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ABSTRACT 

From  1982 t o  1984, the   Env i ronmenta l   Pro tec t ion   Serv ice ,   Pac i f i c  

Region,  conducted  studies a t   t h e  UBC Research Fo res t  and Ch i l l iwack /Seche l t  

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

amino-methyl-phosphonic  acid (AMPA), i n  stream  water  and  sediment. The 

o b j e c t i v e   o f   t h e s e   s t u d i e s  was to   eva lua te   t he   pe rs i s tence   o f   t he  two chem- 

i c a l  s i n   c o a s t a l   B r i t i s h  Columbia  streams p ro tec ted  and  unprotected  by a 

b u f f e r  zone d u r i n g   a e r i a l  and ground  based  operational  sprays. 
Glyphosate  residues i n  unprotected  stream  water  reached a l e v e l   o f  

0.023 mg/L w i t h i n  2 - 3   h o u r s   f o l l o w i n g   a e r i a l   a p p l i c a t i o n   a t  3 k i l o g r a m s   o f  

ac t i ve   ingred ien t   per   hec tare   (kg   a . i . /ha) .  These residues  peaked a t  

0.100 mg/L f o l l o w i n g   t h e   f i r s t   m a j o r   r a i n s t o r m   e i g h t  days l a t e r ,  and then 

dropped t o   l e v e l s   b e l o w   t h e   d e t e c t i o n  limit o f  0.005 mg/L w i t h i n  two weeks. 

I n  two protected  s t reams,   the  h ighest   water   leve l   detected was 0.025 mg/L, 

f o l l ow ing   seve ra l  heavy  rainstorms.  In  both  the  protected  and  unprotected 

s t reams,   the  concentrat ion  o f  AMPA i n  water was below  the  detect ion limit o f  
0.005 mg/l dur ing   the   s tudy   per iod .  

One  week a f t e r   s p r a y   a p p l i c a t i o n ,   g l y p h o s a t e   r e s i d u e   i n  a sediment 

sample f rom  the  unprotected  stream was 0.100 mg/kg. Peak l e v e l s   o f  

0.400 mg/kg glyphosate  were  detected a t   t h r e e  weeks and th ree  months 
pos t -spray ,   and  therea f te r   concent ra t ions   dec l ined  to  0.040  mg/kg which 
p e r s i s t e d   f o r  574 days  post-spray. AMPA res idues were a1 so found i n   t h e  

sediments,  peaking a t  0.400 mg/kg th ree  months a f te r   t rea tmen t .   Th i s  

me tabo l i t e  showed  a  more g r a d u a l   d e c l i n e   t o  0.090  mg/kg wh ich   a lso   pers is ted  

f o r   t h e   d u r a t i o n   o f   t h e   s t u d y  (574 days). 
Glyphosate  residue i n  a sediment  sample  from a protected  s t ream was 

0.200  mg/kg  one week a f t e r  an a e r i a l   s p r a y   a p p l i c a t i o n   a t  3 kg  a. i . /ha. 

Herb ic ide   res idues   f rom  vegeta t ion   a long  the   s t ream bank o r   i n   t h e   t r e a t e d  

area may have washed in to   the   c reek   fo l low ing   ma jor   ra ins to rm  events .  AMPA 

residues  were  detected,  only  once i n   t h i s  stream a t  0.100 mg/kg, 15  days a f t e r  

t reatment.   Both  g lyphosate and AMPA residues  were  below  the  level  of 
de tec t ion   in   p ro tec ted   s t ream  sed iments   fo r   the   remainder   o f   the   s tudy  (600 

days  post-spray). 
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De 1982 5 1984, 1  e Serv ice  de l a   p r o t e c t i o n  de 1 ' envi  ronnement 

( reg ion  du Pac i f i que )  a procede 1 d i  verses  etudes 5 UBC Research  Forest e t  

dans l e s   d i s t r i c t s   f o r e s t i e r s  de Ch i l l iwack /Seche l t   su r   l es   res idus  de 

glyphosate e t  de son metabol i t e ,  1 ' a c i d e  amino  methyl  phosphori que, presents  

dans les   cours   d 'eau de l a  Colombie-Br i tannique e t   l e u r s  sediments. L ' o b j e t  

de ces  etudes e t a i t   d ' e v a l u e r   l a   p e r s i s t a n c e  de ces deux corps  chimiques dans 

l es   cou rs   d 'eau  de l a  zone c 6 t i e r e  de l a  Colombie-Britannique,  cours  d'eau 

proteges ou  non par  une  zone  tampon, d u r a n t   l e s   p u l v e r i s a t i o n s   f a i   t e s  5 
p a r t i  r des a i r s  ou du so l .  

Les  residus de glyphosate  t rouves dans l e s   c o w s   d ' e a u  non 

pro teges   ava ien t   a t te in t   un   n iveau de 0,023 mg/L,  2 5 3 heures  apres 

p u l   v e r i   s a t i o n   a e r i e n n e   f a i   t e  1 r a i  son de  3 kg/ha. Ce n i  veau avai  t a t t e i   n t  un 

maximum de 0,100 mg/L apres l a  p remie re   p l   u ie   impor tan te ,   hu i t   j ou rs   p lus  

t a r t ,   p u i s   G t a i  t descendu, en 2 semai  nes,  au dessous de 1 a  1 imi t e  de 
d g t e c t i o n   s i t u e e  5 0,005 mg/L. L e   p l u s   h a u t   n i  veau r e l e v 6  dans  deux cours 

d 'eau   p ro teges ,   ap res   p lus ieu rs   p lu ies   impor tan tes ,   s ' e leva i t  1 0,025 mg/L. 

Durant 1 a per iode de 1 ' e t u d e   e t  dans l e s  deux sor tes  de cours  d'eau,  proteges 

e t  non  proteggs, 1 a concent ra t ion  de res idus  de glyphosate e t   d ' a c i d e  amino 

methy l   phosphor ique,   est   restee en  dessous de l a  1 i m i t e  de d e t e c t i o n  de 

0,005 mg/L. 
Une semaine apres l a   p u l   v e r i s a t i o n ,   l e   n i v e a u  de concent ra t ion  de 

r e s i d u  de g lyphosate  t rouve dans  un k h a n t i l l o n  de sediments  preleve dans  un 

cours  d 'eau non p r o t e g e   s ' e l e v a i t  2 0,100 mg/kg. On a re lev6  des maximums  de 
0.400 mg/kg 3 semaines e t  3 mois  apres l a   p u l v e r i s a t i o n ;  on a Ggalement 

constat6 que l e s   c o n c e n t r a t i o n s   e t a i e n t  tombees 5 0,040 mg/kg mai s s ' e t a i e n t  

maintenues 2 ce n i  veau pendant 574 jou rs   ap res   pu l   ve r i   sa t i on .  Ces m6mes 
res idus   on t   ega l  ement e t 6  detectes dans les  sediments 1 un  niveau de 

concent ra t ion  maximum de 0,400 mg/kg, t r o i s  mois a p r k   t r a i  tement.  Le  niveau 

de concent ra t ion  de ce   metabo l i te  a dec l   in6   g radue l lement   pour   a t te indre  

0,090 mg/kg, niveau qui  a p e r s i s t 6  l u i  auss i   pendant   toute l a  duree de 

1 '6 tude  (574  jours)  . 
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Dans u n  k h a n t i l l o n  de sgdiments  provenant d ' u n  cours d'eau protege 
on a detect6 l a  presence de  rendu  de glyphosate 5 raison de 0,ZO.O mg/kg une 
semaine apres  pulverisation  aerienne 5 rai son de 3 kg/ha.  Des residus de 
pesticide provenant de l a  vege ta t ion  poussant le  l o n g  de l a  rive des cours 
d'eau ou de l a  superficie  traitee ont  pu contaminar l e  cours d'eau 5 l a  suite 
de fortes  pluies. On n ' a  detect6 des residus  d'acide amino mgthyl 
phosphorique  dans l e  cours  d'eau qu'une seule  fois, 15 jours a p r k  le  
traitement e t   l e  niveau s'elevait  alors 5 0,100 mg/kg. Dans les sediments 
des cours d'eau  proteges, les residus de glyphosate e t  d'acide amino methyl 
phosphorique gtaient tous deux  en dessous du n i  veau  de detection jusqu 'ii 1 a 
f i n  de 1 'etude (600 jours ap rh  l a  pulverisation). 
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CONCLUSIONS 

1. Glyphosate was detected i n  water imnediately after  aerial treatment i n  a 
creek t h a t  was n o t  protected by a buffer zone, despite good stream bank 
vegetation  cover, b u t  not i n  two creeks  protected by buffer zones. 

2. Glyphosate and AMPA were detected i n  the sediment  of the  unprotected 
(treated) creek after the f i r s t  rainstorm; residues  persisted  for  the 
duration of the study (574 days). 

3.  Very low concentrations of glyphosate and AMPA were found briefly i n  
the water and sediment of one  of the protected  creeks. The entry of 
the chemicals i n t o  the water course was attributed t o  the frequency and 
intensity of rainstorms which carried glyphosate-contaminated soil 
particles i n t o  the stream. 

4 .  Laboratory and field  observations  indicated  that glyphosate adsorbed 
onto  sediment particles was n o t  readily  released t o  the water  phase. 
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1 INTRODUCTION 

G l y p h o s a t e   ( R o u n d u p T M )  i s   u s e d   a s  a s e l e c t . i v e   o r  a 

non-se lec t ive   pos t -emergent   herb ic ide   to  remove  unwanted v e g e t a t i o n   i n  

a g r i c u l t u r e  and f o r e s t r y .   I n   t h e   c o a s t a l   f o r e s t   a r e a s   o f   B r i t i s h  Columbia, 

i t  has t h e   p o t e n t i a l   t o   r e p l a c e   t h e  phenoxy herb ic ides  such as 2,4-D and 

2,4,5-T f o r  brown/burn  and  conifer  release programmes. 

P r i o r   t o   t h i s   s t u d y ,   t h e r e  were  no da ta   ava i l ab le  on the 

env i ronmenta l   behaviour   o f   g lyphosate  under   loca l   condi t ions.   Most   o f   the 

i n f o r m a t i o n   u s e d   t o   s u p p o r t   i t s   r e g i s t r a t i o n   i n  Canada was produced i n   t h e  

Pra i r ie   Prov inces ,   Eas tern  Canada, and the U.S.A. I n fo rma t ion  was r e q u i r e d  

on the   po ten t i a l   impac t   o f   g l yphosa te  on the   wes t   coas t   f i shery  i f  t h i s  

h e r b i c i d e   . i s  used  extens ive ly  i n   f o r e s t r y .  To a s s i s t   t h e   r e g i o n a l   o f f i c e   o f  

the   Env i ronmenta l   Pro tec t ion   Serv ice   in   the   eva lua t ion  o f  p r o v i n c i a l   p e r m i t  

a p p l i c a t i o n s   f o r   a e r i a l  and  ground  based  use o f  glyphosate, a m o n i t o r i n g  

program was i n i t i a t e d   i n  1981 t o  assess  the  persistence  of  glyphosate  and i t s  

metabol i te  amino-methyl-phosphonic  acid (AMPA) i n  c o a s t a l   B r i t i s h  Columbia 

streams. 
The mon i to r i ng   ob jec t i ves  were: (1) t o  determine  ' the  leve ls  and 

persistence  of  glyphosate  and AMPA i n  water and  sediments o f  streams 

p ro tec ted  and n o t   p r o t e c t e d  by b u f f e r  zones d u r i n g   a e r i a l  and  ground  based 

spray  operat ions;  ( 2 )  t o  es tab l i sh   t he   concen t ra t i on ,  i f  any, o f   t h e s e  
chemicals i n  a creek when a la rge   a rea  o f  i t s  watershed was a e r i a l l y   t r e a t e d  

wi th RoundupTM; and ( 3 )  t o  de termine  the   sed iment /water   par t i t ion ing  

p r o p e r t i e s  o f  glyphosate and AMPA. 
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2 LITERATURE  REVIEW 

G l y p h o s a t e   i s   t h e  c o m m o n  c h e m i c a l   n a m e   f o r  
N-(phosphonomethyl )-glycine, represented by the following structural 
formul a: 

0 0 
HO-C-CH2-N-CH2-P-OH 

II \I 

I I 
H OH 

Glyphosate i s  the active  ingredient of a formulated herbicide  sold 
by Monsanto Canada L t d ,  under the trade name RoundupTM. Due t o  the low 
solubility of  glyphosate i n  water (1.2% a t  25"C), i t s  water soluble 
iso-propyl amine sa l t  i s  used i n  formulating RoundupTM. 

Glyphosate i s  a broad spectrum, non-selective, post-emergence 
herbicide  for almost a1 1 annual and perennial plants  (Franz,  1985). 
Glypilosate is  absorbed  through the foliage and translocated throughout the 
p l a n t  (Mu1 1 ison " e t  a1 . , 1979).  Studies show t h a t  i t s  primary mode o f  ac t ion  
i s  the inhibition of a step i n  the bio-synthetic pathway of certain  essential 
p l a n t  aromatic amino acids (Amrhein " e t  a l . ,  1980a; Amrhein e t  a l . ,  1980b). 

" 

I n  pure  water w i t h o u t  suspended clay particles,  photolytic 
degradation  plays a major role in the breakdown of glyphosate (Lund-Hoie and 
Friestad, 1986). 

microbial 
1977). 
phosphon 
water, n 

a f f i n i t y  
1978). 

Glyphosate degradation in soil ,  however, occurs  primarily by 
metabol  ism rather than hydrolysis  or  photolysis (Rueppel " e t  a1 . , 

The f i r s t  degradation product from metabolism i s  amino-methyl 
c acid (AMPA) and the final breakdown  components are carbon dioxide, 
trogen and phosphates (Young and Khan, 1975; Monsanto, 1984). 
Laboratory studies demonstrated t h a t  glyphosate has a very strong 

for mineral soil  particles (Sprankle e t   a i . ,  1975a;  Hensley e t  a1 ., 
I t  i s  quickly adsorbed onto soil  particles which deactivate the 

" " 

herbicidal ac t ion  of this chemical  (Hance,  1976; Torstensson and Aamisepp, 
1977; Tortensson,  1985). Soi 1 particles w i t h  adsorbed glyphosate have the 
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po ten t  

r u n o f f  

1980). 

on th t  

a1 t o  move from  t reated  areas i n   t he   f o res t   env i ronmen t   i n   s to rmwate r  

fo l l ow ing   ma jo r   ra ins to rm  even ts  (Comes " e t   a l . ,  1976;  Edwards " e t  a1 ., 

The pe rs i s tence   o f   g l yphosa te   i n   t he   env i ronmen t  depends, i n   p a r t ,  

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

ecosystem  matrices  such  as  leaves, l i t t e r ,   s o i l ,  and  sediment. Newton 

" e t  al.,  (1984)  and  Monsanto,  (1984)  reported  that  glyphosate, when used a t  

r a t e s   o f  up t o  3.3 kg/ha i n  an  Oregon f o r e s t  ecosystem,  degraded i n   s o i l  

w i t h i n  one t o   s i x  months. 
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3 MATERIALS AND METHODS 

3.1 Unprotected Creek (No B u f f e r  Zone) 
This  creek i s   l o c a t e d   a t   t h e  UBC Research  Forest,  Maple R.idge, 

B.C., 35 km e a s t   o f  Vancouver, i n  a  14.5  ha spray  p lo t   (F igure  1) .   Deciduous 
cover i n  the   p lo t   inc ludes   a lder ,   copp ice  maple,  salmonberry, and b i r c h .  The 

stream  flows  southward and i s   l o c a t e d   a t   t h e   s o u t h w e s t   c o r n e r   o f   t h e   p l o t .  

It was completely  covered  by  streambank  vegetation  and  had an est imated 

d ischarge  o f   approx imate ly  60 L/min a t   the   sampl ing   s ta t ion   dur ing   the   spray  

operat ion.  The f low  inc reased  to   approx imate ly  300  L/min a f t e r  each o f   t h e  

four   ra instorms,   which  occurred 8, 14,  18,  and 56 days a f t e r   h e r b i c i d e  

t reatment,  and  subsided t o  60 L/min a  few  days l a t e r .   T h i s   f o r e s t   p l o t  was 

a e r i a l l y   t r e a t e d   w i t h  RoundupTM a t   t h e   r a t e   o f  3 k i l o g r a m s   o f   a c t i v e  

ingredient   per   hectare  (kg  a . i . /ha)  on  June  18,  1982. 

3.2 B u f f e r  Zone Pro tec ted  Creek I 
This  creek i s  located  about  95 km e a s t   o f  Vancouver, B.C. on the 

n o r t h   s i d e   o f   t h e   C h i l l i w a c k   R i v e r   w i t h i n  a p ro jec t   a rea   o f   app rox ima te l y  

110 ha ( F i g u r e  2) .  The deciduous  vegetation  mix  includes  alder,  maple, 

b i r c h ,  and  salmonberry. The creek was p ro tec ted  on both  s ides  by a 

60 m-100 m b u f f e r  .zone d u r i n g  an a e r i a l   t r e a t m e n t   o f  3 k g  a i  ./ha 

RoundupTM  on August 17, 1982. The es t imated  s t ream  d ischarge  a t   the  
sampling  station prior to the herbicide  application  was  approximately 
60-70 L/min.   This  increased  to 300-400  L/mi n a f t e r  each o f   t h e   t h r e e  

rainstorms  which  occurred 7, 15,  and 21 days a f t e r   a e r i a l   t r e a t m e n t .  

3.3  B u f f e r  Zone Protected  Creek I 1  
This  creek i s   l o c a t e d   a t  Pender  Harbour, B.C. approximately 75 km 

no r thwes t   o f  Vancouver (F igu re  3 ) .  The dec iduous  vegeta t ion   mix   cons is ts   o f  

a lder,   coppice maple,  and  salmonberry. The creek  f lows  through a 10 ha 

t r e a t m e n t   p l o t  and was p r o t e c t e d  on e i t h e r   s i d e   b y  a 10 mete r   bu f fe r  zone 
d u r i n g  a ground  backpack  spray  appl icat ion o f  RoundupTM on August 4, 

1983. The a p p l i c a t i o n   r a t e   v a r i e d  from 0.5 t o  1.5 kg  a i . /ha.  The 

approx ima te   ra te   o f   d i scha rge   a t   t he   samp l ing   s ta t i on   p r i o r   t o   he rb i c ide  

t reatment  was e s t i m a t e d   a t  50-60 L/min. 
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3.4 Cogburn  Creek  Watershed  Study 

The Cogburn  Creek  watershed i s   l o c a t e d  on t h e   e a s t   s i d e   o f  

Harrison  Lake and i s  approximately 150 km e a s t   o f  Vancouver, B.C. (F igu re   4 ) .  

Deciduous  vegetat ion  cons is ted  o f   a lder ,   v ine  maple,   b i rch and  salmonberry. 

O f  the  approx imate ly  14,000 ha i n   t h e  watershed, 260 ha  were a e r i a l l y   t r e a t e d  

on  September 1, 1984 w i t h  a t o t a l  amount o f  400 k g   a . i .   o f  RoundupTM. 

The e s t i m a t e d   r a t e  o f  c reek   d i scha rge   a t   t he   samp l ing   s ta t i on  was 1000  L/min. 

Th is   f l ow   i nc reased   to  an e s t i m a t e d   r a t e . o f  3000-5000 L /m in   a f te r  a ra ins to rm 

one week a f te r   t rea tmen t .  

3.5 A p p l i c a t i o n  Methods 

3.5.1 A e r i a l   A p p l i c a t i o n .  A Bel l -47 he1 i c o p t e r  was used f o r   t h e  

a e r i a l   o p e r a t i o n s   a t  UBC Research  Forest ,   Chi l l iwack  River,  and Harrison  Lake 

West (Cogburn  Creek). The h e l i c o p t e r  had a l o a d i n g   c a p a c i t y   o f  225  L of 

spray  mix  per  run. It was equ ipped  w i th   th ree   spray   je t   nozz les   p laced 

equ id i s tan t   a long  a boom l e n g t h   o f  2.1 m. The cent re   nozz le  was a V - je t   t ype  

(H0.25-U),  complemented  by  two o f f - cen t re   T - je t   nozz les  (OC-150) on e i t h e r  

s ide.  The V- je t   nozz le  had a maximum d ischarge  capac i ty   o f  19.35 L/min, 

w h i l e  each o f   t h e   T - j e t   n o z z l e s  was capab le   o f   d i scha rg ing  up t o  58.5 L/min. 

These nozzles were adjusted and s e t   t o   d i s c h a r g e   a t  a combined r a t e  o f  
50 L/min. The average f l i g h t  speed o f  the he1 i c o p t e r  was 50 km per  hour. 
The herbic ide  mixture  was r e l e a s e d   a t  an average  height o f  9 m above the 

brush/ t ree canopy. 

3.5.2 Backpack App l i ca t i on .  A Sanex Spray  Mate  backpack  sprayer 
was used f o r   t h e   g r o u n d   o p e r a t i o n   a t  Pender  Harbour.  This  machine was 

pressur ized   v ia  a hand pump and  had a l o a d i n g   c a p a c i t y   o f  15 L. 

3.6 Residue  SamDlina 

3.6.1 Water Sampl es.  Grab water samples  were c o l  1 ected i n  450 ml 
amber g l a s s   b o t t l e s   a t  each  sampling  time. A1 1 b o t t l e s  were r i n s e d   w i t h  

r e d i s t i l  1 ed  acetone  and  petroleum  ether,  and  heated  to 300°C f o r  12  hours 
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prior t o  use. A piece of chemically washed and heat-treated aluminum f o i l  
was  used t o  line the opening of each bottle before capping t o  prevent sample 
con tami nat ion.  

3.6.2 Sediment  Samples.  Sediment  samples  were col lected i n  500 gm 
wide-mouth  amber glass  jars. The jars were chemically  cleaned and heat 
treated before use as  described i n  3.6.1. Five  composite  sediment  samples 
were  pooled a t  each  sampl i n g  time. The samples  were  col 1 ected a t  random 
along the same general section of the stream w i t h  the a i d  of a clean steel 
trowel. Chemically washed and.  heat treated aluminum f o i l  was used t o  l ine  
the opening of each glass jar  before capping. 

3.6.3 Sampl i ng Regimes. The following sampl i n g  regimes were  used for 
the water and sediment  samples taken a t  the  various study locations: 

i ) Unprotected Creek (UBC Research Forest) 
a )  Water  Samples - Prespray;  postspray 0.04,  0.12,  1, 2, 3, 8, 14, 

18,  20,  28, 56, 90 days 
b) Sediment  Samples - Prespray;  postspray 1, 8, 10,  14,  20, 57, 90, 

220,  350, 450, 531, 574 days 

ii) Buffer Zone Protected Creek I (Chilliwack) 
a )  Water  Samples - Prespray; postspray 0.2, 1, 3 ,  7, 15, 21, 36, 80 

days 
b )  Sediment Samples - Prespray;  postspray 7, 15, 28, 75, 600 days 

1 i  i  i ) Buffer Zone Protected Creek I I (Pender Harbour) 
a )  Water  Samples - Prespray;  postspray 0.04, 1, 4, 7, 14,  24,  44,  20, 

110,  154,  190 days 
M 

b )  Sediment  Samples - Prespray;  postspray 0.04, 1, 4, 7, 14,  24, 44, 
20,  110,  154,  190 days 

1 

iv) The Watershed Study (Cogburn  Creek 1 
t a )  Water  Samples - Prespray;  postspray 0, 1, 7 days 
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3.7 Sediment/Water P a r t i t i o n i n g   S t u d i e s  

3.7.1 Contaminated  Stream  Bottom  Sediments. A 200 gm sediment  sample 

f rom  the UBC Research Forest   stream was mixed  w i th  400 gm o f   de- ion ized  water  

(2OoC, pH = 5.73) i n  a 1000 mL vo lumet r ic   f lask .  The ' f l a s k  was then   ag i ta ted  

by  hand  shaking f o r  10 minutes and a l l o w e d   t o   s e t t l e   f o r  5 minutes. The 

water  and  sediments  from  the  f lask were t h e n   s e p a r a t e d   i n t o   d i f f e r e n t  sample 

con ta ine rs  and submi t ted   t o   t he   l abo ra to ry   f o r   g l yphosa te  and AMPA res idue  

analyses. A s im i l a r   p rocedure  was app l   i ed   t o   t he   con t ro l   sed imen t  sample 

c o l  1 ected  f rom an. unt reated  creek.  

3.7 .2  Laboratory  Spiked  Sediments. A 200 gm s e d i m e n t   s a m p l e  

c o l l e c t e d   f r o m  an untreated  creek was weighed  out i n  a 1000 mL vo lumet r i c  

f l a s k .  The sample was sp i ked   w i th  0.100 mg/L glyphosate and  0.100 mg/L AMPA. 
Four  hundred gms o f   de- ion ized  water  (2OoC, pH = 5.85)  were  added t o   t h e  

vo l   umetr ic   f lask  water   which was mechan ica l l y   ag i ta ted   f o r  30 minutes, and 

a l l G w e d   t o   s e t t l e   f o r   a b o u t  1 hour. The l i q u i d  and s o l i d  phases  were then 

s e p a r a t e d   t o   d i f f e r e n t  sample j a r s  and  submitted t o   t h e   l a b o r a t o r y   f o r  

res idue   ana lys i s .  A s im i la r   p rocedure  was a p p l i e d   t o  a contro l   sediment  

sampl  e. 

3.0 Residue  Analysis 
A l l  residue  analyses were  conducted by t h e   B r i t i s h  Columbia 

Min is t ry   o f   Env i ronment   Labora tory .   Unf  i 1 te red   water  samples  were 

d e r i v a t i z e d  and  cleaned  up p r i o r   t o   i o n   s u p p r e s s i o n   H i g h  Performance L i q u i d  

Chromatography (HPLC). Sediment  samples  were e x t r a c t e d  and the  process  o f  

anion  exchange  appl i e d   p r i o r   t o   d e r i v a t i z a t i o n  and c lean  up procedure. The 

a n a l y s i s  was performed on  a Hewlet t   Packard 1084B HPLC w i t h  an u l   t r asphere  

ODS 5 u column. 

3 .9  D e t e c t i o n   L i m i t s  
The d e t e c t i o n  limit of   g lyphosate  and AMPA i n  water was 0.005 mg/L. 

The d e t e c t i o n  limit f o r  sediment was 0.100  mg/kg before  October,  1983  and 

0.040 mg/kg a f t e r  October,  1983. The average  recovery  ra te  for   g lyphosate 

and AMPA from  both  sediment  and  water was grea ter   than 95%. 
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4 RESULTS 

4.1 The Unprotected Creek (UBC Research Forest) 
Glyphosate residues were detected i n  water soon after the aerial 

spraying and reached a peak of 0.023 mg/L, 2 t o  3 hours post  treatment 
(Table 1). A detectable  concentration of glyphosate was  measured a t  24 hours 
post-spray i n  stream water.  After 24 hours glyphosate  residues were  below 
the limit of detection. Glyphosate residues reappeared i n  the stream water 
fo l lowing  the f i r s t  major rainstorm eight days post-spray and peaked a t  
0.100 mg/L. Following the next two rainstorms low levels of glyphosate were 
also found i n  the stream. Water  samples collected  after  these two .rainstorms 
contained no glyphosate  residues above the limit of detection. 

After the f i r s t  rainstorm  glyphosate and AMPA residues appeared 
i n  the stream sediment and thereafter bo th  were found a t  very low 
concentrations on newly deposited stream  sediments for a period of u p  t o  574 
days. Good control of deciduous growth i n  the spray block was noted 
i n c l l d i n g  effects on streambank vegetation. 

4.2 Buffer Zone Protected Creek I (Chilliwack) 
Glyphosate residues were not  detected i n  samples  taken shortly 

after the aerial treatment  (Table 2 ) .  However, after several  rainstorms had 
occurred post- treatment, very low concentrations of glyphosate of u p  t o  
0.025 mg/L, were found i n  the stream water. As well, low concentrations o f  

bo th  glyphosate and AMPA (0.100-0.200 mg/kg) were detected on newly deposited 
creek sediments on two occasions.. Sediment  samples collected  after 15 days 
post-spraying d i d  not contain glyphosate and AMPA residues above the l imi t  of 
detection. 

4.3 Buffer Zone Protected Creek I 1  (Pender Harbour) 
Water contamination did not  occur dur ing  and after this backpack 

spray operation  (Table 3 ) .  On one occasion, two months post-treatment, a 
very low concentration o f  glyphosate and AMPA residues (0.050 mg/L) was 
detected i n  stream sediments. 
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TABLE 1 GLYPHOSATE AND AMPA RESIDUES I N  WATER AND SEDIMENTS OF THE 

UNPROTECTED CREEK FOLLOWING AERIAL APPLICATION OF ROUNDUPTM 
AT 3 kg a. i . /ha (UBC Research Forest) 

TIME 
(days 1 

Prespray 
0.04 (post-spray) 
0.12 
1 
2 
3 
8 ( r a i n )  
10 
14 ( r a i n )  
18 ( r a i n )  
20 
28 
56 ( r a i n )  
57 
90 
220. ( r a i n )  
3 50 
450 
498 
53i 
574 

WATER (mg/L) 

Glyphosate 

< 0.005 
0.020 
0.023 
0.005 

< 0.005 
< 0.005 
0.100 

0.006 
< 0.005 
< 0.005' 
< 0.005 

- 
< 0.005 

- 
- 
- 
- 
- 
- 
- 

i 

I 

Glyphosate 

< 0.100 
- 

< 0.100 

- 
0.100 
0.300 
0.100 
- 

0.400 
- 
- 
0.200 
0.400 
0.100 
0.120 
0.050 
0.050 
0.040 
0.040 

AMPA 

- 
- 

- 
- 

0.100 
0.100 
0.100 

- 
0.200 

- 
- 

0.200 
0.400 
0.200 
0.310 
0.230 
0.220 
0.090 
0.090 

D e t e c t i o n   l i m i t s  were 0.100 mg/kg before  October 1983 and 0.040 mg/kg 
a f t e r  October 1983. The lower limit a p p l i e d   a f t e r  day 450 for  sediment 
samples. 
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1 

TABLE 2 GLYPHOSATE AND AMPA RESIDUES I N  WATER AND SEDIMENTS OF PROTECTED 
CREEK I FOLLOWING AERIAL APPLICATION OF ROUNDUPTM AT 
3 kg a.i./ha  (Chilliwack) 

Prespray 

0.2 ( p o s t  spray) 

1 

3 

7 ( ra in )  

15 ( ra in )  

21 ( r a i n )  

28 ( ra in )  

36 

75 

80 

600 ( r a i n )  

WATER (mg/L) 

Glyphosate 

< 0.005 

< 0.005 

< 0.005 

< 0.005 

0.013 

- 
0.025 

- 
< 0.005 

- .  

< 0.005 

- 

AMPA 

< 0.005 

< 0.005 

< 0.005 

< 0.005 

< 0.005 

- 
< 0.005 

- 
< 0.005 

- 
< 0.005 

- 
L 

Glyphosate 

< 0.100 

< 0.100 

< 0.100 

< 0.100 

0.200 

0.100 

- 
< 0.100 

< 0.100 

- 
< 0.040 

AMPA 

< 0.100 

< 0.100 

< 0.100 

< 0.100 

< 0.100 

0.100 

- 
< 0.100 

- 
< 0.100 

- 
< 0.040 

1 Detection limits were 0.100 mg/kg before October 1983 and 0.040 mg/kg 
a f te r  October 1983. The lower limit applied  after day 450 for sediment 
samples. 
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TABLE 3 GLYPHOSATE AND AMPA RESIDUES I N  WATER  AND SEDIMENTS OF PROTECTED 
CREEK 11 FOLLOWING BACKPACK SPRAY APPLICATION OF ROUNDUPTM 

AT 0.5 TO 1.5 kg a . i  ./ha  (Pender  Harbour) 

TIME 

(days 1 

Prespray 

0.04  (post  spray) 

1 

4 

7 

14 

24 ( r a i n )  

44 

76 ( r a i n )  

110 ( r a i n )  

154 ( r a i n )  

190 ( r a i n )  

I WATER (mg/L ) I 
Glyphosate 

< 0.005 

< 0.005 

< 0.005 

< 0.005 

< 0.005 

< 0.005 

< 0.005 

< 0.005 

< 0.005 

< 0.005 

< 0.005 

< 0.005 

AMPA 

< 0.005 

< 0.005 

< 0.005 

< 0.005 

< 0.005 

< 0.005 

< 0.005 

< 0.005 

< 0.005 

< 0.005 

< 0.005 

< 0.005 

Glyphosate 

< 0.100 

< 0.100 

< 0.100 

< 0.100 

< 0.100 

< 0.100 

< 0.100 

< 0.100 

0.050 

< 0.040 

< 0.040 

< 0.040 

AMP A 

< 0.100 

< 0.100 

< 0.100 

< 0.100 

< 0.100 

< 0.100 

< 0.100 

< 0.100 

0.050 

< 0.040 

< 0.040 

< 0.040 

1 Detection limits were 0.100 mg/kg before  October 1983 and 0.040 mg/kg 

a f t e r  October  1983. The lower limit appl ied  a f ter  day 76 for sediment 

samples. 



- 14 - 

4.4 The Watershed Study (Cogburn  Creek) 
Residues of   g lyphosate and AMPA i n   t h e   w a t e r  samples' c o l l e c t e d  

from Cogburn  Creek before,   dur ing,   a f ter   the  aer ia l   spray  appl icat ion,  and 
f o l l o w i n g   t h e   f i r s t   m a j o r   r a i n s t o r m  seven  days post-spray were below  the 

1 imit of   de tec t i on .  

4.5 Sediment/Water P a r t i   t i o n f  ng Study 
Table 4 shows that   g lyphosate and AMPA, when adsorbed on s o i  1 

pa r t i c l es ,   a re   no t   read i l y   re leased   to   t he   wa te r  phase. 

TABLE 4 GLYPHOSATE AND  AMPA RESIDUES I N  WATER  AND SEDIMENTS OF 
PARTITIONING  TESTS 

WATER (mg/L) SEDIMENT (mg/kg) 
SEDIMENTS . 

Glyphosate AMPA Glyphosate AMPA 

Untreated Creek 0.040 < 0.040 < 0.005 < 0.005 

Treated Creek 0.090 0.040 < 0.005 < 0.005 

Spiked  wi th  0.100 mg/L 

glyphosate and AMPA 0.100 0.100 < 0.005 < 0.005 
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5 DISCUSSION 

Although  the  unprotected  creek was well  covered  by  stream bank 
vegetat ion such  as alder,   b i rch,   salmonberry,  and th imb leber ry ,   res idues   o f  

glyphosate  were  found in   the   water   course   f rom  the   ou tse t   o f   sampl ing  
fo l lowing  the  spray  operat ion.  A d r y   p e r i o d   o f  seven  days post - t reatment  
a f fo rded no p ro tec t i on   t o   t h i s   c reek   f rom  he rb i c ide   con tamina t ion   - f o l l ow ing  a 

ra ins to rm,   suggest ing   tha t   cond i t ions   fo r   g lyphosate  breakdown  were ,minimal 
dur ing   tha t   t ime.  

In   con t ras t ,   g lyphosate   res idues  were not   detected  dur ing and  soon 
a f te r   sp ray   ope ra t i ons   i n   c reeks   hav ing  a s i m i l a r   t y p e   o f   s t r e a m  bank 
vegetation  and  protected  by a b u f f e r  zone. However, i n  one o f   t h e   b u f f e r  
zone p ro tec ted   c reeks   (Ch i l l iwack   a rea ) ,   ve ry   l ow   concen t ra t i ons   o f  
glyphosate  residues were detected  a f ter   severa l   ra instorms  post - t reatment .  
Herb ic ide  res idues  f rom  vegetat ion  a long  the  s t ream bank o r   i n   t h e   t r e a t e d  

area may have washed i n t o   t h i s   c r e e k .  
Glyphosate  residues i n  sediments i n   a l l   t h e   s t u d y   c r e e k s  were  found 

on ly   a f te r   t he   occu r rence   o f  one o r  more r a i n s t o r m s .   I n   t h e   b u f f e r  zone 

protected  streams  the  residue  appeared a t   l ow   concen t ra t i ons  on two 
occasions,  while in   the   unpro tec ted   c reek   bo th   g lyphosate  and AMPA appeared 
a f t e r   t h e   f i r s t   r a i n  and pe rs i s ted  above the limit o f   d e t e c t i o n   t o   t h e  end o f  
the  study 574 days  post-treatment. 

Newton " e t   a l .  (1984) f o u n d   t h a t   i n  a forest  environment  stream 
sediments  adsorbed  herbicide  residues more s lowly   but   reached  h igher   leve ls  
than  water. I n   t h i s  study,  the  occurrence  of   g lyphosate and i t s   m e t a b o l i t e ,  
AMPA, in   the  unprotected  creek  sediment  was apparent ly   f rom  the   depos i t ion   o f  
h e r b i c i d e - c o n t a m i n a t e d   s o i l   p a r t i c l e s   c a r r i e d  by r u n o f f   a f t e r  each  rainstorm. 
The herb ic ide   res idues   found  in   water  soon a f te r   spray   t rea tment   p robab ly   d id  
n o t   c o n t r i b u t e  any apprec iab le  concentrat ion  to   the  bot tom  sediment .  

I n   t h e  absence o f  a b u f f e r  zone, t h e   h e r b i c i d e   e f f e c t i v e l y  
c o n t r o l l e d   o r   e l i m i n a t e d   s t r e a m   s i d e   v e g e t a t i o n ,   b u t   t h i s   r e s u l t e d   i n  
d e t e c t a b l e   l e v e l  s o f   res idues   o f   g l yphosa te  and AMPA i n  the  stream. 

Reduction o r  e l i m i n a t i o n  o f  stream bank vegetat ion,  however, can  have  adverse 
impacts on t h e   i n t e g r i t y   o f  a stream  by  enhancing  stream bank erosion. 



- 16 - 

REFERENCES 

Y 

I 

IL 

3 

1. Amrhein, N.; Deus, B.; Gehrke, P.; Steinrucken, H.C. "The S i t e   o f   t h e  
I n h i b i t i o n   o f   t h e   S h i k i m a t e  Pathway by  Glyphosate",   Plant  Physiol .  
1980a, 66, 830-834. 

2. Amrhein, N.; Schab, J.; Steinrucken, H.C. "The Mode o f  A c t i o n   o f   t h e  
Herbicide  Glyphosate",  Naturwissenschaften. 1980b, 67, 356. 

3. Comes, R.D.; Bruns, V.F.; K e l l y ,  A.D. "Residues and Pers i s tence   o f  
Glyphosate i n   I r r i g a t i o n  Water"; Weed Science, 1976, 24(1),  47- . 

4. Edwards, W.M.; T r i p l e t t ,  Jr.  G.B.; Kramer, R.M. "A  Watershed  Study o f  
Glyphosate  Transport i n  Runoff" ;  J. Environ.  Qual. 1980, 9 ( 4 ) ,  
661-665. 

5. Franz, J.E. "Discovery,  Development  -and  Chemistry o f  Glyphosate";  from 
The H e r b i c i d e   G l y p h o s a t e   ( E d .  E Grossbard ,  D. A t k i n s o n ) .  
But terwor ths,  London  (19851,  3-17. 

6. Hensley, D.L.; Beuerman, D.S.M.; Carpenter, P.L. "The I n a c t i v a t i o n  of 
Glyphosate by Various S o i l s  and Metal Salts"; Weed Research. 1978, 

18,  287-291. 

7. Hance, R.J. "Adsorp t ion   o f   G lyphosate  by Soi ls" ;   Pest ic .   Sc i .  1976, 7, 
363-366. 

I 

L 

8.  Lund-Hoie, K; F r ies tad ,  H.O. "Photodegradation o f   t h e   H e r b i c i d e  
Glyphosate i n  Water"; B u l l  Environ. Contam. Tox ico l .  1986, 36: 
723-729. 

9. Monsanto.  "The Hea l th  and  Environental  Safety  Aspects o f  Roundup 
Herb ic ide:  An Overview";  Monsanto  Herbicide  Bul let in. 1984. 



I I  
- 17 - 

II 

'IY 

Y 

bd 

10. Mu1 1 i son, W.R. ; Bovey, R.W. ; Burkhal   ter ,  A.P. ; Burkhal   ter ,  T.D. ; Hu l l ,  

H.M.; Suton, D.L.; Ta lber t ,  R.E. "Herb ic ide  Handbook .o f   the Weed 

Science  Society  of  America"; 1979.  259-263. 

11. Newton, M. ; Howard, K.M. ; Kel  psas, B.R.; Danhaus, R. ; Lottman, C.M.; 

Dubelman, S. "Fate  of   Glyphosate i n  an Oregon Forest  Ecosystem"; 

J. Agric.  Food Chem. 1984, 32(5),  1144-1151. 

12.  Rueppel, M.L.; B r i g h t w e l l ,  B.C.; Schaefer, J . ;  Marvel, J.T. "Metabolism 

and Degradation o f  Glyphosate i n   S o i l  and  Water"; J .  Agr ic .  Food 

Chem. 1977, 25(3),  517-528. 

13. Sprankle, P.; Meggi t t ,  W.F.; Penner, D. "Adsorpt ion, .   Mobi l i ty ,  and 

Microbia l   Degradat ion o f  Glyphosate i n   t h e   S o i l " ;  Weed Science. 

1975a, 23(3),  229- 

14. Sprankle, P.; Meggi t t ,  W.F.; Penner, D. " R a p i d   I n a c t i v a t i o n  o f  
Glyphosate i n   t h e   S o i l " ;  Weed Science. 1975b, 23(3),  224 

15. Torstensson, N.T.L.; Aamisepp, A. "Detox i f icat ion  o f   Glyphosate i n  

S o i l " ;  Weed Research.  1977, 17, 209-212. 

16. Torstensson, N.T.L. "Behaviour of Glyphosate i n  Soils and i t s  

Degradat ion";   f rom  the  Herbic ide  Glyphosate (Ed. E. Grossbard, 

D. Atk inson) .   But terwor ths,  London (1985), 137-150. 

17. Young, J.C.; Khan, S.U. " K i n e t i c s   o f   N i t r o s a t i o n   o f   t h e   H e r b i c i d e  

Glyphosate"; 3. Environ.  Sci.  Health. 1978, 813(1),  59-72. 



- 18 - 

ACKNOWLEDGEMENTS 

I 

ry 

I would l i k e   t o  thank Mr. R.H. Kussat, Mr. D. Wilson, D r .  P. Jones, 
and D r .  H.  Thompson o f   t h e   E n v i r o n m e n t a l   P r o t e c t i o n   S e r v i c e   a n d  
Dr .  J. M a n v i l l e   o f   t h e  Canadian F o r e s t r y   S e r v i c e   f o r   t h e i r   c r i t i c a l   r e v i e w   o f  
t h i s   p r o j e c t .  The var ious  s tud ies  could  not  have  been undertaken  wi thout  the 
cooperat ion/assistance  of   the  fo l lowing  agencies:  

1. B r i t i s h  Columbia Pest ic ide  Control   Branch 
2. B r i t i s h  Columbia F i sh  and W i l d l i f e  Branch 
3.  B r i t i s h  Columbia M i n i s t r y   o f   F o r e s t s  
4. B r i t i s h  Columbia Min is t ry   o f   Env i ronment   Laboratory  
5. Department o f   F o r e s t r y ,   U n i v e r s i t y   o f   B r i t i s h  Columbia 
6. F i she r ies  and Oceans  Canada, Vancouver 


	Table of Contents

