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A COMPARISON OF VARIOUS MODELS FOR FITTING DATA TO THE RESULTS 
OF ENVIRONMENTAL MONITORING OF GASEOUS CONTAMINATION 

D . B e l l ,  J .P .F re twe l1 ,  C.Sinpson, P i n d e r f i e l d s  H o s p i t a l ,  M a k e f i e l d .  WFl  4 D G  

Two methods used f o r  e n v i r o n m e n t a l  c o n t a m i n a t i o n  m o n i t o r i n g  a r e :  1 ) P e r s o n n e l  
m o n i t o r i n g  (Hou ldswor th  e t  a1 1 9 8 2 )  and 2 ) S t a t i c  a i r  s a m p l i n g  ( H e a l t h  I S a f e t y  
E x e c u t i v e  1 9 8 4 ) .  Gaseous I n f r a - R e d  Sp lCt rDphDtDmet ry  i s  t h e  n o s t  v e r s a t i l e  
method f o r  t h e  l a t t e r ,  b u t  a ma jo r  p rob lem i s  t h a t  ove r  l a r g e  ranges  o f  
con taminan t  c o n c e n t r a t i o n  t h e  c a l i b r a t i o n  c u r v e s  a r e  n o t  l i n e a r .  One s o l u t i o n  
i s  t h e  use o f  a s i n g l e  p o i n t  c a l i b r a t i o n  method. I f  t h e  p o i n t  used i s  t h e  
maximum C o n c e n t r a t i o n  measured t h e n  t h e  c a l c u l a t e d  l e v e l s  w i l l  a lways  be h i g h e r  
t h a n  t h e  a c t u a l  l e v e l s .  I f  t h e  c a l c u l a t e d  l e v e l  i s  less t h a n  t h e  T h r e s h o l d  
L i m i t  Va lue  (TLV) t h e n  t h e  a c t u a l  l e v e l  w i l l  be  l e s s  t h a n  t h e  TLV. T h i s  l e a d s  
t o  c o n s i d e r a b l e  o v e r - e s t i m a t i o n  o f  a c t u a l  l e v e l s .  
T h i s  s t u d y  has  f i t t e d  C a l i b r a t i o n  c u r v e s  f o r  n i t r o u s  o x i d e ,  e t h y l e n e  o x i d e ,  
p e r c h l o r o e t h y l e n e  ( P e r k l o n e ) ,  1,1,2-trichloro-1,2,2-triflUoroethane ( A r k l o n e )  
and fo rma ldehyde  t o  v a r i o u s  mode ls  u s i n g  l e a s t  squares  r e g r e s s i o n  a n a l y s i s  and 
a p p l i e d  t h e n  t o  t h e  m o n i t o r i n g  o f  n i t r o u s  o x i d e  i n  d e n t a l  c l i n i c s ,  f o rma ldehyde  
and e t h y l e n e  o x i d e  f r o m  s t e r i l i s e r s ,  A r k l o n e  f r o m  u l t r a s o n i c  s u r g i c a l  equipment 
c l e a n i n g  p l a n t  and P e r k l o n e  f r o m  d r y  c l e a n i n g  equ ipment .  
E x p e r i m e n t a l  d a t a  were o b t a i n e d  u s i n g  a HIRAN I R  Gas Ana lyse r  Hodel  104 
(Foxboro  A n a l y t i c a l ) ,  wh ich  was c a l i b r a t e d  u s i n g  a c l o s e d  l o o p  system. 
Regress ion  programmes were r u n  on a BBC "B" mic rocompu te r  f i t t e d  w i t h  a To rch  
280 second p r o c e s s o r .  D a n i e l  and Wood ( 1 9 8 0 )  s t a t e d  t h a t  when f i t t i n g  e q u a t i o n s  
t o  d a t a ,  a l l  r e l e v a n t  d a t a  must be  used i n  e s t i m a t i n g  each c o n s t a n t ,  t h e r e  must 
be r e a s o n a b l e  economy i n  t h e  number o f  c o n s t a n t s  and t h e  methods used must 
e s t i m a t e  t h e  e r r o r  i n  Y. 
Us ing  l i n e a r  r e g r e s s i o n  a n a l y s i s  a p l o t  o f  r e s i d u a l s  a g a i n s t  X shows a V-shape 
i n d i c a t i n g  a poo r  f i t .  V a r i o u s  l i n e a r  t r a n s f o r m a t i o n s  have been compared w i t h  
n o n - l i n e a r  models,  u s i n g  t h e  method of  Boxenbaum e t  a1 ( 1 9 7 4 )  f o r  'goodness o f  
f i t '  and economy o f  c o n s t a n t s .  T y p i c a l  r e s u l t s  f o r  P e r k l o n e  a r e  p r e s e n t e d  i n  
t h e  t a b l u  below. 

node1 C o r r e l a t i o n  c o e f f .  Model C o r r e l a t i o n  c o e f f i c i e n t  
y=ax+b 0 . 9 6 8 4  y=ax+bx2+c 0 . 9 9 9 2  
y=abX 0.8634 y=ax+bx2 +cxJ+d 0.9999 
y=axb 0 . 9 9 0 8  y=ax+bx2 + c x 3  +dx4+e 0 . 9 9 9 9  

U s i n g  t h e  method o f  Boxenbaum e t  a1 ( 1 9 7 4 )  i t  was shown t h a t  t h e  c u b i c  model 
gave t h e  most s i g n i f i c a n t  f i t ,  u s i n g  t h e  minimum o f  c o n s t a n t s .  S i m i l a r  r e s u l t s  
were o b t a i n e d  f o r  t h e  o t h e r  gases s t u d i e d .  
The above models have been compared w i t h  t h e  one p o i n t  C a l i b r a t i o n  method f o r  
systems i n  wh ich  t h e  l e v e l s  o f  con taminan t  v a r y  g r e a t l y .  U s i n g  t h e  r e g r e s s i o n  
a n a l y s i s  model f o r  l e v e l s  o f  N i t r o u s  Ox ide  r a n g i n g  f r o m  lppm t o  9000ppm, a 
more a c c u r a t e  e s t i m a t e  of  t h e  c o n c e n t r a t i o n  was o b t a i n e d  ove r  t h e  f u l l  r a n g e  
and an i n d i c a t i o n  o f  t h e  e r r o r s  was o b t a i n e d .  Below lOOppm t h e  one p o i n t  
C a l i b r a t i o n  method r e s u l t e d  i n  e r r o r s  o f  up t o  50% i n  t h e  c a l c u l a t e d  
concen t r a t  i ons. 
The method p r e s e n t e d  i s  s i m p l e ,  more a c c u r a t e  t h a n  t h e  one p o i n t  c a l i b r a t i o n  
method and g i v e s  an e s t i m a t e  o f  t h e  e r r o r  i n  t h e  measurement. 
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