n  i n  k i l o g r a m m e  q u a n t i t i e s ,  F r e e m a n  d e s i g n e d  

a s p e c i a l  b u i l d i n g ,  w h i c h  he t e r m e d  a P o l l e n a r i u m .  T h i s  

was n e c e s s a r y  b e c a u s e  i n  S . E n g l a n d  t h e  w e a t h e r  o f  J u n e  and  

J u l y  i s  v a r i a b l e .  I n  w e t  o r  c l o u d y  w e a t h e r  l i t t l e  o r  no 

p o l l e n  d e v e l o p s .  F r e e m a n ' s  p o l l e n a r i u m  was a g l a s s  h o u s e  

f i t t e d  w i t h  o v e r h e a d  e l e c t r i c  h e a t e r s .  S i n c e  t h e  w e a t h e r  

c o n d i t i o n s  i n  B a g h d a d  a r e  c o n s t a n t  when t h e  g r a s s e s  a r e  i n  

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

o v e r h e a t i n g  and  v e n t i  l a t i o n  may be n e c e s s a r y .  The  

a i r  i n  t h e  b u i l d i n g  m u s t  be  r e l a t i v e l y  s t i l l  t o  

f a c i l i t a t e  p o l l e n  c o l l e c t i o n .

F r e e m a n  d e s c r i b e s  a p r o c e s s  be t e r m e d  

" m i l k i n g " .  When a good c r o p  o f  t h e  y e l l o w  p o l l e n  has  

f o r m e d  on t h e  a n t h e r s  o f  t h e  g r a s s - h e a d s ,  a l l  t h e  

w i n d o w s  and d o o r s  a r e  r i g o r o u s l y  c l o s e d ,  and t h e  

b u n c h e s  o f  g r a s s - h e a d s  i n  t h e  j a r s  a r e  g e n t l y  p a t t e d  

w i t h  h a n d .  T he  p o l l e n  t h u s  d e t a c h e d ,  p r o d u c e s  a c l o u d  

w h i c h  h a n g s  s u s p e n d e d  a b o v e  t h e  t a b l e s  i n  t h e  s t i l l  

a i r .  A f t e r  a l l  t h e  b u n c h e s  o f  g r a s s - h e a d s  h a v e  b e e n  

t h u s  " m i l k e d "  t h e  m i l k e r  s t e a l s  q u i e t l y  o u t  and l o c k s  

t h e  d o o r .

A f t e r  t h e  p o l l e n  has  s e t t l e d  o n t o  t h e  g r e a s e 

p r o o f  p a p e r  a f t e r  an h o u r  o r  t w o ,  t h e  j a r s  w i t h  t h e  

g r a s s - h e a d s  a r e  r e m o v e d ,  and  t a k i n g  g r e a t  c a r e  n o t  t o  

s p i l l  a d r o p  o f  w a t e r ,  p l a c e d  on a n e i g h b o u r i n g  e m p t y  

t a b l e  w h i c h  has  a l r e a d y  b e e n  p r e p a r e d  w i t h  g r e a s e p r o o f  

p a p e r .

T he  u n c o v e r e d  s h e e t s  o f  p a p e r ,  w i t h  a l l  t h a t  

has  f a l l e n  on t h e m  f r o m  t h e  m i l k e d  f l o w e r - h e a d s ,  a r e  

m a n i p u l a t e d  i n t o  a p i l e  i n  t h e  c e n t e r  o f  e a c h  s h e e t  

o f  w a x e d  p a p e r  by l i f t i n g  t h e  c o r n e r s  o r  s i d e s  o f  t h e  

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

i t  has  s e t t l e d  i n  a m a s s ,  i t  d o e s  n o t  e a s i l y  be c ome  a 

c l o u d  a g a i n .  T h e r e  seems t o  be some a g g l u t i n a t i o n  o r  

a t t r a c t i o n  b e t w e e n  g r a i n  and g r a i n  so t h a t  i t  p o u r s  

a l m o s t  l i k e  a f l u i d .  F o r  s t o r a g e  p u r p o s e s  t h e  p o l l e n  

m u s t  be b o n e  d r y .  S i n c e  t h e  d e v e l o p i n g  r ooms h a v e  

h u n d r e d s  o f  j a r s  o f  w a t e r  i n  t h e m ,  t h e  a i r  may be  

h u m i d . -
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T h e  p o l l e n  may be d r i e d  i n  a r oom w i t h  no 

v e s s e l s  o f  w a t e r ,  a v e n t i l a t e d  i n c u b a t o r  o r  by s i m p l y  

p l a c i n g  i t  i n  a s u i t a b l e  d e s s i c a t o r .  I f  t h e  p o l l e n  i s  

d a mp ,  i t  w i l l  n o t  p o u r  , and  i f  s t o r e d  damp i t  w i l l  

be u s e l e s s  f o r  a l l e r g e n i c  e x t r a c t i o n .  D r y  p o l l e n  was  

s u c c e s s f u l l y  s t o r e d  f o r  a n u mb e r  o f  y e a r s  a t  S t .  M a r y ' s , -  

by k e e p i n g  i t  i n  l a r g e  s c r e w  c a p p e d  m e t a l  j a r s  c o n t a i n i n g  

a s m a l l  c o n t a i n e r  o f  s i l i c a  g e l .

T he  p r i n c i p l e s  d e v e l o p e d  by L e o n a r d  N o o n ,  h i s  

b o t a n i s t  s i s t e r  D o r o t h y ,  and F r e e m a n ,  t o  c o l l e c t  p o l l e n  

h a v e  b e e n  s u c c e s s f u l l y  u s e d  t o  c o l l e c t  p o l l e n  f r o m  t r e e s  

and  " w e e d s " .  T he  p a r a m o u n t  p r i n c i p l e  i s  t h a t  t h e  f l o w e r s  

a r e  c o l l e c t e d  b e f o r e  t h e  a n t h e r s  s t a r t  t o  s h e d  p o l l e n  and  

t h e  b e s t  t i m e  f o r  c o l l e c t i o n  c an  o n l y  be j u d g e d  f r o m

e x p e r i e n c e .
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P r e p a r a t i o n  o f  A l l e r g e n i c  E x t r a c t s  

( a s  u s e d  by D r .  A . W .  F r a n k l a n d ,  f o r m e r l y  D i r e c t o r  o f  

t h e  A l l e r g y  D e p a r t m e n t ,  S t . M a r y ' s  H o s p i t a l ,  L o n d o n )

M o u l d s

Gr ow i n  S a b o u r a u d ' s  b r o t h  i n  Thompson  b o t t l e s  a t  r oom 

t e m p e r a t u r e  f o r  t h e  a p p r o p r i a t e  t i m e .  P o u r  a way  t h e  

c u l t u r e  f l u i d .  We t  t h e  p e l l i c l e s  w i t h  m e t h y l a t e d  s p i r i t s .  

D r y  m a t s  a t  5 6 ° C .  T e s t  f o r  v i a b i l i t y  and i f  s a f e ,  comm

i n u t e  t h e  ma t s  i n  a c o f f e e  g r i n d e r  and s t o r e  u n d e r  d r y  

c o n d i t i o n s  u n t i l  r e q u i r e d  f o r  e x t r a c t i o n .

Y e a s t  and Y e a s t - l i k e  f u n g i

Gr ow on S a b o u r a u d ' s  a g a r  f o r  an a p p r o p r i a t e  t i m e . 3 ?C 

Wash o f f  g r o w t h  w i t h  s t e r i l e  d i s t i l l e d  w a t e r .

P o u r  t h e  s u s p e n s i o n  i n t o  w e i g h e d  p o t s  and d r y .
i

S t o r e  u n d e r  d r y  c o n d i t i o n s .

P r e p a r a t i o n  o f  D i l u t i n g  and E x t r a c t i n g  F l u i d

P h o s p h a t e  B u f f e r

N a H 2 P 0 4 0 . 37g

N a 2 H P 0 4 1 . 42g

NaC 1 2 . 5  g

P h e n o l 4 . 0  g

^ D i s t i l l e d  w a t e r 1 l i t r e

* F o r  d e s e n s i t i z i n g  s e t s  t h i s  mu s t  be g l a s s  d i s t i l l e d  and  

a u t o c l a v e d  i m m e d i a t e l y  a f t e r  c o l l e c t i o n .  S t o r e  i n  t h e  d a r k .

E x t r a c t i n g  P r o c e d u r e  

G e n e r a  1

P r e p a r e  a 10% w / v  ( = 1 0 0 , 0 0 0  Moon U n i t s )  s o l u t i o n  i n  p h o s p h a t e
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b u f f e r .

L e a v e  a t  4 ° C  f o r  1 w e e k  w i t h  f r e q u e n t  m i x i n g .

B u c h n e r  f i l t e r  ( Wh a t ma n  N o . 4 ) .

S e i t z  f i l t e r  u s i n g  H P / E K S  p o r e  s i z e .

( S m a l l  q u a n t i t i e s  may be c e n t r i f u g e d  t h e n  p a s s e d  

t h r o u g h  a 0 . 2 2 u  M i l l i p o r e  f i l t e r ) .

T e s t  s t e r i l i t y .

G r a s s  p o l l e n  -  ( P o l l a c c i n e )

W e i g h  o u t  5 gms p o l l e n  and add 1 0 0 ml  s t e r i l e  d i s t i l l e d  

w a t e r .

S h a k e  f o r  e x a c t l y  1 m i n u t e .

B u c h n e r  f i l t e r  ( Wh a t ma n  No .  4 ) .

U s i n g  a c l e a n  b o t t l e  and  f u n n e l  s c r a p e  t h e  p o l l e n  f r o m  

t h e  f i l t e r  i n t o  t h e  f u n n e l  and wash i n t o  t h e  b o t t l e w i t h  100ml  

p h o s p h a t e  b u f f e r .  C o m b i n e  e q u a l  v o l u m e s  o f  C o c k s f o o t  and  

T i m o t h y  f o r  s t o c k  s o l u t i o n .

T e s t  f o r  s t e r i l i t y .

O t h e r  p o l l e n

P r e p a r e  and t e s t  as i n  g e n e r a l  p r o c e d u r e .

F o o d s t u f f s

M i l k  -  No e x t r a c t i o n .  S e p a r a t e  and d i s c a r d  c r e a m .

F i l t e r  r e m a i n i n g  m i l k  and t e s t  s t e r i l i t y .

Egg -  Y o l k ,  w h i t e  and  w h o l e  egg  p r e p a r e d .  Add 10ml

v o l u m e  t o  9 0 ml  p h o s p h a t e  b u f f e r  and e x t r a c t .

F r u i t s  & -  E x p r e s s  j u i c e  and S e i t z  f i l t e r .
V e g s .



183

N u t s  & -  C o m m i n u t e .  D e f a t  o v e r  s e v e r a l  d a y s  w i t h

C h e e s e  a c e t o n e  c h a n g e s .  D r y .  E x t r a c t  as f o r

g e n e r a l  p r o c e d u r e .

M e a t  & -  C u t  i n t o  p i e c e s .  O b t a i n  d r y  w e i g h t  by

F i s h  d r y i n g  30  gms a t  5 6 ° C .  U s i n g  some o f  t h e

o r i g i n a l  ( n o t  d r i e d )  m a t e r i a l  e x t r a c t  a t  

10% w / v  as f o r  g e n e r a l  p r o c e d u r e .

Some e x t r a c t s ,  n o t a b l y  m e a t  and f i s h ,  may  

t h r o w  a d e p o s i t  on k e e p i n g .  T h i s  i s  o f  no s i g n i f i c a n c e  

a 1 1 e r g e n i c a 1 l y  and t h e  p o t e n c y  o f  t h e  e x t r a c t  i s  u n 

c h a n g e d  .

A l l  o t h e r  d r y  m a t e r i a l s ,  e . g .  h o u s e  d u s t ,  

a n i m a l  d a n d e r s  a r e  e x t r a c t e d  as i n  t h e  g e n e r a l  p r o c e d u r e .

S k i n  T e s t i n g  E x t r a c t s

A l l  m a t e r i a l ,  e x c e p t  P o l l a c c i n e ,  i s  made up t o  1 0 0 , 0 0 0  

un i t s / m l .

P o l l a c c i n e  i s  made  up w i t h  1 0 0 , 0 0 0 ;  1 0 , 0 0 0 ;  1 , 0 0 0 ;  100  

a nd  10 u n i t s / m l .

A l l  s k i n  t e s t i n g  s o l u t i o n s  h a v e  Twe e n  80  1 i n  1 0 , 0 0 0  

a d d e d  t o  e a c h  b o t t l e .

N a s a l  P r o v o c a t i o n  E x t r a c t s  

D i l u t i o n  made as r e q u e s t e d .

E x t r a c t s  a r e  d i s p a t c h e d  i n  c l e a n  b i j o u  b o t t l e s  w i t h  a 

d r o p p e r  a t t a c h e d .

N a s a l  S e n s i t i z a t i o n  E x t r a c t s  

D i l u t i o n s  made as r e q u e s t e d .
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D i l u e n t  f o r  N a s a l  P r o v o c a t i o n  and S e n s i t i z a t i o n  E x t r a c t s  

50% g l y c e r o l .

40% d i s t i l l e d  w a t e r .

10% 10X c o n e .  E x t r a c t i n g  f l u i d .

S e i t z  f i l t e r  b e f o r e  u s e .

S t e r i l i t y  T e s t i n g  

Med i a

A e r o b  i c
L - c y s t i n e  HC1 1 . Og

N a C 1 2 . 5g

D e x t r o s e  5 . 0 g

Y e a s t  E x t r a c t  5 . 0 g

T r y p t o n e  1 5 . Og

D i s t i l l e d  H^O 1 1 i t r e

Warm t o  d i s s o l v e  

F i l t e r  ( Wh a t ma n  4 0 )  

pH t o  7 . 4  and  

r e f i I t e r .

D i s p e n s e  2 5 ml  i n t o  

5 0 ml  b o t t l e s .

A n a e r o b  i c

1 0 0 0 m l  A e r o b i c  b a s e  +
T h i o g l y c o 1 l i e  a c i d  
0 . 5 m l

+ 1% M e t h y l e n e  b l u e  
0 . 1 m l

pH t o  7 . 4

B o t t l e  i n  20ml  a m o u n t s  i n  1 oz  
b o t t l e s

A u t o c l a v e

M e t h o d

W i t h d r a w  0 . 4 m l  o f  f l u i d  f r o m  t h e  b o t t l e  o f  f l u i d  t o  be

t e s t e d .
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I n j e c t  0 . 2 5 m l  i n t o  t h e  a e r o b i c  me d i u m.

I n j e c t  0 . 1 5 m l  i n t o  t h e  a n a e r o b i c  me d i u m.

I n c u b a t e  a t  3 7 ° C  f o r  1 w e e k .

G e n e r a l

Brown-  g l a s s  b o t t l e s  s h o u l d  be u s e d ,  wa s h e d  t h o r o u g h l y  

i n  d i s t i l l e d  w a t e r ,  and  s t e r i l i s e d  by d r y  h e a t  a t  1 6 0 ° C  

f o r  1 h r .

A l l  b o t t l e s  h a v i n g  c o n t a i n e d  e x t r a c t s  mu s t  be d i s c a r d e d .  

N o .  b o t t l e  mu s t  be  u s e d  t w i c e .  1 0 0 , 0 0 0  u n i t  w i l l  k e e p  

i n d e f i n i t e l y  a t  4 0 ° C .  N e v e r  f r e e z e .

E x t r a c t  D i l u t i o n s i n  5ml  b o t t l e s .
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C h e n o p o d i a c e a e  -  G e n e r a  and s p e c i e s  o f  t h e  a r e a  a r o u n d  

B a g h d a d ,  C e n t r a l  A l l u v i a l  ( C A ) ,  E a s t e r n  A l l u v i a l  

D i s t r i c t  ( E A ) ,  W e s t e r n  D e s e r t  ( WD)  and L o w e r  J a z i r a  

( L J ) .  The  d i s t r i c t  a b b r e v i a t i o n s  a r e  t h o s e  us e d  i n  

( F i g  1 ) .

A g a t h o p h o r a

A n a b a s  i s

A r t h r o c n m r u m

A t r i p l e x

a 1 o p e c u r o i d e s ( D e l . )  Bunge  

WD

s e t i f e r a  M o q .

WD

f r u t i c o s u m  L.

WD

f l a b e l l u m  Bun g e  ( o b i o n e  f l a b e l l u m  B u n g e )  

CA

h o r t e n s i s  L .

CA

I a s i  a n t h a  B o i s s  

CA,  EA,  WD 

l e u c o c l a d a  B o i s s

s u b s p .  t u r c o m a n i c a  ( M o q . )  A e l l e n  

L J ,  WD,  EA 

t a r t a r i c a  L 

WD

B a s s  i a ( K o c h i  a . )

e r i o p h o r a  ( s c h r a d . )  A s c h e r s

CA,  EA,  WD,  LJ

h y s s o p i f o l i a  ( P a l l . )  k u n t z e

CA
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B e t a

B i e n e r t i  a

C h e n o p o d  i um

C o r n u  1 a c a

G i r g e n s o h n  i a

s s p .  m a r i t i m a  ( L . )  T h e l l  

CA,  EA

v a r .  f o l  i o s a  ( E h r e n b g . )  A e l l e n  

CA,  EA

v a r .  g 1 a b r a  ( D e l l . )  A e l l e n  

CA,  EA

e y e  1 o p t e r a  Bunge  

L J ,  WD,  EA

a l b u m  L .

CA,  EA

f i c i f o l i u m  Sm.

CA,  EA 

m u r a l e  L .

CA,  EA,  WD 

v u l v a r i a  L .

EA

a u c h e r i  M o q .

CA,  WD,  LJ

1 e u c a n t h a  C h a r l f  e t  A e l l e n  

CA,  LJ

m o n a c a n t h a  D e l .

WD

o p p o s i t i f 1 o r a  FA1 

WD
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Ha 1 o c h a r i  s

Ha 1 ocnemum

H a l o p e p l i s

H a l o x y I o n

K o c h i  a

N o a e a

P a n d e r i  a

S a 1 i c o r n  i a

s u l p h u r e a  M o q .

CA,  EA,  WD,  LJ

s t r o b i 1 ac e um ( P a l l . )  M.  B i e b .

CA,  EA,  WD,  LJ

p y g ma e a  ( P a l l . )  Bunge  ( S a l i c o r n i a  

p y g ma e a  P a l l . )

WD

a mmo d e n d r o n  ( C . A . M . )  B g e .  

( p e r s i c u m  B u n g e )

LJ

a r t i c u 1 a t u m ( C a v )  Bunge  

s u b s p .  r a mo s  i ss imum E i g  

EA,  WD,  LJ

s a l i c o r n i c u m  ( M o q . )  Bunge  

EA,  WD,  LJ

s c o p a r i a  s c h r a d . 

v a r .  cu 1 t a  f a r w e l l  

EA

m u c r o n a t a  ( F o r s k . )  A s c h .  e t  S c h w.  

WD, LJ

p i l o s a  F . e t  M .

CA

e u r o p a e a  L 

v a r .  h a r b a c e a  L .

WD
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Sa 1 so 1 a a u t r a n  i P o s t

WD

b a r y o s m a  ( Roem e t  S c h u l t e s )  Da n d y  

WD

c a n e s c e n s  ( M o q . )  B o i s s .  ( N o a e a  

c a n e s c e n s  M o q . )

WD,  LJ 

c r a s s a  M . B .

WD,  LJ

e y e  1 o p h y 11 a B a k e r  

WD

1 n c a n e s c u s  C . A . M .

CA,  LJ

i n e r m l s  F o r s k .

WD,  LJ

j o r d a n i c o l a  E i g .

EA,  WD,  LJ

L a n e i f o  11 a B o i s s

WD

1 o n g i f o  1 i a  F o r s k .

WD

p e s t i f e r a  A.  N e l s .

CA,  EA

p s e u d o n i t r a r i a  A e l l e n  

WD

r i g i d a  P a l l .

WD
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S e i d l  i t z i a

S u a e d a

T r a g a n u m

A m a r a n t a c e a e  

A 1 t e r n a n t h e r a  

A m a r a n t h u s

r o s m a r i n u s  ( E h r . )  S o l m s - L a u b a c h .  

( s e i d l i t z i a  r o s m a r i n u s  B u n g e ) .

WD

s u b a p h y 11 a C . A .  Me y .

WD,  LJ

v e r m i c u 1 a t a  L.

s u b s p .  v i l l o s a  ( M o q . )  E i g

CA,  LJ

v o 1 k e n s  i i s c h w .  e t  A s c h e r s .

WD

r o s m a r i n u s  ( E h r e n b . )  Bunge  

( s a l s o l a  r o s m a r i n u s )

( E h r h  . )  E i g  

EA,  WD,  LJ

b a c c a t a  F o r s k .

( s c h a n g i n i a  b a c c a t a  ( F o r s k . )  M o q . )  

CA,  EA,  WD,  LJ 

m e s o p o t a m i c a  E i g .

CA,  EA
v e r m i  c u 1 a t a  F o r s k  
CA,  EA,  WD 

n u d a t u m  D e l .

WD

s e s s  i 1 i s ( L . )  R . B r .  

a 1 bus  L .

b l  i t o i d e s  S . W a t s .
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g r a e c i z a n s  L .  

h y b r i d u s  L .  

r e t r o f l e x u s  L.  

t r i c o l o r  L .  

v i r i d i  s L .

( a n g u s t i f o l  i u s  L a m . )
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CULTURE MEDI A  USED 

M a l t  E x t r a c t  A g a r

D i s t i l l e d  w a t e r 1 , 0 0 0  cc .

M a l t  e x t r a c t 20 g r a ms

D e x t r o s e 20 g r a ms

A g a r 20 g r a ms

C z a p e k ' s  S o l u t i o n A g a r

W a t e r 1 , 0 0 0  cc

N a N o 3 3 . 0  g r a ms

k 2 h p o 4 1 . 0  g r a m

M g S 0 4 . 7 H 2 0 0 . 5  g r am

KC 1 0 . 5  g r am

F e S 0 4 . 7 H 2 0 0 . 0 1  g r a m

S u c r o s e  ( c u b e  o r  o t h e r  good  
c o m m e r c i a l  g r a d e )

3 0 . 0  g r a ms

A g a r 1 5 . 0  g r a ms


