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INTRODUCTION 

Environmental  p o l l u t i o n  nowadays is cons idered t o  b r i n g  about 

e c o l o g i c a l  changes o f  s i g n i f i c a n t l y  l a r g e  sca les .  E a r l i e r ,  l o c a l  problems 

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

e n t e r p r i s e s  were i n  t h e  focus  o f  i n v e s t i g a t i o n s .  Now t h e  s i t u a t i o n  has 

s i g n i f i c a n t l y  changed: env i ronmen ta l i s t s ,  a long  w i t h  wide p u b l i c  and 

governmental agencies d i scuss  r e g i o n a l  s c a l e  problems such as t h e  e f f e c t  o f  

long-range p o l l u t i o n  t r a n s p o r t  on f resh -wa te r  ecosystems i n  Scandinavia,  o r  

t h e  s t a t e  o f  f o r e s t s  i n  t h e  European Region. 

Some o f  t h e  a r i s e n  ques t i ons  have a l ready  been analysed and t h e  

answers a r e  f a i r l y  c l e a r ,  e.g. t h e  nega t i ve  r o l e  o f  a c i d  r a i n s  i n  

deg rada t ion  o f  f resh-water  bodies i n  Scandinavia. I n  o t h e r  cases, e.g. 

d i a g n o s t i c s  o f  t h e  causes o f  f o r e s t s  weakening i n  Cent ra l  and Western 

Europe i s  n o t  i n  a p o s i t i o n  t o  i n d i c a t e  t h e  major  f a c t o r .  Modern a p p l i e d  

eco logy  does n o t  possess adequate methods as y e t ,  i t  can p rov ide  o n l y  some 

conc lus ions  o f  general  q u a l i t a t i v e  n a t u r e  [ll]. 

However, t h e  i n t e n s i t y  and s c a l e  o f  t h e  observed phenomenon, s t a t e d  a t  

t h e  meet ing  o f  t h e  r e p r e s e n t a t i v e s  o f  30 c o u n t r i e s  i n  Munich i n  j une  1984 

and t h e  T h i r d  Session o f  t h e  Execut ive  Body f o r  t h e  Convention on Long- 

range Transboundary A i r  P o l l u t i o n  i n  J u l y  1985, s t i p u l a t e  t h e  need t o  

f o r m u l a t e  and s t a r t  imp lementa t ion  o f  r e q u i s i t e  e c o l o g i c a l  research, t o  

under take  p r a c t i c a l  measures i n  t h i s  sphere. 

I n  t h e  neares t  f u t u r e  i t  i s  necessary t o  develop a r e l i a b l e  techn ique  

t o  assess t h e  e f f e c t  o f  an aggregate o f  an thropogen ic  g loba l  and r e g i o n a l  

f a c t o r s ,  environment a c i d i f i c a t i o n  inc luded,  on t h e  s t a t e  o f  c o n t i n e n t a l  

ecosystems. It is necessary t o  separa te  t h e  e f f e c t  o f  each f a c t o r  f rom t h e  
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i n t e g r a l  e f f e c t ,  t o  r e l i a b l y  d i s t i n g u i s h  man-induced changes aga ins t  t h e  

background o f  n a t u r a l  v a r i a t i o n s  i n  t h e  s t a t e  ecosystems. Having so l ved  

these problems, one m igh t  make s u b s t a n t i a t e d  recommendations i n  t h e  sphere 

of  m o n i t o r i n g  t h e  e f f e c t s ,  p o l l u t i o n  s t a n d a r d i z a t i o n ,  and r a t i o n a l  

l i m i t a t i o n  o f  p o l l u t a n t  d ischarge.  

These are,  i n  o u r  op in ion ,  o u t l i n e s  o f  p e r s p e c t i v e  d i r e c t i o n s  o f  

research  i n  t h e  sphere o f  a p p l i e d  eco logy  today. Below, we a r e  t r y i n g  t o  

desc r ibe  more s p e c i f i c a l l y  t h e  essence o f  t hese  d i r e c t i o n s  and t h e i r  ma jo r  

goals,  p robab le  methodo log ica l  approaches, outcomes t o  c e r t a i n  p r a c t i c a l  

ques t i ons  o f  e c o l o g i c a l  s tandard i za t i on .  

OXIDES OF SULPHUR AND NITROGEN 

Hundreds and thousands o f  p o l l u t a n t s  a r e  e m i t t e d  i n t o  t h e  environment 

due t o  an thropogen ic  a c t i v i t i e s .  However, o n l y  few o f  them a r e  capab le  o f  

c o n t i n u o u s l y  a f f e c t i n g  ecosystems on a cons ide rab le  s p a t i a l  s c a l e  of t h e  

o rde r  o f  1,000 km, depending on t h e  emiss ion  amounts, pe rs i s tence ,  

t o x i c i t y ,  a b i l i t y  t o  propogate,  and so f o r t h .  Oxides o f  su lphu r  and 

n i t r o g e n ,  be ing  c o n s t i t u e n t s  o f  atmospher ic p o l l u t i o n ,  a r e  t h e  p r imary  

p r i o r i t y  p o l l u t a n t s  t o  be s t u d i e d  w i t h  respec t  t o  t h e i r  e f f e c t  on 

vegeta t ion .  It shou ld  be s t r e s s e d  t h a t  these p o l l u t a n t s  a r e  t h e  ma jo r  

p r imary  f a c t o r s ,  s i n c e  spread ing  and c i r c u l a t i n g  i n  n a t u r a l  geophys ica l  

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

secondary ( d e r i v a t i v e )  adverse f a c t o r s ,  which a r e  d iscussed below. 

The d i r e c t  impact o f  su lphu r  and n i t r o g e n  ox ides  i s  due t o  t h e i r  

i n t o  green a s s i m i l a t i v e  organs o f  p l a n t s .  Sulphur d i o x i d e  i s  a 

a tmospher ic  

Changes induced by SO c o n c e n t r a t i o n  < 30 yg/m a r e  beyond 

ins t rumen ta l  d e t e c t i o n ,  though t h e y  a r e  l i a b l e  t o  be assessed w i t h  t h e  h e l p  

o f  mathematical  models. SO concen t ra t i ons  f rom 30 yg/m reduce t h e  con ten t  

and r a t e  o f  g a l a c t o l i p i d e  syn thes i s  i n  p h o t o t s y n t h e s i s i n g  c e l l s ;  250-280 

yg/m b r i n g  about u l t r a s t r u c t u r a l  changes i n  c h l o r o p l a s t s  r e g i s t e r e d  by 

e l  e c t r o n  microscopy ; 500-1000 y g/m reduce oxygen emanati on and c h l  o rophy l  1 

conten t ,  i n a c t i v a t e  ch lo rophy l l ase ,  desorganize t i l a c o i d s  and membrane 

p e n e t r a t i o n  

s t r o n g  a s s i m i l a t i o n  poison. An approximate l i s t  o f  va r ious  SO 

concen t ra t i on  e f f e c t s  on h i g h e r  p l a n t s  i s  g i ven  i n  [13]. 
2 
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3 
systems; 1000-1400 Ug/m cause cont inuous  degrada t ion  o f  o rgane l l es ,  a f f e c t  

p r o t e i n  and l i p i d e  syn thes i s ,  c o n s i d e r a b l y  reduce GO a s s i m i l a t i o n .  F u r t h e r  

i n c r e a s e  i n  SO c o n c e n t r a t i o n  causes acu te  damage t o  p l a n t s :  c h l o r o s i s ,  

nec ros i s ,  death. 

2 

2 

These changes a r e  accompanied by changes i n  morphology: a f f e c t e d  p l a n t  

p ropor t i ons ,  a f fec ted  processes o f  p roduc t ion .  The l a t t e r  d i r e c t l y  e f f e c t  

such e c o l o g i c a l l y  and economica l l y  impor tan t  c h a r a c t e r i s t i c s  o f  t h e  s t a t e  

o f  v e g e t a t i o n  as woodstand growth and agrocenoses y i e l d s .  The most 

s e n s i t i v e  t r e e  spec ies  a r e  p i n e  and spruce. 

E v i d e n t l y ,  t h e  most SO s e n s i t i v e  p l a n t s  a r e  e p i p h y t i c  l i chens .  

Concent ra t ions  up t o  100 yg/m do n o t  cause death  o f  h i g h c r p l a n t  species 

b u t  k i l l  many e p i p h y t i c  l i chens .  The most s e n s i t i v e  groups o f  e p i p h y t i c  

l i c h e n s  a r e  genera Usnea, Labar ia ,  S t i c t a  Ramalina, Cladonia;  t h e  e f f e c t  

o f  as l ow  a c o n c e n t r a t i o n  as 30 yg/m reduces i n t e n s i t y  o f  t h e i r  

pho tosyn thes i s  [6]. The rev iew  o f  t h e  e f f e c t  o f  su lphu r  d i o x i d e  and of  a 

number o f  o t h e r  p o l l u t a n t s  i n  l i c h e n s  can be found i n  [3,4]. 

It shou ld  be no ted  t h a t  t h e  amount o f  r e l i a b l e  exper imenta l  da ta  on 

t h e  e f f e c t s  o f  SO concen t ra t i ons  w i th in  t h e  range o f  0-100 Ug/m i s  r a t h e r  

i n s u f f i c i e n t .  The d a t a  o f  f i e l d  obse rva t i ons  show cons ide rab le  n o i s e  due t o  

t h e  e f f e c t  o f  o t h e r  f a c t o r s  and of n a t u r a l  t ime-space v a r i a b i l i t y  o f  

b i o l o g i c a l  ob jec ts .  Though, i t  i s  t h i s  range o f  concen t ra t i ons  t h a t  i s  

c h a r a c t e r i s t i c  o f  t h e  European r e g i o n  as a whole. W i t h i n  Western Europe 

areas w i t h  c h a r a c t e r i s t i c  average concen t ra t i ons  10 yg/m , 10-25 yg/m and 

25 yg/m make up 69%, 30% and 1%, r e s p e c t i v e l y ,  as es t ima ted  i n  [2]. The 

s i t u a t i o n  may have changed now, though i n s i g n i f i c a n t l y .  

2 3  

3 

3 

2 

3 3 

3 

The e f f e c t s  o f  n i t r o g e n  ox ides  on p l a n t s  i s  supposed t o  man i fes t  i n  a 

s i m i l a r  way, though r e l e v a n t  s t u d i e s  a r e  l a c k i n g  . The development of  such 

s t u d i e s  i s  u rgent .  Another reason t o  comprehensively s tudy  n i t r o g e n  ox ide  

emiss ions  and d i s t r i b u t i o n  i s  s t i p u l a t e d  by t h e i r  i n d i r e c t s  e f f e c t s  on 

p l a n t s ,  t h e  t r u e  sca les  o f  which a r e  y e t  h a r d l y  assessed. What we imp ly ,  i s  

t h e  occurence o f  an thropogen ic  ozone. F a i r l y  complete i n f o r m a t i o n  on t h i s  

problem, d iscussed b r i e f l y  below, i s  g i ven  i n  [71. 

Ozone i s  known t o  fo rm i n  t h e  atmoshere i n  t h e  course  o f  photochemical  

and thermal  r e a c t i o n s :  

NO + h y  --> NO + 0: 
2 
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0: + 0 + M' --> 0 + M' 
2 3 

M' i s  a mo lecu le  absorb ing  t h e  r e a c t i o n  energy. The k i n e t i c s  o f  t hese  

r e a c t i o n s  i s  complex and depends on l i g h t  spectrum compos i t ion ,  r a d i a t i o n  

degree, presence o f  meta ls ,  hydrocarbons, and p a r t i c u l a t e s  i n  t h e  

atmosphere. 

Thus, man-made emiss ion  of  n i t r o g e n  ox ides  induces fo rma t ion  o f  

an thropogen ic  ozone. The a tmospher ic  con ten t  o f  0 over  background 

c o n t i n e n t a l  areas i s  thought  t o  be  0.01-0.02 ppm; r e g i o n a l  background f o r  

Western Europe - 0.02-0.04 ppm; c h a r a c t e r i s t i c  impact  l e v e l s  ( c i t i e s  and 

t h e i r  sur round ings)  - 0.1 ppm. 

Ozone imposes h i g h  p h y t o t o x i c  ef fects.  Ozone i s  b e l i e v e d  t o  b r i n g  

about 90% o f  t h e  t o t a l  c r o p  l o s s  i n  t h e  USA o u t  o f  t h e  impact  o f  t h e  whole 

o f  a l l  a tmospher ic  p o l l u t a n t s .  I n d e n t i f i c a t i o n  o f  t h e  p r e c i s e  mechanism o f  

ozone p h y t o t o x i c  c f f e c t s  i s  s t i l l  ambiguous. I n  p a r t i c u l a r ,  ozone and i t s  

r a d i c a l s ,  formed as a r e s u l t  o f  i t s  p e n e t r a t i o n  i n t o  green a s s i m i l a t i v e  

organs o f  p l a n t s ,  a f f e c t  po l yunsa tu ra ted  f a t t y  a c i d s  and t h i o l i c  groups. 

Ozone a l s o  a f f e c t s  photosynthes is  processes i n  c h l o r o p l a s t s  when, as 

supposed, p e n e t r a t i n g  i n t o  c h l o r o p l a s t s  and/or i n d u c i n g  r a d i c a l  f o rma t ion  

i n  them. 

T r i a l  da ta  (see Table 1) show s i g n i f i c a n t  damage f rom r e g i o n a l  l e v e l s  

3 

o f  ozone, c h a r a c t e r i s t i c  o f  Western Europe. 
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Table 1 

0 E f f e c t s  on p l a n t  p r o d u c t i v i t y  ( f rom [7], adapted) 
3 

~~~~ ~ ~~ ~ ~~~ 

Species 0 concen- Dose E f f e c t  , Measured 
3 

t r a t i o n  c o n t r o l  parameter 

percentage 

T r i f o l i u m  0.03 8 h r  x 6 weeks 92.3 f r e s h  p l a n t  mass 

i ncarnatum 

Zea mays 

Go1 den Midget 

v a r i e t y  0.05 

Rhaphanus 

s a t i v u s  

Cherry B e l l  

v a r i e t y  0.05 

G lyc ine  max 

Dare v a r i e t y  0.05 

P i  nus taeda 

Wi ld  f o x t a i l  

p i n e  0.05 

6 h r  x 74 days 93.8 number o f  g r a i n s  

8 h r  x 5 t imes 68.9 f r e s h  p l a n t  mass 

a week x 5 weeks 

6 h r  x 43 days 75.4 t h e  same 

6 h r  x 28 days 86 t h e  same 

Frax inus 

pencyl vani  ca 

Black ash 0.05 t h e  same 86 t h e  same 
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The e f f e c t  o f  over  0.1 ppm may be as g rea t  as 50% o f  t h e  c o n t r o l  

biomass decrease, t h i s  demonstrates h i g h  t o x i c i t y  o f  ozone. It shou ld  be 

no ted  t h a t  common d i a g n o s t i c s  [8] of p l a n t  damage w i th  0 by v i s u a l  

(morpho log ica l  ) f ea tu res  beg ins  t o  show s i g n i f i c a n t  r e s u l t s  when 

concen t ra t i ons  a r e  c l o s e  t o  0.1 ppm. 

3 

We be1 i e v e  t h a t  a v a i l a b l e  wor ld  e c o t o x i c o l o g i c a l  "dose-e f fec t ' '  

i n f o r m a t i o n  w i t h  rega rd  t o  ozone e f f e c t  on t e r r e s t r i a l  p l a n t s  would enab le  

one, a f t e r  p roper  p rocess ing ,  t o  assess w i t h  t h e  h e l p  o f  mathematical  

models a p r e d i c t i o n  o f  t h e  e f f e c t  o f  ozone on v e g e t a t i o n  i n  Europe. It 

would r e q u i r e  geophys ica l  assessment o f  t h e  f i e l d  o f  an thropogen ic  ozone 

over Europe, and a p r e d i c t i o n  o f  i t s  changes as a f u n c t i o n  o f  an thropogen ic  

f a c t o r s ,  i n  p a r t i c u l a r ,  n i t r o g e n  ox ide  emissions. 

The presence o f  a number o f  c o n s t i t u e n t s  i n  t h e  a tmosper ic  s u b - c l o ~ ~ d  

l a y e r ,  su lphu r  and n i t r o g e n  ox ides  and su lphates  inc luded,  r e s u l t s  i n  a 

c e r t a i n  n a t u r a l  a c i d i t y  o f  p r e c i p i t a t i o n  (pH 5.6). The growth o f  t h e  

c o n c e n t r a t i o n  o f  t hese  c o n s t i t u e n t s  due t o  human a c t i v i t i e s ,  i n d u s t r i a l  and 

t r a n s p o r t  emissions, inc reases  p r e c i p i t a t i o n  a c i d i f i c a t i o n ,  i n  some cases 

up t o  pH 4.5. Thus formed a c i d  r a i n s  p resent  a ve ry  s i g n i f i c a n t  f a c t o r  o f  

man-induced e f f e c t  on t e r r e s t r i a l  ecosystems [6]. 

On a l o c a l  s c a l e  near c i t i e s  and i n d u s t r i a l  e n t e r p r i s e s  a c i d  r a i n s  can 

show up d i r e c t  e f f e c t s ,  i n  p a r t i c u l a r ,  acu te  p l a n t  damage, w h i l e  on a 

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

vege ta t i on  [14]. 

An exper iment w i t h i n  Norway, P r o j e c t  SNSF, was performed t o  d e t e c t  t h e  

e f f e c t  o f  a c i d i f i c a t i o n  on t h e  growth o f  con i fe rous  t r e e s  ( p i n e  and spruce)  

under non-impact c o n d i t i o n s  us ing  f i e l d  methods. S t a t i s t i c  a n a l y s i s  o f  t h e  

annual r i n g s  o f  Norway spruce and Scotch p i n e  a t  6150 t r i a l  s i t e s  d i d  n o t  

revea l  any a s s o c i a t i o n  w i t h  s o i l  a c i d i f i c a t i o n .  The model es t ima ted  

decrease i n  g rowth  made up 0.5%, w h i l e  t h e  exper iment r e s o l u t i o n  s t i p u l a t e d  

by t h e  d i s g u i s e  e f f e c t  o f  o t h e r  f a c t o r s ,  an thropogen ic  f a c t o r s  i nc luded ,  

happened t o  be over  1% [12]. It shou ld  a l s o  be no ted  t h a t  a c i d  

p r e c i p i t a t i o n  can s t i m u l a t e  growth on a l k a l i n e  s o i l s  w i t h  n i t r o g e n  and 
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su lphu r  d e f i c i e n c y  [6]. 

G e t t i n g  o n t o  s o i l ,  a c i d  r a i n s  w i t h  pH c 5.6 e f f e c t  c a t i o n  exchange 

processes: Ca , MG , K , Na a r e  rep laced  w i t h  H . T h e i r  f l u s h  (wash down) 

t o  under-ground water dep le tes  s o i l .  On t h e  o t h e r  hand, i n t r o d u c t i o n  o f  

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

growth, b u t  t h e n  induces d e f i c i e n c i e s  o f  K, Mo, P which changes s o i l  

compostions. S o i l  a c i d i f i c a t i o n  r e s u l t s  i n  t h e  occur rence o f  t o x i c  heavy 

me ta l s  i n  t h e  s o i l  s o l u t i o n .  Aluminium, t rans fo rm ing  i n  a c i d i f i e d  s o i l s  (pH 

5.0) i n t o  s o l u b l e  form, s t i m u l a t e s  washout o f  ca lc ium,  o rgan ic  ma t te r  

sed imenta t ion ,  bounding o f  p l a n t  access ib le  phosphorus, adverse ly  e f f e c t s  

t h e  growth o f  r o o t  c e l l s  and p l a n t  s t a t e  of t h e  whole. These processes a re  

d iscussed i n  d e t a i l  i n  [ lo ] .  

2 2 + +  + + 

Because o f  t h e  v a r i e t y  o f  t h e  e f f e c t s  o f  a c i d  r a i n s  g e t t i n g  on to  s o i l s  

and amb igu i t y  o f  t h e  i n t e g r a l  e f f e c t ,  model l a b o r a t o r y  exper iments under 

c o n t r o l l e d  c o n d i t i o n s  have been performed. 

The scheme o f  a s p e c i a l  exper iment  - " s o i l  a l g a e - t e s t " ,  t h e  essence o f  

which i s  i n  s o i l  e x t r a c t i o n  w i t h  a s o l u t i o n  o f  c e r t a i n  a c i d i t y  ( a c i d  r a i n  

s i m u l a t i o n ) ,  f u r t h e r  growth o f  u n i c e l l u l a r  f resh -wa te r  a lgae  i n  t h e  e x t r a c t  

and r e g i s t r a t i o n  o f  t h e i r  r a t e  o f  i nc rease  i s  desc r ibed  i n  [9]. U n i c e l l u l a r  

a lgae  have been taken  i n s t e a d  o f  h i g h e r  p l a n t s  because o f  t h e  d e s i r e  t o  

make t h e  exper iment f a s t e r  and expediency o f  measur ing t h e  c u l t u r e  d e n s i t y  

u s i n g  au tomat i c  f a c i l i t i e s .  The specimen o t  t y p i c a l  f o r  t h e  USSR a c i d i c  

s o i l - p o d z o l  s o i l ,  exemp l i f i ed  i n  t h e  c i t e d  paper, i s  c h a r a c t e r i s t i c  o f  

a lmost  h a l f  o f  t h e  USSR t e r r i t o r y .  

B a c t e r i a - f r e e  u n i a l g a l  c u l t u r e  o f  C h l o r e l l a  COIO, o f f e r e d  by t h e  P lan t  

Phys io logy  I n s t i t u t e  o f  t h e  USSR Academy o f  Sciences, was t e s t e d  i n  t h e  

exper iment.  S o i l  e x t r a c t i o n  was performed by d i s t i l l e d  water ac ida ted  w i t h  

s u l f u r i c  ac id .  The a p p l i e d  s o l u t i o n s  were: a c i d  s o l u t i o n  (pH = 2.0 % 4.5), 

subac id  (pH = 5.0 % 6.0), and n e u t r a l  (pH = 6.5). E x t r a c t i o n  d u r a t i o n  - 15, 

30 o r  60 minutes.  S t a t i s t i c a l  a n a l y s i s  o f  t h e  r e s u l t s  has revea led  t h e  

e f f e c t  on a h i g h  l e v e l  o f  r e l i a b i l i t y  - up t o  95% and h igher .  Note, t h a t  

t h e  revea led  e f f e c t  - change i n t h e  r a t e  o f t h e  t e s t  c u l t u r e  growth - i s  an 
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i n t e g r a t e d  e f fec t ,  t h e  response t o  a l l  t h e  changes i n  t h e  s o i l  e x t r a c t  

p r o p e r t i e s  o c c u r r i n g  w i t h  t h e  change i n  t h e  e x t r a c t o r  a c i d i t y  and 

e x t r a c t i o n  du ra t i on .  

It shou ld  be s t ressed  aga in  t h a t  emanation o f  heavy meta ls ,  o f  A1 i n  

p a r t i c u l a r ,  induced by s o i l  a c i d i f i c a t i o n  i s  o f  c e r t a i n  s i g n i f i c a n c e  f o r  

t h e  o c c u r i n g  t o t a l  e f f e c t  on p l a n t s .  T h e i r  atmospher ic f l u x e s  on to  t h e  s o i l  

on t h e  reg iona l  and g l o b a l  sca les ,  j u d g i n g  by t h e  assessments a v a i l a b l e ,  

m igh t  be neg lec ted ,  s i n c e  i n  t h e  fo reseen f u t u r e  these  f l u x e s  w i l l  no t  

b r i n g  about s i g n i f i c a n t  changes i n  t h e  t o t a l  con ten t  o f  heavy me ta l s  i n  

s o i l s .  I n  p a r t i c u l a r  i t  r e f e r e s  t o  aluminium, t h e  reserves  o f  which i n  

s o i  1 s a r e  huge. 

PESTICIDES 

The w o r l d  p e s t i c i d e  p roduc t i on  has exceeded 5 mln  t l y r ,  and goes on 

expanding. These substances a r e  known t o  propagate over  g r e a t  d i s tances  

c i r c u l a t i n g  i n  t h e  environment,  p o o r l y  decompose, and cons ide rab ly  damage 

b i o t a  o f  n a t u r a l  ecosystems and, i n  some cases, human hea l th .  A t  t h e  same 

t ime ,  t h e  sca les  o f  t h e i r  app l i ca t i , on  i n  f o r e s t r y  and a g r i c u l t u r e  a r e  s t i l l  

expanding. I n  t h e  USA, f o r  axample, p e s t i c i d e  p r o d u c t i o n  i n  1946-1976 

increaased f rom 90,000 t t o  900,000 t. 

have 

n o t  reduced, b u t  even s l i g h t l y  i nc reased  [15]. 

I n s p i t e  o f  t h i s ,  c rop  l osses  f rom d e s t r u c t i v e  i n s e c t s  and m i t e s  

Year 1904 1910-1935 1942-1951 1951-1960 1974 

Crop 9.8 10.5 7.1 12.9 13.0 

l osses  ( % )  

Thus, d e s p i t e  expansion o f  chemical  c o n t r o l ,  t h e  y i e l d  des t royed by pes ts  

i s  n o t  decreasing. Note t h a t  t h i s  f a c t  i s  u s u a l l y  d i s g u i s e d  beh ind  apparent 

e f f i c i e n c y  o f  p e s t i c i d e  a p p l i c a t i o n  f rom t h e  p o i n t  o f  v iew of  l o c a l  

c r i t e r i a  o f  a p u r e l y  economic na tu re .  
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Accord ing  t o  p r e l i m i n a r y  assessments [15], t h i s  phenomenon might  be 

exp la ined  by t h e  f a c t  t h a t  t h e  a p p l i e d  p e s t i c i d e s  ( f i r s t  o f  a l l  - 
i n s e c t i c i d e s )  a r e  o f t e n  more t o x i c  f o r  n a t u r a l  p e s t  k i l l e r s  than  t o  pes ts  

themselves. App l i ed  a t  a c e r t a i n  area i n s e c t i c i d e s  spread i n  t h e  atmosphere 

over  wide t e r r i t o r i e s ,  where t h e y  i n h i b i t  entomophagans - n a t u r a l  

r e g u l a t o r s  o f  phytophagans. Th is  r e s u l t s  i n  an i nc rease  i n  t h e  p o p u l a t i o n  

numbers o f  t h e  fo r thcoming  genera t ions  o f  phytophagans and, hence, f u r t h e r  

expansion o f  t h e  chemical  c o n t r o l .  Thus, chemical  pes t  c o n t r o l  i s  " s e l f -  

reproduc ing" ,  and man has t o  bear t h e  expenses t o  cause pes t  m o r t a l i t y  when 

entomophagans c o u l d  do i t  " f r e e  o f  charge". 

Th is  problem i s  n o t  u rgen t  f o r  Europe, b u t  i s  becoming and more v i t a l  

f o r  vas t  reg ions  i n  Asia, A f r i c a ,  L a t i n  America. Therefore we cons ide r  

p e s t i c i d e s  one of  t h e  foremost p r i o r i t y  problems f o r  s c i e n t i f i c  a n a l y s i s  

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

t h e  major  impact of  p e s t i c i d e s  on vege ta t i on  i s  n o t  a d i r e c t  t o x i c  e f f e c t ,  

b u t  i n d i r e c t  d e s t a b i l i z a t i o n  o f  t h e  t r o p h i c  cha in  "p r imary  producer - 
consumer - secondary consumer". Th is  s c i e n t i f i c  problem i s  under 

development now i n  t h e  USSR [ 5 ] .  

ECOLOGICAL STANDARDIZATION 

Thus, t h e  e f f e c t  o f  o t h e r  w ide ly  spread p h y t o t o x i c  p o l l u t a n t s  [8] - 
p e r o x i a c e t y l n i  t r a t e s ,  f l u o r i d e s ,  ammonia, boron, c h l o r i n e ,  hydrogen 

c h l o r i d e ,  e thy lene ,  propylene, h y d r o c h l o r i c  a c i d  - on t h e  reg iona l  and 

g l o b a l  sca les  i s ,  t o  our  mind, l e s s  s i g n i f i c a n t  t han  those  ment ioned above: 

ox ides  o f  su lphu r  and n i t rogen ,  atmospher ic ozone, heavy me ta l s  i n  s o i l s .  

I n s e c t i c i d e s  a r e  o f  p a r t i c u l a r  impor tance (see above). 

It shou ld  be u n d e r l i n e d  once aga in  t h a t  on t h e  r e g i o n a l  and g loba l  

sca les  bo th  heavy me ta l s  and ozone p resen t  secondary an throgen ic  f a c t o r s  

e f f e c t i n g  p l a n t s .  N i t rogen  ox ide  emiss ion  and d i s t r i b u t i o n  i n  t h e  

atmosphere induce t h e  occur rence o f  ozone i n  t h e  atmosphere, w h i l e  t h e  

occur rence o f  heavy me ta l s  i n  d i s s o l v e d  t o x i c  form i s  induced by s o i l  o r  

water due t o  man-induced inc rease  i n  t h e  con ten t  o f  su lphu r  

and n i t r o g e n  ox ides  i n  t h e  atmosphere. 

a c i d i f i c a t i o n  
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Thus, q u i t e  a number o f  adverse f a c t o r s  a f f e c t  n a t u r a l  phytocenoses 

and agrocenoses (Fig.  1) caus ing  g e n e r a l l y  speaking, va r ious  e f f e c t s  

aga ins t  a p a r t i c u l a r  e c o l o g i c a l  n a t u r a l  background. Besides, env i ronmenta l  

c o n d i t i o n s  i n  n a t u r a l  ecosystems a r e  always v a r i a b l e ,  as w e l l  as t i m e  and 

space c h a r a c t e r i s t i c s  o f  vege ta t i on .  Concent ra t ions  o f  p h y t o t o x i c  

substances C, ..., C , i n  p a r t i c u l a r ,  va ry  w i t h  t ime. P l a n t  response t o  t h e i r  

impact depends on p l a n t  species,  t y p e  o f  h a b i t a t ,  and o t h e r  env i ronmenta l  

f a c t o r s .  

n 

These p e c u l i a r i t i e s  o f  a c t u a l  e c o l o g i c a l  processes a r e  t o  be accounted 

f o r  i n  a t tempts  t o  e s t a b l i s h  e c o l o g i c a l  standards.  L e t  us  cons ide r  a f a i r l y  

common s i t u a t i o n .  The va lue  ( i ndex )  o f  p r imary  p r o d u c t i o n  - t h i s  y e a r ' s  

phytomass c a l c u l a t e d  f o r  u n i t  a rea  - i s  taken  as a c r i t e r i o n  o f  t h e  s t a t e  

o f  ecosystems on a g i ven  t e r r i t o r y  S. The ecosystems s t a t e  i s  cons id red  

acceptab le  i f  t h e  p r imary  p r o d u c t i o n  P makes up n o t  l e s s  than  (100-N) % of  

t h i s  i ndex  va lue  i n  t h e  absence o f  s t r e s s  f rom p o l l u t i o n  f a c t o r s .  Ana lys ing  

spec ia l  e c o t o x i c o l o g i c a l  l i t e r a t u r e  and pe r fo rm ing  s p e c i a l  i n v e s t i g a t i o n s  

one can imagine mean seasonal c o n c e n t r a t i o n  o f  atmospher ic SO (C ) ,  t h e  

e f f e c t  o f  which would be reduc ing  p l a n t  p r o d u c t i v i t y  by N%. But t h i s  va lue  

w i l l  always be t o  a cons ide rab le  e x t e n t  ambiguous. It w i l l  va ry  depending 

on t y p e  o f  h a b i t a t ,  spec ies  compos i t ion  o f  t h e  phy tocenos is ,  c l i m a t i c  

f a c t o r s ,  o t h e r  man-made f a c t o r s .  Therefore,  i t  would be c o r r e c t  t o  opera te  

a d i s t r i b u t e d  va lue  o f  t h e  c r i t i c a l  l o a d  f o r  t h e  g i ven  t e r r i t o r y  S. We 

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

u s i n g  1nC , and i t s  d i spe rs ion ,  u s i n g  DC . So, what mean seasonal 

c o n c e n t r a t i o n  o f  atmospher ic SO c o u l d  be recommended as p e r m i s s i b l e  (C ) ?  

Here one shou ld  bear  i n  mind t h a t  i r r e s p e c t i v e  o f  t h e  a p p l i e d  system of 

emiss ion  r e s t r i c t i o n ,  t h e  r e s u l t i n g  concen t ra t i on ,  seasonal va lues  i n  

p a r t i c u l a r ,  w i l l  be vary ing .  That i s ,  i t  would be reasonable t o  ope ra te  

aga in  w i t h  t h e  d i s t r i b u t e d  va lue  w i t h  average 1nC 

The ques t i on  o f  admiss b i l i t y  o f  r e l a t i o n s h i p s  between 1nC ,' DC , 
DC i s  assoc ia ted  w i t h  t h e  concept o f  a p e r m i s s i b l e  r i s k  o f  t h e  occur rence 

o f  an undes i rab le  eco log i ca  e f f e c t ;  i n  o u r  case, i t  i s  t h e  p r i m a r y  

p roduc t i on  decrease over  N%. I f  P i s  t h e  admiss ib le  r i s k  l e v e l ,  t hen  t h e  

admiss ib le  r e l a t i o n s h i p  i s :  

2 c r  

t h e  

c r  c r  

2 P 

and d i s p e r s i o n  DC . 
P 

c r  c r  

P 
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lnCcr - 1nC 
/Dc + D 

c r  P 

P, = x  ; cP = cCre - X  JD, 
+ D 1  C 

c r  P C 

where x i s  de f ined  from 
m 

The exponen t ia l  m u l t i p l i e r  i n  t h e  r i g h t - h a n d  s i d e  o f  t h e  equa t ion  

i m p l i e s  t h e  rese rve  c o e f f i c i e n t  which i n d i c a t e s  how much lower  t h e  

p e r m i s s i b l e  p o l l u t a n t  c o n c e n t r a t i o n  has t o  be compared t o  t h e  c r i t i c a l  one 

[l] under g i ven  p e r m i s s i b l e  e c o l o g i c a l  r i s k  p. 

Given t h e  i n f o r m a t i o n  on t h e  j o i n t  impact o f  s e r v e r a l  p o l l u t i o n  

f a c t o r s  C ,..... C i s  a v a i l a b l e ,  one i s  i n  a p o s i t i o n ,  t o  i n d e n t i f y  

c r i t i c a l  (K) and p e r m i s s i b l e  l i m i t s  o f  t h e  t o t a l  p o l l u t i o n ,  t h e  e c o l o g i c a l  

r i s k  ( 1 e v e l ) p  be ing  s e t  f o r t h  (F ig .  2). 

1 n 

CONC LUS I ON 

A t  p resent ,  t h e  p r imary  p r i o r i t y  p o l l u t a n t s  f rom t h e  p o i n t  o f  

t h e i r  e f f e c t  on t e r r e s t r i a l  ecosystems on t h e  reg iona l  and g loba 

a r e  ox ides  o f  su lphu r  and n i t r o g e n ,  as w e l l  as p e s t i c i d e s .  

A c i d i f i c a t i o n  o f  p r e c i p i t a t i o n ,  induced by emissions o f  t hese  

i n t o  t h e  atmosphere, b r i n g s  about changes i n  s o i l  composi t  

i ew  o f  

sca les  

ox ides  

on and 

occur rence o f  p h y t o t o x i c  forms o f  me ta l s  i n  s o i l  - A l ,  Cd, and so on. 

Besides, occur rence o f  0 i n  t h e  atmosphere due t o  NO i n  t h e  course o f  

thermal  and photochemical  r e a c t i o n s  r e s u l t s  i n  s i g n i t l c a n t  ( p h o t o t o x i c )  

e f f e c t s  when 0 ge ts  i n t o  pho tosyn thes i s ing  c e l l s .  

A p a r t i c u l a r  r o l e  i n  t h e  atmosphere p o l l u t i o n  p l a y  t h e  i n s e c t i c i d e s .  

The c u r r e n t  a p p l i c a t i o n  o f  i n s e c t i c i d e s  d e s t a b i l i z e s  t h e  "hos t -pa ras i te "  

system on t h e  c o n t i n e n t a l  s c a l e  as a r e s u l t  o f  t h e  now accepted s t r a t e g y  o f  

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

entomophagans t h a n  f o r  phytophagans. Note t h a t  on a l o c a l  sca le  t h e  

a p p l i c a t i o n  o f  chemical  pes t  c o n t r o l  methods seems economica l l y  expedient.  

ox ides  

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

p r i m a r y  importance: 

- development o f  methods t o  p r e d i c t  r e g i o n a l  and g l o b a l  l e v e l s  o f  

3 2. 

3 

As f o r  t h e  s c i e n t i f i c  problems r e l a t e d  t o  su lphu r  and n i t r o g e n  
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SO and NO i n  t h e  atmosphere if t h e  s p a t i a l  d i s t r i b u t i o n  

o f  emission i n t e n s i t i e s  a re  known; 

- assessment o f  t h e  major  b i o l o g i c a l  e f f e c t s  o f  SO and NO 
2 2 

2 2 

w i t h  due account o f  t h e i r  impact on pho tosyn thes i z ing  c e l l s ,  as 

we1 1 as consequences of p r e c i p i t a t i o n  a c i d i f i c a t i o n  and assoc ia ted  

i n d u c t i o n  o f  p h y t o t o x i c  forms of me ta l s  i n  s o i l s  a f f e c t i n g  r o o t  

t r a n s p o r t ;  assessment o f  t h e  e f f e c t  o f  NO 
2 

pho tosyn thes i z ing  c e l l s ;  

- development o f  methods t o  es t ima te  c r i t i c a l  and pe rm iss ib le  concen t ra t i on  

o f  these p o l l u t a n t s  and t h e i r  complexes i n  t h e  environment proceeding 

from t h e  e s t a b l i s h e d  maximum p e r m i s s i b l e  eco log i ca l  e f f e c t  and t h e  

r i s k  o f  i t s  excedence; t h e  d i f f e r e n c e  between c r i t i c a l  and p e r m i s s i b l e  

impacts (which imp ly  such no t i ons  as zone o f  reserve, rese rve  c o e f f i c i e n t  

- t h e  p o r t i o n  o f  t h e  pe rm iss ib le  l e v e l  beyond the  c r i t i c a l  l e v e l )  

happens t o  be a f u n c t i o n  o f  t h e  maximum perm iss ib le  r i s k  l e v e l .  

induced ozone on 

S o l u t i o n  o f  these research problems might  c r e a t e  a b a s i s  f o r  

f o r m u l a t i n g  ques t i ons  o f  i n t e r - s t a t e  c o o r d i n a t i o n  r e l a t e d  t o  maximum 

p e r m i s s i b l e  l e v e l s  o f  occurrence o f  adverse e c o l o g i c a l  e f f e c t s  and r e l e v a n t  

l e v e l s  o f  e c o l o g i c a l  r i s k .  However, c o o r d i n a t i o n  o f  these problems on a 

b i l a t e r a l  o r  m u l t i l a t e r a l  b a s i s  comes w i t h i n  t h e  sphere o f  i n t e r n a t i o n a l  

economic r e l a t i o n s  and p o l i t i c a l  a c t i v i t i e s .  
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