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Insec t i c ide  dr i f t ;  and impact from aerial spraying. 
S i x  f i e l d  t r i a l s  are descr ibed  i n  which aerial applications were 
made t a  field crops dur ing  1992 and 1993. Deltamethrin (under 
experimental  permit), t r iazophos  (under  o f f - l a b e l  approval )  and 
f e n i t r o t h i o n  (two a p p l i c a t i o n s )  represented  compounds considered t o  
pose r e l a t i v e l y  h igh  d r i f t  hazards  to non- ta rge t  i n v e r t e b r a t e s ;  
phosalone was chosen t o  r ep resen t  moderate hazard,  and p i r imica rb  
chosen f o r  low hazard. The s e v e r i t y  and e x t e n t  of d r i f t  e f f e c t s  were 
measured by b ioassays  u s i n g  young cabbage white  c a t e r p i l l a r s  and 
three a q u a t i c  i n v e r t e b r a t e s .  

The deltamethrin trial was conducted at Holme Lacey. Herefordshi re  
I t  involved t h e  comparison of  d r i f t  from a h e l i c o p t e r  and B 

hydraul ic  ground-based s p r a y e r ,  and also coopera t ion  with MAFF 
Cent ra l  Science Laboratory in d i r e c t  chemical measurements of 
within-crop depos i t i on  and d r i f t .  The b ioassay  r e 5 u l . t ~  gave s a f e  
d is tances  of about 90 m f a r  Pier i s  brassicae and 30 m for  aqua t i c  
i n v e r t e b r a t e s .  However, the  chemical a s says  showed t h a t  t h e  
he l icopter  had app l i ed  about  41% of t h e  intended dose and so  these 
values  must be cons idered  low estimates. 

The t r i azophos ,  f e n i t r o t h i o n  and p i r imica rb  t r i a l s  were c a r r i e d  o u t  
on ad jacen t  f i e l d s  i n  t h e  Fens near  C h a t t e r i s .  They included worst 
case cond i t ions  wi th  mean wind speeds of 3.5 t o  4 m s-I. and a l s o  
near calm cond i t ions  i n  which wind direction changed by 180" a f t e r  
s e t t i n g  o u t  the t a r g e t s .  P.brassicae showed downwind d r i f t  effects 
from t r iazophos  and f e n i t r o t h i o n  up t o  a t  least 150 rn while obvious 
e f f e c t s  on a q u a t i c  fauna were recorded up t o  75 - 120 m. The 
phosalone t r i a l  was c a r r i e d  o u t  a t  Abbots Ripton and involved 
s t u d i e s  of over-spraying  as w e l l  as d r i f t .  Toxic effects were again 
recorded up t o  100-150 rn from t h r e e  edges of the  experimental  area. 
although they  occurred more slowly. There were no effects on P .  
brassicae from pirimicarb. 

Chenical v a l i d a t i o n  of spray  rates and t h e  use of wa te r - sens i t i ve  
papers are d i scussed ,  as w e l l  a s  t h e  va lue  of complementary bionssny 
r e s u l t s  from te r res t r ia l  and aqua t i c  s p e c i e s .  

2 Use of bioassay techniques to assess t he  effects of asulam 
applied f r o m  helicopters. 
The p o t e n t i a l  damage from asulam d r i f t  is assessed  by us ing  cornman 
sorrel  Rumex acetosa and non-native f e r n s  i n  b ioassays .  Three 
previous experiments  are reviewed and augmented with d a t a  from two 
s t u d i e s ,  in 1992 and 1993. D r i f t  deposition measurements  and 
comparisons with damage t o  bioassay p l a n t s  were made i n  all cases 
using wate r - sens i t i ve  p a p e r s ,  and more a c c u r a t e l y  i n  one expe r imen t  
by adding a Lithium tracer t o  the  spray.  

when 

The combined ;.csults o f  all s t u d i e s  shows t h a t  bioassays are 
genera l ly  s e n s i t i v e  and can be used t o  determine or d e t e c t :  
i) 
ii) 
iii) Overspray damage, 
i v )  

Safe distances downwind from a sprayed pa tch ,  i e  b u f f e r  zones,  
D i f f e r e n t i a l  windward and leeward damage, 

Damage i n  d i f f e r e n t  micro-habi ta t s  w i th in  a sprayed area. 

A first  b u f f e r  zone estimate of  161 m was based on a s i n g l e  t r i a l  i n  
a high wind. A s tudy  i n  1992 gave poor and c o n f l i c t i n g  r e s u l t s ,  a t  
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least  p a r t l y  because of t he  poor efficacy of t h e  asulam spray .  
1993 s tudy  found damage t o  b ioassay  p l a n t s  a t  the  maximum d i s t a n c e  
t e s t e d  of 180 m downwind. I t  was es t imated  t h a t  t h i s  damage was 
brought about by 8% depos i t ion  of t h e  nominal dose app l i ed .  

The 

3 Ancillary studies on aer ia l  spraying and insecticides 
Brief  reviews are made on techniques f a r  reducing d r i f t  hazards  from 
aer ia l  spraying  and on the  long term e f f e c t s  of py re th ro ids  on 
i n s e c t s .  The fixed-wing spraying  equipment and procedures used by 
t he  c o n t r a c t o r  i n  the f i e l d  t r ia l s  were f a i r l y  s tandard .  However. 
there may be a case  f o r  s e t t i n g  p r a c t i c a l  routines f o r  l e a v i n g  
unsprayed headlands.  Py re th ro ids  have r e l a t i v e l y  s h o r t  f i e l d  
p e r s i s t e n c e ,  and t h e  f i e l d  b ioassays  for  del tamethrin (and 
organophosphorus compounds) were found t o  give s t a b l e  m o r t a l i t y  
r e s u l t s  a f te r  6-7 days.  Unpublished s t u d i e s  suggest t h a t  t h e r e  may 
be sub le tha l  effects.  

A c o l l a t i o n  of environmental  r i s k s  from i n s e c t i c i d e s  i s  made by 
cons ider ing  the  r e l a t i v e  extent of use  of 25 compounds. t h e i r  
spectrum of a c t i v i t y  aga ins t  i n s e c t  orders, t h e i r  t o x i c i t y  t o  P. 
brassicas and hazard r a t i n g s  f o r  bees and f i s h .  

4 Buffer  zones and recwmnendations to protect conservation in te res t s  
The d e f i n i t i o n  and purpose ~f b u f f e r  zones are considered with special 
reference t o  aerial  spraying,  It  was concluded 
could no t  r e a l i s t i c a l l y  hope t o  p r o t e c t  s e n s i t i v e  sites t o t a l l y .  The aim 
should t h e r e f o r e  be t o  t r y  t o  ensu re  t h a t  unacceptable e f f e c t s  are 
avoided. A s t a t u t o r y  bu f fe r  zone of 250 m around SSSIs should provide  
acceptab le  p r o t e c t i o n  from downwind d r i f t  and over-spraying i n  t h e  vast 
major i ty  of cases .  For p r o t e c t i o n  of t h e  wider count rys ide  from p e s t i c i d e  
d r i f t ,  oppor tun i t i e s  should be taken a t  the  regula tory  stage t o  revoke 
aerial  uses or  t o  set s t a t u t o r y  bu f fe r s  cons i s t en t  with r e c e n t  precedents .  

t h a t  s e t t i n g  b u f f e r  zones 
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BACKGROUND AND ORGANISATION 

ITE was commissioned by t h e  Nature Conservancy Council  i n  1986 t o  c a r r y  out  a 
desk s tudy  an t h e  impact of p e s t i c i d e  d r i f t .  Following t h e  r e p o r t  i n  1987, ITE 
undertook a f i v e  yea r  programme f o r  t h e  Department of h v i r o n m e n t  and NCC t o  
s tudy  the  e f f e c t s  of h e r b i c i d e  and i n s e c t i c i d e  d r i f t  on p l a n t s  and i n v e r t e b r a t e s ,  
mainly from ground sprayers. These involved subcon t rac t s  t o  t h e  I n s t i t u t e  of 
Freshwater Ecology on a q u a t i c  i n v e r t e b r a t e s ,  and t o  t h e  I n s t i t u t e  of Arable Crop 
Research a t  Long Ashton a n  he rb ic ide  vapaur d r i f t  and dose response of p l a n t s .  

A f u r t h e r  ~ W Q  year c o n t r a c t  was then commissioned by English Nature t o  quan t i fy  
t h e  impact of d r i f t  from aerial spraying  of i n s e c t i c i d e s  on field crops  and 
asulam on bracken, and to  advise on buf fe r  zones t o  p r o t e c t  SSSTs. S t u d i e s  on 
i n s e c t i c i d e s  have involved j o i n t  work between ITE,  IFE and Dr Cooke on secondment 
from English Na tu re .  S t u d i e s  on asulam have involved joint work between ITE and 
Profes so r  Marrs a t  Liverpool  Un ive r s i ty  (under  s u b c o n t r a c t ) .  This r e p o r t  
concludes t h e  programme. 

NOMINATED OFFICERS 

EN A Burn 
ITE I3 N K Davis 

iii 



a 
a 

a 
a 
a 

a 

a 
a 

a 
a 
a 
a 
a 

a 
a 

I, 

* 
a 

INSECTICIDE DRIFT AND IMPACT FROM AERIAL SPRAYING 



1 INSECTICIDE D R I F T  AND IMPACT FROM AERIAL SPRAYING 

B N K Davis. L C V Pinde r ,  A S Cooke & A J Fros t  

1.1 INTRODUCTIQN 
W i l l i a m s  e t  o l  (1987) reviewed the  e x t e n t  of  aerial sp ray ing  i n  
B r i t a i n  and (mainly) overseas d a t a  on drift from bath fixed-wing 
a i r c r a f t  and h e l i c o p t e r .  They assessed  the a v a i l a b l e  informat ion  
on d r i f t  w i t h  r e spec t  ta  d i f f e r e n t  types and o r i e n t a t i o n  of 
~ Q Z Z ~ ~ S .  down-draft, f l y i n g  h e i g h t ,  s i t e  va r i ab le s  such as f i e l d  
width and ' roughness l eng th '  of t h e  c rop ,  and meteorological  
v a r i a b l e s .  

Deposit ion d a t a  compiled i n  t h e  review were subsequently used t o  
estimate the d i s t a n c e s  a t  which honeybees might be a t  risk from 
aer ia l  spraying  of 20 i n s e c t i c i d e s  under uns tab le ,  n e u t r a l  and 
s table  atmospheric c o n d i t i o n s  (Davis & Willims 1990). These 
showed, for  example. t h a t  the 'LD,, distancet for honeybees 
r ece iv ing  t~iazophos spray  d r i f t  could be 21, 65 and 135 m 
r e spec t ive ly .  

I n  1989 t h e  NCC expressed cancern over  t he  p o t e n t i a l  d r i f t  hazards  
t o  nearby SSSI from t r i azophas  and t h e  pyre thro ids  t h a t  were 
c u r r e n t l y  appl ied  by a i r  t o  pea crops. E f f o r t s  were t h e r e f o r e  
made i n  1990 t o  l o c a t e  pea crops t h a t  were to  be sprayed wi th  
these  compounds i n  Norfolk, Suf fo lk ,  Cambridgeshire and 
Lincolnshi re  through ADAS and FWAG off icers ,  t he  P~ocessors  and 
Growers Research Organisa t ion  (PGRO) and by d i r e c t  contact with  
aerial spray c o n t r a c t o r s .  However, these e f f o r t s  were 
unsuccessful  and so in 1991. a local spray operator was contracted 
t o  spray an area nea r  C h a t t e r i s  with del tamethrin under 
experimental c o n t r o l  and with t h e  agreement of a l a c d  farmer. 
The bioassay r e su l t s  i nd ica t ed  effects  on Pfer ts  bTassicae l a r v a e  
and aqua t i c  i n v e r t e b r a t e s  up to  250 m downwind of the  sprayed area 
(Bavis  & Pinder  1992; Davis et Q Z  1993a; Pinder e t  a l  1993). 
Engl ish Nature then con t r ac t ed  ITE t o  undertake f u r t h e r  s t u d i e s  
s p e c i f i c a l l y  on aer ia l  spraying .  t o  inc lude  th ree  f i e l d  t r i a l s  
with insecticides i n  ba th  1992 and 1993. 

These s i x  t r ia ls  are summarised in chronological  order  i n  Table 
1,l. The first trial was i n  Herefordshire  and d i f f e r e d  from a l l  
t h e  o t h e r s  i n  t he  use  of a h e l i c o p t e r ;  spraying d e t a i l s  are given 
i n  Table  1 . 2 ,  
t h e  same spray c o n t r a c t o r  (Table 1.3, Section 1 . 4 ) ,  and four of 
them on t h e  same farm as t h e  o r i g i n a l  del tamethrin trial i n  1991. 

The remaining f i v e  were a l l  i n  Cambridgeshire using 

This  r e p o r t  describes these s i x  trials i n  t he  most logical 
sequence for  assessing t he  r e s u l t s .  

1.2 _I___-- METHODS: OVERVIEW 
General f e a t u r e s  of the o rgan i sa t ion  of these f i e l d  studies are 
descr ibed  he re ,  t o g e t h e r  with genera l  desc r ip t ions  of si tes and 
methods. S p e c i f i c  d e t a i l s  far t h e  ind iv idua l  trials are desc r ibed  
s e p a r a t e l y .  Tr ia l  1 wi th  de l tamethr in  was d i s t i n c t i v e  and is 
considered first. The o t h e r  f i v e  are then considered i n  

1.1 



Table 1.1 Observations made for  six aerial spray d r i f t  t r i a l s  i n  1392 and 1993. 

T r i a l  
Date 

1 2 3 4 5 6 
8 July 1992 29 J u l y  1992 26 August 1992 2 June 1993 15 June 1993 7 July 1993 

Site 
hircraf t 

Pesticide 
Bioassays 

Caterpillars 
Pieris brassicae 

Aquatic i n v e r t e b r a t e s  
Gammams pulex 
Ase 1 lus aquat tcus 
C e n t r o p t  t lum sp 
Baetis sp 
Zygoptera 
Dy t i s c i d a e  
CuZex torrentiwn 

Deposition measurements 

Holme Lacey 
He 1 i cop t e  r 
( +  ground sp raye r )  
Deltamethrin 

J 

- 
A 

* = i n c l u d i n g  animals exposed i n  t h e  f i e l d  

Chatteris Chatteris Chat teris Abbots Ripton Chatteris 
Fixed wing Fixed wing Fixed wing Fixed wing Fixed wing 

Triazophos Pirimicarb Fen i t ro th ion  (1) Phosalone Fenitrothion (2) 

A = chemical analyses WSP = water-sensitive papers  



1.2.1 

1.2.2 

descending order of d r i f t .  e f f e c t s  i e  t r iazophos ,  f e n i t r o t h i o n  ( 2 ) ,  
phosalane, f e n i t r o t h i o n  (1) and pirimicarb.  

O r g a n i  sat ion 
The f irst  t r i a l  was designed to  campare d r i f t  from a h e l i c o p t e r  
and from a tractor-mounted hydraul ic  sprayer .  
A i r  Services)  proposed this comparison and made initial con tac t s  
with Kolme Lacey Agr i cu l tu ra l  College, near Hereford. This 
col lege  provides t r a i n i n g  courses  and c e r t i f i c a t e s  fa r  spraying.  
Detailed arrangements were made with Mr Gwyn (Arable Farm 
Manager). 
f o r  aerial app l i ca t ion  of de l tamethr in  t o  sugar  bee t  far  which 
there was no  cu r ren t  approval.  

Mr M T Davies (M D 

Mr Savaurey obtained the  necessary experimental  permit 

T r i a l s  2 ,  3,  4 and 6 were c a r r i e d  out  a t  Curf Fen nor th  of 
Chatteris by agreement with the Earmes Mr C Childs who was 
o r igkna l ly  contacted through WAG. 
Ripton Estate by agreement with Lord de  Ramsey and by arrangement 
w i t h  the  Farm Manager Mr R Pickasd. Aerial spraying f a r  a l l  f i v e  
trials was d ~ n e  by Apple Aviation under contract. S i t e s ,  da t e s  
and pes t i c ides  were agreed w e l l  i n  advance but  the  p r e c i s e  time of 
spraying and pos i t i on  of swaths were confirmed by telephone on the  
morning i n  ques t ion ,  depending on wind d i r ec t ion .  Mr A Penniston 
directed the  f l i g h t  pa ths  himself for Trials  2 and 6. 
o ther  occasions,  a r a d i o  telephone was used t o  maintain contac t  
with t h e  o f f i c e  a t  Sibson A i r f i e l d ,  and f luorescent  marker flags 
were placed at abaut 16 m i n t e r v a l s  t o  ind ica t e  the  swaths. 

Trial 5 was on t h e  Abbots 

On t h e  

Site descriptions 

HoLrne Lacey 
The western ha l f  of a long rectangular sugar beet  field ( c .  100 x 
680 m) near the  top of a h i l l  was chosen for the  t r i a l  ( g r i d  
reference 32/355234. a l t i t u d e  120 m) . 
f i e l d s  t o  n o r t h  and south with a small copse midway along the  
northern boundary and a l o w  i n t e r m i t t e n t  hedge and a f e w  trees on 
the  southern boundary. The Land F e l l  away evenly towards the 
south up to about 85 m beyond t he  f i e l d  edge and then more s t eep ly  
(Figure l $ l ) ,  

It was bounded by grass 

Chatteris 
Three adjacent fenland fields were used during 1992 and 1993 (gr id  
reference 52/4088, altitude 10 m) (see Figclre 1.32). These all 
bordered a concrete  farm t r a c k  which provided access, and were 
surrounded by ot,ker a r a b l e  f i e l d s  (wheat, sugar b e e t ,  potatoes  and 
peas) without any hedges 01' trees. 
d i tch ,  t h e  crop boundaries themselves could vary from year to 
year. 

Where the re  was no boundary 

Abbots Ripton 
Qil seed rape was needed for  t h e  phosalone trial. 
of spring-sown rape was chosen on the  clay lands nor th  of Kings 
Ripton (grid re ference  52/259780, a l t i t u d e  125 m). 

A large f i e l d  

1.3 



Bioassays and spray validation 
Two- t o  four-day-old la rvae  were used for bioassays of d r i f t  
e f f e c t s  i n  a l l  six trials. Aquatic i n v e r t e b r a t e s  were used i n  a l l  
except Trial 3 with pirimicarb though t h e  spec ie s  var ied depending 
on a v a i l a b i l i t y  (Table 1*1). 

The c a t e r p i l l a r s  were reared from ba tches  of f r e sh ly  l a i d  eggs 
obtained fo r  each t r i a l  from a commercial breeder ,  " P i e r i s "  a t  
Grantchester .  
cabbage leaves f o r  about f i v e  days and then pinned to  young 
cabbage p l a n t s  i n  7 x 7 cm pots .  
w i t h  a p a i n t  brush to  o ther  po t ted  cabbage p lan ts  a day 01" so 
before  they were t o  be used. These po t t ed  p l a n t s  were placed 
d i r e c t l y  on the  ground i n  fallow f i e l d s ,  short grass or stubble, 
or on upturned buckets in longer grass or sugar b e e t ,  o r  were 
suspended from canes so  t h a t  they were j u s t  above t a l l  crops such 
as wheat and oilseed rape. 

The egg batches were kep t  i n  p e t r i  d i shes  on f r e s h  

Day-old l a r v a e  were t r ans fe r r ed  

Af te r  exposure to spray  drift, the po t t ed  p lan ts  with the 
caterpillars were immediately placed i n  larger pots  (ca 17 x 17 x 
13 cm) with sea led  drainage holes and nylon gauze cy l inders  taped 
around t h e  r i m .  
t i e d  and held  above the  p l an t s  by 40 crn split canes sunk into the  
p o t t i n g  compost. 
r ~ o m  and su rv iva l  recorded generally f o r  6-10 days. 

The open ends of t h e  gauze cy l inders  were then 

The la rvae  were t h u s  brought back t o  a shaded 

The standard procedure for aquat ic  i n v e r t e b r a t e s  w a s  t o  expose 
t a r g e t s  cons i s t ing  of a rec tangular  photographic developing t r a y ,  
46 cm x 57 cm and 8 cm deep, conta in ing  2 cm of pond water t h a t  
had been f i l t e r e d  through a 60 pm mesh n e t ,  to remove coarse 
p a r t i c l e s  and macro-invertebrates.  
aluminium f o i l  to  prevent adsorpt ion of p e s t i c i d e  onto t h e  plastic 
surfaces. 
t h e i r  long s i d e s  a t  r i g h t  angles t o  t h e  an t i c ipa t ed  d i r e c t i o n  of 
d r i f t .  
a t  the  he ight  of the  crop using bamboo canes with ad jus t ab le  hooks 
which attached to  the lip of the  t r a y .  I n  some cases, 
i nve r t eb ra t e s  (Gammams ptcler) were added t o  the  water trays for 
direct  exposure i n  the  field. (Table l.l), but i n  all trials the 
water samples were returned t o  t h e  l abora to ry  where subsamples 
were placed i n  250 m l  washed glass beakers.  
t o  the undi luted water from each t ray and i n  some cases  to samples 
that were d i l u t e d  to  simulate contamination of water bodies t h a t  
were 25 cm, 50 cm or 100 cm deep ie d i l u t i o n  by 12.5, 25 and 50 
times respec t ive ly .  Replicate c o n t r o l s  of each species were also 
established and a l l  were maintained ave r  a minimum period of four 
days during which mor ta l i ty  was assessed. 

The trays were l i n e d  with 

The t r ays  were genera l ly  placed on the ground with 

However, i n  wheat and rape c rops  t h e  t r a y s  were supported 

Animals were exposed 

Chemical analyses of del tamethrin i n  t h e  h d i c o p t e r  and t rac tor  
sprayer  tanks  i n  T r i a l  1, and of the  spray  depos i t ion  and drift 
from both sprayers, were made by the  Cent ra l  Science Laboratory of 
t h e  Pes t i c ides  and Contaminants Group from Harpenden, under t h e  
d i r e c t i o n  of D r  A J Gilbert. 
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1 . 3  TRIAL 1: DELTAMETHRIN 

1.3.1 Methods 

Spraying and field bioassays 
A 300 m x 50 m area was marked a u t  with flags along the top 
western end of the  sugar beet f i e ld ,  and divided i n t o  two p l o t s  
200 m and 100 1(1 long for  he l icopter  and t r a c t o r  spraying 
r e spec t ive ly  (Figure 1+1). 

Three parallel lines of bioassay targets were set out 5 m apart  
downwind of both p l o t s  s t a r t i n g  on t h e  southern boundary near the  
middle of t h e  he l i cop te r  p l o t ,  but near  t he  western end OF the  
t r a c t o r  p l o t  t o  minimise s h e l t e r  and turbulence e f f e c t s  from trees 
t o  nor th  and south.  With in  each line, the  targets were placed a t  
0 ,  10, 20, 301 40, 50,  75, 100, 125 and 150 m from the  bwundary of 
the  helicopter p l o t ,  and a t  I0 rn i n t e r v a l s  from 0-60 m from the  
boundary of the  t r a c t o r  p l o t .  
the grass f i e l d  f o r  the helicopter p l o t  while the 60 m position 
f e l l  j u s t  wi th in  the  sugar beet field f o r  t he  t r a c t o r  p l o t  owing 
t o  variations i n  t he  width of t h e  field. 

The 50 rn pos i t i on  fell j u s t  within 

A t  each distance, the inner  l i n e  of t a r g e t s  consisted of a water 
t r a y  placed QII the  ground. 
t r a y s  were removed. The outer p a i r  of targets each consis ted af 
two young cabbage p l a n t s ,  each with about twelve 3-day-old P. 
brassicae larvae; .  There were na c a t e r p i l l a r  targets a t  60 m for 
t h e  tractor p l o t ,  only a water target. 

Sugar beet leaves t h a t  overhung the 

Spraying was done on the evening of 7 J u l y  between 2100 and 2140. 
It  was brought forward from 8 Ju ly  because of p reva i l i ng  
favourable  weather conditions and a f o r e c a s t  of less settled 
condi t ions .  Because of the late hour and the time needed to  set 
up the  depos i t i on  and d r i f t  t a rge t s  by Dr G i l b e r t ,  i t  was 
necessa~y t o  put  ou t  a l l  t h e  c a t e r p i l l a r  targets a t  the same t i m e ,  
and to  follow the  helicopter spraying immediately by the  t r a c t o r  
spraying. Water targets downwind of the  area sprayed by t r a c t o r  
were, however, only exposed when he l i cop te r  spraying had been 
completed. 

The quantities of spray made up for  the h e l i c o p t e r  and gromd 
sprayer  were calculated to apply the  s tandard appl ica t ion  rate for  
d e l t a e t h r i n ,  ie 7.5 g ai ham1. 
deposition were measured by Dr Gi lbe r t  u s i n g  8.7 cm diameter 
chromatography papers ,  placed hor izonta l ly  i n  P e t r i  dishes  a t  crop 
he ight  a t  1 .5  m i n t e r v a l s  across the  f irst  (downwind) swath and 
l a s t  (upwind) swath. Drift was measured with similar papers 
placed at; 1 m i n t e r v a l s  downwind of the  t r e a t e d  areas, and with 
v e r t i c a l  and hor izonta l  polythene l i n e s  and sets af hor izonta l  
pipe cleaners a t  8 YO and 20 m downwind. 

The actual levels of spray  

The helicopter sprayed three  swaths 200 m long by 15 m wide from 
west to east i n  each case, s t a r t i n g  c. 10 m from the  southern edge 
of the plot and working upwind. The t r a c t o r  sprayed four swaths 
100 m long by 12 m wide on tramlines s t a r t i n g  6 m up from the 
south east corner  of the  p lo t .  The spray w a s  shut off when the 



F i g u r e  1 , l .  Area s p r a y e d  w i t h  d e l t a n e t h r < n  at Holrne L,acey b y  helicopter a n d  
tract.or wi t,h positions of spray d r i f t  b ioassay t a r g e t s  
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tractor e n t e r e d  t h e  helicopter p l o t  and restarted when it re- 
entered the p l o t  on t h e  r e t u r n  run after turning at the end of t h e  
f i e l d .  The wind was light and s teady (Table 1 . 2 ) .  

After spraying,  t h e  cabbage plants and water samples were all 
collected in by 2230 and t ranspor ted  back ta Monks Wood t h e  same 
n i g h t .  The cabbages were kept for a week and checked regularly 
f a r  larval mortality. Surviving la rvae  were then  ten days old and 
entering their Fourth i n s t a r .  Subsamples of water were 
transferred to cleaned, 250 m l  glass beakers. Invertebrates - 
Asellus aquaticus, Emmarus p u l e x ,  and CentraptfZwn (mayfly) 
nymphs - were exposed t o  undi lu ted  water samples, and A .  aquaticus 
and Centroptilwn exposed t o  water diluted to s i m u l a t e  t h e  effect 
of contaminating a pool 25 cm deep. In a l l  cases two replicates, 
each contalining 10 individuals, were established together w i t h  t w o  
c~ntrols for  each species which used water that had no t  been 
exposed to possible contamination by d r i f t .  Mortality was then  
assessed over a period of four days. 

Table 1 .2 .  Spraying details  f o r  Nolme Lacey using del tamethr in .  Data from Glass 
(1993) except wind speed. 

Helicopter Ground sprayer 
.- 

Model/ type Hiller 12E h y d r a u l i c  

Swath width (m 15 12 

Boom leng th  ( m  9.75 12 

Noz z les 

Pressure/f low (bar/l noin-’) 212.3 2.5/1.38 

Speed (km h-’) 64 8 

29 D645 cone 24 Hardy 4 110-20 fan 

He igh t  above crop (a) 2 0.6 

Intended application rate ( g  ai ha”) 7.5 7.5 

(downwind swath) 2.9 9.8 

(upwind swath) 3.2 9.2 

Wind speed a t  2 m he igh t  (rn s - I )  1-1 * 5 1-2 

Measured 77 71 t t  
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1.3.2 R ~ S U I ~ S  

Caterpillars 

Helicopter  sprayha 
The mor ta l i t y  figures f o r  P. brassfcae were combined fo r  the p a i r  
of targets ( 4  plants) a t  each downwind d i s t a n c e ,  and plotted ta 
give  cumulative rnar ta l i ty  curves (Figure 1 . 2 ) .  There was a high 
i n i t i a l  mor t a l i t y  a t  the  nominal edge of the  sprayed area r i s i n g  
to 89% a f t e r  seven days. Mortalities a t  10, 20, 30, 40 and 75 m 
were a l l  very s i m i l a r ,  r i s i n g  qu i t e  quickly up t o  day 3 and then 
more slowly to between 25 and 35% a f t e r  seven days, 
a t  50 III was lO.3%, only s l i g h t l y  above t h a t  fo r  controls but  rose 
again a t  75 m.  Mortal i ty  a t  100 - 150 m was below that for 
con t ro l s  (8 .3%) ,  reaching 2-43 a f t e r  seven days. 

The mor ta l i t y  

Trac tor  sp ray ina  
The mor t a l i t y  curves again f e l l  into three groups (Figure 1 .3) .  
A t  the  edge of the  sprayed p l o t ,  '38% of larvae d ied  within one day 
and 100% with in  two days of spraying. A t  10 m ,  t he  mor t a l i t y  rose 
gradually t o  28% a f t e r  f i v e  days with no f u r t h e r  dea ths ,  and thus 
equal led t h a t  for  20 m from t h e  helicopter spraying.  The r e s u l t s  
a t  20-30 m were similar to cont ro ls  reaching a mean of 8% 
mortality bu t  those for 40 m and 50 m di f fe red  g r e a t l y  between 
replicates. The eas t e rn  r e p l i c a t e  i n  each case was again very  low 
(0-8%) b u t  the more western r ep l i ca t e s  had anomalous high 
mor ta l i t y  r i s i n g  to  35% a t  40 m and 100% at 50 m (F igure  1.3). 
(The ?-day mor ta l i t y  profiles for he l i cop te r  and t r a c t o r  are 
compared w i t h  the r e s u l t s  for  aquat ic  i n v e r t e b r a t e s  i n  Figures 
1.10-1.13)~ 

Aquatic invertebrates 

HE! 1 i cop t e r spraying 
No mor ta l i t y  occurred i n  any of the controls during t he  period of 
the  experiments. Mortality f igures  fo r  each p a i r  of replicates 
were combined and the cumulative mortality curves us ing  the 
undiluted target water are shown i n  Figures 1 . 4 ,  1.6 and 1.8. 
t h e  edge of t he  crop mor ta l i ty  was h igh  i n  all t h ree  species, 
reaching 100% after th ree  days i n  A .  aquaticus and by four  days i n  
the o the r  two species. Initial morta l i ty  was also high at a 
downwind d i s t ance  of 10 m i n  both A.aquaticus and G. pulex but 
af ter  day 1. t h e  mor ta l i ty  rate declined r e s u l t i n g  i n  a f i n a l  
mor ta l i ty  a f t e r  four  days of 50% and 70% respec t ive ly .  In 
C C I ~ ~ Y Y I S ~ ,  i n  t h e  case of CentTaptiZum nymphs, mortali ty rates at 
10 rn were v i r t u a l l y  the  sane as those at the  edge of t h e  sprayed 
area throughaut the  experiment. Beyond 10 metres mor ta l i t y  rates 
genera l ly  declined rap id ly  with d is tance  wi th  the anomaly t h a t  i n  
the  case of  t he  twa crustaceans there was a higher  than expected 
mor ta l i t y  a t  100 metres. 

A t  

When d i l u t e d  t a r g e t  water was used there was no mortality beyond 
10 m and 30 m in A .  aquaticus and Centroptilum r e spec t ive ly .  
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I_. Tractor spraying 
Combined results fFom the two replicates for each distance are 
shown in Figures 1.5,  1.7. 1.9. Both A .  aquaticus and G. p u k x  
(Figures 1.5, 1.7) showed anomalously high mortality at 50 m and 
60 m but this was not the case with CentroptiZum i n  which 
mortality declined mare or less steadily with distance from the 
sprayer; after four  days mortality was 100% a t  a l l  distances up to 
30 m but only attained 20% a t  6Q m .  I n  A .  aquaticus a marked 
seduction i n  rate of mortality occurred between 10 m and 20 rn 
while in G. puZex a similarly strong reduction in death rate 
occurred between 20 m and 30 m. 

I n  water d i l u t e d  to  simulate 8 depth of 25 cm all animals were 
killed in t h e  edge and 10 m treatments. Beyond this no m o r t a l i t y  
was observed i n  A .  aquaticus, except at 50 m where it reached 
30%. In t h e  case of t h e  mayfly nymphs (Centroptilum) deaths 
declined progressively to zero at 50 m. 
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F i g i i r e  1 . 4 .  C:ii!nuI;iti v c  mor ta l i t y  ;3rnong A ~ ~ Z Z U S  a p a t i c u s  exposed t o  del. tamethrin 
d r i f t  at different: dis t :anc .cs  downwind following hcr lkcop t -e r  s p r a y i n g .  
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C u r n u l a f l v e  murtality among Asellus aquaticus exposed to dcltamethrin 
drift at different d i s t a n c e s  downwind following t ractor  spraying. 
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F i g u r e  1 . O .  C u m u l a t i v c  mort : i l i ty  among Gammams pulex exposed t o  d c l t a m c t h r i n  m 
d r i f t  at different: di,.sl.anccts downwind f n l l n t i i n g  helicopter s p r a y i n g .  
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F i g u r e  1 . 7 .  Cumulative m o r t a l i t y  among Gamrnams puZez exposed  to del ta rnc ths in  
d r i f t  at different d i s t a n c e s  downwind r'ol lowirrg t r ac to r  spraying. 
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F i g u r c  1 .8, Cumulative rnortali t .y  among CentroptiZum nymphs  exposed  t o  delatrnethrin 
d r i f t .  a t  d i  ffersnt di.stance:; downwind fo7 1.owing helicopter s p r a y i n g .  
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F i g u r e  1 9, C u m u l a t i v e  mortality anon:: Centropti Zum nymphs exposed to deltamethrin 
cirif  t at different d i s t a n c e s  downwind following t r a c t o r  s p r a y i n g .  
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Comparison of helicopter and tractor spraying 
The d r i f t  e f f e c t s  from the  he l i cop te r  and t rac tor  are compared 
d i r e c t l y  i n  Figures 1.10-1.13, a f t e r  seven days fo r  c a t e r p i l l a r s  
and four days for aquat ic  i nve r t eb ra t e s .  
was greater c lose  t o  the  crop i n  the case of ground spraying ,  
remaining a t  100% up to  30 rn i n  the  case of Cent~optilwn. A t  20- 
30 m mor ta l i ty  was d i s t i n c t l y  lower i n  P i e r i s  from ground spraying 
but  beyond t h i s  the  western r e p l i c a t e  and both crustaceans showed 
s t rongly  increased mor ta l i t y  again.  

In  a11 spec ies  mor t a l i t y  

Deposition and d r i f t  measurements 
The intended appl ica t ion  rate of deltamethrin was 7*5  g ha'' f a r  
both he l i cop te r  and t r a c t o r .  
d i shes  placed within the  downwind and upwind swaths was 2.9 and 
3.2 g ha-' f o r  the  aerial appl ica t ion  and 9.8 and 53.2 g ha-' 
respec t ive ly  (Table 1.2). These mean values were obtained Prom 
dishes  t h a t  had received t he  ' f u l l  dose ' ,  and do not inc lude  IOW 
or  zero values;  such low values  were a t t r i b u t e d  t o  partial 
coverage by crap Leaves during the appl ica t ion .  
t h a t  the  he l i cop te r  appl ied about 41% of the  intended dose and t h e  
t r a c t o r  about l27%, ie a 3-fold d i f fe rence .  

The measured deposi t ion on Petri 

They i n d i c a t e  

The analys is  from the  h e l i c o p t e r  spray tank: gave a concent ra t ion  
of 63.2 pg/ml i n s t ead  of the  intended 130 pg/ml, i e  about h a l f  t h e  
intended concentrat ion,  while the  t r a c t o r  spray tank had a 
concentrat ion of 51.2 pg m l - I  i n s t ead  of 38.0, i e  about one and a 
t h i r d  times the  intended concentrat ion.  These values are not  
considered e n t i r e l y  r e l i a b l e  because of p rec ip i t a t ion  i n  t h e  
sea led  tubes before  the  extraction so lvent  was added and analyses  
made ( R  Glass pe r s .  comrn,) but they nevertheless  r e in fo rce  t h e  
r e l a t i v e  deposition r e s u l t s  from the  P e t r i  d ishes .  

The only a i r  sampling media found t o  have de tec tab le  depos i t s  of 
del tamethrin from aerial appl ica t ion  were a t  the 8 m downwind 
s t a t i o n s  f o r  t he  v e r t i c a l  polythene l i n e s  and a t  8 m and 20 m 
downwind f o r  the  ground l i n e s .  None of the  a i r l i n e s  from the  
ground based appl ica t ion  had de tec t ab le  deposits. 
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1.3.3 Discussion 
The Pieris brassicae biaassay r e s u l t s  from aerial spraying  wi th  
de l tamethr in  s p m e d  a u s e f u l  wide range of  e f f e c t s  from 89% a t  
the  edge of the  sprayed p l o t  t o  n e g l i g i b l e  mortality a t  100* 
downwind. 
h e l i c o p t e r  spray boom t o  al low f o r  displacement  of  spray  by t h e  
wind i n t o  t h e  intended t a r g e t  area. The r ap id  decrease  i n  d r i f t -  
induced mor ta l i t y  between 0-10 m indicates t h a t  t h e  spray  swath 
was applied reasonably a c c u r a t e l y  under those  t e r r a i n  and weather 
condi t ions .  
about 5-7 m on a s t e e p  response cuzlre to del tamethr in  between t h e  
exposure levels received a t  0 and 10 m (F igure  1.10). Likewise. 
the LD,, d is tance may be es t imated  a t  about  45 m b u t  t h e  i r r e g u l a r  
m o r t a l i t y  p r o f i l e  renders  such estimates r a t h e r  dubious.  It is 
possible that t he  low m o r t a l i t y  a t  50 m and increased  m o r t a l i t y  a t  
75 m were due to the  s h e l t e r  e f f e c t  of t he  hedge a t  45 m (Davis et 
a2 i n  p r e s s ) .  
sprayed areas can show similar p r o f i l e s  t o  t h a t  i n  Figure 1.10 
even i n  hedgeless  areas, with "hot spots" as a r e s u l t  of resonance 
i n  spray p a t t e r n a t i o n  ( A . J  G i l b e r t ,  pers. comm.). 

The results from the  tractor sp ray ing  show a similar steep d e c l i n e  
i n  larval mor ta l i t y  between 0-10 m with  a "-day LD,, distance aga in  
af 5-7 m, 
in the h e l i c o p t e r  p l o t  because the  targets were wi th in  d i r e c t  
range of t h e  spray boom. 
comparable with that  obtained from cypermethrin on peas a t  
Haverh i l l  (Davis e t  aZ. 1993b); d e t a i l e d  comparisons cannot be 
made because fewer observations were made at s h o r t e r  distances a t  
Molme Lacey. 

The edge of t h e  p l o t  w a s  about  5 m from t h e  end of t h e  

The graphical estimate for  7-day LD,, distance is 

However, spray depos i t i on  downwind of he l i cop te r -  

The mor t a l i t y  a t  t h e  plot edge itself was higher  than  

The m o r t a l i t y  curve up to 30 m was 

It is d i f f i c u l t  to know exactly how drift depos i t i on  would have 
occurred downhill  and under these  l i g h t  winds. 
m o r t a l i t y  levels a t  40 m and 5Q m fo r  the  more western of the  two 
transects concur with t h e  r e s u l t s  for  a q u a t i c  fauna. These t h r e e  
transects were spaced only 5 m apart  b u t  i t  seems l i k e l y  t h a t  t h e  
ends af these t r a n s e c t s  rece ived  sp ray  d r i f t  from both the  
h e l i c o p t e r  and t r a c t o r  spraying.  
an impact on the water targets even though they were only exposed 
a f t e r  t h e  h e l i c o p t e r  had f i n i s h e d  spraying .  The time i n t e r v a l  was, 
however, only a matter of a few minutes.  A l t e rna t ive ly .  there may 
have been an eddy effect from t he  hedge o r  trees a t  the crop 
boundary, though i t  is not  obvious why t h e  most e a s t e r n  transect 
should have been unaffected.  I n  e i t h e r  cam,  t h e  large change in 
mortality noted above between 0-10 m f o r  both plots sugges ts  t h a t  
r e l a t i v e l y  small inc reases  i n  d e p o s i t s  could cause l a r g e  changes 
i n  response. 

The inc reas ing  

I f  s o  t h i s  appears t o  have had 

Direct comparisons of spray d r i f t  effects from h e l i c o p t e r  and 
t r a c t o r  sp ray ing  must  be reviewed i n  the  l i g h t  of Dr Gilbert's 
results (Table 1 . 2 )  which showed a roughly 3-fald d i f f e r e n c e  i n  
a p p l i c a t i o n  rates.  These dev ia t ions  from t h e  intended dose rates 
are thought t~ have r e s u l t e d  from errors i n  c a l c u l a t i n g  the  total 
amount of water and/or concent ra te  needed fa r  t h e s e  relatively 
small p l o t s  which were only determined i n  t h e  f i e l d  that 
afternoon. (Commercially, such c a l c u l a t i o n s  would be made well i n  
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advance fo r  whole f i e l d s  or f o r  whole spray tanks.) 
enquiries suggested strongly t h a t  too much Decis had been measured 
out fo r  the tractor spray tank. while too much water had been 
measured i n t o  the bowser for the helicopter and not a l l  t h e  
diluted spray was used. 

Subsequent 

1 3 4 Conclusion 
A buffer zone for aerial spraying with deltamethrin under these 
conditlions would need to be about 90 m fo r  10% mortality in the 
standard targets of P. brassfcae Larvae. Aquatic invertebrates 
would not be affected in water 25 cm deep beyond a distance of 
30 m. However, as the application rate was only 36% of the  
specified rate, these estimates might need t o  be considerably 
increased. 

The application rate for the tractor was probably w i t h i n  the 
variation found in normal agricultural practice. but t h e  large 
difference from the helicopter rate prevents close comparisons of 
drift effects. The U-shaped mortality curves in several cases 
also prevents good estimates of buffer zones to safeguard non- 
target species. 

Wind conditions (steady breeze, force 2) would be theoretically 
optimal far spraying during the day when unstable rnetearological 
conditions would normally prevail. However, at this late evening 
hour, neutral or stable meteorological conditions might have 
developed (as at Chatteris in 1991) in which d r i f t  particles had 
little tendency for vertical dispersal, thus exacerbating the 
impact of spray drift. Commercial spraying, from t h e  a i r  or 
ground, would not be advisable under these conditions. 
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1.4 -- TRIAZOPHOS 

1.4.1 Methods 

Spraying and sampling 
A potato field i n  Curf Fen, Chatteris, w a s  used for this trial 
with Hostathion under an off-label approval .  Three p a r a l l e l  l ines  
of (single) p a t t e d  cabbage plants and two l i n e s  of water traps 
were set o u t  from t h e  western, downwind, edge of t h e  potato f i e l d  
through a wheat c rop  up to 150 m (Figure 1 . 1 4 ) .  
target d is tance  was decided after t h e  bioassay results from t he  
~ E V ~ Q U S  de l t ame th r in  t r i a l  b u t  before the low helicopter 
a p p l i c a t i o n  ra te  was known. Each p l a n t ,  wi th  about 12 P .  
brassicae larvae 3.5 days o l d ,  was suspended j u s t  a b ~ e  t he  level  
of t h e  potatoes o r  wheat (80 cm). 

This m a x i m u m  

Conditions were w a r m  and sunny w i t h  a moderate south-eas t  wind. 
The plane made e i g h t  passes covering the  western t h i r d  af t h e  
f i e l d  nt about 15 m spacing.  w i t h  the centre of the  first swath 20 
m from t he  edge (Table  1 .3 ) .  

Biaassays 

_I C a t e r p i l l a r s  
After t h e  spraying ,  t h e  cabbage p l a n t s  were examined wi th in  six 
hours t o  check the larvae for knock-down effects and then for  the 
following s i x  days.  The total  numbers of dead plus live larvae 
recorded an the day of spraying (day 0) were taken t o  be t h e  
number exposed and m e  given under  day -1. 

On day 4 ,  t h e  larvae on t h r e e  c o n t r o l  p lan ts  (then i n  the 3rd 
i n s t a r )  were each d iv ided  i n t o  two equal batches .  Three batches  
were k e p t  on t h e i r  original ( c o n t r o l )  plants  while  t h e  other t h r e e  
were t r a n s f e r r e d  t o  plants t h a t  had been exposed to d r i f t  a t  50, 
100 or  150 m and from which all t h e  o r i g i n a l  larvae had d ied .  
These six groups were monitored for  a f u r t h e r  six days. 

Aqvatic i n v e r t e b r a t e s  
Water samples from t h e  t a r g e t s  were re tu rned  t o  t h e  labora tory  
where subsamples were placed i n  250 ml. washed glass beakers. 
Animals were exposed to t he  undi lu ted  water from each t r ay  and 
a l s o  t o  samples that were d i l u t e d  t o  s imula t e  contamination of 
water bodies t h a t  were 25 c m ,  50 cm and 100 cm deep. Experimental 
animals included nymphs of a mayfly Baetts s p .  i n  add i t ion  to 
Gamrnarus and Asellus. Two replicate c o n t r o l s  of each s p e c i e s  were 
also e s t a b l i s h e d  and all were maintained i n  incubators  a t  1 5 ° C  
aver  a period of fou r  days d u r i n g  which mortality was assessed. 

1.19 
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Table 1.3 Spraying details for  f o u r  t r ia ls  a t  C h a t t e r i s  (2 ,  3 ,  4 ,  6 )  and one a t  Abbots R ip ton  (5) i n  chronological order, 

Aircraft; and boom length ( m )  Piper Pawnee 235 
Nozzles; and operating pressure (psi/bar) 36 Lurmark D C - 4 5 ,  hollow cone; 45-50/3.1-3.4 
Speed (kph); and he igh t  above crop ( m )  130; 4 

T r i a l  

Da te/Time 

Pesticide 

Product 

Crop 

Application rate 
fl oz :  in gal water ac-I 
g ai ha-' 

No. of sprayed swaths 

Wind speed (m s-') mean f range 

Dry bulb/wet bulb ("C) 

2 

29.7.92/1010 

Triazophos 

Hostathion 

Pota toes  

10:2.5 
295 

8 

3,0*1 

20 1 o/r6.4 

3 

25.8.92/1250 

Pirimicarb 

Aphox 

Sugar beet 

4:2.5 
140 

6 

4 . ~  .5 

15.7/14.4 

4 

2.6.93/1105 

Fenitrothion ( I )  

F e n i t r o t h i o n  50 

Wheat 

6 

7.7.93/1130 

Fenitrothion (2)  

Dico fen  

Wheat 
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Fi guz-c 1.14 .  Area s p r a y e d  w i t h  t . r i a z o p h o s  a t  N o r m o ~ r ~  Chatteris, a n d  p o s i t - i ~ n s  of 
target-s m P. brassicae 0 watter t rays .  

Wheat Sugar-beet i 

Wheat Potatoes 
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1,4.2 Results 

Caterpillars 
The c a t e r p i l l a r s  exposed t o  d r i f t  showed very r ap id  response and 
high mor ta l i ty  a t  a l l  downwind d i s t ances  up to 50 m ,  and only a 
l i t t l e  less rapid a t  f u r t h e r  d i s t ances  up to  150 m (Figure 1.15) .  
More than 88% mor ta l i ty  was recorded a t  a l l  d i s t ances  up t o  150 m 
after six days. 

Control la rvae  showed no morta l i ty  between day 1 and day 10, 
However, a l l  those t h a t  were t r ans fe r r ed  to  p l a n t s  t h a t  had 
received d r i f t  a t  50 m and 100 m died  during the  subsequent s i x  
days,  and 63% of those fed on a p l an t  from 150 m .  (Note the  
reduced scale for these r e s u l t s  in Figure 1.15, s t a r t i n g  from a 
new base l i n e  an day 4. )  

Aquatic invertebrates 
The combined results f o r  the two l i n e s  of targets are shown in 
Figures 1,16-1.18. No mortality occurred i n  the  con t ro l s .  When 
exposed t o  the undi luted t a r g e t  water, AseZlus was much less 
suscep t ib l e  t o  the  effects of t r iszophos d r i f t  than Gammarms. 
l a t te r  suf fered  100% morta l i ty  t o  a distance of 125 m while 
AseZZus were all k i l l e d  t o  a d is tance  of only 20 m beyond which 
mor t a l i t y  decl ined q u i t e  rap id ly  t o  only 10% a t  100 m and zero a t  
150 m .  Baetis nymphs were also much less susceptible than 
Gummarus, all being dead a f t e r  four  days a t  0 m, 10 m and 20 m 
with a steady dec l ine  t o  only 15% a t  l5O m. 

me 

Except f o r  Gammarus t he re  was no e f f e c t  of spray d r i f t  a t  any 
d is tance  when the  target water was d i l u t e d  t o  t h e  equiva len t  of a 
depth of 100 cm. 
freshwater shrimps was 30% i n  water from the edge of the  sprayed 
zone, f a l l i n g  t o  zero a t  30 rn. Both AselZus and t h e  mayfly nymphs 
were af fec ted  t o  a distance of 75 m i n  samples d i l u t e d  to  s imulate  
a water depth of 25 cm, although the resu l t s  f a r  Aseltus were very 
e r r a t i c ,  possibly because of the d i f f i c u l t y  of d e t e r m i n i n g  whether 
these  animals. which o f t en  remained paralysed f o r  long per iods ,  cx 
p a r t i a l l y  S O ,  were dead or merely immobilised. 

Even a t  this dilution the m o r t a l i t y  among the  

1.4.3 Discussion 
The naminal appl ica t ion  ra te  o f  235 g ai ha-' (Table 1.3) was 
somewhat less than the  dose recommended fo r  ts iazophos ( c ,  350 g 
ai ha-') t o  control cabbage c a t e r p i l l a r s  o r  pea moth by ground 
spraying (Scopes & Stables 1989) and considerably less than that 
given on the o f f - l abe l  recommendations f o r  aerial spraying aga ins t  
Colorado beetle (630 g ai-'), i e  h igher  rates are appl ied i n  other 
s i t u a t i o n s .  Nevertheless, the  150 m maximum d i s t a n c e  was clearly 
not  enough t o  g ive  a no-effect  resul t  for  Pieris though i t  was 
appropriate  f o r  the  aquat ic  i nve r t eb ra t e s  tested. 

The caterpillars were thought t o  have su f fe red  some dehydration 
stress two days before the  experiment when a propar t ion  of newly 
hatched la rvae  d i e d .  The f i e l d  exposure during warm sunny 
condi t ions was also considered t o  impose some stress which might 
have contr ibuted t o  the  initial high mor t a l i t y ,  However, l a r v a l  
mor ta l i ty  on day 0 was c l e a r l y  related t o  distance and t h a t  a t  
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I O Q  rn was l i t t l e  more than control mor ta l i t y .  The controls were 
kept i n  a vehicle and therefore nat exposed to sun i n  t h e  same 
way. 
f u l l  f i e l d  condi t ions ,  and the  r e s u l t s  f o r  t h e  second f e n i t r o t h i o n  
t r i a l  (described below) suggest that  the caterpillars are not 
unduly stressed by such weather conditions. 

In all subsequent trials the  controls were exposed to t he  

The cont inuing mor ta l i ty  among exposed larvae after day I, and the 
subsequent mor ta l i t y  of cont ro l  larvae fed on exposed plants, 
c l e a r l y  suggested a r e s idua l  stomach action of the  triazophos. 
The e f f i c a c y  per iod for  p e s t  c o n t r o l  with triazophos is considered 
to be 3-4 weeks (Ivens 1993) a 

The three species of aquat ic  invertebrates t h a t  were tested showed 
s u b s t a n t i a l  differences i n  their s u s c e p t i b i l i t y  t o  triazophos; 
Gamma- was generally the most suscep t ib l e ,  although measurable 
effects p e r s i s t e d  to  a greater distance i n  Asellus i n  a simulated 
depth of 50 cm. 
range af n a t u r a l  m o r t a l i t y  then 8 buf fe r  zone of around 70 m 
appears, QII t he  b a s i s  of these results, to  be adequate t o  protect 
i n v e r t e b r a t e s  l i v i n g  in water bodies 25 cm deep or more. 
cons iderably  greater distances may be necessary t o  protect fauna 
living in shallow. still water, ~r s l o w l y  flowing h a b i t a t s .  

I f  i t  is  accepted t h a t  10% is  well within the  

However, 
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Figur-c  1.18. ?lort:ali ty among ~astis f fiymphs a f t e r  4 d a y s  f o l l n t v . i n g  a c r i a l  s p r a y i n g  
w i t h  t r i : i z n p h o s .  
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