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ABSTRACT 

R Acephate (0,s-dimethyl  acetylphosphoramidothioate) (Orthene ) was 

app l i ed  by f ixed-wing a i r c r a f t  t o  a D o u g l a s 4  ir  f o r e s t ,  i n  t h e  i n t e r i o r  

of B r i t i s h  Columbia, a t  t h e  r a t e  of 1.12 kglha.  Residues i n  Douglas-f i r  

need le s  were g r e a t e s t  3 t o  27 h a f t e r  a p p l i c a t i o n ;  they  were g r e a t e r  i n  

need le s  from upper than  from lower, l e s s  exposed limbs. I n  n e e d l e s  from 

dominant and co-dominant t r e e s  t hey  dec l ined  50% i n  4 - 5 days;  i n  n e e d l e s  

from in t e rmed ia t e  trees i n  about  7 days. A f t e r  45 days, they had d e c l i n e d  

t o  less than  1% of t h e  h ighes t  concen t r a t ions ;  a f t e r  60 days ,  they  could 

no  longer  be  de t ec t ed .  

The r e s i d u e s  i n  f o r e s t  l i t t e r  v a r i e d  wi th  exposure: they were g r e a t e s t  

2 2 
(1.16 ~.rg/cm ) 10  t o  1 5  m away from any tree canopy, and l e a s t  (0.62 pg/cm ) 

under dense cover.  But they  p e r s i s t e d  longer  (30 days)  i n  l i t t e r  under 

dense cover  and shade than  i n  l i t t e r  from t h e  open (10 days) .  The e f f e c t  

of t r e e  canopy on t h e  amount of chemical reaching  t h e  l i t t e r  was confirmed 

by b ioassay  wi th  a d u l t  worker a n t s ,  and by measuring t h e  r e s i d u e s  on c l ean  

g l a s s  s u r f a c e s ,  exposed at v a r i o u s  s i t e s  s h o r t l y  be fo re  spraying  and 

r e t r i e v e d  3 h a f t e r .  

The concen t r a t ions  of methamidophos (0, S-dimethyl phosphoramidothioate) 

R (Monitor ) were low; they  began t o  dec rease  w i t h i n  3 days, They were l a s t  

d e t e c t e d  i n  need le s  a f t e r  45 days ,  i n  open and dense ly  covered l i t t e r  

a f t e r  10 and 30 days,  r e s p e c t i v e l y .  

Acephate on g l a s s  s u r f  a c e s  was r e a d i l y  decomposed when exposed t o  

u l t r a v i o l e t  r a d i a t i o n  of 253.7 nm at room temperature;  a f t e r  25 h only  

iii 



16.6% of t h e  added acephate were recovered. Methamidophos was not  

de tec ted  i n  t h e  photodecomposition of acephate. 

Acephate was r e s i s t a n t  t o  hydrolys is  a t  low pH (4 .0  t o  6.9) but 

not  a t  pH 8.2. Some conversion t o  methamidophos occurred i n  t h e  

hydrolys is  of acephate. The maximum conversion was 4.5% of t h e  added 

acephate,  observed i n  samples incubated a t  20' C and pH 8.2 f o r  20 days. 

Acephate w a s  somewhat p e r s i s t e n t  i n  n a t u r a l  waters  incubated under 

simulated n a t u r a l  condit ions:  78 t o  83% were recovered from pond water 

a f  ter 42 days, and 45% from creek water  a f t e r  50 d,ays. The r a t e  of 

degradation increased g r e a t l y  when underlying sediments were incubated 

with water samples; but acephate was much more s t a b l e  i n  water plus 

sediment samples which had been autoclaved p r i o r  t o  t reatment and 

incubation. The g r e a t e s t  convers im of acephate t o  methamidophos i n  s n y  

n a t u r a l  water sample, wi th  o r  without sediment, was 1.3% of t h e  added 

acephate, observed in  pond water incubated a t  9' C f o r  42 days. 

No res idues  of acephate o r  i t s  metabol i te ,  methamidophos, could be  

detec ted  a t  any time from g l a s s  wool plugs used t o  s topper f l a s k s  

containing n a t u r a l  waters f o r  incubation. Some acephate r e s idues  moved 

f tom water i n t o  underlying sediments. 
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INTRODUCTION 

The Douglas-fir tussock moth, O r g y k  pseudotsugata, (Lepidoptera: 

Lymantriidae) is  a very se r ious  d e f o l i a t o r  of Douglas-f i r  (Psazdotsuga 

menzies i i )  and t r u e  f i r s  (Abies spp.) i n  western North America. The 

e a r l y - i n s t a r  l a rvae  feed on t h e  underside of new needles and t h e  l a t e -  

i n s t a r  l a rvae  feed on mature needles. Douglas-fir i s  the  prefer red  

hos t ,  but occas ional ly  grand f i r  (Ab<es g m n d i s )  , white f i r  ( A .  conco l o r )  , 

a l p i n e  f i r  (A. Zasiocarpa), and s e v e r a l  spec ies  of spruce (Picea spp.) 

are a t tacked by t h i s  pes t .  Infes ted  trees can be p a r t i a l l y  or  completely 

de fo l i a t ed  i n  one season, r e s u l t i n g  i n  re tarded growth, Tree m o r t a l i t y  

o f t e n  occurs a f t e r  two or  more yea r s  of p a r t i a l  d e f o l i a t i o n .  Outbreaks 

of Douglas-f i r  tussock moths tend t o  develop explos ively  and cause enor- 

mous damage before they co l l apse  from n a t u r a l  c o n t r o l  mechanisms such a s  

v i r u s  a t t a c k  o r  severe winter.  This  co l l apse  usual ly  takes  t h r e e  years  

t o  develop (Johnson and Ross 1967). 

The f i r s t  recorded outbreaks of Douglas-fir tussock moth i n  North 

America were a t  Chase, B r i t i s h  Columbia, i n  1916 and a t  Jarbr idge ,  

Nevada i n  1927. From 1927 t o  1930 an outbreak i n  north-eastern 

3 6 
Washington k i l l e d  more than 700,000 m (300 x 10 board f e e t )  of Douglas- 

f i r  and grand f i r  trees (Johnson and Ross 1967). An outbreak t h a t  began 

i n  1970 i n  Washington and Oregon reached epidemic propor t ion  i n  1971. 

By 1973, nea r ly  405,000 ha of f i r  t imber had been d e f o l i a t e d ,  with 

damage est imated a t  $58.9 mi l l ion  (Graham e t  al. 1975). 



In  t h e  pas t ,  i n f e s t a t i o n s  of Douglas-fir tussock moth were success- 

f u l l y  con t ro l l ed  by applying DDT. Emergency use of DDT was permit ted i n  

1974 t o  c o n t r o l  t h e  outbreak, which had spread a l s o  t o  Idaho, and western 

Montana. More than 172,000 ha were sprayed i n  t h a t  year (Graham e t  aZ. 

1975). Despite  t h e  success of t h i s  program, the  use of DDT remained a 

c o n t r o v e r s i a l  mat ter  owing t o  t h e  adverse e f f e c t s  of DDT on t h e  

environment (Harwood 1975). High p r i o r i t y  was then given t o  t h e  search  

f o r  a l t e r n a t i v e ,  environmentally less damaging and p e r s i s t e n t  chemicals 

f o r  c o n t r o l l i n g  t h e  tussock moth i n  order  t o  minimize t h e  need f o r  large-  

s c a l e  use of DDT i n  t h e  fu ture .  

Severa l  i n s e c t i c i d e s  with less environmental impact than DDT had 

R 
been introduced f o r  c o n t r o l l i n g  t h e  tussock moth. Acephate (Orthene ) 

R (0, S-dimethyl acetylphosphoramidothioate) and DimiZin (1-(4-chloro- 

pheny1)-3-(2,6-difluoro(benzoy1) urea )  were t h e  most promising; both had 

proved highly  e f f e c t i v e  i n  f  i e l d  experiments. Laboratory s t u d i e s  by 

Robertson and Lyon (1973) showed t h a t  t h e  LD of acephate when t o p i c a l l y  
9 0 

appl ied  t o  4 th- ins tar  l a rvae  was 139.1 pg/g, compared t o  t h e  LDgO of 

5.52 ug/g f o r  DDT. However, the  r e s u l t s  of f i e l d  app l i ca t ion  of acephate 

i n  1974 agains t  t h e  tussock moth i n  t h e  i n t e r i o r  of B r i t i s h  Columbia 

showed t h a t  t h e  app l i ca t ion  of acephate a t  1.12 kg/ha reduced t h e  

populat ion of tussock moth comparably wi th  DDT a t  0.84 kg/ha and provided 

e x c e l l e n t  f o l i a g e  p ro tec t ion  with less apparent environmental impact 

(Neisess e t  aZ. 1976). A s  a  r e s u l t  of t h i s  s tudy,  acephate was used i n  

1976 on an opera t iona l  s c a l e  t o  c o n t r o l  t h e  tussock moth i n f e s t a t i o n s  i n  



t h e  f o r e s t  of i n t e r i o r  B r i t i s h  Columbia. 

Acephate i s  t h e  N-acetylation d e r i v a t i v e  of methamidophos (0,s- 

dimethyl phosphoramidothioate) (Fig. 1 ) .  Methamidophos was discovered 

independently by Lorenz a t  Bayer i n  1964 and by Magee a t  Chevron 

Chemical Company i n  1967 (Magee 1974). The product was marketed under 

t h e  t r a d e  name Tamaron i n  Europe by Farbenfabriken Bayer and under 

t h e  t r a d e  name Monitor i n  t h e  United S t a t e s  by Chevron Chemical 

Company and Chemagro i n  1970. Methamidophos i s  an exce l l en t  systemic 

broad-spectrum i n s e c t i c i d e  and a c a r i c i d e ,  but  i t  is extremely t o x i c  t o  

higher animals (Oral r a t :  20 mg/kg). The discovery by Chevron 

Chemical Company t h a t  N-acetylation of methamidophos g r e a t l y  reduced 

t h e  mammalian t o x i c i t y  led  t o  t h e  development of acephate a s  a new 

i n s e c t i c i d e  i n  1968 which was then marketed by Chevron Chemical Company 

under t h e  t r a d e  name Orthene i n  1972 (Magee 1974). In  con t ras t  t o  

methamidophos, acephate is  of low acute  t o x i c i t y  t o  higher animals 

(Oral LDSO, r a t :  900 mglkg; LC50, 96 h,  black bass: 1,725 ppm; gold 

f i s h :  9,500 ppm; blue g i l l :  2,050 ppm) (Spencer 1973; Chevron Chemical 

Company 1976, personal  communication) . 
It is genera l ly  accepted t h a t  organophosphate i n s e c t i c i d e s  a r e  

t o x i c  t o  animals because of t h e i r  a b i l i t y ,  o r  t h a t  of t h e i r  metabol i tes ,  

t o  i n h i b i t  ace ty lcho l ines te rase  (0' Brien 1967). Phosphoramidate and 

phosphorothionate i n s e c t i c i d e s  i n  genera l  a r e  poor i n h i b i t o r s  of 

ace ty lcho l ines re rase  i v l  v i t ro .  To e x e r t  t h e i r  tox ic  a c t i o n  they have t o  



Figure 1 

P k ~ a r  structurs of acep?tat e and methaiiiidophos, 
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be a c t i v a t e d  ;n vivo by t h e  mixed funct ion  oxidases i n  i n s e c t s  and higher 

animals. The a c t i v a t i o n  products a r e  t h e  hydroxy a l k y l  d e r i v a t i v e s  of 

phosphoramidate and t h e  oxygen ( P 4 )  analogue of phophorothionate (Fig.2) 

(0' Brien 1960). Acephate is t h e  N-acetylation d e r i v a t i v e  of metha- 

midophos which i s  a phosphoramidate. Its in vivo a c t i v a t i o n  mechanism 

i n  i n s e c t s  may t h e r e f o r e  d i f f e r  from t h a t  i n  higher animals a s  indica ted  

by i ts  law t o x i c i t y  t o  higher animals. However, very l i t t l e  was known 

about t h e  exact  mode of a c t i o n  of acephate i n  both i n s e c t s  and higher 

animals. Rojakovick and March (1972) s tudied  in vitro and in vivo 

i n h i b i t i o n  of house f l y  ace ty lcho l ines te rase  by acephate. They demon- 
I 

s t r a t e d  t h a t  al though acephate is  a poor in vitro i n h i b i t o r  of 

ace ty lcho l ines te rase  (I > lo-' M) , it e f f e c t i v e l y  i n h i b i t s  t h e  enzyme 
5 0 

in vivo. A 60-70% decrease i n  enzyme a c t i v i t y  was observed 24  h a f t e r  

t o p i c a l  app l i ca t ion  of  acephate a t  t h e  LD l e v e l  t o  t h e  v e n t r a l  abdomen 
90 

t i p s  of female house f l i e s .  They suggested t h a t  the  t o x i c i t y  of acephate 

is  due t o  i ts s t a b i l i t y  in vivo and a l s o  t o  a  gradual  i n h i b i t i o n  of 

ace ty lcho l ines te rase ,  poss ib ly  accompanied by i r r e v e r s i b l e  phosphorylation 

and aging of t h e  enzyme. This  hypothesis  was subs tan t i a t ed  by 

Suksayretrup and Plapp (1977). They found t h a t  acephate is nea r ly  a s  

t o x i c  t o  r e s i s t a n t  s t r a i n s  of house f l i e s  a s  t o  suscep t ib le  s t r a i n s ,  

because acephate is a poor s u b s t r a t e  f o r  microsomal oxidases and 

t r ans • ’  e r a s e s  dependent on glutathdone. These a r e  enzymes respans ib le  

f o r  t h e  d e t o x i f i c a t i o n  of organophosphate i n s e c t i c i d e s  i n  r e s i s t a n t  

insec t s .  The bioassay d a t a  of these  workers ind ica ted  slow knockdown 



Figure  2 

Activat ion of phosphorothionat e and phosphoramidate by mixed-function 

oxidases i n  both i n s e c t  and higher animal. 
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rates f o r  f l i e s  exposed t o  l e t h a l  doses of acephate. Therefore, they 

specula ted  t h a t  acephate may have t o  be  metabol ica l ly  ac t iva ted  in viva 

t o  become tox ic .  S imi lar ly ,  t h e  s t r i k i n g l y  low t o x i c i t y  of acephate t o  

f i s h  c o r r e l a t e s  very w e l l  wi th  i t s  low anti-acetylcholinesterase a c t i v i t y .  

Klaverkamp e t  a l .  (1975) repor ted  t h a t  t h e  LC50 f o r  acephate t o  rainbow 

t r o u t  at  24 h and 1 5 ' ~ ,  was 975 ppm i n  c o n t r a s t  t o  4.2 ppm f o r  

f en i t ro th ion .  Furthermore, the  concentrat  ion which produced 50% ace ty l -  

cho l ines te rase  i n h i b i t i o n  (Is0) w a s  1.4 x 10-I M f o r  acephate,  compared 

t o  7.4 x M and 1.7 x M f o r  f  en i t ro th ion  and fenitrooxon respec- 

t i v e l y .  They specula ted ,  the re fo re ,  t h a t  t h e  high t o x i c i t y  of 

f e n i t r o t h i o n  t o  rainbow t r o u t  may have been due t o  t h e  in vivo o x i d a t i v e  

desu l fu ra t ion  of f e n i t r o t h i o n  t o  fenitrooxon.  On t h e o t h e r  hand, t h e  low 

t o x i c i t y  of acephate t o  f i s h  may be due t o  i ts  i n a b i l i t y  t o  pene t ra te  

i n t o  t h e  body e i t h e r  through t h e  g i l l s  o r  t h e  sk in  because of t h e  high 

water  s o l u b i l i t y  and hydrophil ic  n a t u r e  of acephate. 

Acephate has been t e s t e d  f o r  c o n t r o l l i n g  insec t  p e s t s  i n  both 

a g r i c u l t u r e  and f o r e s t  pes t  management. It i s  an e f f e c t i v e  systemic 

i n s e c t i c i d e  f o r  many lepidopterous and coleopterous i n s e c t  pes t s .  

Burbutis  e t  aZ. (1972) repor ted  t h a t  t h e  app l i ca t ion  of acephate a t  0.84 

kg/ha reduced t h e  populat ion of green peach aphid, Myzus persbae (Sulzer) ,  

on sweet peppers by a t  l e a s t  95%. Similar  r e s u l t s  were obtained by Cruz 

(1974). Acephate applied a t  15  g per t r e e  gave 100% c o n t r o l  f o r  4 weeks 

of palm aphid, Cerataphis nucifera (Reinert  and Woodiel 1974). Other 



a g r i c u l t u r a l  i n s e c t  p e s t s  successful ly  con t ro l l ed  by acephate inc lude  t h e  

leaf  hopper, Ehpoasca fabae (Harris)  ; tomato pinworm, K e i f e r h  tycoper- 

siceZ Za (Walsingham) ; po ta to  tuber  moth, Phthorimaea operncZe ZZa (Ze l l )  ; 

l e a f  r o l l e r ,  PZatynota f Zmedana; and s c a l e ,  Cerococcus dekZei (Cruz 197 5, 

Poe and Evere t t  1974, Foot 1974, Bobb 1972, Reinert  1976). 

Acephate was  a l s o  inves t iga ted  f o r  stored-product pest  con t ro l  and 

prel iminary r e s u l t s  seemed promising. Wat t e r s  (1977) repor ted  t h a t  t r e a t -  

ment with acephate a t  32 ppm i n  s tored  wheat provided 90-100% mor ta l i ty  

of r u s t y  g r a i n  b e e t l e  and red f l o u r  b e e t l e  f o r  270-277 days. 

Acephate was a l s o  e f f e c t i v e  i n  c o n t r o l l i n g  many f o r e s t  insec t  pes t s  

i n  add i t ion  t o  Douglas-fir tussock moth. Goyer (1973) repor ted  that LD50 

and LD of acephate t o  f i r s t - s t a g e  gypsy moth larvae ,  Porthetria d i s p r  
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( L , ) ,  reared  on an a r t i f i c i a l  d i e t  conta in ing acephate,  were 15-25 ppm and 

25-30 ppm respec t ive ly ,  ind ica t ing  t h a t  acephate is  t o x i c  t o  gypsy moth 

l a rvae  a t  low dosages. Consequently, acephate seemed t o  be a l i k e l y  

candidate f o r  f i e l d  t e s t i n g .  Brewer (1973) demonstrated t h a t  f o l i a r  spray 

with acephate a t  1 g / l  u n t i l  dr ipping,  reduced t h e  populat ion of elm lea f  

b e e t l e  l a rvae ,  PyrrhaZta Zuteok (Muller). The mean number of elm leaf  

b e e t l e  l a rvae  per  46-cm S ibe r i an  elm branch was 1.72 two weeks af t e r  

acephate t reatment compared t o  7.89 i n  t h e  unt rea ted  cont ro l .  Similar  

success was ind ica ted  i n  t h e  c o n t r o l  of Japanese b e e t l e s ,  PopiZZia 

japonica (Newman) by Lawrence e t  aZ. (1973). Japanese b e e t l e s  were 



allowed t o  f eed  f o r  48 h on soybean l e a v e s  c o l l e c t e d  from t h e  f i e l d  a f t e r  

spraying  a 3 m x 3 m soybean p l o t  w i t h  acephate  a t  1 g / l  u n t i l  r unof f .  

The m o r t a l i t i e s  (48 h) were loo%, 96% and 93% f o r  Japanese b e e t l e s  fed on 

soybean leaves c o l l e c t e d  1-2, 3-4 and 6-7 days a f t e r  acephate  t rea tment .  

Chemical c o n t r o l  of t h e  f o r e s t  d e f o l i a t i n g  sp ruce  budvorm, Choristoneura 

fwniferana (Clemen) has  been i n v e s t i g a t e d  i n t e n s i v e l y  . Pre l iminary  

r e s u l t s  i nd ica t ed  t h a t  acephate  is v e r y  ef f  ec t i v e  (Armstrong and Nigam 

1975, Nigam and Hopewell 1973). Hopewell (1975) r epo r t ed  t h a t  acepha te  

a t  0 .3 kg/ha produced a  90% reduc t ion  i n  a  spruce  budworm populat ion and 

a  70% reduc t ion  i n  d e f o l i a t i o n  when a p p l i e d  a s  a  simulated a e r i a l  spray. 

Recent ly,  t h e  p o s s i b i l i t y  of u s ing  acepha te  i n  combination w i t h  

pathogens t o  c o n t r o l  spruce  budworm and white-marked tussock moth, 

Orgyia Zeucostigmata ( J .  E.  Smith) has  been i n v e s t i g a t e d  and t h e  r e s u l t s  

a r e  encouraging. Mor r i s  (1975) found t h a t  a p p l i c a t i o n s  of  BaciZ Zus 

thr ing iens i s  B e r l i n e r  produced about 45% m o r t a l i t y  i n  t h i r d  and fou r th -  

i n s t a r  l a r v a e  of spruce  budworm. Combination wi th  a  dosage of acephate  

causing 5-25% m o r t a l i t y ,  r e s u l t e d  i n  low budwom s u r v i v a l .  The m o r t a l i t y  

of pathogen plus acephate  t rea tment  showed a d d i t i v e  e f f e c t ,  and a l l  

s u r v i v o r s  even tua l ly  d ied  b e f o r e  pupat ion.  T h i s  a l t e r n a t i v e  approach 

provided s u c c e s s f u l  i n s e c t  p e s t  c o n t r o l  w i th  less i n s e c t i c i d e ,  t h u s  

minimizing adve r se  e f f e c t s  on t h e  environment. 

The l i m i t e d  informat ion  a v a i l a b l e  s u g g e s t s  t h a t  acephate  is n o t  

p e r s i s t e n t  and has  l i t t l e  appa ren t  impact on t h e  environment. A t  0, 7  



and 14 days a f t e r  t h e  l a s t  of 6 spray  a p p l i c a t i o n s  of  acephate a t  1.13 kg/ 

ha, Tappan e t  aZ. 0974) found r e s i d u e s  of 21.6, 16.5 and 15.7 ppm of 

acephate and 2.5, 1.6 and 1 . 3  ppm of methamidophos on green c i g a r -  

wrapper tobacco. No d e t e c t a b l e  r e s i d u e  of e i t h e r  compound was found on 

cured and fermented c igar-wrapper o r  f lue-cur ed tobacco rega rd less  of t h e  

formulat ion o r  time i n t e r v a l  from l a s t  a p p l i c a t i o n  t o  harvest .  S imi lar  

r e s i d u a l  p r o p e r t i e s  were demonstrated i n  t h e  f o l i a g e  of  greenhouse tomato 

and p ine  seedl ings .  Lindquist  and Krueger (1975) de tec ted  252.4 ppm 

of acephate i n  greenhouse tomato l eaves  immediately a f t e r  spraying w i t h  

a formulat ion of 0.12% acephate. The res idue  l e v e l  decreased t o  130.9 

ppm a f t e r  7 days  and 56.8 ppm a f t e r  21 days. Werner (1974a) determined 

Y 
acephate r e s idues  by bioassay wi th  weevi ls  i n  l o b l o l l y  p ine  seed l ings  

a f t e r  soaking t h e  seeds i n  aqueous s o l u t i o n  of acephate (10.4 mg/ml). H e  

repor ted  t h a t  16.2% of t h e  i n i t i a l  r e s idue  l e v e l  were found 1 week a f t e r  

t reatment,  Only 3.1% were l e f t  a f t e r  1 0  weeks and no res idues  were 

de tec ted  a f t e r  11 weeks. 

Buckner and MacLeod (1975) monitored t h e  populations of f o r e s t -  

inhab i t ing  small  b i rds ,  small mammals, amphibia and honey bees dur ing  

t h e  a p p l i c a t i o n  of acephate a t  two r a t e s  (0.56 and 1.4 kg/&). Population 

da ta  and f i e l d  observat ions  indica ted  t h a t  t h e s e  amounts a f f e c t e d  only t h e  

honey bees. Bee m o r t a l i t i e s  were observed i n  t h e  t r e a t e d  p l o t s  up t o  

14.5 h a f t e r  acephate app l i ca t ion .  Increase  i n  h i v e  ent rance  a c t i v i t y  



and reduct ion  i n  pollen c o l l e c t i o n  occurred in  t h e  hives of the  t r e a t e d  

p l o t s  up t o  4-5 days a f t e r  acephate app l i ca t ion .  However, examination of 

t h e  colonies  3 months l a t e r  showed no d i f f e r e n c e s  in  colony s t r e n g t h  

or  honey production between t h e  t r e a t e d  and untreated hives. Focht and 

Joseph (1974) observed t h a t  over a  50-day period a f t e r  t h r e e  repeated 

app l i ca t ions  of e i t h e r  acephate o r  i t s  metabol i te ,  methamidophos a t  t h e  

r a t e  of 20 ppm t o  s o i l ,  t h e  populat ion l e v e l s  of actinomycetes, b a c t e r i a ,  

and fung i  were not  a f fec ted .  

The i n i t i a l  success of acephate i n  c o n t r o l l i n g  f o r e s t  p e s t s  with 

l i t t l e  apparent environmental impact suggests  t h e  p o s s i b i l i t y  of i t s  

increas ing use i n  f o r e s t  pes t  management. However, l i t t l e  is known about 

its pe r s i s t ence  and metabolism i n  t h e  f o r e s t  ecosystem fol lowing large-  

s c a l e  a e r i a l  app l i ca t ion .  Sundaram and Hopewell (1976) s tudied  i t s  

pe r s i s t ence  i n  spruce trees in a nursery a f t e r  a  simulated a e r i a l  spray. 

They repor ted  t h a t  immediately following t h e  app l i ca t ion  of 0.28 kg/ha 

concentrat  ions  i n  t h e  needles  averaged 55.15 ppm, decreased t o  2 . 9 2  ppm 

wi th in  5 days, and were non-detectable a f t e r  32 days. Only t r a c e s  were 

found of t h e  tox ic  metabol i te ,  methamidophos, The p o s s i b i l i t y  of 

s i g n i f i c a n t  conversion of acephate t o  methamidophos, i t s e l f  an e f f e c t i v e  

i n s e c t i c i d e  and a c a r i c i d e ,  is of g r e a t  importance s ince  methamidaphos i s  

very t o x i c  t o  higher animals. 

The low f i s h  t o x i c i t y  of acephate compared with ca rba ry l  and 

f  en i t ro th ion ,  makes i t  p r e f e r a b l e  f o r  use  agains t  f o r e s t  p e s t s  nea r  



bodies of water. However, nothing was known about i ts  pe r s i s t ence  and 

behaviour i n  water.  Oloffs  e t  aZ. (1972, 1973) demonstrated t h a t  organo- 

ch lo r ine  i n s e c t i c i d e s  and polychlorinated biphenyls i n  waters tend t o  

escape i n t o  t h e  atmosphere by evaporat ion and c o - d i s t i l l a t i o n .  They may 

thus  contaminate t h e  environment away from t h e  point  of r e l ease ,  For a 

b e t t e r  understanding of t h e  behaviour and pe r s i s t ence  of acephate i n  a 

f o r e s t  ecosystem and in  n a t u r a l  waters ,  f u r t h e r  r e sea rch  i s  needed. 

The ob jec t ives  of t h i s  study were: (1) t o  i n v e s t i g a t e  the  

pe r s i s t ence  of acephate and i t s  conversion t o  methamidophos i n  Douglas- 

f i r  needles  from d i f f e r e n t  c l a s s e s  of trees, and i n  f o r e s t  l i t t e r  under 

d i f f e r e n t  shade condi t ions ,  following an a e r i a l  app l i ca t ion  t o  c o n t r o l  

the  Douglas-fir tussock moth; ( 2 )  t o  determine t h e  e f f e c t s  of u l t r a -  

v i o l e t  rad i a t  ion  on t h e  degradation of acephat e under labora tory  

condi t ions ;  (3)  t o  determine t h e  e f f e c t s  of pH and temperature on 

hydrolys is  of acephate under labora tory  condi t ions ;  and (4) t o  s tudy 

i t s  behavfour in two n a t u r a l  waters ,  wi th  o r  without bottom sediments, 

under simulated n a t u r a l  condi t ions  i n  t h e  laboratory.  



MATERIALS AND METHODS 

I. Fie ld  Studies.  

1. Sampling Plots .  The p l o t s  were i n  a tussockmoth-infested 

Douglas-fir f o r e s t  i n  t h e  i n t e r i o r  of B r i t i s h  Columbia on t h e  e a s t e r n  

s lopes  of t h e  North Thompson River (50•‹, 51.5' N. ;  120•‹, 12' W.;  850 m 

e l eva t ion) .  The unsprayed c o n t r o l  p l o t s  w e r e  about 2 km t o  t h e  south 

and 1 km away from t h e  edge of t h e  sprayed area .  Acephate was applied 

by a e r i a l  spray a t  1.12 kg/ha. Orthene 75 S so lub le  powder (US Pat .  

No. 3,716,600), containing 75% of acephate and 25% i n e r t  ing red ien t s  by 

weight, was d i l u t e d  with an  appropr ia t e  amount of water f o r  app l i ca t ion .  

Spraying was done a t  0700 h, 2 June, 1976. Samples were taken 1 day 

p r i o r  t o  spraying and 3 h ,  27 h,  51 h ,  3 days, 10, 20, 30, 45, and 60 

days t h e r e a f t e r .  

2. Weather. The weather a f t e r  spraying was cool  with occasional  

l i g h t  showers throughout t h e  d i s t r i c t .  The c l o s e s t  weather s t a t i o n ,  11.5 

km away a t  Hef f ley  Creek, repor ted  0.5 turn of r a i n  2 days a f t e r  spraying 

and nothing more u n t i l  7 days a f t e r  spraying when 4.8 mm f e l l .  A t o t a l  

of 3 1  mm was recorded a t  Heffley Creek i n  June and' 33 mm i n  Ju ly .  

Maximum d a i l y  temperatures ranged from 13' - 19' C f o r  4 days a f t e r  

spraying, then increased t o  23' - 24' C f o r  3 days, and cooled t o  13' - 
20' C f o r  t h e  next  6 days, Mean d a i l y  temperatures f o r  June and J u l y  

were 12.5' and 15.6' C r e spec t ive ly .  



3. Trees. In  each spray and c o n t r o l  a rea ,  30 Douglas-f i r  t r e e s  

were se lec ted  and marked wi th  surveyor ' s  tape .  Ten were dominant t r e e s ,  

with f u l l y  developed crowns, ample growing space and exposure t o  sun l igh t  ; 

1 0  were Co-dominant t r e e s ,  wi th  f a i r l y  we l l  developed crowns, but  were 

p a r t i a l l y  shaded by adjacent ,  l a r g e r  t r e e s ;  and 1 0  were In termedia te  

trees wi th  poorly developed crowns, and heav i ly  shaded by surrounding, 

l a r g e r  trees. 

4. Forest  L i t t e r .  The f o r e s t  f l o o r ,  from which l i t t e r  

samples were obtained,  was c l a s s i f i e d  as:  Open, f u l l y  exposed, 1 0  t o  

15 m away from t h e  n e a r e s t  t r e e  canopy; Semi-open, p a r t i a l l y  shaded by 

a l i g h t  t r e e  canopy above t h e  si te,  and Dense, heavi ly  covered by tree 

canopies, having no d i r e c t  exposure t o  sun l igh t .  A p lo t  of 2 x 2 m was 

marked a t  each of t h e s e  3 sampling sites and c lea red  of l a r g e  ob jec t s  

such a s  branches and rocks, p r i o r  t o  spraying. 

5. SamplingNeedles, A t  each sampling, o n e b r a n c h w a s  

taken from t h e  upper, middle, and lower one-third of every dominant 

t r e e ;  t h e  upper and lower one-half of every co-dominant t r e e ;  and one 

branch from every in termedia te  t r e e .  The needles  were then s t r ipped 

wi th  NobZe NeedZe Nippers (Fig. 3), wrapped i n  heavy-duty aluminium f o i l ,  

and frozen on d ry  i c e  immediately i n  t h e  f i e l d  f o r  t r anspor t  t o  t h e  

labora tory ,  where they were held a t  -200 C u n t i l  ana lys i s .  

6. Sampling L i t t e r ,  L i t t e r  samples of 30.5 x 30.5 cm, 2.5 cm 

deep, were taken from t h e  open, sgni-open, and dense p l o t s  with a 



F i g u r e  3 

Noble Needle Nippers: s t r i p p i n g  D o u g l a s 4  i r  need le s  (above) , and 

arrangement of a d j u s t a b l e  and exchangeable s t e e l  b lades  (below). 





sharpened spade, placed on heavy-duty aluminium f o i l ,  r o l l e d  up and 

wrapped, and f u r t h e r  handled a s  described f o r  needles. 

7. Sampling w i t h  Glass  Surfaces. Lids and bottoms of c l ean  

15-cm g l a s s  P e t r i  d i shes  were placed near the  3 marked p lo t s .  I n  t h e  

spray a r e a ,  2 d i s h e s  w e r e  used in  t h e  open p l o t ,  and 3 d i s h e s  each i n  

t h e  semi-open and densely  covered p lo t s ;  1 d i s h  per  p lo t  was used i n  t h e  

unsprayed c o n t r o l  area.  Three hours  a f t e r  spraying, the  d i s h e s  were 

closed,  wrapped i n  aluminium f o i l ,  packed i n  d r y  i c e  and t ranspor ted  t o  

t h e  labora tory .  The surf  ace  d e p o s i t s  w e r e  analyzed upon a r r i v a l .  

8. Bioassay. A t o t a l  of 4,187 adu l t  worker a n t s  (Formica 

integroides Emery) were c o l l e c t e d  from a nearby colony 12 h p r i o r  t o  

spraying and placed i n t o  12 d i s s e c t i n g  d i shes  wi th  t h e  4inside w a l l s  

coated wi th  Fluon (po ly te t ra f  luoroethylene) . N e x t  morning, 1 h p r io r  t o  

spraying, they were d i s t r i b u t e d  i n  t h e  l i t t e r  sampling p l o t s  of t h e  spray 

area  a s  follows: 3 d i s h e s  each i n  t h e  open (1,099 a n t s ) ,  semi-open 

(879 a n t s ) ,  and dense (845 a n t s ) ,  p l u s  1 d i s h  i n  each of t h e  corresponding 

p l o t s  of t h e  unsprayed con t ro l  a rea  (419, 566, and 379 a n t s ,  r e spec t ive ly ) .  

They were placed immediately adjacent  t o  t h e  g l a s s  P e t r i  d i s h e s  and t h e  

marked litter sampling p l o t s ,  t hen  c o l l e c t e d  3 h a f t e r  spraying and moved 

t o  a nearby temporary l abora to ry  f o r  m o r t a l i t y  counting 12, 24, and 36 h 

a f t e r  spraying. 

From t h e  m o r t a l i t y  da ta ,  correc ted  f o r  c o n t r o l  m o r t a l i t i e s ,  LTSO 



v a l u e s  and t h e i r  95% confidence l i m i t s  were de t e rn ined  accord ing  t o  t h e  

method of Swaroop (1966)- LTSO1s were a l s o  computed by F o r t r a n  P r o b i t  

a n a l y s i s .  

11, Laboratory S tudies .  

1. U l t r a v i o l e t  Radia t ion  S tud ie s .  F ive  ug of acephate  i n  

0.5 m l  of ace tone  were appl ied  t o  a 5-cm g l a s s  P e t r i  d i s h  and t h e  so lven t  

was removed by evapora t ion  at room tempera ture  under a  g e n t l e  n i t r o g e n  

stream. The t r e a t e d  g l a s s  P e t r i  d i s h  was placed i n  a  Chromatovue Model 

CC-2-W Viewer and i r r a d i a t e d  wi th  e i t h e r  u l t r a v i o l e t  l i g h t  (2 53.7 nm) 

o r  incandescent  l i g h t  a t  about 20' C f o r  25 hours.  The c o n t r o l  samples 

were shaded by a  cardboard cover t o  s h i e l d  them from t h e  l i g h t -  A f t e r  

i r r a d i a t i o n ,  r e s i d u e s  were removed immediately from t h e  g l a s s  s u r f a c e s  

of t h e  P e t r i  d i s h e s  f o r  a n a l y s i s .  

2. Hydrolys is  S tud ie s ,  Samples of g l a s s - d i s t i l l e d  water  were 

buf fered  t o  pH 4.0, 5.0,  5.6,  6.0 ( c i t r a t e  p l u s  sodium c i t r a t e ,  0.2 M), 

6.9 and 8.2 ( T r i s  p l u s  HC1, 0.2 M) accord ing  t o  Dawson e t  aZ. (1969). 

One-ml a l i q u o t s  of an aqueous s o l u t i o n  con ta in ing  1,000 vg/ml of acephate  

and 9-ml a l i q u o t s  of t h e  b u f f e r  s o l u t i o n s  were added t o  25-ml g l a s s -  

s toppered  Erlenmeyer f l a s k s ,  mixed, and then  held f o r  20 days  a t  e i t h e r  

20' C o r  30•‹ C, A t  t h e  end of i ncuba t ion ,  one-ml a l i q u o t s  of each sample 

were d i l u t e d  wi th  g l a s s - d i s t i l l e d  ace tone  f o r  immediate a n a l y s i s  of 

acephate  and methamidophos by GLC wi thout  f u r t h e r  clean-up. 



3. Studies  with Two Natural  Waters and Their Sediments. 

Approximately 1 0  l i t r e s  of water and 5 kg of sediment were taken from each 

a small pond and a creek. Both a r e  located  i n  a fo res ted  a r e a  i n  t h e  

F rase r  Canyon (4g0, 401N,; 121•‹, 22'w.) d ra in ing  in to  t h e  salmon- 

bearing Fraser  River. The samples, kept sepa ra te ly  i n  g l a s s  con ta ine r s  

on i c e ,  were t r ans fe r red  t o  t h e  l abora to ry  immediately. The temperatures 

of t h e  pond and t h e  c r e e k  waters  a t  t h e  time of sampling were 9' C and 

6' C respect ive ly .  Subsequent incubations in t h e  l abora to ry  were c a r r i e d  

out a t  9' C. 

(a )  Incubation of Water Samples. Ten 150-1 a l i q u o t  s of 

c reek  water,  and 12  150-ml a l i q u o t s  of pond water were measured i n t o  

ind iv tdua l  500-1~1 Erlenmeyer f l a s k s .  Then, 100 p 1  of a n  aqueous so lu t ion ,  

containing 1,500 ug/ml of  acephate,  were added t o  each f l a s k ,  g iv ing a 

concentra t ion  of 1 ppm of acephate i n  each water sample. The f l a s k s  were 

then plugged wi th  g l a s s  -01 (Olof f s  e t  aZ. 1972, 1973) and incubated a t  

9" C, c r e e k  water f o r  0 ,  7, 21, 34, and 50 days, and pond water f o r  0, 2, 

7, 14, 21, and 42 days. 

(b) Incubation of Water Samples wi th  Sediments. Ten 100-g 

a l i q u o t s  of creek sediment, and 12 of pond sediment, were placed in to  

ind iv idua l  500-1 Erlenmeyer f l a s k s  t o  g i v e  a l a y e r  of w e n  thickness.  

Then, a 150-ml por t ion  of t h e  corresponding water was added slowly t o  each 

f l a s k  s o  t h a t  t h e  l a y e r  of sediment was not  d i s tu rbed .  Each water sample 

was then t r e a t e d  wi th  acephate, plugged with g l a s s  wool, and incubated a s  



described under (a) .  

A t  t h e  end of each incubation period, t h e  water was separated from 

t h e  sediment by f i l t e r i n g  through Whatman No. 1 f i l t e r  paper. The g l a s s  

wool plugs, water samples, and sediment samples ( including the  f i l t e r  

paper) were analyzed f o r  acephat e and methamidophos. 

(c)  Incubation a f t e r  Autoclaving,  Twelve samples of creek 

water, and 12 of c reek  water p lus  sediment, were placed i n t o  24 500-ml 

Erlenmeyer f l a s k s  a s  described under (a) and (b) .  Six f l a s k s  of each 

set were then wrapped i n  aluminium f o i l  and autoclaved f o r  45 m i n .  After  

t h e  1 2  autoclaved samples had cooled, a l l  24 were t rea ted  with acephate 

a s  described under (a)  t o  g ive  a concentra t ion of 1 ppm i n  t h e  water, and 

incubated a t  9' C f o r  0, 43, and 50 days. 

111. Analy t i ca l  Procedures. 

1, Extract ion and Clean-up, 

(a) Needles, L i t t e r ,  Glass  Surfaces.  Sub-samples of 10 g 

of needles,  and 7 .6  x 7.6 x 2.5-cm sub-samples of l itter, were extracted 

in a Lourdes blender three times each with 100 m l  pesticide-grade e t h y l  

aceta te ;  during t h e  f i r s t  e x t r a c t i o n  5 g of anhydrous granular  sodium 

s u l f a t e  were added. The e x t r a c t s  were f i l t e r e d  through g l a s s  wool and a 

l ayer  of granular  anhydrous sodium s u l f a t e  i n t o  500-ml round-bottom f l a s k s  , 

then concentrated t o  approximately 1 0  m l  in  a f l a s h  evaporator a t  3 8 O  C.  

Af te r  q u a n t i t a t i v e  t r a n s f e r  with 100 m l  a c e t o n i t r i l e  i n t o  a 250-ml 

separa tory  funnel ,  each e x t r a c t  was pa r t i t ioned  t h r e e  t imes wi th  25 m l  



hexane t o  remove t erpenoid in te r fe rences .  The a c e t o n i t r i l e  phase was then 

evaporated j u s t  t o  dryness, t h e  r e s idue  dissolved i n  5 m l  e t h y l  e ther  and 

t r a n s f e r r e d  t o  a 15-g s i l i c a  g e l  column. The column was e lu ted  with 100 

m l  e t h y l  e the r ,  followed by 100 m l  of 2% methanol i n  e t h y l  e the r .  These 

e l u a t e s  were discarded.  Acephate and metharnidophos were then e lu ted  from 

t h e  column wi th  250 m l  of 10% methanol i n  e t h y l  e ther .  The e l u a t e  was 

evaporated j u s t  t o  dryness  and t h e  r e s idue  d issolved i n  5 m l  ace tone  f o r  

GLC (gas-liquid chromatography) ana lys i s .  

Two sub-samples of each need le  sample and 4 sub-samples of each 

l i t ter  sample were analyzed. The procedures described w e r e  adopted mainly 

from Leary (1971, 1974) and were s imi la r  t o  those  reported by Sundaram and 

Hopewell (197 6 ) .  

The res idues  were removed w i t h  1 0  m l  of ace tone  from t h e  g l a s s  

su r faces  of t h e  P e t r i  d ishes  used i n  t h e  f i e l d  s t u d i e s  ( s e e  1, 7, p. 16) 

and t h e  u l t r a v i o l e t  r a d i a t i o n  s t u d i e s  ( s e e  11, 1, p. 17). The acetone 

s o l u t i o n s  were analyzed f o r  acephate and methamidophos by GLC without 

f u r t h e r  clean-up. 

(b) Water. Acephate and methamidophos were ext rac ted  from 

water samples and simultaneously cleaned by a coconut cha rcoa l  column 

(McKinley 1977, personal  communication). Coconut charcoal  (Fisher  

S c i e n t i f i c  Company) was sieved through a 60-mesh screen and t h e  f i n e s  

were discarded.  The charcoal  re ta ined by t h e  screen was washed t h r e e  

t imes  wi th  g l a s s - d i s t i l l e d  ace tone  and d r i e d  a t  130' C f o r  48 h before  



use. Chromatographic columns (50 x 1.0 cm i . d . )  with Teflon stopcocks and 

250-1 r e s e r v o i r s  were packed, i n  t h a t  order ,  with a g l a s s  wool plug, a  

5-cm laye r  of Ottawa sand, 2 g of coconut charcoal ,  and a second 5-cm 

layer  of Ottawa sand. Each column was connected t o  a  500-ml suct ion  

f l a sk .  The column was f i r s t  washed with 500 m l  of g l a s s  d i s t i l l e d  water 

under a s p i r a t i o n  t o  remove charcoal  f i n e s .  The water sample conta in ing 

acephate and methamidophos was then allowed t o  pass through t h e  charcoal  

column without a sp i ra t ion .  The sample con ta ine r  was r insed  t h r e e  times 

with 10 m l  of g l a s s - d i s t i l l e d  water and t h e  r i n s i n g s  t r ans fe r red  t o  t h e  

charcoal  column. Af te r  e l u t i o n  without suct ion  was completed, r e s i d u a l  

water was removed from t h e  column by a s p i r a t i o n  f o r  30 min. The acephate 

and methamidophos were then e lu ted  from t h e  column with 50 m l  of g lass-  

d i s t i l l e d  acetone, and t h e  e l u a t e  concentrated t o  5 m l  f o r  GLC ana lys i s .  

(c) Sediments. One hundred grammes of sediment were 

ex t rac ted  t h r e e  t imes with 100 m l  of pest icide-grade a c e t o n i t r i l e  by 

blending i n  a  Lourdes homogenizer f o r  5 min each t i m e ;  100 g of anhydrous 

granular  sodium s u l f a t e  were added a t  t h e  beginning of t h e  f i r s t  ext rac-  

t ion .  Af ter  each e x t r a c t i o n ,  the  l i q u i d  phases were f i l t e r e d  through 

g l a s s  wool and a l aye r  of granular  anhydrous sodium s u l f a t e  i n t o  a 500-1 

round-bottom f l a s k .  The f i l t r a t e  was evaporated j u s t  t o  dryness i n  a  f l a s h  

evaporator  a t  38' C. The res idues  were d issolved i n  4 m l  of g las s -  

d i s t i l l e d  acetone then 50 m l  of coagulat ing so lu t ion  were added t o  t h e  

round-bottom f l a s k .  The coagulat ing s o l u t i o n  was 1.5 g of ammonium 

ch lo r ide  and 3 m l  of 85% phosphoric ac id  i n  1 l i t r e  of aqueous so lu t ion .  



After  15 min, the  sample was f i l t e r e d  through a s in tered-glass  f i l t e r  

funnel  (medium) with 2.5 cm of C e l i t e  545. The f i l t e r  funnel  and f l a s k  

were r insed twice with 25 m l  of coagulat ing so lu t ion  and t h r e e  t imes with 

25 m l  of g l a s s - d i s t i l l e d  water. The acephate and methamidophos were 

ext rac ted  from t h e  f i l t r a t e s  and simultaneously cleaned a s  described in 

Section 111, 1, PO 20. 

(d) Glass Wool. Glass wool plugs were ext rac ted  with 10 m l  

g l a s s - d i s t i l l e d  acetone. The e x t r a c t s  were concentrated t o  2 m l  under a 

g e n t l e  n i t rogen stream f o r  GLC a n a l y s i s  without f u r t h e r  clean-up. 

2, GLC Analysis.  For t h i s  s tudy,  a Tracor MT 220 gas chroma- 

tograph was used, equipped with a flame photometric de tec to r  (526 nm 

phosphorus f i l t e r )  and Teflon columns (61 x 0.32 cm 0.d.) packed with 1% 

Carbowax 20M TPA on Chrmosorb W "HP", 100/200 mesh. Operating parameters 

were: d e t e c t o r  165' C; i n j e c t i o n  por t  185' C ;  column oven programmed from 

135' C t o  185' C a t  30' C/min; gas  flow r a t e s  fo r  N2, H z ,  0 2 ,  and a i r ,  

r e spec t ive ly ,  60, 180, 15, and 80 ml/min. 

2 
Clean e x t r a c t s  ( 1  m l  = 2 g of needles;  11.5 cm of l i t t e r ;  30 m l  of 

2 
water; 20 g of sediments; 4 cm of g l a s s  surfaces ;  o r  one hal f  of the  

g l a s s  wool plug) were s u i t a b l y  d i l u t e d  f o r  GLC ana lys i s  i f  necessary. If 

8 p 1  of undiluted e x t r a c t  gave no response, t h e  r e s u l t s  were reported a s  

non-detectable (N .D. ) . The l i m i t s  of quan t i f i ca t ion  of acephate 

(methamidophos) were: 0.01 (0.005) ppm f o r  needles; 0.004 (0.002) pg/cm 
2 

fo r  l i t t e r ;  0.002 (0.001) ppm f o r  water; 0.004 (0.002) ppm f o r  sediments; 



2 
0.001 (0.0005) ug/cm f o r  g l a s s  su r faces ;  and 0.075 (0.025) pg/glass  

wool plug. For t h e  hydrolys is  samples, t h e  l i m i t  was 4 p g  of methamidophos 

per sample (acephate not  appl icable) .  Detect  a b l e  responses below t h e s e  

l i m i t s  were repor ted  a s  Trace and computed a s  one hal f  of t h e  appropr ia t e  

q u a n t i f i c a t i o n  l i m i t .  

3. Recovery Studies.  Recovery s t u d i e s  on needles ,  l i t t e r ,  

water,  and sediment were conducted on 4 r e p l i c a t e  sub-samples from t h e  

unsprayed contro ls .  Needle and l i t t e r  samples were f o r t i f i e d  with acephate 

and methamidophos a t  1-ppm and 0.1-ppm l e v e l s  of each. Recoveries ranged 

from 95.9% t o  98.4% f o r  acephate,  and 92.2% t o  96.9% f o r  methamidophos 

a t  t h e  1-ppm l e v e l ;  from 90.0% t o  98.0% f o r  acephate,  and 83.0% t o  89.0% 

f o r  methamidophos a t  t h e  0.1-ppm l e v e l .  Water and sediment samples, a l s o  

f o r t i f i e d  wi th  both  i n s e c t i c i d e s  at  I-ppm and 0.1-ppm l e v e l s ,  gave 86.1 

t o  93.1% recover ies .  

4. Storage S t a b i l i t y .  Residue-f r e e  needle  and l i t te r  samples 

from t h e  wnsprayed c o n t r o l  p l o t s  were f o r t  i f  ied  with acephate t o  g ive  

concentra t ions  of e i t h e r  1.0 o r  0.1 ppm; a d d i t i o n a l  samples were 

f o r t i f i e d  a t  t h e  same r a t e s  wi th  both  acephate and methamidophos. Sub- 

samples of t h e s e  were analyzed s h o r t l y  a f t e r  f o r t i f i c a t i o n .  The remains 

of t h e  f o r t i f i e d  samples were s tored  a t  -20' C ,  together  wi th  t h e  f i e l d  

samples, Fur the r  sub-samples were analyzed pe r iod ica l ly ,  u n t i l  a l l  t h e  

f i e l d  samples had been analyzed, t o  determine any poss ib le  r e s idue  l o s s  

and/or conversion of acephate t o  methamidophos during s torage .  



RESULTS AND DISCUSSION 

L 1. Storage S t a b i l i t y  of Acephate. No res idues ,  o r  equivalent  GLC z 
I: 

C responses, were de tec ted  i n  any c o n t r o l  o r  pre-spray samples. Analyses 
;: i 

"! of needle  and l i t t e r  samples were completed a f t e r  5 and 9 months, 

r e spec t ive ly .  During t h i s  s to rage  period,  no d e t e c t a b l e  decrease  

occurred i n  r e s i d u e  concentra t ions  and t h e r e  was no conversion of 

acephate t o  methamidophos. 
L 

Short-term labora tory  experiments, c a r r i e d  oht p r i o r  t o  the  f i e l d  k 
work, had produced s i m i l a r  r e s u l t s ,  but  it w a s  important t o  monitor t h e  

s to rage  s t a b i l i t y  u n t i l  t h e  analyses  had been completed, s i n c e  no hard 

da ta  i n  t h i s  r e spec t  were ava i l ab le .  It is evident t h a t  f r eez ing  t h e  

samples on dry i c e  immediately i n  t h e  f i e l d  success fu l ly  s t a b i l i z e d  t h e  

acephate res idues .  Other con t r ibu t ing  f a c t o r s  were t h e  r e l a t i v e l y  smal l  

samples and t h e  wrapping i n  aluminium f o i l ,  a good heat  conductor, so  

t h a t  t h e  samples were quickly frozen.  

2, Deposition of Acephate at Ground Level a f t e r  A e r i a l  Applicat ion.  

Acephate depos i t s  on t h e  g l a s s  su r faces ,  co l l ec ted  3 h a f t e r  spraying,  

2 were 1.95, 1.59, and 0.55 vg/cm a t  t h e  open, semi-open, and densely 

covered p l o t s ,  respect ive ly .  No methamidophos could be de tec ted  on t h e  

g l a s s  surfaces .  The r e s u l t s  of bioassay in  t h e  f i e l d  with a n t s  a r e  

shown i n  Table I. They r e f l e c t  t h e  d i f fe rences  i n  acephate deposi t ion  on 

t h e  g l a s s  su r faces  i n  t h e  t h r e e  sampling p l o t s .  LTSO1s and t h e i r  95% 
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exposed a t  t h e  r e spec t ive  s i t e s  were: 11.6 h (11.16 t o  11.85); 11.2 h 

(10.6 t o  11.8); and 47 .5  h ( 4 4 . 3  t o  4 9 . 9 ) .  

Fortran-computed regress ion  l i n e s  of  t h e  mor ta l i ty  d a t a  a r e  shown 

i n  Figures 4 t o  6. The Fortran-computed LT values  f o r  t h e  open and 
5 0 

semi-open loca t ions  were a l s o  11.6 h and 11.2 h,  r e spec t ive ly ,  but  48.2 h 

f o r  t h e  densely covered p lo t .  The d i f fe rence  between acephate d e p o s i t s  

i n  open and semi-open a r e a s  was smal l ,  no t  enough t o  a f f e c t  t h e  m o r t a l i t y  

amongst t h e  ants .  But densely covered area  received so much l e s s  chemical 

t h a t  t h e  t ime t o  k i l l  50% of t h e  a n t s  exposed a t  t h i s  s i te  w a s  more than 

four  times longer. 

3. Residues i n  Douglas4  i r  Needles. Residues found i n  the  needles  

a r e  shown i n  Tables I1 and I11 and Figures ? t o  12 .  A s  expected, the  

i n i t i a l  concentra t ions  were highest  a t  9 . 2  ppm in  needles  from t h e  upper 

crowns of dominant t r e e s ,  i .e .  t h a t  por t ion  of the  f o r e s t  tree canopy 

which i s 'mos t  exposed t o  a e r i a l  spray. They were p red ic tab ly  lower i n  

needles  from t h e  middle and lower crowns of dominant t r e e s ,  which were 

comparable wi th  those  i n  needles  from co-dominant t r e e s .  The lowest 

i n i t i a l  concentra t ions  occurred i n  t h e  needles  of in termedia te  t r e e s ;  

they  were about one-third of t h e  maximum. 

Rates of r e s idue  decay a r e  shown i n  Table I V .  Calculated regress ion  

l i n e s  f o r  r e s idue  decay i n  Douglas-fir needles  from d i f f e r e n t  c l a s s e s  of 

t r e e s  and crown l e v e l s  a r e  shown i n  Figures 7  t o  12. Af te r  t h e  appl ica-  

t i o n  of acephate,  t h e  l o s s  in  re s idues  of acephate plus methamidophos 

(Cont'd p. 39 ) 



Figure 4 

Regression l i n e  (Fortran probit analys is )  calculated from mortality 

of 1 ,099 ants exposed t o  a e r i a l  spray in  a open sampling plot:  



OPEN PLOT 

I I I 

30 
I 1 

0.80 1 .OO 1-20 1.40 1 -60 

LOG HOURS 



Figure  5 

Regression l i n e  (Fortran p rob i t  a n a l y s i s )  ca lcu la ted  from mortal i t y  

of 879 a n t s  exposed t o  a e r i a l  spray i n  a  semi-open sampling p lo t :  

LTS0 = 11.2 h. 



SEMI - OPEN PLOT 

LOG HOURS 



Figure 6 

Regression l i n e  (Fortran probf t anaiys is) caicuiated from mortai ity 

of 845 ants exposed to  aer ia l  spray i n  a densely covered sampling 

plot: LT50 = 48.2 h. 
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LOG HOURS 



Table 11. 

Residues i n  needles of dominant Douglas-f i r  t r e e s  (U = upper, M = middle, 

L = lower crown). 

- 

Time a f t e r  
Acephat e Methamidophos Spraying Crown 

Hours Days Level ppm 5 SD %- a/ PPm f_ S D %- a / 

9.08 
7.33 
6.21 

9.18 
6.83 
5.71 

5.63 
4.58 
4.14 

4.70 
3.39 
3.22 

0.550 
0.364 
0.692 

0.163 
0.121 
0.127 

0.092 
0.068 
0.079 

0.04 
0.022 
0.018 

b/ N.D.- 
N.D. 
N. D. 

a /  Percent of acephate plus methamidophos. - 

b/ N. D. = non-detectable: acephate <<< 0.01 ppm; - 
methamidophos <<< 0.005 ppm, 



TABLE 111. 

Residues in needles of co-dominant and intermediate Douglas-f i r  t r e e s  

(CU = co-dominant, upper; CL = co-dominant, lower crown; I N  = intermediate), 

T i m e  a f t e r  
Spraying Crown Acephat e Methamidophos 

Hours Days Level ppm + SD a /  X- PPm 5 SD a / %- 

a /  Percent of acephate plus methamidophos . - 
b/ N .  D. = non-detectable: acephate <<< 0.01 ppm; - 

methamidophos <<< 0.005 ppm. 



Figure  7 

Residues of acephate  plus methamidophos i n  Douglas-fir  needles  

t h e  upper crowns of dominant trees, computed l i n e a r  r eg res s ion  

and half-Zife of r e s i d u e s  computed from Phase 1, 

Phase 1 (3 - 240 h):  y = 8.738 - 0.036 x 

r = -0.939; s i g n i f i c a z t  a t  p = 0.05 

half-life: 113.6 h (= 4.7 days) 

Phase 2 (240 - 1,080 h):  y = 0.592 - 0.0006 x 
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F i g u r e  8 

Residues of acephate  plus methamidophos i n  Douglas-f i r  n e e d l e s  from 

t h e  middle  crowns of dominant trees, computed l i n e a r  r e g r e s s i o n  l i n e s ,  

and half-life of r e s i d u e s  computed from Phase 1. 

Phase 1 (3-240 h):  y = 6.836 - 0.029 x 

r = -0.942; s i g n i f i c a n t  a t  p = 0.05 

half -life = 108.7 h (= 4 .5  days)  

Phase 2 (240 - 1,080 h): y = 0 . 4 1 3  - 0.0004 x 
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Figure  9 I 

Residues of acephate  pzus methamidophos i n  Douglas-fir  need le s  from 

t h e  lower crowns of dominant trees, computed l i n e a r  r e g r e s s i o n  l i n e s ,  

and hazf-life of r e s i d u e s  computed from Phase 1. 

Phase 1 ( 3  -2 40 h) : y = 5.872 - 0.023 x 

r = -0.956; s i g n i f i c a n t  a t  p = 0.05 

half-life = 119.4 h (= 5 days) 

Phase 2 (240 - 1,080 h):y = 0.720 - 0.0007 x 

r = -0.823 
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Figure  10 

Residues of acephat  e p h s  methamidophos i n  Douglas-fir  need le s  from 

t h e  upper crowns of co-dominant t r e e s ,  computed l i n e a r  r e g r e s s i o n  

l i n e s ,  and h a Z f - l i f e  of r e s i d u e s  computed from Phase 1. 

Phase 1 (3 - 240 h) : y = 7,277 - 0.029 x 

r = -0.920; s i g n i f i c a n t  a t  p = 0.05 

h d f - l i f e  = 113.6 h (= 4.7 days)  

Phase 2 (240 - 1,080 h):  y = 0.759 - 0.0008 x 

r = -0.818 
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Figure 11 

Residues of acephat e pZus methamidophos i n  Douglas-f i r  need1 es from 

t h e  lower crowns of co-dominant t r e e s ,  computed l i n e a r  r egress ion  

l i n e s ,  and half-life of res idues  computed from Phase 1. 

Phase 1 ( 3  - 240 h) : y = 5.970 - 0.021 x 

r = -0.906; s i g n i f i c a n t  a t  p = 0.05 

half-life = 127.1 h (= 5.3 days) 

Phase 2 (240 - 1,080 h): y = 1.168 - 0.001 x 

r = -0.782 
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F i g u r e  12  

Residues of acephat e plus methamidophos i n  Douglas-f i r  need le s  from 

in t e rmed ia t e  t r e e s ,  computed l i n e a r  r eg re s s ion  l i n e s ,  and half-life 

of r e s i d u e s  computed from Phase 1. 

Phase 1 (3  - 240 h) :  

Phase 2 (240 - 1,080 h) : 

y = 3.698 - 0.011 x 

r = -0.918; s i g n i f i c a n t  a t  p = 0.05 

half-life: 169.7 h (= 7 days)  

y = 1.09 - 0.011 x 

r = -0.80 
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appeared t o  be b iphas i c .  During t h e  f i r s t  phase, t h e r e  was a r ap id  

d e c l i n e  i n  r e s i d u e  concen t r a t  i ons  of acephate  plus met hamidophos from 

3 t o  240 h. The l i n e a r  c o r r e l a t i o n  between r e s i d u e  concen t r a t ions  and 

t ime was s i g n i f i c a n t  a t  p = 0.05. During t h e  second phase, r e s i d u e s  

decreased slowly. But t h e  c o r r e l a t i o n  between r e s i d u e  concen t r a t ions  

and t ime w a s  n o t  s i g n  i f  i c a n t  a t  p = 0.05. 

In a l l  need le  samples, l e s s  than  1% of t h e  h ighes t  concen t r a t ion  

w a s  p r e s e n t  a f t e r  45 days. No r e s i d u e s  could  be  de t ec t ed  a f t e r  60 days. 

However, t h e  concen t r a t ions  dec l ined  more s lowly i n  i n t e rmed ia t e  t han  i n  

dominant and co-dominant t r e e s  (Table IV). The haZf-life, o r  time a f t e r  

which 50% of t h e  i n i t i a l  r e s i d u e s  were l e f t ,  was between 4 and 5 days  in 

dominant and co-dominant t r e e s ,  bu t  7 days i n  i n t e rmed ia t e  t r e e s  (F igures  

7 t o  12) .  The s lower r a t e  of r e s i d u e  dec rease  i n  i n t e rmed ia t e  t r e e s  

remained apparent  f o r  30 days (Table IV) .  hi; may have been due t o  

lower metabol ic  a c t i v i t y  of t h e  suppressed in te rmedia te  t r e e s ,  o r  t o  l a c k  

o f  d i r e c t  exposure t o  s u n l i g h t  and t h u s  t o  reduced photo-decomposition. 

In  dominant and co-dominant t r e e s ,  t h e  r e s i d u e s  dec l ined  more slowly i n  

need le s  from lower, l e s s  exposed branches than  they  did i n  t h e  upper 

branches of t h e  same trees (Table I V ) ,  which sugges t s  t h a t  s u n l i g h t  may 

have been an important  f a c t o r .  

These r e s u l t s  f o r  Douglas-f ir a r e  d i f f e r e n t  t han  t h o s e  repor ted  by 

Sundaram and Hopewell (1976) f o r  spruce  trees, Picea GZawa (Moench) . 
They r epor t ed  i n i t i a l  concen t r a t ions  of 55.15 ppm fo l lowing  an  a p p l i c a t i o n  



of only 0.28 kg/ha. By comparison, t h e  i n i t i a l  r e s idue  concen t r a t ions  

found i n  t h i s  s tudy  fo l lowing  an  a p p l i c a t i o n  of 1.12 kg/ha seem low, 

even i n  view of t h e  f a c t  t h a t  t h e  d e p o s i t s  found on f u l l y  exposed g l a s s  

s u r f a c e s  from t h e  open a rea  were only  17.6% of t h e  t h e o r e t i c a l  v a l u e  of 

2 
11.07 ug/cm , which is  based on t h e  assumption t h a t  100% of 1.12 kg/ha 

were t o  r each  ground l e v e l  i n  t h e  open a r e a .  

Sundaram and Hopewell (1976) a l s o  r epo r t ed  a half-'life of less than  

1 day,  a dec rease  t o  2.92 ppm (= 5.3% of i n i t i a l )  w i th in  5 days,  non- 

d e t e c t a b i l i t y  a f t e r  32 days ,  and only t r a c e s  of methamidophos. They d id  

n o t ,  however, d e f i n e  t r a c e s .  The d i f f e r e n c e s  between i n i t i a l  concentra-  

t i o n s  found in  t h i s  s tudy  and t h o s e  r epo r t ed  by Sundaram and Hopewell 

(1976) a r e  poss ib ly  due t o  t h e  d i f f e r e n t  a p p l i c a t i o n  methods. The o t h e r  

d i s c r e p a n c i e s  suggest  t h a t  geographic l o c a t i o n ,  c l ima te ,  and s p e c i e s  

s t u d i e d ,  may s i g n i f i c a n t l y  a f f e c t  t h e  p e r s i s t e n c e  of r e s i d u e s  of acephate .  

4. Residues i n  Fo res t  L i t t e r .  Residues found in l i t t e r  from t h e  

t h r e e  sampling p l o t s  a r e  shown i n  Table V ,  and F i g u r e  13. The d a t a  a r e  

2 
g iven  i n  vg/cm r a t h e r  than  i n  ppm. The samples c o l l e c t e d  from t h e  

d i f f e r e n t  p l o t s ,  a s  w e l l  a s  t h e  sub-samples from each sample v a r i e d  

g r e a t l y  s o  t h a t  t h e  weights  of sub-samples (7.6 x 7.6 x 2.5 cm) f o r  

r e s i d u e  a n a l y s e s  d i f f e r e d  from 21.4 t o  239.1 g. Thus t h e r e  is a l a c k  of 

a c o n s t a n t  weight base  f o r  comparison i n  ppm. Moreover, r e s i d u e  d a t a  i n  

2 
yg/cm g i v e  a c l e a r e r  i n d i c a t i o n  of t h e  a c t u a l  d i s t r i b u t i o n  of  r e s i d u e s  

on t h e  ground. 



TABLE V, 

Residues i n  f o r e s t  l i t t e r  (0 = open, S = semi-open, D = dense cove r ) .  

Time a f t e r  
Acephat e Methamidophos 

Spraying Fores t  
Hours Days Floor  ug/cm2 - + SD %- a /  ug/cm2 + - SD %- a / 

a/ Percent  of acephate  plus methamidophos. - 
b /  N. D. = non-detectable:  acephate  <<< 0.004 pg/cm 

2 
- 2 

methamidophos c<< 0.002 pg/cm . 



F i g u r e  13 

Residues of acephate  plus methamidophos i n  f o r e s t  l i t t e r  from t h e  

open, semi-open, and dense ly  covered sampl ing p l o t  . 



* OPEN PLOT 

+ SEMI- OPEN PLOT 

---O--. DENSELY COVERED PLOT 

400 600 8 0 0  

TIME IN HOURS 1 



The i n i t i a l  concentrat ions i n  open and semi-open a r e a s  were l i t t l e  

d i f f e r e n t  but considerably higher than those i n  the  densely covered area .  

These r e s u l t s  corrobora te  those from depos i t s  on g l a s s  su r faces  and from 

bioassay with a n t s  i n  t h e  f i e l d ,  

Although res idues  in l i t t e r  from open and semi-open p l o t s  were higher 

i n i t i a l l y ,  they p e r s i s t e d  only f o r  10  days. But res idues  i n  l i t ter  from 

t h e  densely covered p l o t ,  lower i n i t i a l l y ,  p e r s i s t e d  f o r  30 days (Table V ) .  

A s  wi th  t h e  decay of r e s idues  i n  Douglas-f i r  needles  from t r e e s  of 

d i f f e r e n t  dominance and from branches a t  d i f f e r e n t  crown l e v e l s ,  t h e  decay 

of acephate r e s idues  i n  l i t t e r  a l s o  sugges ts  t h a t  sun l igh t  may have been an 

important f a c t o r .  Rates of r e s idue  decay a r e  shown i n  Table VX. No 

decrease i n  r e s idues  of acephate p lus  methamidophos occurred i n  any of t h e  

l i t t e r  samples up t o  5 1  h  a f t e r  t h e  a e r i a l  spray,  but they rap id ly  

decreased t h e r e a f t e r  (Table V I ,  and Figure  13) .  This may have been due 

t o  t h e  cool ,  cloudy weather s h o r t l y  a f t e r  spraying. 

Fen i t ro th ion  (0, 0-dimethyl 0-(4-nitro-m-toly 1)  phosphorothioate) , a  

broad -spectrum organophosphorus i n s e c t i c i d e ,  has been used in tens ive ly  

f o r  t h e  c o n t r o l  of spruce budworm in  e a s t e r n  Canada s ince  1969. In 

comparison with acephate, i t  appears  t h a t  f e n i t r o t h i o n  i s  much more 

p e r s i s t e n t  than acephate. Yule and Duffy (1972) s tudied  t h e  f a t e  and 

pe r s i s t ence  of f e n i t r o t h i o n  i n  f o r e s t  s o i l  and t h e  f o l i a g e  of balsam f i r  

(Abies baZsamea (L.) Mi l l )  and mixed spruce ( P i c a  spp.) following an 

a e r i a l  spray of f e n i t r o t h i o n  a t  0.28 kg/ha. They reported t h a t  concen- 



TABLE V I .  

Decay of residues i n  forest  l i t t e r .  Acephate plus methamidophos, i n  

percent of highest concentrations shown i n  Table V .  

T i m e  a f t e r  
Spraying Forest Floor 

Hours Days Open Semi-open Dense Cover 
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t r a t i o n s  of r e s idue  i n  f o r e s t  s o i l  were 0.02-0.03 pprn up t o  32 days a f t e r  

spraying; and decreased t o  l e s s  than 0.01 pprn a f t e r  167 days. Also, 2.25 

pprn and 2.5 pprn of f  en i t ro th ion  res idues  were found i n  t h e  f o l i a g e  of 

balsam f i r  and spruce, r e spec t ive ly ,  1 day a f t e r  app l i ca t ion .  The 

res idues  i n  f o l i a g e  decreased by about 50% wi th in  4 days. However, 0.28 

ppm i n  balsam f i r  and 0.25 ppm i n  spruce were s t i l l  detec ted  a f t e r  336 

days. In c o n t r a s t ,  t h e  a p p l i c a t i o n  of acephate i n  t h i s  s tudy was a t  t h e  

r a t e  of 1.12 kglha, which is  4 t imes h igher  than t h a t  of f e n i t r o t h i o n  i n  

t h e  study by Yule and Duf f y  (1972). However, acephate res idues  i n  f o r e s t  

l i t t e r  p e r s i s t e d  only f o r  10 days i n  t h e  open and semi-open a reas ;  and 

30 days i n  t h e  densely covered a r e a  (Table V)  . Also, in a l l  Douglas-f i r  

needle samples, l e s s  than 1% of t h e  h ighes t  r e s idue  concentra t ion  was 

present  a f t e r  45 days. No r e s i d u e s  could be de tec ted  a f t e r  60 days 

(Table IV). Furthermore, i n  t h e  study by Sundaram and Hopewell ( l976),  

t h e  i n i t i a l  concentra t ion  of acephate in  spruce f o l i a g e  was 55.15 pprn 

fol lowing a simulated a e r i a l  app l i ca t ion  of 0.28 kg/ha. The res idue  

concentra t ion  decreased t o  2.92 pprn (= 5.3% of i n i t i a l )  wi th in  5 days, 

non-detec tabi l i ty  af ter 32 days. It is apparent t h a t  acephate is non- 

p e r s i s t e n t  compared wi th  f en i t ro th ion .  

5. Conversion of Acephat e t o  Methamidophos. Some conversion of 

acephate t o  methamidophos occurred i n  a l l  needle and l i t t e r  samples. The 

percentage of methamidophos i n  t h e  t o t a l  r e s idue  (acephate plus metha- 

midophos) increased from 1.1% t o  28% i n  Douglas-fir needles  up t o  45 days 



a f t e r  acephate  a p p l i c a t i o n .  However, t h e  a c t u a l  concen t r a t ions  of 

methamidophos dec l ined  r a p i d l y ,  beginning 2 t o  3 days a f t e r  t h e  

a p p l i c a t i o n  of acephate.  They became non-detectable  by t h e  t ime acephate  

could no longer  be de t ec t ed .  

The concent r a t  i ons  of m e t  hamidophos r e s i d u e s  found i n  both Douglas- 

f i r  need le s  and l i t t e r s  were low compared t o  i n i t i a l  acephate  concen- 

trat  ions.  Theref o r e ,  t h e  primary degrada t ion  process  of acephate  could 

be through t h e  rup tu re  of P - 4 ,  P--O, o r  P--S bonds r a t h e r  than  t h e  N--C 

bond. The low concen t r a t ions  of methamidophos r e s i d u e s  found in t h i s  

s tudy  a r e  i n  agreement w i t h  t h o s e  repor ted  by Sundaram and Hopewell (1976) 

14 
but  d i f f e r  from Werner's f i n d i n g s  (1974 b ) .  Werner repor ted  t h a t  C -  

acephate  was absorbed r a p i d l y  from n u t r i e n t  s o l u t i o n  by 130-day old 

l o b l o l l y  p ine  s e e d l i n g s  w i t h i n  1 h a f t e r  t rea tment .  Acephate was con- 

ve r t ed  t o  methamidophos and accumulated i n  v a r i o u s  p a r t s  of t h e  p l a n t .  

Methamidophos r e s i d u e s  which accounted f o r  42.6% of t h e  t o t a l  r a d i o -  

a c t i v i t y ,  were found i n  t h e  need le s  6 h a f t e r  t rea tment .  The s i g n i f i c a n t  

conversion of acephate  t o  methamidophos observed by Werner may be  due t o  

enzymes i n  t h e  young r o o t s  of p ine  seed l ings .  For i n s t a n c e ,  O l o f f s  (1970) 

demonstrated t h a t  a l d r i n  was converted t o  i t s  epoxide, d i e l d r i n  by 

enzymes from r o o t s  of young pea seed l ings .  

6. Phatodecomposition of Acephate. Acephate on c l e a n  g l a s s  

s u r f a c e s  was r e a d i l y  decomposed when exposed t o  UV r a d i a t i o n  (253.7 nm) 

a t  room tempera ture  f o r  25 hours  (Table V I I ) .  The recovery of acephate  



TABLE V I I .  

2 
Decomposition of acephate on g l a s s  surfaces  (5 1-18/20 cm ) exposed t o  

253.7-nm u l t r a v i o l e t  (UV-open) and incandescent (I-open) l i g h t  f o r  

25 h a t  20•‹ C. Codtrol samples were shaded by cardboard paper (W- 

shaded; I-shaded) . 

a / A c e p h a t e  r e c o v e r e d -  

micr onrammes - " - 
Sample X + - S, D.- percent b /  

I-cipen 3.48 0.15 69.5 

I-shaded 3.29 0.21 65.8 

2 
a/  No methamidophos detec ted;  de tec t ion  limit: 0.0005 vgfcrn . - 



a f t e r  exposure t o  W r a d i a t i o n  was 16.6%. On t h e  o t h e r  hand, 69.6% were 

recovered a f t e r  25 hours  i n  samples exposed t o  whi te  l i g h t  a t  room 

temperature,  comparable t o  t h e  65.8% recovery f o r  samples without  wh i t e  

l i g h t  exposure and t h e  64.4% recovery f o r  samples without  W-exposure 

(Table VII) . It is evident  t h a t  wh i t e  l i g h t  has  no apparent  e f f e c t  on t h e  

photodecomposition of acephate ,  t h e  l o s s  i n  t h e  samples no t  being 

sub jec t ed  t o  W r a d i a t i o n  may only  b e  due  t o  t h e  v o l a t i l i z a t i o n  of 

acephate  from t h e  g l a s s  P e t r i  d i shes .  

Methamidophos was n o t  d e t e c t e d  in  any sample i n  t h i s  s tudy.  It 

sugges ts  t h a t  t h e  primary photodecomposition process  of acephate  could 

b e  through t h e  r u p t u r e  of P-N, P-0, and P-S bonds r a t h e r  t han  t h e  N-C 

bond of t h e  molecule.  

The e f f e c t  of UV r a d i a t i o n  on t h e  phototransformation and photo- 

decomposition of o rgan ic  p e s t i c i d e s  has  been we l l  documented. The 

c l a s s i c  example i s  t h e  photo isomer iza t ion  of i s o d r i n ;  pho to i sod r in  was 

obta ined  a f t e r  p h o t o l y s i s  w i th  a 2537-nm lamp f o r  7 days i n  a carbon 

d iox ide  atmosphere (Bird e t  aZ. 1961).  Other  cyc lodiene  i n s e c t i c i d e s  

a l s o  undergo photoisomerizat ion.  Benson e t  aZ. (1971) r epo r t ed  t h a t  

s u n l i g h t  o r  short-wave UV l i g h t  produced photo-cis-chlordane from c i s -  

ch lordane  through hydrogen migra t ion  and carbon-carbon bond format ion.  

But does t h e  photodecomposition and photo t ransformat ion  of p e s t i c i d e s ,  

as demonstrated under l a b o r a t o r y  c o n d i t i o n s ,  r e a l l y  t a k e  p l a c e  in t h e  

environmentt? Are l igh t -energ ized  decomposition and t ransformat ion  



of p e s t i c i d e s  environmental ly  important? Genera l ly ,  i t  h a s  been be l i eved  

t h a t  a l l  of t h e  s u n ' s  emi t ted  r a d i a t i o n  i n  t h e  UV reg ion  below 285 nm is 

absorbed by t h e  l a y e r  of ozone i n  t h e  e a r t h ' s  atmosphere. Therefore ,  i t  

should be  doub t fu l  t h a t  photodecomposition and phototransformation of 

p e s t i c i d e s  by short-wave UV r a d i a t i o n  r e a l l y  t a k e s  p l ace  i n  t h e  environ-  

ment. 

Never the less ,  photo t ransf  ormat ion  products  of p e s t i c i d e s  have been 

d e t e c t e d  i n  environmental  samples. Wilson and O l o f f s  (1973a, 1973b) 

found 0,1533 ppm of photo-cis-chlordane i n  s o i l  samples taken  3 months 

a f t e r  t h e  a p p l i c a t i o n  of HCS-3260 High-Purity Chlordane a t  11.2 kglha ,  

and about  0.06 ppm i n  a l f a l f a  2 months a f t e r  a p p l i c a t i o n  t o  t h e  s o i l .  

Also,  i t  has been r epor t ed  t h a t  t h e  s o l a r  f l u x  between 200 and 285 nm 

2 
reaching  t h e  e a r t h ' s  s u r f a c e  i s  i n  t h e  o rde r  of  1016 photonslcm /month 

(Barker 1968) because t h e  abso rp t ion  co-ef f i c i e n t  of ozone d rops  off  

s h a r p l y  at 220 nm. Thus p e s t i c i d e s  may indeed undergo phot odecomposit ion  

and photo t ransformat ion  i n  s u n l i g h t .  The r a t e s  of d e c l i n e  of acephate  

r e s i d u e s  i n  Douglas-f i r  need le s  and f o r e s t  l i t t e r  found i n  t h i s  s tudy  

a l s o  suggested t h a t  s u n l i g h t  may w e l l  be  an important  f a c t o r  i n  t h e  

d isappearance  of  acephate  r e s idues .  They always dec l ined  more r a p i d l y  

i n  need le s  and l i t t e r  f u l l y  exposed t o  s u n l i g h t  t han  i n  t h o s e  from 

shaded a reas .  

7. Hydrolys is  of Acephate under Laboratory Condit ions.  The r e s u l t s  

of h y d r o l y t i c  deg rada t ion  of acephate  under l a b o r a t o r y  c o n d i t i o n s  a t  20' C 



and 30•‹ C are given i n  Tables  V I I I  and I X .  Acephate was q u i t e  

r e s i s t a n t  t o  hydro lys i s  between pH 4 and 6.9,  r e g a r d l e s s  of temperature.  

More than  80% of t h e  added acephate  were s t i l l  recovered from samples 

i n  t h i s  pH range,  and t h e r e  were no s t a t i s t i c a l l y  s i g n i f i c a n t  (P = 0.0 ) 

d i f f e r e n c e s  between corresponding 20'-C and 30•‹-C r e s u l t s  up t o  pH 6.9.  

Within t h e  same tempera ture  series, however, acephate  r e c o v e r i e s  dec l ined  

i n v e r s e l y  w i t h  pH. 

A t  pH 8.2, hydro lys i s  of acepha te  w a s  s t r o n g l y  a f f e c t e d  by tempera- 

t u r e .  While 78% were l e f t  when incubated a t  20' C ,  on ly  18% could be 

recovered from t h o s e  samples incubated a t  30' C (Tables  V I I I  and IX). 

These r e s u l t s  i nd ica t ed  t h a t  t h e  s u s c e p t i b i l  i t y  of acephate  t o  

h y d r o l y s i s  a t  e l eva t ed  pH i s  comparable t o  t h a t  of most organophosphorus 

i n s e c t i c i d e s .  For example, Gomaa and Faust  (1972) repor ted  t h a t  t h e  

h a l f - l i f e  of pa ra th ion  a t  20' C w a s  3 ,670 h a t  pH 5.0, bu t  on ly  523 h a t  

pH 9.0. 

Some conversion of acephat e t o  methamidophos occurred dur ing  

hydro lys i s .  I n  samples w i t h  pH v a l u e s  between 4.0 and 6.0,  t r a c e  amounts 

of methamidophos, i. e., l e s s  t han  4 pg,  were found. A t  pH 6.9 and 8.2,  

i .e . ,  n e a r  phys io log ica l  pH, q u a n t i f i a b l e  amounts of methamidophos were 

d e t e c t e d ,  The h ighes t  convers ion  was 4.5% of t h e  added acephate ,  

observed in samples incubated  a t  pH 8.2. T h i s  pH-dependent conversion of 

acephate  t o  methamidophos was no t  s i g n i f i c a n t l y  a•’ f ec t ed  by tempera ture  

(Tables  V I I I  and I X ) .  Th i s  i n d i c a t e s  t h a t  methamidophos i s  no t  t h e  



TABLE VIII. 

The e f f e c t  of pH on t h e  h y d r o l y s i s  of 1,000 vg acephate  i n  1 0  m l  of 

b u f f e r e d  water a t  20' C f o r  20 days.  

Acephate re- Methamidophos 
covered (pg)  recovered i n  % of  Acephate added 

PH X - + S .  D. X + - S. D. Acephate Methamidophos 

4.0 977.5 20.8 Trace- 97.8 0.2 
b /  

5.0 926.5 15.5 Trace  

5.6 881.9 17.5 Trace  

6.0 860.6 1 6 . 1  Trace 

6.9 841.5 15.5 10.0 

8.2 778.8 8.5 44.6 

b /  Trace  = less t h a n  4 vg and cons idered  a s  2 vg f o r  computation. - 



TABLE M. 

The e f f e c t  of pH on t h e  hydrolysis  of 1,000 ug  acephate i n  10 m l  of 

buffered water a t  30' C f o r  20 days. 

Acephate re-  Met hamidophos 
covered (pg) recovered i n  % of Acephate added - 

PH X + - S. D. X - + S. D. Acephate Methamidophos 

5.0 902.3 18.8 Trace- 90.2 0.2 
b / 

5.6 837.5 15.0 Trace 83.8 0.2 

6.0 830.0 14.1 Trace 83.0 0.2 

b /  Trace = l e s s  than 4 pg and considered a s  2 pg f o r  computation. - 



primary degrada t ion  product of acephate  h y d r o l y s i s ,  and t h a t  t h e  

primary h y d r o l y t i c  pathway of acephate  could be through t h e  r u p t u r e  of 

some bond o t h e r  t han  t h e  N--C bond of t h e  molecule.  

8. The F a t e  of Acephate i n  N a t u r a l  Water. Acephate was more 

p e r s i s t e n t  i n  t h e  pond than  i n  t h e  c r eek  water.  Pond water s t i l l  

conta ined  about 80% of t h e  amount added a f t e r  incubat ion  f o r  42 days 

at 9O C i n  t h e  l a b o r a t o r y  (Table X). Creek water ,  incubated a t  t h e  

same tempera ture ,  contained 58% and 45% a f t e r ,  r e s p e c t i v e l y ,  34 and 

50 days  (Table XI). Considering t h a t  t h e  pH of t h e  pond water  w a s  7.5 

t o  8.0,  wh i l e  t h a t  of t h e  c r eek  water  w a s  7.0 t o  7.2 (Tables  X and X I ) ,  

and cons ider ing  a c e p h a t e ' s  s u s c e p t i b i l i t y  t o  e l eva t ed  pH (Tables  V I I I  and 

IX), t h e s e  r e s u l t s  may appear  t o  be c o n t r a d i c t o r y  a t  f i r s t  s i g h t .  

However, under t h e  cond i t i ons  of t h i s  experiment ,  namely incuba t ion  a t  

9' C - not a t  20•‹ C o r  30' C - and i n  water samples wi th  pH va lues  

approaching 8 - not exceeding 8 - acephate  probably is n o t  sub jec t  t o  

n u c l e o p h i l i c  a t t a c k  by hydroxyl  i o n s ,  and i t s  d isappearance  from t h e  

c r e e k  water  must have been owing t o  o t h e r  f a c t o r s  t han  e leva ted  pH. 

R e s u l t s  presented  i n  Tables  X I 1  and X I 1 1  i n d i c a t e  t h a t  one major 

f a c t  o r  was mic rob ia l  break-down of acephat e. Autoclaving t h e  c r e e k  

water  p r i o r  t o  incubat ion  wi th  acephate  increased  t h e  recovery,  a f t e r  

50 days  of incubat ion ,  from 45% i n  non-autoclaved water  t o  76% i n  auto- 

c laved water  (Table XII)  . I n  samples con ta in ing  both  c r e e k  water  and 

sediment,  au toc l av ing  more than  doubled t h e  recovery,  namely from about  



TABLE X. 

The f a t e  of 1 ppm acephate  i n  150-ml pond water samples he ld  i n  t h e  
a /  l a b o r a t o r y  f o r  42 days a t  9 O  C - . 

Time, Acephate Met hamidophos i n  % of Acephate added 
Days recovered (ppm) recovered (ppm) Acephate Methamidophos 

---- 

a /  pH was 7.5 a t  day 0 and had changed t o  8.0 a f t e r  42 days. - 

b /  N.D. = non-detectable  and t h e  d e t e c t  ion l i m i t  f o r  methamidophos i n  - 
t h i s  s tudy  was 0.001 ppm. 



TABLE X I .  

The f a t e  o f  1 ppm acepha te  i n  150-ml c r e e k  water  samples he ld  in t h e  

a /  l a b o r a t o r y  f o r  50 days a t  9 O  C - . 

Time , Acephate Methamidophos i n  % of Acephate added 
Day recovered (ppm) recovered  ( p p )  Acephate Methamidophos 

a/ pH was 7.0 a t  day 0 and had changed t o  7 . 2  a f t e r  50 days.  - 

b /  N. D. = non-de tec tab le  and t h e  d e t e c t i o n  l i m i t  f o r  methamidophos in  - 
t h i s  s t udy  was 0.001 ppm. 



TABLE X I I .  

E f f e c t  of au toc l av ing  on f a t e  of 1 ppm acephate  i n  150-ml c reek  water  

a / samples incubated i n  t h e  l abo ra to ry  f o r  50 days at 9' C - . 

T h e ,  Acephat e Methamidophos i n  % of Acephate added 
Days recovered (ppm) recovered (ppm). Ac ephate  Methamidophos 

Not Autoclaved 

a /  pH was 7.0 a t  day 0 and had changed t o  7.2 a f t e r  50 days i n  samples - 
no t  autoclaved.  
pH w a s  7 .0 a t  day 0 and remained unchanged i n  au toc laved  samples. 

b/ N. D. = non-de tec tab le  and t h e  d e t e c t i o n  l i m i t  f o r  methamidophos - 
was 0.001 ppm. 
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27% t o  65% (Table XI I I ) .  

Incubat ion  of acephate- t rea ted  pond and c reek  water  samples i n  t h e  

presence of t h e i r  r e s p e c t i v e  sediments  a l s o  a f f e c t e d  t h e  f a t e  of acephate  

i n  t h e  water.  It hastened i t s  disappearance.  Af t e r  42 days,  on ly  about 

20% could be recovered from t h e  pond water /sediment combination; and 

28% from t h e  c reek  water/sediment combination a f t e r  50 days (Tables  X I V  

and XV). The presence  of sediments  a l s o  reversed  t h e  o rde r  of a c e p h a t e ' s  

r a t e s  of dec l ine .  In  pond water  wi thout  sediment,  acephate  was cons ider -  

a b l y  more p e r s i s t e n t  t han  i n  c r eek  water  (Tables  X and XI) ;  bu t  i n  t h e  

presence of sediments ,  t h e  oppos i t e  w a s  found (Tables  X I V  and XV). 

It w a s  a l s o  found t h a t  i n  t h e  presence  of sediments about 20% of t h e  

acephate ,  app l i ed  t o  t h e  water ,  had moved t o  t h e  bottom sediments  a f t e r  

2 (pond) and 7 days (c reek) .  I n t e r e s t i n g l y ,  t h e  acephate  concen t r a t ions  

i n  t h e  sediments  remained cons tan t  f o r  a t  l e a s t  2 1  days. But a f t e r  42 

days,  they  had decreased t o  approximately 5% i n  pond sediments,  while  in  

c r eek  sediments  t hey  had decreased t o  s l i g h t l y  over 2% a f t e r  34 days ,  

without  f u r t h e r  changing du r ing  t h e  remaining 1 6  days (Tables  X I V  and XV). 

The d isappearance  of acephate  from c reek  water  without  sediments  

could be a t t r i b u t e d  most ly t omic rob ia l  a c t i v i t y  (Table XII)  . But o t h e r ,  

non-b io logica l  f o r c e s ,  no t  e l imina ted  by au toc l av ing  and a t t r i b u t a b l e  t o  

sediments ,  must have con t r ibu ted  t o  t h e  break-down of acephate  when water 

samples were incubated  i n  t h e  presence of sediments  (Table X I I I ) .  

Although au toc l av ing  more than  doubled acephate  recovery  a f t e r  50 days of 
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incubation,  25% t o  30% remained unaccounted for .  It is w e l l  poss ib le  

t h a t  i n t e r a c t i o n s  of acephate with c o l l o i d a l  p a r t i c l e s ,  containing 

h ighly  r e a c t i v e  su r faces ,  mediated the  chemical i n a c t i v a t i o n  of tha t  

f r a c t i o n  of acephate. D e t a i l s  of colloid-mediated r e a c t i o n s  of 

p e s t i c i d e s  i n  s o i l s  a r e  st ill incompletely understood (Oloffs  1975). 

But it is ve ry  poss ib le  t h a t  e l e c t r o n  withdrawal from acephat e' s 

phosphorus atom by an e l e c t r o p h i l i c  group of a c o l l o i d  p a r t i c l e  can 

i n i t i a t e  hydrolysis .  This  mechanism of rendering the  acephate molecule 

sub jec t  t o  hydrolys is  a t  pH < 8, would be comparable with t h e  i n i t i a l  

s t e p  i n  t h e  r eac t ion  of organophosphorus i n s e c t i c i d e s  wi th  cho l ines te rases .  

S o i l  c o l l o i d s  a r e  known t o  conta in  e l e c t r o p h i l i c  groups; and organo- 

phosphorus i n s e c t i c i d e s  a r e  known t o  be inac t iva ted  by c l a y  minerals  with 

r e a c t i v e  su r faces  (Olof f s 1975). 

It is l i k e l y  t h a t  microbia l  a c t i v i t y  i n  sediments would be r e f l e c t e d ,  

a t  l e a s t  t o  some ex ten t ,  by t h a t  i n  t h e  corresponding waters ,  taken a t  t h e  

same time and loca t ions .  Therefore,  i t  is a l s o  l i k e l y  t h a t  t h e  r e v e r s a l  

of acephate pe r s i s t ence  described e a r l i e r  (Tables X and X I  versus Tables 

X I V  and XV) was probably caused by a higher "concentration" i n  pond 

sediment of non-biological fo rces  ca ta lyz ing  acephate inac t iva t ion .  

Nei ther  acephate nor methamidophos were found on any of t h e  g l a s s  

wool plugs used t o  s topper t h e  f l a s k s  during incubation,  i n d i c a t i n g  t h a t  

movement of acephate out of water bodies, followed by t r anspor t  through 

t h e  atmosphere and contamination of o the r  environs,  f a r  removed from 

p o i n t s  of r e l e a s e ,  i s  not  l i k e l y  t o  occur with t h i s  i n s e c t i c i d e .  This 



c o n t r a s t s  t h e  behaviour of s e v e r a l  ch lo r ina t ed  hydrocarbon compounds, 

i nc lud ing  PCB's, s t u d i e d  by O l o f f s  e t  al .  (1972, 1973) under s i m i l a r  

cond i t i ons  wi th  t h r e e  n a t u r a l  wa te r s  and t h e i r  sediments,  ob ta ined  from 

two r i v e r s  and t h e  P a c i f i c  Ocean. They found t h a t  DDT, PCB's, a -  and 

y-chlordane r a p i d l y  moved from t h e  water  t o  t h e  water -a i r  i n t e r f a c e  and 

from t h e r e  i n t o  t h e  atmosphere i f  t h e  wa te r s ,  t r e a t e d  w i t h  any of t h e s e  

compounds, were incubated without  t h e  sediments.  Presence of t h e  

corresponding sediments ,  however, prevented any d e t e c t a b l e  movement i n t o  

t h e  atmosphere and caused complete movement i n t o  t h e  sediments.  A f t e r  42 

days,  r e s i d u e s  could only  b e  found i n  t h e  sediments ,  none i n  t h e  wa te r s ,  

and no movement i n t o  t h e  atmosphere dur ing  t h a t  per iod could be demonstra- 

t ed .  

Lindane, s tud ied  a t  t h e  same t ime (Olo f f s  e t  aZ. 1972, l 973) ,  behaved 

d i f f e r e n t l y  and i n  a manner more comparable t o  t h e  behaviour of acephate  

descr ibed  here.  Lindane d id  n o t  move i n t o  t h e  atmosphere, r e g a r d l e s s  of 

sediments.  I n  t h e  c a s e  of ocean water pZus sediment,  almost a s  much was 

recovered from t h e  water  a s  from t h e  sediment a f t e r  42 days of incubat ion .  

O lo f f s  e t  aZ. (1972, 1973) a t t r i b u t e d  t h e s e  d i f f e r e n c e s  t o  d i f f e r e n t  

water  s o l u b i l i t i e s .  The fou r  m a t e r i a l s  which e i t h e r  moved i n t o  t h e  

atmosphere o r ,  i f  p r e s e n t ,  i n t o  sediments,  a r e  h ighly  water - inso luble  

and have s t r o n g  a f f i n i t i e s  t o  c l a y  mine ra l s  and organic  ma t t e r  i n  s o i l s  
\ 

(Wilson and O l o f f s  1973 b ) ,  Lindane 's  water  s o l u b i l i t y ,  on t h e  o t h e r  hand, 

is approximately 40 t i m e s  h igher  than  t h e  i n i t i a l  concen t r a t ions  used by 



O l o f f s  e t  aZ. (1972, 1973),  who concluded t h a t  t h e  behaviour of chemicals  

i n  a q u a t i c  systems w i l l  depend on t h e i r  water  s o l u b i l i t i e s .  If p resen t  

i n  water a t  concen t r a t ions  exceeding t h e i r  s o l u b i l i t y ,  chemicals w i l l  tend 

t o  behave a s  t hey  found f o r  DDT, PCB's, a- and y-chlordane. I f  p resent  

a t  concen t r a t ions  below t h e i r  s o l u b i l i t i e s ,  t hey  w i l l  tend t o  remain 

d i s so lved  in t h e  water  and n o t  move i n t o  t h e  atmosphere. The r e s u l t s  

ob ta ined  w i t h  acephate ,  p r e d i c t a b l e  on account of i t s  water s o l u b i l i t y  

of 65%, have confirmed t h i s  concept:  acepha te  could n o t  be shown t o  

escape  i n t o  t h e  atmosphere and more remained i n  s o l u t i o n  than  p a r t i t i o n e d  

i n t o  sediments  (Tables  X I V  and XV). 

Small q u a n t i t i e s  of methamidophos were found i n  a l l  samples through- 

out t h e  incuba t ion  per iods .  T h i s  conversion of acephate  t o  i ts  much more 

t o x i c  me tabo l i t e ,  however, remained q u a n t i t a t i v e l y  i n s i g n i f i c a n t  (Tables  

X t o  XY) , s o  t h a t  i n t r o d u c t i o n  of acephate  i n t o  a q u a t i c  systems is  n o t  

l i k e l y  t o  pose environmental hazards  i n  t h i s  r e spec t .  



CONCLUSIONS 

Thi s  s tudy  on t h e  r e s i d u a l  p r o p e r t i e s  of acephate  i n  Douglas-f i r  

needles  and f o r e s t  l i t t e r  fo l lowing  an a e r i a l  appl  i c a t  ion of acephate  a t  

1.12 kg/ha, and on t h e  f a t e  of acepha te  i n  n a t u r a l  waters  w i th  o r  without  

t h e i r  sediments under s imulated n a t u r a l  c o n d i t i o n s  has  demonstrated t h e  

fo l lowing  po in t s :  

The i n i t i a l  concen t r a t  i o n s  of acephate  r e s i d u e  i n  Douglas-f ir  need le s  

were h ighe r  in t r e e s  o r  p a r t s  of t r e e s  which were most exposed t o  

a e r i a l  spray. The h ighes t  i n i t i a l  concen t r a t ion  was 9 .2  ppm i n  

need le s  from t h e  upper crowns of dominant t r e e s .  

The decay of acephate  r e s i d u e s  i n  Douglas-f i r  need le s  showed a 

s i g n i f i c a n t  c o r r e l a t i o n  w i t h  t ime ( p  = 0.05) up t o  1 0  days a f t e r  

a e r i a l  a p p l i c a t i o n .  I n  a l l  need le  samples,  l e s s  t han  1% of t h e  

h ighes t  concen t r a t ion  was found a f t e r  45 days. No r e s i d u e s  could 

be  d e t e c t e d  a f t e r  60 days. The ha l f - l i f e ,  or  t ime a f t e r  which 50% 

of t h e  i n i t i a l  r e s i d u e s  were l e f t ,  was about  4-5 days i n  dominant 

and co-dominant t r e e s ,  bu t  7 days  i n  in te rmedia te  t r e e s .  

The i n i t i a l  concen t r a t ions  of acephate  r e s i d u e s  i n  f o r e s t  l i t t e r  from 

open and semi-open a r e a s  were h igher  than  t h o s e  i n  f o r e s t  l i t t e r  from 

a dense ly  covered a rea .  However, t h e  d i f f e r e n c e  between concen t r a t ions  

i n  open and semi-open a r e a s  was small .  

Acephate r e s i d u e s  i n  f o r e s t  l i t t e r  decayed cons iderably  f a s t e r  i n  

open and semi-open a r e a s  t han  i n  a dense ly  covered a rea .  Acephate 



r e s i d u e s  p e r s i s t e d  f o r  10  days  i n  open and semi-open a reas ,  but  f o r  

30 days i n  a dense ly  covered a r e a .  

Some acephate  was converted t o  methamidophos i n  a l l  Douglas-f i r  

need le  and l i t t e r  samples. Concent ra t ions  of methamidophos, r e l a t i v e  

t o  t o t a l  r e s i d u e  (acephate  + methamidophos) found a t  any one t ime,  

i nc reased  i n  need le s  up t o  45 days and in l i t ter  from dense ly  covered 

a r e a  up t o  30 days. However, t h e  a c t u a l  concen t r a t ions  of metha- 

midophos dec l ined  r a p i d l y  and became non-detectable  by t h e  t ime 

acephate  could no longer  b e  de t ec t ed .  

White l i g h t  had no apparent  e f f e c t  on acephate.  However, acephate  

was r e a d i l y  decomposed when exposed t o  2 53.7-nm u l t r a v i o l e t  r a d i a t i o n  

a t  room temperature,  No methamidophos was d e t e c t e d  i n  t h e  photo- 

decomposition of acephate .  

Acephate w a s  r e s i s t a n t  t o  h y d r o l y s i s  a t  a c i d i c  pH (4.0 t o  6.9). I t  

was hydrolyzed a t  pH 8.2 i f  he ld  a t  30' C ,  bu t  a t  20' C hydro lys i s  

was minimal. Some acephate  w a s  converted t o  methamidophos in t h e  

hydro lys is .  However, t h e  primary h y d r o l y t i c  pathway must be  through 

t h e  r u p t u r e  of bonds o t h e r  than  t h e  N--C bond of t h e  molecule,  

P e r s i s t e n c e  of acephate  i n  n a t u r a l  w a t e r s  var ied :  about  80% were 

recovered from pond water  a f t e r  42 days and 45% from c r e e k  water  

a f t e r  50 days i f  incubated a t  9' C, 

Degradat ion i n  t h e s e  wa te r s ,  wi thout  sediments,  was most ly  by micro- 

organisms. Break-down i n  t h e  presence of sediments w a s  much more 



pronounced, bu t  on ly  a p a r t  of t h e  sediment-med i a t e d  break-down 

could b e  prevented by s t e r i l i z a t i o n .  

No escape  of r e s i d u e s  from water i n t o  t h e  atmosphere could be shown 

t o  occur .  Some acepha te  moved from water i n t o  t h e  sediment when 

samples were incubated i n  t h e  l a b o r a t o r y  under  s imulated n a t u r a l  

cond i t i ons .  
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