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SUMMARY 

1. Effects  of herbicide drift on higher platlts 
The e f f e c t s  of herb ic ide  d r i f t  on nat ive vege ta t ion  have been assessed 
i n  two ways. F i r s t ,  es tab l i shed  perennial  dicotyledon species were 
grown, with and without t he  grass Lotium perenne, i n  microcosms. One 
set of microcosms has been exposed t o  mecoprop drift downwind of a 
sprayer  for four  years  and th ree  sets of microcosms have been exposed 
to d r i f t  of one of t h ree  herb ic ides  - glyphosate.  MCPA and mecoprop f o r  
three years. Data on end-of-season yie ld ,  flowering performance, seed 
production and seed v i a b i l i t y  are presented. Few e f f e c t s  were noted a t  
the  greatest distance t e s t ed  (8 m ) ,  but s i g n i f i c a n t  e f f e c t s  an end-of- 
season y ie ld  and performance were found i n  the downwind 0-8 m zone. 
For established perennial p lan t s  a buf fer  zone d i s t ance  of  8 m ,  
therefore, appeared adequate. Second, e s t a b l i s h i n g  seedl ings  of 15 
species were exposed t o  glyphosate d r i f t  downwind of a sprayer, Damage 
was va r i ab le ,  but  appeared t o  be confined t o  20 m .  Buffer  zones may. 
therefore. need to be 20 m i n  communities where seed l ing  establishment 
i s  important.  

2. Effects of aerial spraying of asulam 
An experiment ~ C I  estimate buf fer  zones required to  p r o t e c t  SSSIs was 
done a t  Bamford Edge i n  Derbyshire. Bioassay p l a n t s  (Rwnex acetosa) 
were placed up t o  240 m downwind of a bracken strip sprayed w i t h  asulam 
by he l i cop te r .  This study was done a t  a r a t h e r  high wind speed, but  
the no-effect  distance was estimated t o  be 161 m. Buffer zones, 
therefore, should be a t  least 160 m. A second, small scale study was 
done to determine whether bioassay p lan ts  would be damaged when bracken 
was sprayed i n  and around a Derbyshire clough ( a  small va l l ey  i n  the  
moorland). Rare f e rns  are o f t en  found i n  such cloughs and would be 
adversely a f f ec t ed  by asulam. 
and hence i t  can be in fe r r ed  t h a t  rare f e rns  are a t  r i s k .  

All biaassay plants showed some damage, 

3. Spray d r i f t  capture by plants 
A technique i s  described f a r  measuring spray depos i t ion  on leaves us ing  
a f luorescent  dye, UV photography and image ana lys i s .  A prototype 
spray d r i f t  regime i s  used t o  apply Tinapal t o  leaves  under 
s tandardised condi t ions f a r  comparing leaf t ex tu res  ( h a i r y ,  smooth), 
o r i e n t a t i o n s  ( v e r t i c a l ,  obl ique,  ho r i zon ta l ) ,  su r f aces  (upper, lower) ,  
and d i f f e r e n t  downwind dis tances  and heights. S i g n i f i c a n t  d i f fe rences  
were found for  cover a t  2 m and 3 m, and f o r  mean spot  s i z e  f o r  
d i f f e r e n t  o r i en ta t ions .  
more r e p l i c a t i o n  and quicker  image analysis would be needed t o  obtain 
s i g n i f i c a n t  d i f f e rences  between other  va r i ab le s .  
technique is compared with t h a t  of r ins ing  dye o f f  whole plants t o  
measure the  d i s t r i b u t i o n  of deposit ion over stems and leaves.  

Greater precis ion i n  spraying coupled with 

This photographic 

4 .  Insecticide d r i f t  f r o m  ground crap sprayers 
Six bioassays of i n s e c t i c i d e  d r i f t  from agricultural  spraying 
operations are described using Pieris brassicas larvae. Cypermethrin 
was used on f i v e  occasions on peas and brusse ls -sprouts ,  with 
t r iazophos on peas i n  the  s i x t h  case. 
experiments with cypermethrin ind ica te  t h a t  the f i e l d  'hazard index'  
for cypermethsin is similar to  t h a t  f o r  dif lubenzuran.  The mor ta l i ty  
profiles from the  s i x  bioassays showed t h a t  s i g n i f i c a n t  drift e f f e c t s  
were r egu la r ly  recorded up t o  13-16 m d i s tance  i n  l i g h t  winds. These 
results are comparable with those obtained fo r  diflubenzuron under 

I n i t i a l  laboratory and f i e l d  
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experimental conditions a t  Monks Woad. The commercial opera t ing  
condi t ions were f a i r l y  uniform, but  variations i n  downwind t e r r a i n  make 
i t  d i f f i c u l t  t o  produce genera l ized  models. 

Insect ic ide d r i f t  from orchard sprayers 
D r i f t  from a i r - a s s i s t ed  sprayers  i n  orchards is  p o t e n t i a l l y  much 
g r e a t e r  than from conventional hydraul ic  spraying of ground crops. 
effects of cypermethrin and ca rba ry l  (used f o r  bud th inning)  were 
s tudied in one orchard. Carbaryl has a lower contact  and stomach 
t a x i c i t y  than cypermethrin but  is  used a t  a much higher rate. 
Bioassays of cypermethrin d r i f t i n g  i n t o  an adjacent  f i e l d  under a wind 
speed of 2 m sL1 and carbary l  d r i f t i n g  within the  orchard w i t h  a wind 
speed of 3-3.5 m s-' gave broadly similar results.  Worst case 
morta l i ty  figures showed t h a t  both sprays could have major e f f e c t s  
30-40 m downwind m d  de tec t ab le  effects (210% morta l i ty )  a t  50-60 m. 
Under s t i l l  condi t ions,  na mor t a l i t y  from chlorpyr i fos  drift was 
observed beyond about 15 rn. 

The 

Spray d r i f t  across an orchard was measured with water-sensi t ive papers, 
and demonstrated the  e f f ec t iveness  of a s h e l t e r b e l t  i n  reducing d r i f t .  
The effects of s h e l t e r b e l t s  an wind speeds i n  three orchards were also 
demonstrated but these could n o t  r ead i ly  be predicted.  The results are 
discussed in r e l a t i o n  t o  an ADAS booklet  on windbreaks. 

6 .  Effect of hedges on spray d r i f t  
The e f f e c t s  of hedges an d r i f t  deposi t ion were measured us ing  
fluorescein dye and e f f i c i e n t  a r t i f i c i a l  c o l l e c t o r s .  One series of 
trials compared deposi t ion a t  0.45. 1.0 and 2.0 m he ights  i n  front of 
and behind a continuous laid hedge 1.6 m high. 
shelter effect f o r  t h e  two lower he ights  immediately behind t he  hedge, 
followed by an increase  again up t o  about 20 m .  
heright declined mare slowly behind the  hedge u n t i l  i t  reached similar 
values t o  those of the  lower receptors  a t  20 m .  A second series 
confirmed these shelter e f f e c t s  by comparing deposi t ion i n  the  presence 
o r  absence of 8 hedge. 

This showed a marked 

Deposition a t  2.0 m 

These results were supported by bioassays with a herb ic ide  and an 
Tnsect ic ide,  and are discussed with respec t  t o  wind speed, hedge he ight  
and poros i ty ,  and t o x i c i t y  of the  spray. 

7. Pesticide d r i f t  from aerial spraying 
The operator r e tu rns  for aerial appl ica t ions  i n  B r i t a i n  are reviewed 
s ince  1987. 
(from 24 - 8) .  number of  compounds used (from 19 - 9 )  and i n  t a t a l  
number of appl ica t ions  (from 1914 - 211). 
compounds i n  1991 were alphacypermethrin and pir imicarb,  with 
del tamethrin i n  Scotland. 

These show a marked dec l ine  i n  the  number of con t r ac to r s  

The most widely used 

The Occurrence of s t a b l e  meteorological condi t ions favouring d r i f t  was 
examined far  10 year data from Wyton, Cambridgeshire. Between April 
and September Pasqui l l  ca t egor i e s  E - G only occurred af ter  2000 or  
2100 ( B r i t i s h  Summer Time). 

A f i e l d  biaassay of aer ia l  spraying with del tamethrin is descr ibed.  
This took place after 2000 i n  early August i n  t h e  Cambridgeshire Fens 
under s t a b l e  or near s t a b l e  condi t ions.  PieTis brassicas l a rvae  and 



a i r -b rea th ing  aquat ic  i n s e c t s  Notanecta glauca and Sigara dorsalis were 
exposed a t  d is tances  up t o  250 m .  
Asellus aquaticus. G m a r u s  p u l e x  and Centroptitum pennulutum were 
exposed t o  water from contaminated t a r g e t s  brought back to  the  
labora tory .  
about 20% a t  200-250 m, so no 'safe d i s t ance '  could be estimated, 'No 
e f f e c t '  d i s tances  f o r  aquat ic  fauna ranged from less than 60 m for  N. 
glacca  t o  about 230 m far the  t w o  c rus taceans ,  A .  aquaticus and G. 
pulex .  Mortal i ty  i n  the  more distant targets, placed a t  crop height i n  
wheat, were greater than the predic ted  l e v e l s .  I n  na tu ra l  populat ions,  
mor t a l i t y  would almost c e r t a i n l y  be less than predic t ions  derived from 
these experiments. 

Wholly submerged inver tebra tes  

Mortali ty for  P. brassicae decl ined from 100% a t  4 rn t o  

8 .  Insecticides in freshwater 
Nymphs of a i r -brea th ing  Hemiptera, Notonecta s p  and Corixa s p  were 
exposed t o  ground based cypermethrin spray d r i f t  a t  d is tances  up t o  
15 m. Mortal i ty  was r e l a t i v e l y  high i n  Corz'xa f o r  up to  10 m wi th  
N U ~ Q T M C ~ C I  proving t o  be much more r e s i s t a n t .  The 96 hour LD,, f o r  
Corixa was estimated to  be about 8 m with an absolu te  sa fe  d is tance  of 
28 m.  I n  na tu ra l  populations mortali ty would almost c e r t a i n l y  be less 
than predic t ions  derived from t h i s  type of experiment. 

Concentrations of pes t i c ide  res idues  were est imated i n  a range of water 
and sediment samples. Residues i n  water, as expected, were general ly  
low but  those  i n  sediments, especially of DDT, l indane  and d i e l d r i n  
g ive  some cause for  concern, However, exposure of nymphs of the mayfly 
Ephemera danica t o  contaminated sediments for up t o  four  months 
produced t o  mortal i ty .  

Residues of pes t i c ides  were also analysed i n  f i v e  spe:cies of f i s h  and 
f i v e  i nve r t eb ra t e s ,  
l indane were present  i n  all of the f i s h  samples. 
these  pes t i c ides  were c lose ly  co r re l a t ed  with the  proportion of l i p i d  
i n  the  bodies of the  f i s h .  Other pes t i c ides  occurred more 
sporad ica l ly .  O f  the  pyre thro ids ,  only permethrin and fenvalera te  were 
detec ted  i n  animal tissues. Cypermethrin and del tamethrin,  although 
commonly present  i n  sediments were not present  i n  the  animal tissues. 
The ha l f  life f o r  dieldrin i n  sediment collected from a f i e l d  d ra in  was 
est imated under control led labora tory  condi t ions as about 73 days. 

DieZdrin was detected i n  every case and DDE and 
Concentrations of 

9 .  Vapour d r i f t  of pesticides 
A review was ca r r i ed  out  of published values  of the  sa tu ra t ed  vapour 
pressures  of pes t ic ides  cu r ren t ly  used i n  the  UK. Also, a study was 
made of pes t i c ide  evaporation by taking simultaneous measurements of 
evaporation and uptake of formulated [2-14C] 2,4-D b u t y l ,  applied as 
10 pl d r o p l e t s ,  from the  leaves of 3-week-old ba r l ey  p lan ts ,  us ing  an 
air-f low system. Uptake was gene ra l ly  about 2.5 times mwre rap id .  
Temperature a f fec ted  evaporation s t rongly  whereas uptake was l a rge ly  
unaffected.  Evaporation from glass slides and leaf sur faces  were very 
similar i f  sur face  temperature was taken i n t o  account. Evaporation 
from l eaves  increased i n  darkness and i n  condi t ions  of high boundary 
l a y e r  conductance caused by r ap id  a i r  c i r c u l a t i o n .  
he rb ic ide  i n  the  p l an t  (95%) remained i n  the  leaf t o  which i t  was 
applied, but  it af fec ted  physiological  processes within the  p l a n t  
because t r ansp i r a t ion  and CO, exchange were reduced by about 8 and 18%, 
r e spec t ive ly ,  of the  i n i t i a l  rates. Comparison wi th  published values 
of herb ic ide  uptake suggested t h a t  2.4-D bu ty l  i s  r e l a t i v e l y  rapidly 

Most of the  
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taken up by barley leaves, and t h a t  a t  27'CC, about 30% of t he  2.4-D 
buty l  sprayed onto bar ley  leaves would evaporate. 

It was concluded that many pes t i c ides  i n  use  i n  t h e  VK are s l i g h t l y  
volatile, and t h a t  i n  s p i t e  Qf the drawbacks, t he  saturated vapour 
pressure  remains t he  only simple means to  p r e d i c t  t he  p o t e n t i a l  of a 
pesticide t o  evaporate. The f a c t  that  vapour damage is not more 
f requent ly  reported is probably because it is d i f f i c u l t  t o  a t t r i b u t e  
such damage t o  p e s t i c i d e s  with c e r t a i n t y  and because no large-scale 
search has been made. 
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BACKGROUND AND ORGANISATION 

ITE carried out a th ree  year s tudy ,  from Apri l  1987 t o  March 1990, fo r  the  
Nature Conservancy Council and Department of Environment on ‘Pesticide 
D r i f t  and Impact’ (Contract HF3/03/22 and PECD 7/2/50). The f i n a l  report 
contained seven sec t ions  covering the e f fec ts  of herbicide d r i f t  on h ighe r  
p l a n t s ,  lichens and f e rns ,  and the  e f f e c t s  of i n s e c t i c i d e  d r i f t  on 
terrestrial  and f reshwater  i nve r t eb ra t e s .  Work on the  dose response of 
p l a n t s  and d r i f t  modelling was done by AFRC,  Long Ashton Research Stat i -on,  
under a subcontract .  Freshwater aspec ts  were done by IFE. 

Following this report ,  ITE was commissioned by DOE and NCC to undertake a 
further two y e a r  study t o  continue some lines OF work already started, and 
t o  examine c e r t a i n  new aspects of pesticide drift and pol lu t ion .  
listed belaw under nine headings and form the  basis of the  present r e p o r t .  
Sec t ion  9 on vapour drift of p e s t i c i d e s  has again been subcontracted t o  
AFRC. Tke approach t o  t h i s  work w a s  mutually agreed i n  September 1990, and 
t h e  subcontract started i n  October 1990. 
has l tkewise  been delegated t o  IFE and is divided between the  Eastern 
Rivers Group a t  Monks Wood and the  River Laboratory a t  Wareham. 

These are 

Section 8 on freshwater aspec ts  
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