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SPECTROSCOPY LETTERS, 13(12) ,  861-871 (1980) 

MOLECULAR A I R  POLLUTION VONITORING BY PULSED 

COP LASER-BASED LONG-PATH TECHNIQUE 

KEY WORDS: a tmospher ic  p o l l u t i o n  m o n i t o r i n g ,  

d i f f e r e n t i a l  a b s o r p t i o n  technique,  
double-ended 1 i d a r ,  p y r o e l e c t r i c  

d e t e c t o r  

P . V u j k o v i t  C v i j i n  and N.KonjeviC 

I n s t i t u t e  o f  A p p l i e d  Phys ics 

11001 Beograd, P.0.Box 24 
Yugoslav ia  

A b s t r a c t  

Double-ended exper imenta l  arrangement u s i n g  a smal l  t u n a b l e  TEA 
C02 l a s e r  and a r e t r o r e f l e c t o r  was employed f o r  d i f f e r e n t i a l  a b s o r p t i o n  
measurements of  e thy lene ,  f r e o n  12 and ammonia c o n c e n t r a t i o n s  i n  t h e  
atmospheric a i r  i n  t h e  d i s t a n t  sample chamber. Telescope c o l l e c t e d  r e t u r n  
r a d i a t i o n  was d e t e c t e d  w i t h  a p y r o e l e c t r i c  d e t e c t o r .  Good agreement 
between remote l y  and i n - s i t u  measured c o n c e n t r a t i o n s  was ob ta ined .  The 
system s e n s i t i v i t y  t o  i n v e s t i g a t e d  gases was found t o  be o f  t h e  o r d e r  o f  
severa l  ppb -k i l omete rs .  

I NT RO DUCT I ON 

The d i f f e r e n t i a l  a b s o r p t i o n  method i s  cons ide red  as be ing  one o f  

t h e  most powerfu l1  l i d a r  ( o p t i c a l  r a d a r )  techniques f o r  remote measurement 

o f  atmospheric p o l l u t i o n  (see e.g. Ref .  ( 1 ) - ( 3 ) ) .  The method i s  spect rosco-  

p i c  i n  i t s  n a t u r e  and i t  r e l i e s  on t h e  use o f  s e l e c t e d  l a s e r  wavelengths i n  

co inc idence  w i t h  a b s o r p t i o n  f e a t u r e s  o f  gaseous atmospher ic  p o l l u t a n t s .  
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862 CVIJIN AND KONJEVIC 

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

measurements can be d i v i d e d  i n  t h r e e  groups which make use o f  c o o p e r a t i v e  

r e f l e c t o r s ,  s o l i d  s c a t t e r i n g  su r faces  o r  a tmospher ic  a e r o s o l s  t o  p r o v i d e  

a r e t u r n  s i g n a l  (see e.g. Refs .  ( 4 ) - ( 7 ) ) .  

Systems be long ing  t o  t h e  f i r s t  group a r e  double-ended and based 

on the  use o f  c o o p e r a t i v e  r e f l e c t o r s  ( r e t r o r e f l e c t o r s ) .  They a r e  capab le  

o f  measur ing the  average c o n c e n t r a t i o n  o f  a i r  p o l l u t a n t  between t h e  l a s e r  

t r a n s m i t t e r / r e c e i v e r  and a remote l y  l o c a t e d  r e t r o r e f l e c t o r .  These systems 

have t h e  advantage o f  u s i n g  a low-powered l a s e r  and a smal l  r e c e i v i n g  

te lescope ,  o r  a l e s s  s e n s i t i v e  p h o t o d e t e c t o r .  Systems f rom t h e  second 

group use b a c k - s c a t t e r i n g  f rom topograph ic  t a r g e t s  t o  p r o v i d e  t h e  r e t u r n  

s i g n a l  and a l s o  measure t h e  average c o n c e n t r a t i o n  between t h e  t r a n s m i t t e r /  

r e c e i v e r  and an a r b i t r a r y  s o l i d  s c a t t e r i n g  su r face .  L i d a r  systems wh ich  

use b a c k s c a t t e r i n g  f rom n a t u r a l l y  o c c u r i n g  a e r o s o l s  i n  the  atmosphere 

be long  t o  t h e  t h i r d  group. Such systems a r e  t r u l l y  s inq le -ended  and a r e  

capable o f  range r e s o l v e d  measurements. O f  a l l  t h r e e  groups they  r e q u i r e  

t h e  most power fu l1  l a s e r s ,  t he  l a r g e s t  r e c e i v i n g  te lescopes  and t h e  most 

s e n s i t i v e  pho tode tec to rs .  

The aim o f  t h i s  paper  i s  t o  r e p o r t  r e s u l t s  o f  d i f f e r e n t i a l  absor-  

p t i o n  measurements o f  smal l  c o n c e n t r a t i o n s  o f  e thy lene ,  f r e o n  12 and ammonia 

i n  atmospher ic  a i r .  The exper imen ta l  se tup  i s  based on the  use o f  a smal l  

t unab le  pu l sed  C02 l a s e r .  P y r o e l e c t r i c  d e t e c t o r  i s  emnloyed t o  d e t e c t  r e t u r n  

i n f r a r e d  r a d i a t i o n .  

THEORY 

D i f f e r e n t i a l  a b s o r p t i o n  techn ique  uses a t  l e a s t  two wavelengths.  

One i s  c o i n c i d e n t  w i t h  t h e  a b s o r p t i o n  maximum o f  t h e  p o l l u t a n t  gas and 

hence i t  i s  s t r o n g l y  absorbed ( resonan t  wavelength) ,  w h i l e  t h e  o t h e r  i s  

o u t s i d e  t h e  a b s o r p t i o n  maximum (non-resonant  wavelength) .  The non-reso-  

n a n t  wavelength i s  used e s s e n t i a l l y  t o  c a l i b r a t e  t h e  r e f l e c t i v i t y  o f  t h e  
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MOLECULAR A I R  POLLUTION MONITORING 863 

t a r g e t ,  a tmospher ic  p ropaga t ion  l osses ,  and c h a r a c t e r i s t i c s  o f  t h e  r e c e i v e r  

system. It should be po in ted  o u t  t h a t  t h e  e m i t t e d  l a s e r  wavelengths must 

be c l o s e l y  spaced i f  c o n t r i b u t i o n s  o t h e r  than f rom t h e  species o f  i n t e r e s t  

a r e  t o  be e l i m i n a t e d .  The d i f f e r e n c e  between t h e  rece ived  s i g n a l s  a t  reso -  

nant  and non-resonant wavelength i s  a measure o f  t h e  degree o f  a b s o r p t i o n  

by t h e  gaseous p o l l u t a n t  and i t  i s  used t o  determine t h e  c o n c e n t r a t i o n  o f  

t h e  abso rb ing  species present  i n  t h e  atmosphere. 

Systems u s i n g  r e t r o r e f l e c t o r s  o r  topographic  s c a t t e r e r s  can be 

used o n l y  t o  pe r fo rm p a t h - i n t e g r a t e d  d i f f e r e n t i a l  a b s o r p t i o n  measurements. 

S t a r t i n g  f rom t h e  w e l l  known a b s o r p t i o n  law, t h e  f o l l o w i n g  exp ress ion  

c o n t a i n i n g  i n t e g r a t e d  concen t ra t i ons  o f  a l l  t h e  abso rb ing  species a long  t h e  

l a s e r  beam p a t h  can be w r i t t e n  

where I(hR), I(hN) a r e  rece ived  r a d i a t i o n  i n t e n s i t i e s  a t  resonan t  ( h R )  and 

non-resonant ( A N )  wavelength r e s p e c t i v e l y ;  ui( A ~ ) ,  ui( 

i o n  c ross  s e c t i o n s  a t  two wavelengths; Ni(r) i - species number d e n s i t y  a t  

d i s t a n c e  r f rom t h e  measuring dev ice;  I. beam pa th leng th  through t h e  

medium c o n t a i n i n g  abso rb ing  spec ies  i; k number o f  d i f f e r e n t  abso rb ing  

species a l o n g  t h e  p a t h  o f  t h e  l a s e r  beam. I n  eq. ( 1 )  i t  i s  assumed t h a t  

t r a n s m i t t e d  i n t e n s i t i e s  a t  two p rob ing  wavelengths a r e  equal .  

i spec ies  abso rp t -  

I n  a tmospher ic  p o l l u t i o n  measurements we a r e  concerned w i t h  e v a l u a t -  

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

c o n s t i t u e n t s  o f  t he  atmosphere t o  t h e  t o t a l  a b s o r p t i o n  a r e  t r e a t e d  as an 

i n t e r f e r e n c e .  Assuming t h a t  c o n c e n t r a t i o n s  o f  a l l  t he  abso rb ing  species i 

a r e  homogeneously d i s t r i b u t e d  w i t h  average c o n c e n t r a t i o n s  fii t h e  concen t ra t -  

i o n  o f  t h e  s p e c i f i c  p o l l u t a n t  TT car) be e a s i l y  d e r i v e d  f rom eq .  ( 1 )  P 
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864 CVIJIN AND KONJEVIC 

where L i s  t h e  d i s t a n c e  f rom t h e  t r a n s m i t t e r / r e c e i v e r  t o  t h e  r e f l e c t o r .  The 

d i f f e r e n t i a l  a b s o r p t i o n  c o r r e c t i o n  te rm K due t o  i n t e r f e r e n t  abso rb ing  

species p resen t  i n  t h e  atmosphere i s  g i v e n  by t h e  f o l l o w i n g  exp ress ion  

k-1 

i= 1 
K = 2 1 [fli(XR)-oi(hN)! NiL ( 3 )  

One should n o t i c e  t h a t  i n  t h e  sum o f  eq. ( 3 )  terms w i t h  neqa t i ve  s i g n  can 

a l s o  appear, r e f l e c t i n g  t h e  f a c t  t h a t  oi (XN)  can be g r e a t e r  t r a n  ai(hR). 

EXPERIMENTAL APPARATUS AND PROCEDURE 

A b l o c k  d iagram o f  ou r  l ong -pa th  atmospher ic  m o n i t o r i n g  apparatus 

i s  shown i n  F i g .  1 .  A sma l l - sca le  g r a t i n g  tuned TEA C02 l a s e r  was used as 

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

resona to r  c a v i t y  and i t  was used f o r  transverse-mode s e l e c t i o n .  The l a s e r  

beam was t r a n s m i t t e d  c o a x i a l l y  t o  t h e  r e c e i v i n g  te lescope  and d i r e c t e d  t o  a 

sample chamber l o c a t e d  1.2 km f rom t h e  t r a n s m i t t e r / r e c e i v e r  f a c i l i t y .  The 

l e n g t h  o f  t h e  c y l i n d r i c a l l y  shaped sample chamber a l o n g  i t s  o p t i c a l  a x i s  was 

1.15 m and i t s  d iamete r  was 0.85 m. The f r o n t  a p e r t u r e  o f  t h e  chamber was 

c losed  w i t h  0.05 mm t h i c k  p o l y e t h y l e n e  window mounted a t  ang le  od 15' f rom 

t h e  p lane o f  r e t r o r e f l e c t o r  t o  m in im ize  s u r f a c e  r e f l e c t i o n s .  The back w a l l  

o f  t h e  sample chamber was e n t i r e l y  covered w i t h  a l a r g e  number o f  4 mm 

d iameter  cube c o r n e r  r e t r o r e f l e c t o r s .  Fo r  t h i s  purpose back s i d e  o f  

commerc ia l l y  produced p l a s t i c  r e t r o r e f l e c t o r s  (used f o r  t r u c k  back-1 i g h t s )  

was used. I n  o r d e r  t o  achieve h i g h  r e f l e c t i v i t y  a t  C02 l a s e r  wavelengths 

aluminum was vacullm depos i ted  on p l a s t i c .  Ouick change o f  gas m i x t u r e s  i n  

t h e  sample c h m b e r  was a t t a i n e d  w i t h  t h e  a i d  o f  an exhaust  f a n .  T h i s  f a n  

was a l s o  used f o r  m i x i n g  t h e  p o l l u t a n t  gas w i t h  atmospher ic  a i r ,  so t h a t  

homogeneous d i s t r i b u t i o n  i n  t h e  chamber was ob ta ined .  

R a d i a t i o n  r e f l e c t e d  back f rom t h e  r e t r o r e f l e c t o r  was c o l l e c t e d  by 

a Newtonian te lescope  w i t h  20.3 cm (8 inches )  a p e r t u r e .  ZnSe l e n s e  p r o v i d e d  

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
0
4
:
1
8
 
3
0
 
J
a
n
u
a
r
y
 
2
0
1
1



MOLECULAR AIR POLLUTION MONITORING 865 

TEA CO, LASER 

SAMPLE 
CHAMBER 

PYROELECTRIC 
DETECTOR 

OSCIUOSCOPE 
INTEGRATOR 

CHART 

F i g .  1 .  B lock  diagram o f  t h e  l a s e r  d i f f e r e n t i a l  a b s o r p t i o n  
l ong -pa th  p o l l u t i o n  m o n i t o r i n g  apparatus.  

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

p y r o e l e c t r i c  d e t e c t o r  (New England Research Center  LTO-B100/OPF-100) w i t h  

c i r c u l a r  sens ing element o f  1,25 m d iamete r .  

A s  d e p i c t e d  i n  F i g .  1, a f r a c t i o n  o f  t h e  COP l a s e r  beam was d i r e c -  

t e d  towards a j o u l e m e t e r  and a spectrum a n a l y z e r .  The r e c e i v e r  e l e c t r o n i c s  

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

c h a r t  r e c o r d e r  w i t h  a temporary use o f  an osc i l loscooe.Parameters o f  t h e  

whole system a r e  g i v e n  i n  Tab le  I. 

A t  l e a s t  140 r e t u r n  pu lses  a t  each wavelength were averaged u s i n g  

sample i n t e q r a t o r  and d i s p l a y e d  a t  c h a r t  r e c o r d e r .  I t  took  2-3 m inu tes  t o  

complete measurements a t  one wavelength.  The l a s e r  o u t p u t  energy a t  d i f f e -  

r e n t  e m i t t i n g  wavelensths was h e l d  c o n s t a n t .  Spec ia l  ca re  was taken  t o  make 

sure t h a t  t h e  s e q u e n t i a l l y  t r a n s m i t t e d  l a s e r  beams a t  d i f f e r e n t  wavelenqths 

a r e  c o l l i n e a r  and o f  s i m i l a r  c r o s s - s e c t i o n  p a t t e r n s  as c l o s e  a s  p o s s i b l e  t o  

TEMOO mode. 
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066 CVIJIN AND K a N J E V I C  

Table I .  Exper imenta l  parameters 

r 
COP l a s e r  t r a n s m i t t e r :  

energy 100-350 mJ/pul se 

pul  sew id th  100 nS 

pu lse  r e p e t i t i o n  f requency 1.2 Hz 
beam divergence 3 mrad (TENo0) 

20.3 cm 

1 . 1 . 1 0  cm H~'/~w-' py roe l  e c t r i c  d e t e c t o r  D*BB( 1000,10,1) 

t e lescope  d iameter  

( l o w  f requency va lue )  
.- 

r e c e i v e r :  

C a l i b r a t e d  gas s y r i n g e  was used t o  prepare samples o f  p o l l u t e d  a i r .  

Known volume o f  t he  gas was i n j e c t e d  i n  t h e  sample chamber, so t h a t  p o l l u t a n t  

c o n c e n t r a t i o n s  can be d i r e c t l y  c a l c u l a t e d  and compared w i t h  remote measure- 

men t s  . 

EXPERIMENTAL RESULTS 

Long-path p o l l u t i o n  m o n i t o r i n g  apparatus desc r ibed  i n  t h e  p rev ious  

s e c t i o n  was used t o  measure t h e  c o n c e n t r a t i o n  o f  e t h y l e n e  (C2H4), f r e o n  12 

(CC12F2) and ammonia (NH3) i n  a tmospher ic  a i r  o f  t h e  remote l y  l o c a t e d  sample 

chamber. On t h e  b a s i s  o f  known a b s o r p t i o n  c o e f f i c i e n t s  o f  these gases a t  

COP l a s e r  wavelengths(8)  resonan t  and non-resonant COP l a s e r  1 i n e s  were 

chosen (Tab le  11). The r a t i o  o f  non-resonant  t o  resonan t  l i n e  r e c e i v e d  i n -  

t e n s i t i e s  I ( h N ) / I ( a R ) ( e q .  ( 2 ) )  was determined f rom average va lues  d i s p l a y e d  

on t h e  c h a r t  r e c o r d e r .  
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MOLECULAR A I R  POLLUTION MONITORING 

Table 11. COP l a s e r  wavelengths used f o r  p o l l u t a n t  

m o n i t o r i n g  

867 --- I I 
C O 2  l a s e r  l i n e  
(00’1 - 70’0) band c o e f f i c i e n t  P o l l u t a n t  

non-resonant P(22) 

non-resonant P(22) 

ammonia (NH3) resonant  R(8 )  10.334 

non-resonant R (  1 2 )  10.303 

A t  C02 l a s e r  wavelengths most o f  t he  i n t e r f e r e n c e s  come f rom t h e  

a b s o r p t i o n  due t o  water  vapor and carbon d i o x i d e  no rma l l y  p r e s e n t  i n  t h e  

atmosphere. Fo r  o u r  exper imenta l  apparatus a d d i t i o n a l  source o f  i n t e r f e r e n c e  

comes f rom t h e  o f  t h e  sample chamber p o l y e t h y l e n e  window. There fo re  i n t e r f e -  

rence c o r r e c t i o n  term (eq. ( 3 ) )  has t h e  f o l l o w i n g  form 

K = K + KC + Kw, ti ( 4 )  

where KH i s  t h e  c o r r e c t i o n  due t o  wa te r  vapor, KC due t o  carbon d i o x i d e  

and Kw due t o  sample chamber window. Water vapor c o r r e c t i o n  te rm was e s t i -  

mated us ing  a b s o r p t i o n  c o e f f i c i e n t s  measured by Shumate e t  a d 9 ) ,  and b y  

t a k i n g  i n t o  account t h e  r e l a t i v e  h u m i d i t y  (40%-50%) and temperature 

(23OC - 27OC) o f  t h e  a i r  on t h e  days o f  measurements. C o r r e c t i o n  due t o  

atmospheric carbon d i o x i d e  was c a l c u l a t e d  f rom t h e  C02 l i n e  s t r e n g t h s  d a t a  

o f  Young and Chapman(’’) and D e v i r  and Oppenhe im( l I ) .  For t h i s  c a l c u l a t i o n  

the assumed amount o f  carbon d i o x i d e  i n  the  atmospher ic  a i r  was 330 p p ~ n ( ’ ) ’ ( ~ )  

The p o l y e t h y l e n e  window d i f f e r e n t i a l  a b s o r p t i o n  c o r r e c t i o n  te rm was eva lua ted  

f rom t h e  d a t a  o b t a i n e d  w i t h  h i g h  r e s o l u t i o n  i n f r a r e d  spect rophotometer .  Fo r  

a l l  C02 l a s e r  wavelengths used and i n  a l l  exper imenta l  c o n d i t i o n s ,  window 
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c o r r e c t i o n  te rm Kw had a smal l  va lue,  never exceeding 25% o f  t h e  t o t a l  c o r -  

r e c t i o n  term. To ta l  i n t e r f e r e n c e  c o r r e c t i o n  f a c t o r  K (eqs.  ( 3 )  and ( 4 ) )  was 

c a l c u l a t e d  f o r  each t h r e e  p a i r s  of wavelengths (see Table 11). The a b s o l u t e  

va lue  o f  t h e  t o t a l  c o r r e c t i o n  expressed as e q u i v a l e n t  ppb-km c o n c e n t r a t i o n -  

-pa th leng th  p roduc t  f o r  p a r t i c u l a r  p o l l u t a n t  was 13.3 ppb-km f o r  e thy lene ,  

7,7 ppb-km f o r  f r e o n  12 and 57.23  ppb-km f o r  ammonia. High va lue  o b t a i n e d  f o r  

amnonia i s  due t o  r e l a t i v e l y  s t r o n g  wa te r  vapor i n t e r f e r e n c e  on R(8) and 

R(12) l i n e s  o f  00'1-10'0 C02 l a s e r  band. 

Exper imenta l  r e s u l t s  o f  t h e  remote c o n c e n t r a t i o n  measurements o f  

e thy lene,  f r e o n  12 and ammonia-pol lu ted a i r  i n  t h e  sample chamber a r e  shown 

i n  F i g .  2. The c o n c e n t r a t i o n  determined by d i f f e r e n t i a l  a b s o r p t i o n  i s  p l o t t e d  

as a f u n c t i o n  o f  t h e  va lue determined f rom t h e  i n j e c t e d  volume o f  p o l l u t a n t  

gas d i v i d e d  by t h e  sample chamber volume. S o l i d  l i n e  i n  diagrams o f  F i g .  2 

rep resen ts  h y p o t h e t i c a l  p e r f e c t  agreement o f  remote measured c o n c e n t r a t i o n s  

w i th  s y r i n g e  i n j e c t e d  data.  The v e r t i c a l  a x i s  on t h e  r i g h t - h a n d  s i d e  shows 

the  e q u i v a l e n t  c o n c e n t r a t i o n - p a t h l e n g t h  p roduc t  i n  u n i t s  o f  ppb-km. E r r o r  

b a r s  i n  t h e  diagrams r e p r e s e n t  u n c e r t a i n t i e s  o f  measurements induced b y  t h e  

random f l u c t u a t i o n s  o f  t h e  r e t u r n  s i g n a l ,  which was n o t  t h e  same f o r  a l l  

measured p o i n t s ,  s i n c e  t h e  random f l u c t u a t i o n s  v a r i e d  somewhat f rom one 

p o i n t  t o  ano the r .  Sources o f  these f l u c t u a t i o n s  were: l a s e r  p u l s e - t o - p u l s e  

i n s t a b i l i t y ,  occas ional  l a s e r  a r c i n g ,  a tmospher ic  t u r b u l e n c e  and v a r i a t i o n s  

i n  aerosol  s c a t t e r i n g .  Laser  pu l se - to -pu lse  i n s t a b i l i t y  was n o t  found t o  

be c r u c i a l  f o r  t h e  measurements when 140 pu lses  were i n t e g r a t e d .  F o r  most 

o f  t h e  measurements i n  F i g .  2 t r a n s m i t t e d  l a s e r  energy was 170 mJ i n  100 ns 

pulses,  a l t hough  125 mJ was found t o  be s u f f i c i e n t .  

I n  l ong -pa th  c o n c e n t r a t i o n  measurements t h e  system s e n s i t i v i t y  i s  

u s u a l l y  d e f i n e d  as t h e  e q u i v a l e n t  c o n c e n t r a t i o n  - p a t h l e n g t h  p roduc t  f o r  

which the  measured average u n c e r t a i n t y  equa ls  c o n c e n t r a t i o n .  When t h i s  

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

gases a r e  found t o  be 2.6 ppb-km f o r  e thy lene ,  2.4 ppb-km f o r  f r e o n  12 and 

3.1 ppb-km f o r  ammonia. 
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CONCLUSIONS 

CVIJIN AND KONJEVIC 

The inves t iga t ion  reported here explores the  appl icab i l  i t y  of a 

simple small-scale apparatus f o r  remote a i r  po l lu t ion  monitoring. The 

functioning of the apparatus i s  based on the double-ended long-path d i f f e -  

r en t i a l  absorption scheme. A pyroe lec t r ic  de tec tor  was used f o r  the de t ec t -  

ion of telescope-collected r ad ia t ion .  With t h i s  experimental setup concentra- 

t ions  a t  the level of several ppb-kilometers of ethylene,  freon 1 2  a n d  ammo- 

nia can be measured with minimal pulse energies of 125 mJ. General agreement 

between d i f fe ren t ia l -absorp t ion  measured a n d  syringe in jec ted  concentrations 

i s  ind ica t ive  o f  low systematic e r r o r .  

Here we should amphasize the  advantage of long-path pollut.ion 

monitoring system which uses pyroe lec t r ic  de tec tor  f o r  de tec t ion  o f  re turn  

infrared rad ia t ion .  These de tec tors  possess some distinguished f ea tu res  among 

in f ra red  de tec tors  e.g. ruggedness and r e l i a b i l i t y ,  ambient temperature 

operation and low cos t ,  although t h e i r  s e n s i t i v i t y  i s  considerably lower 

than t h a t  of some o the r  types.  The use o f  pyroe lec t r ic  de tec tor  and r e l a t i -  

ve s impl ic i ty  of t he  whole apparatus,  enables the construction of a rugged, 

compact, moderate-priced a i r  po l lu t ion  monitor. The double-ended arrangement 

r e s t r i c t s  the use of the  apparatus t o  s t a t iona ry  pollution measurements only,  

b u t  with several r e t ro re f l ec to r s  a r a the r  la rge  area could be e a s i l y  covered 

with a s ing le  t ransmi t te r /  receiver un i t .  This arrangements seems to  be 

appropriate f o r  urban and indus t r ia l  pollution measurements. Due to i t s  

operation around 10 m, the described system i s  favorable from the point of 

view of eye and sk in-safe ty .  According to  ANSI(I2) and Br i t i sh  standards 

(BS 4 8 0 4 ) ( l 3 )  the maximum permissible exposure level f o r  the  l a s e r  source 

used in the experiment described here i s  10 mJ cm-’. If  our apparatus i s  

operated w i t h  125 mJ of transmitted energy ( s u f f i c i e n t  f o r  1.2 km d i s tance  

to the r e t ro re f l ec to r  as reported here)  i t  becomes sa fe  a t  a l l  d i s tances  

g rea t e r  than 7 m from the t r ansmi t t e r .  I f  the  r e t r o r e f l e c t o r  i s  located a t  

somewhat sho r t e r  d i s tances ,  o r  i f  l a rge r  receiving telescope i s  used,the 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
0
4
:
1
8
 
3
0
 
J
a
n
u
a
r
y
 
2
0
1
1



MOLECULAR AIR POLLUTION MONITORING 871 

m o n i t o r i n g  apparatus c o u l d  be e a s i l y  made eye-and sk in -sa fe  even immediate ly  

i n  f r o n t  o f  t h e  t r a n s m i t t e r .  
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