
1.5 -I FENITROTHION ."-- ( 2 )  

1.5,l Methods 

Spraying and sampling 
The same f i e l d  was used as f o r  t r iazophos b u t  i t  was under wheat 
in 1993, and s i n c e  t h e r e  was a wes ter ly  wind t h e  e a s t e r n  t h i r d  was 
sprayed (Figure 1.19). 

As before. three l i n e s  of cabbage p l a n t s  m d  two lines of water 
t r a p s  were l a i d  o u t  downwind of the  east edge of t h i s  f i e l d ,  
acrass a fa l low f i e l d  about 160 m wide, and then across another  
wheat f i e l d  t o  a total distance of 350 m. Both types of target 
were also placed at. a d i s t a n c e  of  30 m into t h e  sprayed  c rop I  ie 
immediately under the  f i r s t  swath. The p l a n t s  had on average 23 
2-day-old P. bmss icae  l a rvae .  

Water -sens i t ive  papers  were pinned t o  canes next  t o  the cabbage 
p l a n t s  i n  the c e n t r a l  l i n e  of targets t o  provide a visua l  record 
of d r i  f t depos i t i on  . 
The wind d i r e c t i o n  veered e a r l y  dur ing  t h i s  s e t t i n g  o u t  process 
and t h e  two types of target followed d i f f e r e n t  l i n e s  (Figure 
1 .19) .  
a d j u s t e d  i n  the following r e s u l t s  but  n o t  those fo r  t h e  cabbage 
p l a n t s  whose alignment was considered t o  f a l l  wi th in  t h e  normal 
variability i n  a s s e s s i n g  wind direction from the  anemograph trace. 

The downwind d i s t a n c e s  f o r  t h e  water targets are therefore 

The wind w a s  fresh.  B e a u f o r t  force 4 ,  and t h e r e f o r e  marginal f o r  
ae r i a l  sp ray ing  ( o t h e r  commercial spray ing  ope ra t ions  had been 
suspended) .  However, ground sprayers were active i n  t w o  f i e lds  
downwind u s i n g  aphicides. Eight  swaths were sprayed,  t h e  middle 
of the first swath being  26 m from t h e  edge to  allow f o r  t h e  wind. 

Bioassays 
The c a t e r p i l l a r s  were checked fo r  m o r t a l i t y  t h e  same afternoon, 
three ta s i x  hours a f t e r  sp ray ing ,  and then d a i l y  fo r  s i x  days 
when t h e  e f f e c t s  appeared to  have s t a b i l i s e d .  Twenty G a m m a m  
pulex p e r  t r a y ,  were exposed t o  the  possibility of f e n i t r o t h i o n  
drift in t h e  Eie ld .  Following spraying  t h e s e  were t r a n s f e r r e d  to 
the laboratory and kept  i n  water from the  appropr i a t e  t r a y ,  fo r  
up t o  s i x  days. Other Gummarus, 10 p e r  250 m l  beaker ,  were 
exposed in t h e  l abora to ry  to samples of p o t e n t i a l l y  contaminated 
watcr from each of t h e  targets as well as t ; ~  samples that had been 
driluted t o  simulate the  cwncentratLon o f  p e s t i c j d e  tha t  would have 
r e s u l t e d ,  under similar circumstances, w i t h  a t a r g e t - d e p t h  of 25 
c m ,  AseLZus aquaticus ( I 0  p e r  beaker) and Culex GoTrentiLun l a r v a e  
(20 per  beaker) were a l s o  exposed t o  water samples from t he  t r a y s .  
Paired c o n t r o l s ,  using water from the same source ,  bu t  n o t  exposed 
to  the possibility of d r i f t ,  were e s t a b l i s h e d  for each species. 
All were kep t  under cover  and i n  shade, b u t  out of doors and 
t h e r e f o r e  a t  ambient summer a i r  tempera tures ,  f o r  t h e  duration of 
t h e  experiments .  
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Fammarus, exposed i n  the  f i e l d ,  were checked after one hour  and 
four  hours and a t  24 hour intervals  thereafter. Dead animals were 
counted  and removed from the  containers. Those Gammarus, t h a t  
were o n l y  exposed to water samples i n  t h e  laboratory, along with 
t h e  Asellus and Culex, were first examined af ter  21 hours and 
s u b s e q u e n t l y  a t  daily intervals. 

Water-sensitive papers 
There was visual evidence of drift deposition on t h e  water- 
sensitive papers up t o  100 m, viz: 

Downwind distance (m) - 30 0 25 50 100 

no. of spats 1546 178 123 18 5 
CQVer O f  Spots 13.6 0.55 0.413 0.051 0 * 011 

These figures ind ica te  that depos i t ion  a t  the edge of the sprayed 
crop was about 4% of t h a t  under t he  plane and about 0.4% at 50 m 
i n t o  the fallow f i e l d .  

Caterpillars 
The caterpillars exposed t o  d r i f t  a t  the nearer distances (up to 
100 m )  showed an even more rapid response than those in the  
tr iazophas trial, with 46-581 martal i ty  after a few h o u r s  and 78- 
100% marta l i ty  a f te r  one day (F igure  1.20). However, the 
cumulative m a r t a l i t y  over s i x  days was much Less for  the targets 
at 150 m and beyond, leading t o  a characteristic sigmclid mortality 
c u r v e  with distcmce, and a "no effect" value a t  350 m when 
compared with cont ro ls  (F igu re  1 .21 ) .  The mean morLality aL 
200 rn, 16 m before the  end of the  fallow field, was also quite  low 
(14.5%) and within two standard errors of the control mortality. 
Mortality appeared t o  increase again a t  250 m in two af the  three 
replicates and it is n o t  clear whether t h i s  can be attributed to B 
greater concentration in t h e  drift cloud af te r  rising over the 
wheat to  some other factor. 

Aquatic invertebrates 
Distances of targets downwind of t h e  crop, when recalculated t o  
compensate f a r  the s h i f t  i n  wind direction, were 15, 30. 60,  90. 
120, 150, 180 ad 210 metres. All of the  Gmmams t h a t  were 
exposed i n  the f i e l d  wi th in  t h e  sprayed crop, died within fou r  
hours and 88% were dead af ter  only one hour. Mortality was a l so  
h igh  among those exposed at the edge of t h e  crop and those 15 rn 
dawnwind, a1.l of which were dead a f t e r  48 hours  (Figure 1 .22) .  
Subs tan t i a l  mortal i ty  occurred among individuals that were placed 
30 m downwind, where 52% died after four  days,  but at 60 m 
mortality was no greater t h a n  i n  the controls (2%)  and none of 
the animals exposed at a distance of 90 m died and nei ther  did 
they  show any sign of impaired activity. Higher than expected 
mortality occurred among animals exposed a t  distances of from 120 
to 180 III (Figure 1.22).  

1.29 



Figure t.20. Fenitrothion (2)  trial. Cumulative daily mortality among P brassicae larvae 

* exposed at different distances downwind. 
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1.21. fenitrothion (2 )  trial. Mortality among P brassicae larvae (mean f SE) after 6 days 
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A similar pa t t e rn  of mor t a l i t y  occurred to  60 m, among G m a m s  
t h a t  were exposed t o  water samples i n  the  laboratory. 
rates greater than those i n  the  con t ro l s  (5%) only occurred up to  
30 m (Figure 1.23). I n  water samples t h a t  had been d i l u t e d  t o  
s imula te  a depth of 25 cm, mor ta l i ty  exceeded t h a t  i n  controls 
only i n  water from t a r g e t s  within the  crop, where all Gummams 
died within twa days.  
t o  the e f f e c t s  of t h e  f en i t ro th ion  - even i n  water from the  very 
edge QE the  crop. 

Mortal i ty  

Otherwise, no mor t a l i t y  could be a t t r i b u t e d  

Asellus were somewhat more suscep t ib l e  to t h e  e f f e c t s  of 
f e n i t r o t h i o n  drift than Gammamcs. 
individual a t  15 m - which remained a l i v e ,  though almost t o t a l l y  
para lysed ,  throughout the  experiment - all Asellus exposed to  
target water from 30 m or less died within th ree  days. A t  60 m 
60% died by day 4 but  t he re  was p r a c t i c a l l y  no mor ta l i ty ,  or  
evidence of impairment of a c t i v i t y ,  beyond this dis tance  (Figure 
1 .24 ) -  

With the  exception of  one 

Among Gammams and Asellus v i r t u a l l y  no mor t a l i t y  occurred a f t e r  
t h e  four th  day, al though observat ions were maintained f o r  s i x  days 
i n  each case. Culex larvae,  however, were much more suscep t ib l e  
than  either of t h e  crustaceans and deaths  continued to  occur for  
t h e  f u l l  period of observat ion.  
occurred f o r  t h e  f i r s t  time among the  con t ro l s ,  A l l  l a rvae  died 
wi th in  th ree  days a t  a l l  d i s tances  up to  60 m (Figure 1.25). In  
samples of water from 90 and 120 m downwind, mor ta l i ty  reached 
603, or thereabouts ,  by the s i x t h  day. A t  greater distances there  
was either no mor ta l i t y  (180 m )  or  eventual  mor ta l i ty  d id  not  
exceed t h a t  i n  the controls (6%) + However, other than i n  t h e  
controls and a t  210 rn, no cast exuviae were observed, suggesting 
that t he re  may have been impaired development o r  suppression of 
ecdysis t o  as much as 180 m downwind. 

On day 6, however, deaths  a l s o  

Figures 1.26 to  1.29 show the  total mor ta l i t y  a t  each experimental 
d i s t a n c e ,  a f t e r  Tour days (Gmmarms and AssZlus) or six days 
(CuZex).  If the unexpectedly high levels of morta l i ty  among 
Gammams a t  d i s t a n c e s  greater than 90 m are disregarded, the  
results from the  two Gmmarms t r ia l s  are very similar (Figures 
1.26 and 1 - 2 7 "  with mor ta l i ty  dec l in ing  rapidly beyond 1.5 m t o  10% 
o r  less at 60 m. The b d a y  LD5, d i s t ance  f o r  Gammartls, under these 
condi t ions  is between 30 and 40 m. 
d i s t ance  (Figure 1.28)  i s  somewhat greater than 60 m while for  
CuZex (Figure 1.29) i t  i s  close to  120 m. 

I n  the  case of Asellus t h i s  

1.32 



Figure 1.22. Fenitrothion (2) trial. Cumulative mortality among Garnrnarus exposed in 
the field. 
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Figure 1.23. Fenitrothion (2) trial. Cumulative mortality among Garnmarus exposed to 
water samples that have been subjected to drift. 
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Figure I .24. Fenitrothion (2) trial. Cumulative mortality among Aselfus exposed to water 
samples that have been subjected to fenitrothion drift. 
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Figure 125. Fenitrothion (2) trial. Cumulative mortality among Culex larvae exposed to 
water samples that have been subjected to drift. 
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Figure 1.28. Fenitrothion (2) trial. Mortality among Asellus after 4 days in water samples 
exposed to drift. 
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Figure 1.29. Fenitrothion (2) trial. Mortality among Cukx larvae after 6 days in water 
samples exposed to drift. 
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1.5.3 Discussion 
T h i s  t r i a l  (chronologica l ly  t h e  last) went smoothly and gave 
r e l i a b l e  r e s u l t s  under cond i t ions  t h a t  could be considered a 
"worst  case" for  d r i f t  of a h ighly  t o x i c ,  broad-spectrum 
i n s e c t i c i d e  under windy cond i t ions .  For P, brassfcae, a buf fe r  
zone of 200 rn QVW l e v e l  ground would appear ta be adequate to 
reduce mor t a l i t y  t o  t he  l e v e l s  of c o n t r o l  + 2SE (14,5%). 
t h e  increased m o r t a l i t y  above t h e  wheat crop i n d i c a t e s  t h a t  8. 
b u f f e r  zone of 300 m might be required. 

However, 

The higher  than expected number of deaths among Gammarms which 
were exposed i n  the  f i e l d  a t  d i s t a n c e s  of  120-180 m is  thought not  
t o  be a t t r i b u t a b l e  to t h e  e f f e c t s  of sp ray  d r i f t .  They were most 
probably the result of IOW oxygen concen t r a t ions ,  arising from t h e  
dea th  of j u s t  one QT two animals i n i t i a l l y ,  although every  effort 
was made t o  remove dead animals as qu ick ly  as possible. 
dea th ,  Gammams decompose very  r a p i d l y .  i n e v i t a b l y  leading to  a 
l a r g e  increase i n  BOD and a f a l l  i n  oxygen concent ra t ion  wi th in  
t h e  experimental  con ta ine r s .  
concent ra t ion  were made, t h i s  explana t ion  is  supported by t h e  fact  
that almost all of t h e  dea ths  occurred dur ing  two success ive  
nights and t h a t ,  i n  each case, only one of each p a i r  of samples 
was affected. Furthermore, no comparable m o r t a l i t y  occurred i n  
e i t h e r  of the  other s p e c i e s  o f  experimental animals ,  both of which 
were more suscep t ib l e  to  t h e  effects of f e n i t r o t h i o n  than  
Gummarus, or among Gammarus t h a t  were only  exposed t o  water 
samples i n  the laboratory. 

A f t e r  

Although na measurements of axygen 

The bioassays r ep resen t  a somewhat worse case than is likely t o  be 
encountered i n  a real f i e l d  s i t u a t i o n .  The fact that no m o r t a l i t y  
occurred among Gammarus kep t  i n  water samples d i l u t e d  to s imula t e  
ztn experimental  depth of 25 cm, except when these  were from w i t h i n  
t h e  sprayed area, i n d i c a t e  t h a t  f e n i t r o t h i o n  d r i f t  is  u n l i k e l y  t o  
r e p r e s e n t  an important hazard to  t h i s  spec ie s .  This is probably 
a l so  t r u e  i n  the case of Assllus, which was only  8 little more 
s u s c e p t i b l e  than Gamrnams. The d a t a  for Culex suggest t h a t  
f e n i t r o t h i o n  d r i f t  may be a more important  cons ide ra t ion  f o r  
i n s e c t s .  These l a rvae  were not exposed i n  t h e  f i e l d  so aerial  
cantaminat ion through t h e i r  b rea th ing  s iphons a t  the  time of 
sp ray ing  is n e t  a f a c t o r  which needs to be considered.  However, 
even under the  experimental  cond i t ions .  with very  shal low t a r g e t  
water, and taking i n t o  account the  p o s s i b i l i t y  t h a t  development 
was impaired even beyond those  d i s t a n c e s  where l a r v a e  were killed, 
200 m would provide an absolu te  safe d i s t a n c e .  Under f i e l d  
cond i t ions  s u b s t a n t i a l l y  less than t h i s  would be needed. 



2 .6  PROS ALONE 

1 . 6 , l  Methods 

Spraying and sampling 
A b u t  4 ha of oilseed rape were sprayed with Zolone i n  the  south 
east corner  of a 21 ha block of s p r i n g  rape on the Abbots Ripton 
Estate. This area was def ined  by a fallow f i e l d  t o  t h e  s o u t h ,  a 
d i t c h  with a few trees a long  t h e  eastern edge, and a s t r i p  of game 
cover on t h e  western edge leading t o  an o ld  barn. 
cmes with fluorescent cards 21 cm x 26 cm was placed across t h e  
f i e l d  near the barn t o  d e l h i t  t he  nor thern  edge t o  be sprayed 

A line of tall 

( ~ i g ~ r e  1.30). 

Because of the trees and the shape of the  p l o t  i t  had been agreed 
that t h e  sp ray  swaths would be laid down t h e  long axis, ie roughly 
north-south.  whatever t h e  wind direction. Another l i n e  of 
fluorescent cards was t h e r e f o r e  placed along the sau the rn  edge a t  
15 m intervals t o  i n d i c a t e  f l i g h t  pa ths .  
l i g h t  and variable bu t  mainly north-wester ly  and therefore more or 
less  paral le l  t o  the proposed f l i g h t  pa th .  

The wind was i n  fact 

TWQ l i n e s  of cabbage p l a n t s  and water trays were h i d  out  t o  t h e  
nor th ,  east and south edges of t h e  area to be sprayed,  and at 50 rn 
i n t e r v a l s  up t o  a m a x i m u m  of 150 m (Figure 1.30) t o  cater for  
over-spraying as well as drift, 
placed near t h e  c e n t r e  of t h e  f i e l d  to measure the maximum e f f e c t s  
of t h e  spray. There were t h r e e  control plants w i t h  c a t e r p i l l a r s ,  
exposed 150 rn t o  t h e  w e s t  of t h e  sprayed p lo t .  
hatched sooner  than  planned and were t h e r e f o r e  f o u r  days old a t  
t h e  time of  the t r ia l .  
bioassays i n  add i t ion  t o  Gamams and Asellus. 

Two p l a n t s  and t r a y s  were also 

The caterpillars 

Dyt isc id  larvae were used for the a q u a t i c  

Gmmams were exposed i n  the field and in the laboratory, where 
they were placed in undiluted target water  and i n  water d i lu ted  t o  
s imulate  an experimental  depth  of 25 cm, Mor ta l i t y  among Gamarms 
exposed i n  the f i e l d  was first assessed after four  hours and daily 
f o r  four  days t h e r e a f t e r .  I n  all other aquatic bioassays t h e  
numbers of dead animals were counted dai ly .  Any dead animals were 
removed * 

The plane made eight passes  i n  both directions. 
started northwards from t h e  south  east corner: bu t  appeared to  veer 
away from the cast  margin of t h e  f i e l d  i n  B l i n e  more or less 
p a r a l l e l  w i t h  the  western edge, and t he re fo re  almost directly i n t o  
t h e  wind (Figure 1 30)  . 

The first pass 

1.38 



Figure 1.30. Phosalone trial. Positions of Pieris and aquatic o targets, spray 
swaths, and wind direction. Six-day % mortality results for caterpillars at positions 
Shown. 
t = mortality 4!Oah after 3 days but controls + 2SE for days 4-6 

= mortality >20% after 3 days and > controls + 2SE for days 4-6 
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1.6.2 Results 

Caterpillars 
For t h i s  t r i a l ,  t h e  r e p l i c a t e  p a i r s  of targets are a l l  considered 
independently and the  bioassays are the re fo re  based an small 
numbers of  animals (average 19) .  The c a t e r p i l l a r s  showed slower 
r e ~ p ~ n s e  to t h i s  spray than to  del tamethrin,  t r iazophos o r  
f e n i t r o t h i o n ;  mor ta l i ty  reached 100% after f o u r  days i n  the  
western r e p l i c a t e s  on the  north and south edges of the  p l o t  and i n  
the c e n t r e  (Table 1 . 4 ,  Figure 1.30). The e a s t e r n  r e p l i c a t e s  of 
t h e s e  th ree  pos i t i ons  appeared to  s t a b i l i s e  a t  72-90X mor ta l i t y  
a f t e r  s i x  days,  which supported the view t h a t  the plane had flown 
a t  &n angle to  the eas t e rn  edge of the  f i e l d .  

A high  mor t a l i t y  (74%) was recorded 50 m beyond the northern 
boundary in the western r e p l i c a t e  ind ica t ing  over-spraying r a t h e r  
than d r i f t .  The eastern t r ansec t s  showed a high mor ta l i ty  (72%) 
only a t  the  f i e l d  edge i n  the southern r e p l i c a t e ,  Mean morta l i ty  
among con t ro l s  was 2% after three days,  11% a f t e r  fou r  days and 
14.5% a f t e r  s i x  days. 
exposed t o  phosalone is  therefore  taken to be >20% a f t e r  two days,  
or  greater than con t ro l s  + 2SE a f t e r  fou r  days and a f t e r  s i x  days. 

"Signif icant"  mor t a l i t y  among targets 

Aquatic invertebrates 
The percentages of dead animals i n  each t r i a l  a f t e r  four  days 
exposure to water contaminated with phosalone are shown i n  Figure 
1.31, and cumulative percentage mor t a l i t y ,  a t  i n t e r n a l s  over t h i s  
period, are l i s t e d  i n  Tables 1.5-1.9. 
were exposed to  d i r e c t  spraying within the  crop died within four  
hours .  All l a rvae  i n  targets placed adjacent  to  the  crop an each 
of the t h r e e  sides were also k i l l e d .  Elsewhere mortality was 
r e l a t i v e l y  low, except a t  50 rn (both replicates) an the nor th  side 
and a t  100 m (western r e p l i c a t e s  only) on the  nor th  and south 
sides. 

All of t h e  Gwnrnams t h a t  

I n  a number of in s t ances ,  (F igure  1-31) higher  mor ta l i ty  occurred 
among GUmmQTuS t h a t  were exposed only i n  the  laboratory.  
especially not iceable  among those exposed t o  water samples placed 
t o  t h e  east of the  crop. 
among Gammarms exposed t o  d i l u t e d  water samples and i n  some case 
these were greater than i n  the  undi luted water. The reasons f o r  
t hese  anomalies are not clear, but add i t iona l  stress may w e l l  have 
been imposed by reduced oxygen concentrat ions i n  the  smaller 
containers t h a t  were used for t he  laboratory experiments, although 
~ C I  deaths  occurred among the  control  Animals. 

This was 

High r a t e s  af mor t a l i t y  also occurred 

The p a t t e r n  of mor t a l i t y  among AseZZus was similar to t h a t  
observed among Gammarms exposed i n  the  field, although AseZZus 
seemed t o  be somewhat less suscept ib le  than Garnrnarus to  phosalone 
(Figure 1 + '31). 

Data fo r  the Dytiscidae varied somewhat e r r a t i c a l l y ,  sometimes 
showing h igher ,  sometimes lower, mor ta l i ty  than e i t h e r  Gaminarms or  
AseZZus (Figure 1.31). These da t a  are probably influenced by 
preda t ion  of the  small larvae upon one another and are therefore  
unreliable as an i nd ica t ion  of the  effects of the phosalone d r i f t .  
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Table 2 . 4 .  Phosalone trial. Cumulative % mortality among 4-day-old P .  
brassicae larvae at each position shown in Figure 1.30. 

Days aftI3K' eXpCJSUrt2 

Position Replicate Dist 1 2 3 4 6 

In crop w 
E 

North W 

E 

South  w 

E 

Eas t N 

S 

C o n t r o l  mean 

37 
48 

0 
5 

1 3  
18 

22 
6 
5 
0 

0 
6 
5 
0 

0 
0 
0 
0 

17 
0 
5 
0 

0 

48 
71 

71 
5 

33 
18 

61 
6 
10 
0 

19 
6 

10 
0 

0 
5 
0 
0 

39 
6 
5 
0 

0 

70 
90 

82 
26 

39 
29 

83 
13 
14 
5 

62 
13 
14 

5 

17 
16 
6 
21 

62 
6 
16 
0 

2 

200 
90 

100 
58 

7 2  
29 

100 
25 
24 
20 

76 
25 
24 
20 

17 
26 
6 

32 

72 
11 
21 
12 

11 

100 
90 

100 
74 

72 
35 

1.00 
31 
24 
30 

81 
31 
24 
30 

35 
37 
12 
47 

72 
22 
26 
29 

14*5 
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Figure 1.31. Phosalone trial. Total mortality, after 4 days, among aquatic invertebrates @ 
exposed to possible drift. e 
samples taken from field targets: Gu = Gammarus exposed to undiluted target water: a 
Key: Ef = Gamrnarus exposed in the field. All others were exposed later, to water 

Gd = Garnrnarus exposed to diluted target water: A = Asellus exposed to undiluted 
target water: D = Dytiscidae larvae exposed to undiluted target water. 
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Table 1.5. Cumulative % mortality, over 4 days, among Gamarms exposed to  
poss ib le  phosalone drift i n  the  field. 

Time (hours )  
Position Replicate  Dis t 4 24 48 72 88 110 

I n  GPQP W 

North W 

E 

South W 

E 

East N 

S 

Controls  

0 
50 

100 

0 
50 

100 

0 

100 
50 

0 
50 

100 

0 
50 

100 

0 
50 
100 

1QQ 
100 

100 
95 1 QO 
0 95 95 95 95 95 

0 100 
0 100 
0 0 5 5 10 10 

100 
6 6 6 6 6 6 
0 100 

100 
0 10 10 10 10 10 
0 5 5 5 5 5 

0 100 
0 0 0 0 0 0 
0 0 0 0 0 0 

0 100 
0 0 0 0 0 0 
0 0 0 0 0 0 
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a 
I 
1 
a 

Table 1 * 6 .  Cumulative X mor ta l i t y ,  over 4 days, among Gammancs kept in water 
samples t h a t  had been exposed to possible phosalone d r i f t .  

~_ . ~~~~ ~ 

I 
Pbs i tion Replicate D i s t  20 44 66 88 I10 a 

Time (hours)  

a 
In Crop W 100 

E 100 

North W 0 100 
50 100 
100 100 

a 
a 
a 
a 

E 0 100 
50 100 a 

a 
50 0 10 10 20 20 a 

100 10 70 90 90 90 

South w 0 100 

East 

100 

E 0 
50 
100 

N 0 
50 
100 

S 0 
50 
100 

Controls 

0 

100 

0 
i a  

50 
0 
0 

100 
20 
20 

0 

90 95 95 

36 64 73 
0 0 0 

100 
30 60 60 
0 0 10 

60 100 
60 100 

0 0 0 

95 a 

1.44 

a 



Table 1 .7 .  Cumulative rnartality X ,  over 4 days,  among Gammams kept  in water 
samples t h a t  had been exposed t o  phosalone d r i f t  and diluted t o  
simulate B depth  af 25 cm of water in t he  targets. 

Time (hours )  
Position Replicate Dist 20 44 66 96 

In crop 

North 

South 

East 

Controls 

w 
E 

w 0 
50 
100 

E 0 
50 

IQ0 

W 0 
50 

I00 

S 

0 
50 

100 

0 

100 
50 

0 
50 

TOO 

100 
100 

I00 
100 

0 

20 
0 
10 

80 
60 
100 

100 
100 
10 

0 
0 
0 

50 
0 
0 

0 

20 

70 
0 
10 

90 
100 

20 

20 
0 
0 

100 
0 

20 

0 

90 90 
20 20 
10 20 

100 

90 100 

30 40 
0 0 
0 0 

20 50 
70 100 

0 0 
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a 

e 
Table 1.8. Cumulative martality ( % I  over 4 days, anlong dssttus kept i n  water 

t h a t  had been exposed to phosalane d r i f t .  0 

Time (hours) e 
Pasi tion Replicate Dis t 20 44 66 8a I10 

In crop W 

North 

South 

East 

E 

W 

E 

W 

E 

N 

S 

0 
50 
100 

0 
50 
100 

0 
50 
100 

0 
50 

100 

0 
50 

100 

0 
50 

100 

90 
90 

100 
10 
0 

0 
0 
0 

95 
10 
10 

90 
0 
0 

10 
0 
0 

0 
0 
0 

0 

100 
100 

40 

95 
10 
0 

95 
10 
20 

loo 
0 
0 

20 
0 

17 

70 
0 
0 

0 

0 
90 
20 

100 
30 
0 

95 
20 
20 

0 
0 

40 
0 

17 

70 
0 
10 

0 

90 
20 

50 
0 

95 
20 
20 

10 
10 

40 
10 
25 

80 
0 
10 

0 

a 
1) 

0 
e 

5O e 

2o 

20 

0 

95 

20 

a 
10 e 

e 
lo a 

O e  

10 

40 

25 

90 

10 

0 



Table 1 . 9 .  Cumulative mortality ( % ) .  over 4 days, among Dytfscidas kept in 
water t h a t  has been exposed t o  phosalone drift. 

Time (hour s )  
Pos l  t i o n  Replicate DiSt 20 44 66 88 110 

I n  crop W 
E 

North W 

E 

South 

East 

W 

E 

N 

S 

Cant r o l  s 

0 
50 

100 

0 
50 
100 

0 
50 

100 

0 
50 
100 

0 
50 
100 

0 
50 

100 

100 
100 

100 
100 

0 

so 
20 
20 

100 
0 
0 

100 
0 
0 

0 
0 

20 

60 
10 
0 

0 

0 40 

100 
40 60 
20 20 

20 60 
0 40 

0 60 
40 40 

40 40 
60 60 
40 60 

100 
60 60 
10 60 

0 0 

60 60 

60 60 
40 60 

60 80 
40 40 

80 80 

60 80 
60 60 

40 40 

60 40 

80 80 
60 60 

0 0 
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~ 6 . 3  Discussion 
It was expected t h a t  phosalone would be only moderately toxic t o  
P. brassicae since it is  not  recommended f a r  Lepidoptera pests of 
ground crops ( Ivens 1993)* The r e s u l t s  generally bore t h i s  o u t  
s ince  100% mortali ty was l imi ted  to  targets t h a t  were most l i k e l y  
t o  have received the f u l l  spray and was r e l a t i v e l y  slow to  take 
e f f e c t ,  Nevertheless ,  s i g n i f i c a n t l y  greater mor ta l i ty  than i n  
c o n t r o l s  was recorded 50 m upwind, 150 m downwind and up to 150 m 
from drift. off t h e  ea s t e rn  edge of t h e  field. The upwind results 
were c l e a r l y  the result  of over-spraying, and were probably i n  
p a r t  a t t r i b u t a b l e  to d i f f i c u l t i e s  i n  seeing the  a r b i t r a r y  boundary 
during spraying. A t  t h e  downwind edge, the  sharp drop i n  
c a t e r p i l l a r  mor t a l i t y ,  from 80-100% t o  31-33% a t  50 m south of t he  
p lo t .  i nd ica t ed  a relatively precise cu t -of f  at t h i s  clear 
boundary though mor ta l i ty  then showed l i t t l e  f u r t h e r  decl ine up to  
150 m.  A t  the  eastern Field boundary, t he  c a t e r p i l l a r s  suffered 
q u i t e  low mor ta l i t y  (17%) f o r  the  first four  days on the  northern 
transect while those to  the south had 72%. The 6-day mor ta l i ty  
l e v e l s  must be t r ea t ed  with caut ion because of the unusually high 
mortality among cont ro ls  a t  the  end of t h i s  period (Table 1 .4 ) .  

It is d i f f i c u l t  to  der ive  d e f i n i t e  buffer zones from this trial 
because of t h e  lack  of n i l  e f f e c t s  f o r  Pieris  on the  transects. 
V a r i a b i l i t y  of  r e s u l t s  between "replicate" t a r g e t  pos i t i ons  w&s 
due t o  the  obl ique  f l i g h t  path and wind direction i n  r e l a t ion  t o  
"the target l i n e s .  "Significant" mor ta l i t y  was recorded a t  150 m on 
the  e a s t e r n  and southern transects, b u t  as these a r rays  were both 
i n c l i n e d  at about 45" t o  t h e  wind d i r e c t i o n ,  t h i s  d i s tance  may be 
equiva len t  t o  170 m downwind from t h e  f i e l d  edges. 
Figure 1-30 shows, the eas t e rn  targets were probably even f u r t h e r  
from the  f i r s t  spray  swath, e s p e c i a l l y  the  water targets. 

Indeed, as 

Tbe high mor ta l i t y  among aquat ic  i nve r t eb ra t e s  a t  100 m in the 
western r e p l i c a t e  on the south side of the  crop contrasts w i t h  the  
sharp drop i n  mortal i ty  among c a t e r p i l l a r s  beyond 50 m on t h i s  
s i d e ,  This i l l u s t r a t e s  s t i l l  f u r t h e r  t he  p o t e n t i a l  r i sk  to 
organisms from over-spraying i n  a t  least one of t he  swaths as a 
result  of failure t o  c u t  off  t h e  spray a t  the  appropriate point, 
or  poss ib ly  as a result of d r i f t  c a r r i e d  by turbulence created by 
the a i r c r a f t .  I f  t h e  latter is  a fac tor  i t  i s  l i k e l y  t h a t  it 
would be more pronounced a t  low wind speeds.  
demonstrate the  s u b s t a n t i a l  element of chance i n  these  
circumstances,  i n  t ha t  there may o r  may n a t  be an observable 
effect, depending upon the prec ise  l o c a t i o n  of the experimental 
targc t . 

The da ta  also 
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Figure *t -32. Cud Fen showing fields and approximate widths used for five aerial spray trials: D = deltarnethrin ( 7  991 >, 
T = triazophos (1992), P = pirimicarb (1992), F, and F, = fenitrothion (1993). Broken lines indicate variable crop 
boundaries in I992 and 1993. 
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The c a t e r p i l l a r s  from t h i s  last trial and some f r e s h  aquat ic  fauna 
were the re fo re  used i n  an experiment a t  Monks Wood to  examine the  
p o s s i b i l i t y  of us ing  a manganese-based f o l i a r  n u t r i e n t  (Mantrac) 
as a tracer i n  f u t u r e  trials. Eiowever, t he  aqua t i c  fauna proved 
s e n s i t i v e  t o  the Mantrac and SO this was not  used. 

1.8 PIRIMICARB 

1.8.1 Methods 
This was the t h i r d  t r i a l  done i n  1992 using a sugar  beet f i e l d  
immediately nor th  of the  f i e l d  descr ibed above fo r  t h e  tr iazophos 
and f e n i t r o t h i o n  t r ia ls  (Figure 1,32). According to  the  o r i g i n a l  
con t r ac tua l  agreement, only c a t e r p i l l a r s  were used. An i n i t i a l  
spraying date of 22 August had t o  be cancel led owing t o  8. week of 
stormy weather. The t r i a l  took place on 26 August with  4-day-old 
Pieris l a rvae  when the  surrounding wheat fields had all been 
harvested. Weather condi t ions were cool with a b r i s k  souther ly  
wind, force 4 .  
the  ground i n  t h e  s tubb le  t o  t h e  north from 0-150 rn downwind. 

Three l i n e s  of targets 5 m a p a r t  were set out  on 

The plane made six passes a l l  from east to  w e s t ,  u s ing  marker 
f l a g s  set  out  along the  east edge of t h e  crop and s t a r t i n g  36 rn 
from t he  northern boundary to  allow f o r  d r i f t  i n t o  the crop. The 
number of larvae on each p lan t  was recorded immediately after 
r e t u ~ n  t o  Monks Wood and f o r  the fol lowing week. 

1 * 8 * 2 Results 
There was good l a r v a l  surv iva l  a t  a l l  d i s t ances ;  t he  mean 
mortality for  controls was almost t h e  same as t h e  o v e r a l l  mean f o r  
the  27 exposed p l a n t s  (Table 1.10). There was also no evidence of 
any i n h i b i t i o n  of growth (as  occurred with phosalone and 
f e n i t r o t h i o n ) ;  t he  majority of larvae were i n  l a t e  t h i r d  or e a r l y  
f o u r t h  ins ta r  a t  t he  end of t h i s  per iod .  

Half of the p l a n t s  had moderate infestations of woolly aphids i n  
the  yaung leaves a t  the end of t h i s  per iod ,  inc luding  one p l a n t  a t  
0 m and two a t  20 m d i s tance .  A patch  of kale plants within the  
sprayed area WRS also found t o  have whi te f ly  a week after 
spraying.  Pkrimicarb i s  not recommended For e i t h e r  of these pests 
which are con t ro l l ed  by a soap concentrate  i n s e c t i c i d e ,  " f a t ty  
acids". 

1-8.3 Discussion 
The e f f i c a c y  of t h i s  appl ica t ion  could not be checked s ince  there  
was no aphid i n f e s t a t i o n  i n  t h e  sugar bee t .  However, Sinha e t  a l .  
(1990) showed t h a t  P. bzwsstcae was about 14 times less  s e n s i t i v e  
t~ pi r imicarb  than t o  phosalone i n  t o p i c a l  app l i ca t ions .  The 
Field app l i ca t ion  rate for  pirimicarb is also f i v e  times less than 
for phosalone (Table 1 . 3 ) .  The r e l a t i v e  " f i e l d  hazard" of 
p i r imicarb  is t he re fo re  one seven t i e th  that of phosalone m d  the  
resul ts  of t h i s  t r i a l  accord with expec ta t ion .  The values  i n  
Table 1 .4  are usefu l  simply i n  demonstrating the n a t u r a l  va r i a t ion  
in mortality with P. brassicae l a rvae  i n  such t r ia ls ,  which 
involve considerable  handling and movement of l a r v a e  and plants 
from t he  labora tory  t o  the f i e l d  and back. 
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Table I*IQ. Bioassay of pirimicarb spray d r i f t  from aerial application. 
Percentage mortality of P. brassicae larvae after 7 days.  
3 replicates. 

Mean of 

a 

Downwind distance N o .  of larvae 3 mortality 

0 
10 
20 
30 
50 
75 
100 
125 
150 

Controls 

51 
61 
6Q 
65 
60 
69 
61 
67 
64 

64 

549 
1.6 
I .7 
4.6 
5.0 
7 . 2  

3.0 
3.1 

8 .2  

4.7 

e 
e 

1.52 



1 - 9  GLWERAL DISCUSSION 

1.9.1 Aerial spraying: experimental contml and validation 
The Holme Lacey t r i a l  showed the  need f o r  v a l i d a t i n g  spray 
app l i ca t ion  r a t e s ,  espec ia l ly  when d i rec t  comparisons are made 
between t w o  t r ea tmen t s ,  Chemical assays of most p e s t i c i d e s  
r e q u i r e  special. techniques and f a c i l i t i e s  and have no t  been p a r t  
of t h i s  Contract. However, i n  t h e  absence of any confirmation of 
the c o r r e c t  appl ica t ion  r a t e ,  r e s u l t s  could be very misleading,  
e i ther  by underestimating or overest imat ing the " t rue"  e f f e c t s  of 
d r i f t  a r i s i n g  from cor rec t  appl ica t ion  rates. I n  t h i s  p a r t i c u l a r  
instance, w e  had the  benef i t  of co l labora t ion  by MAFF Central  
Science Laboratory. We can therefare  say tha t  t h e  aerial spraying 
gave r e l a t i v e l y  low estimates and the  gr~und  spraying r e l a t i v e l y  
high estimates fo r  deltamethrin d r i f t  to be expected under these 
weather condi t ions .  

The anomalous mortality curves beyond 30 m i n  some of t h e  
bioassays OF d r i f t  from the t ractor  obscure comparisons with 
results from the he l icopter .  Nevertheless,  if t h e  two treatments 
had had the  same appl ica t ion  r a t e ,  one may judge t h a t  t he re  might 
be l i t t l e  d i f f e rence  i n  d r i f t  e f f e c t s  from aerial and ground 
spraying over  the  first 10-20 m owing t o  the r e l a t i v e  pos i t i ons  of 
the  f i r s t  swath - i n  keeping with M r  M T Davies' o r i g i n a l  
supposi t ion.  Beyond t h i s ,  however, i t  is likely t h a t  t he re  would 
be greater depos i t ion  and impact from aerial spraying.  

I n  t he  absence of a sens i t i ve  chemical assay of p e s t i c i d e  d r i f t ,  
t he  next b e s t  approach would be the  add i t ion  of  a environmentally 
acceptable t r a c e r  i n  a tank mix (see the last asulam t r ia l ,  
Sect ion 2 ) .  This st i l l  r e q u i r e s  some development research t o  find 
a s u i t a b l e  material f o r  insecticjde t r i a l s  which is ba th  non-toxic 
to  the  bioassay spec ies  and cm be appl ied t o  edible  crops without 
commercial loss. 

Failing both of these va l ida t ion  tests, one must rely on a 
cantractor using a compound as he would i n  standard commercial 
practice fal lowing l a b e l  recommendations. This  is bes t  achieved 
by using a f u l l  spray can i s t e r  with t he  appropr ia te  mount of 
wa.ter rather than  t r y i n g  t o  estimate partial doses. The use  of 
targets wi th in  the sprayed area provides a check of m a x i m u m  
effect ,  measured ( fo r  in sec t i c ide  bioassays)  by t he  rate a t  which 
mortality occurs. 

The use  of water-sensi t ive papers is also a check that  v i s i b l e  
spray deposition has o r  has not  reached a given target p o s i t i o n ,  
Their value was demonstrated i n  the second f e n i t r o t h i o n  trial 
which involved  Engl i sh  Nature s t a f f .  They would have been u s e f u l  
i n  the  first f e n i t r o t h i o n  t r i a l  i n  confirming the lack of  upwind 
d r i f t .  However. t h e y  cannot always be used, eg when the  
vegetat ion i.s wet (as a t  Holme Lacey) or when t h e r e  is high 
humidity (as i n  the 1991 deltamethrin trial). It is  i n t e r e s t i n g  
t o  note  t h a t  i n  t h e  first of three a e r i a l  spray drift experiments 
by Riley et a2 (1989), the  measured deposition of del tamethrin a t  
0 m ( t h e  t h e o r e t i c a l  edge of the  target zone) was 4.4% of t he  
nominal dose, while t h e  deposition on the  wa te r - sens i t i ve  papers 



at 0 m i n  the second f en i t ro th ion  trial was b d l Y  of the  measured 
drople t  deposition under the  plane. However, Riley et a1 pa in t  
out  t h a t  t h i s  percentage value 
metres displacement i n  t h e  pos i t ion  of the  f i r s t  s p r a y  swath. 

could be greatly af fec ted  by a few 

Fina l ly ,  the use  of B "standard" s i t e ,  and the  cumulative l o g i c a l  
pa t t e rn  of data obtained from a series of t r i a l s ,  g r e a t l y  help i n  
i n t e r p r e t i n g  the  results obtained. 

I 9.2 ~ i o a s s a p  
The f i r s t  and last trials (with del tamethrin and f en i t r a th ion  2)  
showed the  relative s e n s i t i v i t y  of bioassays compared w i t h  
chemical assays and water-sensi t ive papers i n  de t ec t ing  d r i f t ;  i n  
the former case, "no del tamethrin was able t o  be detected by any 
of the  a i r  sampling media a t  any d i s t ance  downwind of t h e  a rea  
treated by the  ground based appl ica t ion"  (Glass 1993), whereas 
100% morta l i ty  was recorded i n  Gsntroptilum nymphs up t o  30 m; i n  
the la t ter  case, five measurable spots on the  water-sensi t ive 
paper at 100 m was associated with  87% mor ta l i ty  i n  P. brasstcae. 

Pieris brassicae l a rvae  a r e  reasonably robust and y e t  sensitive 
species f o r  such t r ia ls .  
w e l l  i n  advance so  t h a t  f r e s h  eggs are obtained about 5-6 days 
before a trial. This allows 8 to le rance  of one o r  two days for 
the t r i a l  i t s e l f .  A s p e l l  of unse t t led  weather e n t a i l s  a t  least 
two weeks delay before a second batch can be got ready - more i f  
t he re  is  a gap i n  the  egg production cyc le  by the  commercial 
breeder, 
young cabbages; plants i n  poor condi t ion can r e s u l t  i n  undue 
mor ta l i ty  among can t ro l s .  
leaves for bioassay observations l a s t i n g  more than 2-3 days but  
even they will only s u f f i c e  t o  feed 20 growing c a t e r p i l l a r s  for 8 
l imi t ed  period. Var i ab i l i t y  between p l a n t s  inevi tab ly  leads  t o  
greater v a r i a b i l i t y  i n  l a r v a l  exposure t o  d r i f t  and therefore  to  
t h e i r  response though t h i s  can be minimized by judicious pruning. 

A major limitation is the need to  p l an  

There i s  a l s o  a need to  have a good s tock of vigorous 

Growing plants are b e t t e r  than cut 

The bioassays involving aquatic i nve r t eb ra t e s  demonstrate the  
s u b s t a n t i a l  v a r i a b i l i t y  t h a t  may exist between taxa i n  t h e i r  
s u s c e p t i b i l i t y  t o  pes t i c ides .  
mosquito Culex torrentz'um, for example, were more suscept ib le  t o  
,the effects of deltamethrin and f en i t ro th ion ,  respec t ive ly ,  than 
either of the  crustaceans.  I n  c o n t r a s t ,  Gammams was the most 
suscept ib le  of the  th ree  test organisms used f o r  bioassay i n  
respect of triazophos.  I n  t h i s  instance, both Asellus and 
mayflies (Baetis sp)  showed similar s e n s i t i v i t y .  I n  the  
determination of adequate buf fer  zones f o r  aquat ic  communities, 
data from EI s i n g l e  species could be very misleading. I n  
s i t u a t i o n s  where the  desired outcome i s  the  pro tec t ion  of a 
p a r t i c u l a r  spec ie s ,  i t  w i l l  be necessary t o  be confident t h a t  t he  
spec ies  i n  quest ion i s  not s i g n i f i c a n t l y  more vulnerable than 
those for  which information is ava i l ab le .  

The mayfly Centmpt i tum and the  

For Gammarus i n  p a r t i c u l a r ,  the  data suggest  t h a t  stress from 
other  causes,  such as low oxygen concentration, may have a 
s y n e r g i s t i c  effect on mor ta l i ty ,  
t r i a l ,  Gammarus exposed to  contaminated water i n  the  labora tory ,  

For example i n  the  phosalone 
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even when t h i s  was d i l u t e d ,  suffered more m o r t a l i t y  than those 
d i r e c t l y  exposed in t h e  f i e l d ,  perhaps because of the  smaller 
beakers used (see Sec t ion  1.6,2).  
bioassay a l s o  provides a d d i t i o n a l  data t h a t  allow such, apparently 
anomalous, results t o  be i n t e r p r e t e d  more easily. 

The use of several spec ie s  fo r  

In gene ra l ,  ~ ~ C E ~ U S E  of i ts  r e l a t i v e l y  greater s e n s i t i v i t y  t o  
reduced oxygen concen t r a t ion ,  and tendency f o r  dead animals to  
decumpose very r a p i d l y  ( l e a d i n g  ta  a drop i n  oxygen 
c o n c e n t r a t i o n ) ,  Gmmarms pu'lex was not an i d e a l  organism t o  use i n  
these bioassay experiments.  More c o n s i s t e n t  r e s u l t s  would have 
probably been achieved had i t  been p o s s i b l e  t o  a e r a t e  t h e  
experimental  con ta ine r s .  AselZus. which was used i n  all of the 
earlier laboratory-based experiments (Pinder et a1 1993) as well 
as a l l  of the  aerial sp ray ing  t r ia ls ,  proved much more robust  and 
gave consistent d a t a .  The only d i f f i c u l t y  wi th  t h i s  spec ies  w a s  
t h e  frequent tendency t o  remain i n  a s ta te  of almost t o t a l  
p a r a l y s i s ,  o f t en  for days, before dying.  

A l l  of the  f i e l d  experiments with a q u a t i c  i n v e r t e b r a t e s  employed 
very  shallow ( 2  cm deep) water. This has some advantages i n  that 
t h e  r e l a t i v e l y  high concent ra t ion  of p e s t i c i d e  i n  the contaminated 
water allows drift to be de tec t ed  a t  cons ide rab ly  g r e a t e r  
d i s t ances  than is gene ra l ly  p o s s i b l e  by chemical means o r  using 
wa te r - sens i t i ve  papers (see d i scuss ion  of de l t ame th r in  t r i a l ) .  
However, t he  d a t a  r ep resen t  a s u b s t a n t i a l l y  worse case t h a n  is 
likely to QCCW i n  a real f i e l d  s i t u a t i o n ,  where water bodies w i l l  
g e n e r a l l y  be deeper ,  may be flowing and w i l l  u s u a l l y  conta in  
organic sediment (onto which p e s t i c i d e s  may adsorb). Even i n  the 
extreme conditions under which the  b ioassays  were conducted, the 
a q u a t i c  organisms showed responses  a t  distances similar to ,  or 
less than ,  those a t  which s i g n i f i c a n t l y  m o r t a l i t y  occurred among 
t h e  c a t e r p i l l a r s .  I t  is  r e a s ~ n a b l e  t o  conclude, t h e r e f o r e ,  t h a t  
b u f f e r  zones determined as being safe, on the b a s i s  of the  Pieris 
d a t a ,  w i l l  a lso be adequate for  t h e  p r o t e c t i o n  of aqua t i c  
i n v e r t e b r a t e s .  

1.9.3 Conclusions 
The seven aer ia l  i n s e c t i c i d e  spraying  t r i a l s  (including the 1991 
de l tamethr in  t r i a l )  covered f i v e  compounds and a wide range of 
spraying cond i t ions ,  from low t o  h igh  wind speeds and unstable t o  
neutral  or even s tab le  meteorological  cond i t ions .  Together these  
throw l i g h t  on "worst case scenarios", inc lud ing  the  uncer ta in ty  
of t he  d i r e c t i o n  of d r i f t  a t  the  c e n t r e  of a high pressure  weather 
system. The r e s u l t s  are therefore considered to have met the 
requirements of  the  Contract  i n  a l lowing  assessment of buff'er 
zones, see Sec t ion  4 .  

Previous s t u d i e s  have deterrnkned the LD,, l e v e l s  f a r  all five 
compounds i n  t o p i c a l  a p p l i c a t i o n s  t o  E'. brassicae larvae (Sinha e t  
a1 1990, Davis & Pinder 1992). It i s  therefore p o s s i b l e  t o  draw 
up a t a b l e  to g ive  " f i e l d  hazard" r a t i n g s  ( a p p l i c a t i o n  rate/LD5,) , 
and t o  compare t h e  observed percentage mortali t ies a t  d i f f e r e n t  
distances downwind (Table 1.11). 



Table 1.11. Summary details of aerial s p r a y i n g  experiments with PIerts brassicae ca terp i l la rs  t o  compare relative "field hazards" 
(rate/LDS0) and observed mortali t ies from d r i f t .  

Insecticide Trial Application Pterts Application Wind Period Mortality of Pieris  ( % )  at distance 
location rate LD,, rate/LD5, m/sec mortality 

(/e/d observed Control 0 m 50 m 100 m 150 m and date ( d h a )  

Del tame t h r i n  Chatteris 
1991 

Deftamethrin Holme Lacey 
1992 

Triazophos C h a t t e r i s  
1992 

Pirimicarb Chatteris 
1992 

Phos alone Abbots Ripton  
1993 

Fen i t ro th ion  (2) Chatteris 
1393 

7.9  0.049 161 0.4-2.0 12 h 0 

2.7 0.049 55 1-1.5 7 d  9 

295 1.52 194 2-4 4 d  12 

140 564 0.2 2.5-5.5 7 d 5 

700 38.9 18 0.5-2.5 4 a 11 a 

loo* 70 44 43 

89 10+ 4 2 

loo 100 100 97 

6 5 8 3 

87 26 14 21 
b) 41 19 17 17 

8 100 100 87 23 

* a t 4 r n  + 32% at 40 M, 25% A t  75 m 
a )  i n  line with  f l i g h t  path b )  a t  right angles t o  flight pa th  
distances for  both a) and b )  need to be multiplied by 1.13 because of oblique wind direction i e  0 ,  57, 113, 170 m 
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The results are, of C Q U ~ S ~ ,  also affected by o t h e r  factors 
especially weather (wind speed, atmospheric s t a b i l i t y ,  humidity 
e t c )  and mode of a c t i o n  of the  compound (pe r s i s t ence ,  stomach 
acti~n e t c ) .  Nevertheless,  a pa t t e rn  of r e l a t ionsh ips  can be seen 
when these are p lo t ted  (F igure  1 .33) .  At zero distance ( t h e  
nominal edge of the sprayed area) there is a s t rong ly  convex 
r e l a t i o n s h i p  - see the  l i n e  jo in ing  open circles - showing t ha t  
h igh  m o r t a l i t y  is  q u i c k l y  reached with increasing f i e l d  hazard 
ra t ing .  For caterpi l lars  a t  50 m there i s  a l i n e a r  a r  sigmoid 
relationship ( t r i a n g l e s ) ,  a t  100 m a weakly concave r e l a t i o n s h i p  
(squares) and a t  150 m a strongly concave r e l a t ionsh ip .  F u r t h e r  
data  points &re needed to obtain B clearer p i c t u r e  of the 
re la t i ,onships  for field hazard r a t i n g s  of 55-160. 
seems l i k e l y  that  any application with a r a t i n g  >60 might cause 
50+% mortality at 50 an, and doubling t h i s  r a t i n g  might double the 
distance. ie 50% mar t a l i t y  a t  100 rn. 

However, it 

Same of t h e  most toxic  and wide spectrum compounds cansidered are 
no longer  available fo r  aer ia l  app l i ca t ion ,  o r  only f o r  special  
purposes,  eg against Colorado beetle. However, the p r inc ip l e s  can 
be widely applied and should a t  least be considered i n  t h e  
protection of s e n s i t i v e  sites. 
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