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8.0 SUMMARY 

A d d i t i o n s  o f  a t r a z i n e  a t  two t rea tment  l e v e l s  were made t o  

fou r  l a k e  column s i m u l a t o r s  i n  each o f  two exper iments.  The lowes t  

t rea tment  i n  b o t h  exper iments was s u f f i c i e n t  t o  y i e l d  c o n c e n t r a t i o n s  

i n  the range (0-30 ppb) f r e q u e n t l y  measured i n  a g r i c u l t u r a l  

watersheds i n  l a t e  s p r i n g  and e a r l y  summer w h i l e  t h e  o t h e r  was an 

o r d e r  of magnitude h i g h e r .  The amount o f  a t r a z i n e  added a t  each 

t rea tmen t  l e v e l  was s i m i l a r  between exper iments b u t  was a p p l i e d  ove r  

d i f f e r e n t  l eng ths  o f  t ime, 14 days i n  exper iment  1 and 5 days i n  e x p e r i -  

men t 1 1 . 

A t r a z i n e  was de tec ted  i n  most components o f  a s imp le  food c h a i n  

(a lgae  -f Daphnia + guppies)  b u t  c o n c e n t r a t i o n s ,  p a r t i c u l a r l y  i n  f i s h ,  

were n o t  much h i g h e r  than i n  the  w a t e r .  Over 90% o f  a t r a z i n e  added 

c o u l d  be accounted f o r  by add ing  q u a n t i t i e s  found i n  open water  o f  

t he  upper and lower l a y e r s .  The b u l k  o f  a t r a z i n e  added remained i n  

s o l u t i o n  i n  the  upper l a y e r .  

Bench-scale exper iments showed t h a t  Daphnia - magna and guppies 

exposed t o  a t r a z i n e  i n  water  o n l y ,  had res idues  i n  p r o p o r t i o n  t o  water  

c o n c e n t r a t i o n s .  No t r e n d  i n  accumula t ion  w i t h  t ime was no ted  i n  

exposures up t o  a week's d u r a t i o n .  De-e thy la ted  a t r a z i n e  was n o t  

de tec ted  i n  thecolumns exper iments b u t  was de tec ted  i n  guppies i n  bench- 

s c a l e  exper iment  i n  p r o p o r t i o n  t o  a t r a z i n e  water  c o n c e n t r a t i o n s .  These 

s m a l l e r  exper iments i n d i c a t e d  t h a t  a f r a c t i o n  o f  the  a t r a z i n e  res idues  

found i n  b i o t a  i n  the  columns exper iments were due t o  uptake o r  

v i  i 



a d s o r p t i o n  d i r e c t l y  f rom wa te r .  

N e i t h e r  impairment o f  pho tosyn thes i s  by a lgae  nor  t o x i c  e f f e c t s  

t o  zoop lank ton  and f i s h  were apparent  i n  columns exper iments .  A t r a z i n e  

does n o t  appear t o  be a t h r e a t  to t he  Great  Lakes ecosystem i n  terms 

of e i t h e r  t o x i c i t y  o r  b ioaccumula t ion .  

v i  i i 
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9.0 INTRODUCTION 

Sales o f  h e r b i c i d e s  i n  Canada have r i s e n  markedly  i n  the  l a s t  

two decades from approx ima te l y  5 m i l l i o n  d o l l a r s  i n  the  1950 's  t o  

w e l l  ove r  20 m i l l i o n  d o l l a r s  by t h e  e a r l y  1970's  (Thomson, 1973). 

H e r b i c i d e s  accounted f o r  over  h a l f  o f  t h e  t o t a l  p e s t i c i d e  used i n  

O n t a r i o  i n  1973 w i t h  a t r a z i n e  accoun t ing  f o r  42% o f  t h e  h e r b i c i d e  

use ( R o l l e r ,  1975). I n f o r m a t i o n  on t h e  f a t e  o f  a t r a z i n e  i n  t h e  

a q u a t i c  ecosystem and p o t e n t i a l  f o r  b i o m a g n i f i c a t i o n  has been non- 

e x i s t e n t  u n t i l  r ecen t  years.  Genera l l y ,  h e r b i c i d e s  a r e  more water  

s o l u b l e  than i n s e c t i c i d e s  thereby  enhancing l each ing  and e r o s i o n a l  

losses from a g r i c u l t u r a l  watersheds. However, h e r b i c i d e s  e x h i b i t  

than ch 1 o r  i na t e d  hydro- 

a1 f o r  accumula t ion  i n  

es i n f e r  t h a t  a t r a z i n e  

should pose a min imal  t h r e a t  t o  t he  env i ronment  except  when ca re less  

events  occur ,  such as s p i l l s  o r  r i n s i n g  o f  sprayers  i n  streams. On 

the  o t h e r  hand, the  immense q u a n t i t i e s  o f  t h i s  substance i n  use and 

t h e  min imal  i n f o r m a t i o n  a v a i l a b l e  on p e r s i s t e n c e  and accumula t ion  i n  

the  a q u a t i c  ecosystem suggested a need f o r  f u r t h e r  research.  

The purpose o f  ou r  s tudy  wzs t o  determine the  e x t e n t  o f  b i o -  

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

s and f requenc ies  o f  a p p l i c a t i o n  i n  model ecosystem exper iments.  

lower  mammalian t o x i c i t y ,  a r e  l e s s  p e r s i s t e n t  

carbon i n s e c t i c i d e s  and have a reduced p o t e n t  

t he  ecosystem (Edwards, 1975). These p r o p e r t  

1 .  



10.0 MATERIALS AND METHODS 

10.1 LAKE COLUMN SIMULATORS - CHARACTERISTICS AND CONTROL 

The LCS a r e  e i g h t  s t a i n l e s s - s t e e l  columns, 4.5 m h igh ,  1.0 m i n  

d iameter ,  w i t h  a volume of 3336 1 when f i l l e d  t o  4.25 m. The LCS a r e  

l o c a t e d  indoors  i n  t h e  wet l ab  area o f  t h e  Great Lakes B io l imno logy  

Labora tory  a t  t h e  Canada Cent re  f o r  I n l a n d  Waters, B u r l i n g t o n .  The 

s o l e  source o f  i r r a d i a n c e  f o r  each column was two banks of 36 i n  

f l u o r e s c e n t  lamps, each c o n t a i n i n g  f o u r  Warm-White and f o u r  Gro- lux  

lamps (Sy l van ia ,  Canada). The lamps were on a 15 h l i g h t  9 h da rk  

pho toper iod  w i t h  dawn and dusk s i m u l a t i o n  p rov ided  by au tomat i c  s w i t c h i n g  

o f  p a i r s  o f  lamps every  15 min a t  the  s t a r t  and end o f  each l i g h t  p e r i o d .  

Quantum f l u x  j u s t  above t h e  water  su r face  was approx ima te l y  175-225 1~ 

-2 - 1  E i n s t e i n s  m sec . 
A c o i l  c a r r y i n g  a coo 

e n c i r c l e s  t h e  lower  2.0 m o f  

a n t  m i x t u r e  o f  e t h y l e n e  g l y c o  

the  column ( l ower  l a y e r  - LL) 

and water  

and i s  

connected t o  a c o o l a n t  r e s e r v o i r  equipped w i t h  a pump and r e f r i g e r a t i n g  

system. Temperature s t r a t i f i c a t i o n  can be e s t a b l i s h e d  i n  t h e  midd le  o f  

t h e  column w i t h  t h i s  system. Advec t i ve  ga ins  o f  heat  t o  the  (LL) th rough 

t h e  s t e e l  w a l l s  a r e  min imized by an i n s u l a t i v e  neoprene j a c k e t .  Tempera- 

t u r e s  i n  t h e  LL averaged 10-12°C i n  a l l  f o u r  columns d u r i n g  b o t h  

exper iments.  Temperature i n  the  upper l a y e r  o f  t h e  columns (UL) i s  

u n c o n t r o l l e d  and i n  ba lance w i t h  t h e  ambient a i r  temperature due t o  

heat  g a i n  th rough t h e  u n i n s u l a t e d  s t e e l  w a l l s  o f  t h i s  p o r t i o n  of t he  

c o l  umn. 
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Temperatures i n  t h e  UL averaged 20-22°C and 25-26"C i n  e x p e r i -  

ments I and I I  r e s p e c t i v e l y .  H igher  UL temperatures i n  exper iment  I 1  

were a r e s u l t  o f  t h e  h i g h e r  b u i l d i n g  temperatures a t  t h i s  t ime  o f  t h e  

year  ( J u l y )  compared t o  the  f i r s t  exper iment  (Feb.) . 
The columns were iso thermal  f rom t h e  s u r f a c e  t o  1.5 m i n  

exper iment  I b u t  down t o  o n l y  1.0 m i n  exper iment  1 1 .  Temperature 

d i s c o n t i n u i t y  s t a r t e d  between 1.5 m and 2.0 m i n  exper iment  I and 

between 1.0 and 1.5 m i n  exper iment  I I .  A s  a r e s u l t ,  a t h i n n e r  i so thermal  

l a y e r  and t h i c k e r  zone of temperature change were present  i n  exper iment  

I I .  Th is  has impor tan t  i m p l i c a t i o n s  r e g a r d i n g  d i s t r i b u t i o n  o f  a t r a z i n e  i n  

the  columns. 

Growth o f  a t tached  a lgae  on c o n t a i n e r  w a l l s  i s  a common problem 

i n  model ecosystems. Biomass o f  a t tached  a lgae  tended t o  be r e s t r i c t e d  

t o  the  upper 0 .5  m due t o  shading by a lgae  i n  the  open wa te r  and was 

c o n t r o l l e d  by f r e q u e n t l y  sc rubb ing  t h e  upper w a l l s  w i t h  ab ras i ve  pads. 

10.2 NUTRIENT ADDITIONS 

An amount of  phosphorus r e q u i r e d  t o  r a i s e  t h e  c o n c e n t r a t i o n  i n  

- 1  t he  e n t i r e  column t o  5 ug l i t e r  was added p r i o r  t o  t h e  exper iment .  

Phosphorus l o a d i n g  was con t inued  a f t e r  t h i s  i n i t i a l  s p i k e  a t  ca. 

-2 - 1  - 1  - 1  1.0 g P - m  y r  o r  2.82 mg*column day . The amounts o f  o t h e r  

macronu t r i en ts  added were r e l a t i v e  t o  the  phosphorus l o a d i n g  b u t  i n  

a p r o p o r t i o n  t o  each o t h e r  s i m i l a r  t o  Chu No. 10 (Chu, 1942) c u l t u r e  

medium (Tab le  1 ) .  
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Table 1 .  Q u a n t i t i e s  o f  macro- and m i c r o n u t r i e n t s  added 
t o  a l l  columns 

E 1 erne n t 
Load i ng 

Mac ronu t r i en t s  
( m g day - * ) 

P 

N 

Ca 

M9 

Na 

C 

S i  

Fe 

co 

cu 

B 

Mn 

Mo 

Zn 

2.82 

10.75 

15.35 

3.84 

28.47 

3 - 5 7  

9.03 

0.44 

M i c r o n u t r i e n t s  
(1.19. day- 

20.87 

84.4 

425.49 

102.7 

99.4 

412.49 
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10.3 ATRAZ I N E  TREATMENTS 

Two exper iments were conducted us ng the  commercial p r e p a r a t i o n  

A A t  r e x  (C i ba-Ge i gy L t d .  ) wh i ch con t a  i ned 90% a t r a z i n e  (2-ch l o r o - 4 - e t h y l  a -  

m i  no-6- i sopropy l  ami no- s -  tr i a z i  ne) accord  ng t o  the  manufac turer  ' s spec i  f i - 
c a t i o n s .  In b o t h  exper iments,  two columns rece ived  t rea tments  d i f f e r i n g  

by an o r d e r  o f  magnitude and two columns served as c o n t r o l s  for t o x i c  e f f e c t s  

and rece ived  no a t r a z i n e .  

10.3.1 Experiment I 

Each t rea tmen t  rece ived  seven doses o f  a t r a z i n e  a p p l i e d  on 

a1 t e r n a t e  days s t a r t i n g  approx ima te l y  fou r  weeks a f t e r  a lgae were 

added. The lower  t rea tmen t  (LT) t o  column 1 was 3.49 mg per  dose and 

mg o f  AAtrex pe r  dose. t h e  h i g h e r  t rea tmen t  (HT) t o  column 4 was 34.9 

Columns 2 and 3 were c o n t r o l s .  

These a p p l i c a t i o n s  were capable o f  r a i s  

o f  a t r a z i n e  i n  t h e  UL o f  t he  two t rea tments  by 

i f  a l l  o f  the  a t r a z i n e  added remained i n  t h i s  

r a t e s  chosen, see p. v i  i) . 
10.3.2 Experiment I I 

ng t h e  concen t r a  t i o n  

1 and 10 U g o l i t e r  day 

aye r  ( r a t i o n a l e  f o r  a p p l i c a t i o n  

- 1  - 1  

A r a p i d  r i s e t o  h i g h  a t r a z i n e  concen t ra t i ons ,  s i m i l a r  t o  t h e  t r e n d  

i n  a t r a z i n e  concen t ra t i ons  found i n  a g r i c u l t u r a l  watersheds i n  southern  

O n t a r i o  d u r i n g  l a t e  June and e a r l y  J u l y  (Frank -- e t  a l . ,  1978),  was 

s imu la ted  i n  t h i s  exper iment .  The LT (column 3)  and t h e  HT (column 1 )  

r ece i ved  th ree  doses each of 9.9 and 99.0 mg AAtrex r e s p e c t i v e l y  w i t h i n  

a f i v e - d a y  p e r i o d .  Columns 2 and 4 were c o n t r o l s .  These a p p l i c a t i o n s  

were capable o f  r a i s i n g  t h e  a t r a z i n e  c o n c e n t r a t i o n  i n  t h e  UL t o  17 and 

170 v g e l i t e r  i f  a l l  o f  t h e  a t r a z i n e  remained i n  t h i s  l a y e r .  - 1  . 
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10.4 FOOD C H A I N  

10.4.1 Algae 

Inocu la  were taken from a dense, mixed-species, ba tch  c u l t u r e .  

i n  exper iment  I 20 g d ry  w e i g h t  o f  t h i s  c u l t u r e  was added t o  each 

column and a t r a z i n e  doses commenced f o u r  weeks l a t e r .  I n  exper iment  I I  

we encountered d i f f i c u l t y  e s t a b l i s h i n g  a dense a l g a l  community. A 

second inoculum o f  27 g d r y  we igh t , f rom t h e  same type o f  c u l t u r e  as 

t h a t  used i n  exper iment  I ,  was made t o  each column s i x  weeks a f t e r  the  

i n i t i a l  i n o c u l a t i o n .  A t r a z i n e  doses commenced ten  days a f t e r  the  

second inoculum. A l l  da ta  p resented  here a re  f o r  t he  t ime p e r i o d  

a f t e r  t h e  second a l g a l  inoculum. 

10.4.2 Zooplankton 

Approx imate ly  2 and 8 thousand Daphnia magna were added 

column i n  exper iments I and I I  r e s p e c t i v e l y .  Zooplankton were 

c o n c u r r e n t l y  w i t h  a lgae i n  exper iment  I .  I n  experiment I I  no 

a d d i t i o n s  o f  zooplankton were made w i t h  t h e  second a l g a l  inocu 

Animals were o r i g i n a l l y  added c o n c u r r e n t l y  w i t h  the  f i r s t  a lga  

i n  exper iment  1 1 .  

t o  each 

added 

u r t h e r  

Uni. 

i nocu 1 urn 

10.4.3 F i s h  

Ten female guppies (Leb is tes  r e t i c u l a t u s )  were added t o  each 

column i n  exper iment  1,one week a f t e r  t he  a d d i t i o n s  o f  a lgae and zooplankton.  

I n  exper iment  I I ,  f o u r  female and th ree  male guppies were added t o  each 

column p r i o r  t o  the  second a l g a l  inoculum. 

6 



10.5 ALGAL B I OMASS PARAMETERS 

Composite w a t e r  samples from t h e  UL o f  each column were c o l l e c t e d  

w i t h  a tube sampler.  Composite samples from t h e  LL were taken by p o o l i n g  

a l i q u o t s  taken from d i f f e r e n t  p r e s s u r i z e d  sampl ing p o r t s .  Analyses fo r  

c h l o r o p h y l l  I__ a and p a r t i c u l a t e  o r g a n i c  carbon were performed by t h e  

Water Q u a l i t y  L a b o r a t o r i e s  a t  C C I W ,  B u r l  i n g t o n .  A n a l y t i c a l  procedures 

a r e  o u t l i n e d  i n  the  A n a l y t i c a l  Methods Manual (1975).  

10.6 PRIMARY PRODUCTION 

Pr imary  p r o d u c t i o n  was measured i n  exper iment  I I  only, u s i n g  

C - t r a c e r  methods (Vol lenweider ,  1974) .  B o t t l e s  were suspended i n  14 

s i t u  a t  ca. 10 cm f o r  3-4 h. T o t a l  i n o r g a n i c  carbon was measured 

d i r e c t l y  by t h e  Water Q u a l i t y  Labora to ry  a t  C C I W .  

- 

10.7 SAMPLING FOR ATRAZINE R E S I D U E S  

10.7.1 Water 

Composite w a t e r  samples were c o l l e c t e d  from both layers,  i n  t r e a t e d  

columns o n l y  a f t e r  f o u r  a t r a z i n e  doses,and f r o m  a l l  columns two days 

a f t e r  t h e  l a s t  a t r a z i n e  dose i n  exper iment  I .  Samples f r o m  c o n t r o l  

columns were analyzed as a check fo r  c ross  con tamina t ion  between columns. 

Water samples were r e f r i g e r a t e d  i n  c l e a n  g l a s s  b o t t l e s  u n t i l  analyses.  

Sample c o l l e c t i o n ,  p r e p a r a t i o n  and s to rage  were t h e  same i n  

exper iment  I I .  F i  1 t e r e d  (GF/C, Whatman Co.) and u n f i  1 t e r e d  wa te r  

samp 1 es we r e  ana 1 yzed i n exper iment  I I . 

7 



Samples were c o l l e c t e d  f rom t r e a t e d  columns one week a f t e r , a n d  

from a l l  columns two weeks a f te r ,a t raz ine  a d d i t i o n s  had s t a r t e d  i n  exper iment  I I .  

10.7.2 Suspended P a r t i c u l a t e s  

Suspended p a r t i c u l a t e  m a t t e r  ( e x c l u d i n g  zooplankton)  i n  b o t h  

the  UL and LL was c o l l e c t e d  by con t inuous - f l ow  c e n t r i f u g a t i o n  o f  20-30 1 

o f  water .  

Samples were c o l l e c t e d  a t  two days and two weeks a f t e r  a t r a z i n e  

t rea tments  were te rm ina ted  i n  exper iments I and I I r e s p e c t i v e l y .  

Samples were oven-d r ied  a t  60°C f o r  24 h i n  exper iment  I and f reeze-  

d r i e d  i n  exper iment  I I .  

10.7.3 Sedimented P a r t i c u l a t e s  

Glass j a r s  ( 8  cm deep, 9 cm diam) were suspended a t  3 m f o r  a 

p e r i o d  s t a r t i n g  t h r e e  weeks p r i o r  t o  and ex tend ing  th roughout  the  two- 

week p e r i o d  o f  a t r a z i n e  a d d i t i o n s  i n  exper iment  I .  Traps were r e t r i e v e d ,  

excess wa te r  decanted and t h e  con ten ts  oven-dr ied  a t  60°C f o r  24 h. 

I n  exper iment  I I ,  t h e  t r a p s  were r e t r i e v e d  every  3-4  days 

d u r i n g  a two-week p e r i o d  f o l l o w i n g  the  f i r s t  a t r a z i n e  a d d i t i o n .  The 

con ten ts  f rom separa te  r e t r i e v a l s  were poo led  and f reeze -d r ied .  

10.7.4 Zooplankton 

I n  exper iment  I ,  n e t  c o l l e c t i o n s  o f  an imals  were made two days 

f o l l o w i n g  t h e  l a s t  a t r a z i n e  a d d i t i o n  and oven-dr ied  a t  60°C f o r  24 h. 
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Net c o l l e c t i o n s  were made o n l y  i n  the  LT  i n  exper iment  I I ,  two 

weeks a f t e r  a t r a z i n e  a d d i t i o n s  were begun. 

F i s h  

A l l  f i s h ,  i n c l u d i n g  those born  d u r i n g  the  exper iment ,  were 

cap tu red  w i t h  a n e t  and combined as one sample p e r  column. F i s h  were 

oven-d r ied  i n  exper iment  I and f r e e z e - d r i e d  i n  exper iment  I t .  

10.8 A T R A Z I N E  UPTAKE FROM WATER 

Accumulat ion o f  a t r a z i n e  f rom exposure t o  t h e  substance i n  

water  o n l y  was i n v e s t i g a t e d  i n  two bench-scale exper iments.  Severa l  

hundred D. magna were p laced i n  3 L beakers o f  d e c h l o r i n a t e d  t a p  wa te r  

w i t h o u t  food, a t  a t r a z i n e  c o n c e n t r a t i o n s  o f  17, 170 and 1700 ppb f o r  

pe r iods  o f  1 ,  4 and 7 days a t  each c o n c e n t r a t i o n .  A t  t h e  end o f  each 

exposure t ime a l l  an imals  ( l i v e  and dead) were c o l l e c t e d ,  r i n s e d  and 

f r e e z e - d r i e d .  

-~ 

A s i m i l a r  exper iment  was conducted w i t h  1 1  guppies exposed 

w i t h o u t  food a t  each c o n c e n t r a t i o n  and exposure p e r i o d .  A l l  f i s h  f rom 

each exposure t ime and c o n c e n t r a t i o n  were combined as one f reeze -d r ied  

sample. 

10.9 ANALYTICAL PROCEDURE 

A l l  a t r a z i n e  analyses were conducted by the  P r o v i n c i a l  P e s t i c i d e  

Residue Labora to ry ,  Guelph, Ont. D e t a i l s  o f  the  a n a l y t i c a l  procedure 

a re  g ven i n  S i rons  e t  a l . ,  1973. Only t o t a l  a t r a z i n e  was measured i n  

exper  ment I b u t  de -e thy la ted  a t r a z i n e  was a l s o  measured i n  exper iment  I I .  

-- 
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1 1  .o RESULTS 

1 1  . I  ALGAL B I OMASS PARAMETERS 

1 1  . 1 . 1  Experiment 1 

C h l o r o p h y l l  - a c o n c e n t r a t i o n s  d e c l i n e d  f o l l o w i n g  i nacu la -  

t i o n  from about  30 to 6 pg*L - ’  by day 1 5 .  

occu r red  i n  a l l  columns a l though  the  max mum c o n c e n t r a t i o n s  v a r i e d .  

A subsequent inc rease 

C h l o r o p h y l l  - a c o n c e n t r a t i o n s  i n  column 2 ( c o n t r o l )  peaked 

eve1 th rough the  a t r a z i n e  a t  over  100 pg0L- l  and remained a t  t h i s  

a d d i t i o n s .  I n  c o n t r a s t ,  the HT and column 3 ( c o n t r o l )  a t t a i n e d  maximum con- 

c e n t r a t i o n s  of 80 1.1g.L-l d u r i n g  a t r a z i n e  a d d i t i o n s  b u t  c o n c e n t r a t i o n  i n  

bo th  dec l  ined t o  ca. 35 p g * L - l .  The LT reached i t s  maximum c h l o r o p h y l l  

c o n c e n t r a t i o n  p r i o r  t o  a t r a z i n e  a d d i t i o n s  and d e c l i n e d  s l o w l y  through-  

o u t  the  t rea tment  p e r i o d .  

Concent ra t ions  o f  p a r t i c u l a t e  o r g a n i c  carbon (POC) f o l l o w e d  a 

t r e n d  s i m i l a r  t o  t h a t  f o r  c h l o r o p h y l l  - a.  

t i o n s  were noted i n  POC c o n c e n t r a t i o n s  d u r i n g  the  peak pe r iods  and 

t rea tments .  The d e c l i n e s  i n  c h l o r o p h y l l  a noted i n  one c o n t r o l  and 

bo th  t rea tments  d u r i n g  a t r a z i n e  a d d i t i o n s  were n o t  as e v i d e n t  w i t h  POC. 

Maximum c o n c e n t r a t i o n s  were between 1 .5  and 2.0 mg*L i n  bo th  t rea tments  

and one c o n t r o l  

o t h e r  c o n t r o l  (column 2 ) ,  s i m i l a r  t o  c h l o r o p h y l l  - a .  

I n  comparison, fewer f l u c t u a -  

- 

(column 3)  b u t  reached h i g h e r  l e v e l s  (3 .0  rng*L-’)in the  
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11.1.2 Experiment I I 

- 1  C h l o r o p h y l l  - a concen t ra t i ons  inc reased t o  between 35 and 45 ug*  

i n  a l l  columns on day 6 as a r e s u l t  o f  t he  l a r g e  a l g a l  inoculum made the  

p rev ious  day (F ig .  2 ) .  C h l o r o p h y l l  concen t ra t i ons  inc reased by t he  end 

o f  t h e  exper iment  (day 27) t o  ove r  60 U g - T ’ i n  the  LT and one c o n t r o l  

column ( 2 ) .  Concent ra t ions  i n  t h e  o t h e r  c o n t r o l  column (4) f l u c t u a t e d  

between 40 and 50 pg-L-’during t h i s  same p e r i o d .  

concen t ra t i ons  remained r e l a t i v e l y  cons tan t  i n  the  HT a t  30-35 pg9L-I. 

S i m i l a r  t o  exper iment  1 ,concent ra t ions  o f  p a r t i c u l a t e  o r g a n i c  

A f t e r  day 5 c h l o r o p h y l l  

carbon (POC) f o l l o w e d  t h e  same t r e n d  as c h l o r o p h y l l  - a.  Concent ra t ions  

rose t o  ca. 2.5 mg-L i n  a l l  columns f o l l o w i n g  the  a l g a l  inoculum. 

Concent ra t ions  o f  POC remained f a i r l y  cons tan t  i n  bo th  t rea tments  a t  

2.0-2.5 mg*L u n t i l  t h e  end o f  t he  exper iment ,  a l t hough  c h l o r o p h y l l  had 

inc reased i n  t h e  LT a t  t h i s  t ime.  POC inc reased s t e a d i l y  i n  c o n t r o l  

column 2 t o  a lmost  3.0 mg*L by t h e  end o f  t he  exper iment  and f l u c t u a t e d  

between 2.0 and 3.0 mg*L i n  the  o t h e r  c o n t r o l  column ( 4 )  d u r i n g  t h e  

same p e r i o d .  

11.2 PRIMARY PRODUCTION 

Average p r imary  p r o d u c t i o n  r a t e s  were c a l c u l a t e d  f rom f i v e  

measurements made a t  2-4 day i n t e r v a l s  beg inn ing  the  f i r s t  day o f  

a t r a z i n e  a d d i t i o n s  and end ing  on the  l a s t  day o f  sample c o l l e c t i o n  f o r  

a t r a z i n e  res idues  ( 2  wk). 

Abso lu te  r a t e s  o f  p r imary  p r o d u c t i o n  and r a t e s  expressed pe r  

u n i t  c h l o r o p h y l l  - a were h i g h e s t  i n  t h e  HT and c o n t r o l  column 4 and 

lowest  i n  t h e  LT and c o n t r o l  column 3 (Table 2 ) .  

1 2  
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Table 2. Average p r imary  p r o d u c t i o n  r a t e s  and a s s i m i l a t i o n  
numbers i n  exper iment  I I  d u r i n g  and a f t e r  
a t r a z i n e  a d d i t i o n  

Low H i g h  
Treatment Treatment Con t ro l  -2 Con t ro l  -4 

Pr imary  P roduc t i on  83 180 
(mg C -m- ’ h-  ’) 

Ass i m i  1 a t  i o n  1.7 
N umbe r 
(mgC-mg c h l o r o p h y l l  - a -;h-’) 

5.0 

53 

1.4 

220 

4.8 
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1 1 . 3  ATRAZINE DISTRIBUTION I N  THE COLUMNS 

A t r a z i n e  c o n c e n t r a t i o n  i n  u n f i l t e r e d  water  i n  t h e  UL was a t  

l e a s t  t en  t imes g r e a t e r  than i n  the LL on  a l l  sampl ing da tes  i n  b o t h  

exper iments (Tab le  3 ) -  I n  a d d i t i o n ,  t h e  t e n - f o l d  d i f f e r e n c e  i n  t r e a t -  

ment l e v e l s  i n  b o t h  exper iments was r e f l e c t e d  by a s i m i l a r  p r o p o r t i o n a t e  

d i f f e r e n c e  i n  UL a t r a z i n e  c o n c e n t r a t i o n s  between t rea tment  columns. 

A s i m i l a r  p r o p o r t i o n a l i t y  d i d  n o t  occur  i n  the LL. 

Concent ra t ions  ob ta ined  i n  the  two l a y e r s  were used to  

c a l c u l a t e  the  mass o f  a t r a z i n e  p resen t  i n  each l a y e r  and the  e n t i r e  

column. Close agreement between the  amount added and the  sum o f  

the amounts i n  the  two l a y e r s  was ob ta ined  b u t  was dependent on the  

volume assumed f o r  each l a y e r .  Over 90% o f  the  a t r a z i n e  added i n  

exper iment  1 cou ld  be accounted f o r  i n  bo th  t rea tments  a f t e r  a l l  seven 

doses i f  2 . 0  m was chosen as t h e  depth  o f  the  UL. S i m i l a r l y ,  c l o s e  agree-  

ment between the  amount o f  a t r a z i n e  added and i n  t h e  column was a t t a i n e d  

i f  a depth  o f  1 .5  m was chosen f o r  t h e  UL. A t  sampl ing t imes  o f  one 

and two weeks a f t e r  a d d i t i o n  stopped, lOl-lO7% of  the  a t r a z i n e  added was 

accounted f o r .  Th i s  o v e r e s t  mate suggests t h a t  e i t h e r  the UL was even 

sha l l ower  than 1 .5 m o r  t h a t  more samples were r e q u i r e d  f o r  an accu ra te  

e s t i m a t e  o f  t h e  mean concent a t i o n .  Temperature p r o f i l e s  i n d i c a t e d  a 

sha l l ower  i so thermal  l a y e r  i n  exper iment  I 1  suggest ing  t h a t  cho ice  o f  2.0m 

and 1 .5  m f o r  UL depths i n  exper iment  I and I t  r e s p e c t i v e l y  were reason- 

a b l e  es t ima tes .  

1 1 . 4  CONCENTRATION I N  FILTRATES 

I n  seven o f  e i g h t  f i l t e r e d  samples submi t ted  f o r  ana lyses  

15 



Table 3. Concentrat ions and amounts o f  a t r a z i n e  i n  the columns compared 
to the  amount added. 

Treatment  

b Concen t r a  t i o n  .- - ~ A t r a z i n e  i n  Column .- 
a 

Amount Added ( ppb ) UL - 1.5 m - -  
(mg) UL LL UL LL T o t a l  % 

UL - 2.0 rn 
UL LL T o t a l  % 

C Exper iment  I 

LT-4 

LT-7 

HT-4 

HT-7 

d 

0 

d 
Exper iment  I I 

LT- 1 

LT-2 

HT- 1 

HT-2 

12.6 

22 .o 

125.6 

219.8 

26.7 

26.7 

266.9 

266.9 

6.8 t r a c e  8.0 - 8.0 63.5 10.7 - 

12.1 0.6 14.3 1.3 15.6 70.9 19.0 1 .1  

74.5 4.1 87.8 8.9 96.6 76.9 117.0 7.2 

80.9 196.3 24.9 125.0 14.1 147.3 30.4 177.7 

22 .o 0.7 25.9 1.5 27.4 101 34.5 1.2 

20.5 1.9 24.2 4.1 28.3 105 32.2 3.4 

235.7 3.1 277.7 6.7 284.4 107 370.1 5.5 

221.4 7 .6  260.8 16.4 277.2 104 347.6 13.4 

10.7 84.9 

20.1 91.4 

124.2 98.9 

221.2 101 

35.8 133 

3 5 . 5  132 

375.5 141 

361 .O 135 

a - U n f i  1 t e r e d  samples 

b - UL - upper l a y e r  1570 L, LL- lower l a y e r  1766 L w h e n  upper l a y e r  2.0 m deep; upper l a y e r  1178 L, l ower  l a y e r  2158 Lwhen 
upper l a y e r  1 . 5  m deep 

c - Samples taken a f t e r  f o u r t h  and seventh a t r a z i n e  a d d i t i o n s  

d - Samples taken one and two weeks a f t e r  s t a r t  o f  a t r a z i n e  a d d i t i o n s .  



a t  l e a s t  85% o f  the  t o t a l  a t r a z i n e  i n  the  w a t e r  was "so lub le "  as 

d e f i n e d  by the  f i l t r a t i o n  method used (Tab le  4 ) .  Data o n  f i l t e r e d  

samples was a v a i l a b l e  f o r  exper iment  I I o n l y .  

11 .5  CONCENTRATIONS AND BlOMAGNlFlCATlON FACTORS 

A t r a z i n e  c o n c e n t r a t i o n s  i n  the  UL o f  b o t h  l o w  t reatrnents 

were comparable t o  c o n c e n t r a t  ons (0-30 Pg*l--') measured d u r i n g  l a t e  June 

and e a r l y  J u l y  i n  a g r i c u l t u r a  watersheds i n  sou the rn  O n t a r i o  (Frank  et 

- a1 ., 1978). 

Concen t ra t i ons  o f  a t r a z i n e  i n  exper iment  1 were d e t e c t a b l e  i n  

w a l e r  samples o n l y  i n  the  LT (Tab le  5 ) .  C o n c e n t r a t i o n  i n  u n f i l t e r e d  

samples was 12.1 and 0.6 ppb i n  the  UL and LL r e s p e c t i v e l y .  I n  the  HT, 

res idues  were d e t e c t e d  i n  a1 1 components. Water c o n c e n t r a t i o n s  were 125 

and 14.1 ppb i n  t h e  UL and LL r e s p e c t i v e l y  w h i l e  suspended p a r t i c u l a t e s  

f rom the  UL had a c o n c e n t r a t i o n  o f  2.5 ppm. Residues were n o t  de tec ted  

i n  Daphnia magna and were l o w  i n  the guppies a t  0.2 ppm. H i g h e s t  r e s i -  

dues were found i n  sedimented p a r t i c u l a t e  m a t t e r  (21 - 3  ppm). B iomagn i f i -  

c a t i o n  f a c t o r s  were c a l c u l a t e d  as c o n c e n t r a t i o n  i n  component f concentra-  

t i o n  i n  wa te r  of UL and were o n l y  20x for  UL suspended p a r t i c u l a t e s ,  170X 

f o r  sedimented p a r t i c u l a t e s  and 2x f o r  guppies.  

I n  exper iment  1 1 ,  a t r a z i n e  c o n c e n t r a t i o n s  i n  wa te r  a t  t h e  LT were 20 

and 1.9 ppb i n  t h e  UL and LL r e s p e c t i v e l y .  I n  c o n t r a s t  t o  exper iment  I ,  

res idues  were s i g n i f  c a n t  i n  the p a r t i c u l a t e  m a t t e r  and b i o t a  a t  t he  lower  

t rea tmen t  l e v e l .  The h i q h e s t  a t r a z i n e  c o n c e n t r a t i o n s  i n  the  LT were i n  

zooplankton (9.3 ppm and UL suspended p a r t i c u l a t e  (8.1 ppm) and lowest  

.5 



a 
Table 4. A t r a z i n e  c o n c e n t r a t i o n s  i n  f i  1 t e r e d  and 

u n f  i 1 t e r e d  wa te r  samples 

A t r a z i n e  Concen t ra t i ons  i n  Water (ppb) 

Time a f t e r  Low Treatment H i gh Trea tmen t 
1 s t  a d d i t i o n  Layer  Unf i 1 t e r e d  F i  1 t e r e d  Unf i 1 t e r e d  Fi  1 t e r e d  

13 days 

upper 22 .o 19.5 235.7 207.7 

1 owe r 0.7 0.6 3.1 3.1 

upper 20.5 18.5 221.4 210.7 

1 ower 1.9 1.1 7.6 6.7 

GF/C f i l  t e r s  a 
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c 

a b Table 5 .  Concent ra t ions  and b i o m a g n i f i c a t i o n  f a c t o r s ( B f )  f o r  a t r a z i n e  i n  water ,  p a r t i c u l a t e s  
and b i o t a .  

Exper iment  I I 
. - - - _ _ _  Exper iment  I - 

Compo n en t 
Low Trea tmen t H igh  Treatment  Low Trea tmen t H i g h  Treatment  

Concen t ra t i on  B f  Concen t ra t i on  B f  Concen t ra t i on  B f  C o n c e n t r a t i o n  B f  

Water ( u n f i l t e r e d )  

upper 

1 owe r 

ayer 12.1 - d  125.0 - 20.5 - 221.4 - 
- - - aye r 0.6 14.1 1.9 7.6 - 

P a r t  i cu 1 a tes 

upper l a y e r  

lower l a y e r  

sed imen ted  

Daphn i a magna 

N D' 

ND 

ND 

ND 

2.5 2 ox 8.1 395x 5 . 1  23x 

- < 0.1 < l x  1.4 68x 4 .3  19x 

21.3 170x 6.1 298x 69.8 31 5x 

ND - 9.3 454x (no an imals )  

- Guppies ND 0.2 2x 0.4 20x 2.1 9x 

a Water concen t ra t i ons  i n  ppb; p a r t i c u l a t e s  and b i o t a  ppm 

bB iomagn i f i ca t i on  f a c t o r s  a r e  r e l a t i v e  t o  w a t e r  c o n c e n t r a t i o n  i n  upper l a y e r  

Not detec tab 1 e 

dNot appl i c a b l e  

C 



i n  LL p a r t i c u l a t e s  (1.4 ppm) and guppies (0.4 ppm). B i o m a g n i f i c a t i o n  

f a c t o r s  ranged from o n l y  20x f o r  guppies t o  ca.  400x f o r  UL p a r t i c u l a t e s  

and zooplankton.  

A t r a z i n e  c o n c e n t r a t i o n s  i n  u n f i l t e r e d  water  from the  UL 

(221.4 ppb) i n  the  HT showed an inc rease  i n  p r o p o r t i o n  t o  the  t r e a t -  

ment. Concen t ra t i ons  i n  b i o t a  and p a r t i c u l a t e s  d i d  n o t  show a 

s i m i l a r  p r o p o r t i o n a l  i nc rease  w i t h  the e x c e p t i o n  o f  sedimented p a r t i -  

c u l a t e  m a t t e r  (69.8 ppm). Upper l a y e r  p a r t i c u l a t e s  had lower concen- 

t r a t i o n s  (5.1 ppm) than  i n  the LT. Residues i n  guppies were t e n  t imes 

those found i n  guppies a t  the  HT i n  exper iment  1 b u t  were lower than 

res idues  i n  o t h e r  components. B i o m a g n i f i c a t i o n  was o n l y  10-2Ox for 

suspended p a r t i c u l a t e s  and f i s h  a t  the  HT i n  exper iment  I 1  b u t  about 

3OOx f o r  sed imen t e d  pa r t  i c u l  a t e s  . 
i n  water ,  p a r t i c u l a t e s  and b i o t a  i n  exper iment  I I .  

De-e thy  l a  ted  a t r a z i  ne was undetectab 1 e 

A t r a z i n e  i n  samples from c o n t r o l  columns was always low or 

unde tec tab le  i n d i c a t i n g  no s i g n i f i c a n t  con tamina t ion  o f  these columns. 

1 1  .6 ATRAZINE UPTAKE FROM WATER 

A t r a z i n e  was n o t  accumulated by zooplankton exposed t o  17 ppb 

i n  the wa te r  i n  exposures l a s t i n g  up t o  seven days (Tab le 6 ) .  Residues 

i n  zooplankton were s i m i l a r  a t  5.2 and 5 .6  ppm a f t e r  one and four  day 

exposures to  c o n c e n t r a t i o n s  o f  170 ppb o f  a t r a z i n e  i n  the  water  and 
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l e s s  a f t e r  seven days a t  3.7 ppm. 

t i o n  o f  1700 ppb o f  a t r a z i n e  i n  the  water ,  zooplankton had res idues  o f  

54.4, 26.6 and 19.1 pprn a f t e r  exposures o f  1 ,  4 and 7 days. 

A t  t h e  h i g h e s t  exposure concent ra -  

Accumulat ion o f  a t r a z i n e  f rom t h e  water  by guppies was low a t  

17 ppb and showed no t r e n d  w i t h  t ime  o f  exposure. A t  170 ppb o f  a t r a -  

z i n e  i n  t h e  wa te r  res idues  i n  guppies were ca. 2.0 ppm f o r  a l l  exposure 

t imes.  Residues inc reased from 9.5 ppm a f t e r  one day o f  exposure t o  

20.3 ppm a f t e r  seven days o f  exposure a t  a c o n c e n t r a t i o n  o f  1700 ppb i n  

the  wa te r .  

Residues o f  d e - e t h y l a t e d  a t r a z i n e  i n  guppies showed no t r e n d  

w i t h  t ime o f  exposure i n  t h i s  exper iment  b u t  were p r o p o r t i o n a l  t o  t h e  

exposure c o n c e n t r a t i o n .  Residues were ca. 0.28 ppm a t  an exposure con- 

c e n t r a t i o n  o f  170 ppb and v a r i e d  between 2.0 and 3.0 ppm a t  1700 ppb o f  

a t r a z i n e  i n  the  wa te r  (Table 7 ) .  

12.0 DISCUSSION 

A t r a z i n e  res idues  were d e t e c t a b l e  i n  the  suspended p a r t i c u l a t e s  

and b i o t a  i n  most o f  t he  t rea tments .  However ,concentrat ions of a t r a z i n e  

a long  the  food cha in ,  p a r t i c u l a t e s  -+ zooplankton -3 f i s h  were low. 

Residues i n  guppies were t y p i c a l l y  l e s s  than i n  o t h e r  components 

o f  the  s imu la ted  ecosystem. Klaassen and Kadoum (1979) a l s o  found t h a t  

i n  fa rm ponds r e c e i v i n g  a p p l i c a t i o n s  o f  a t r a z i n e ,  res idues  were d e t e c t -  

a b l e  i n  a l l  p h y s i c a l  and b i o l o g i c a l  components soon a f t e r  a p p l i c a t i o n  

b u t  b i o m a g n i f i c a t i o n  t o  h i g h e r  t r o p h i c  l e v e l s  was absent .  
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Table 7. Concen t ra t i ons  o f  d e - e t h y l a t e d  a t r a z i n e  i n  guppies exposed t o  
a t r a z i n e  i n  w a t e r  o n l y .  

De-e thy la ted  A t r a z i n e  Residues 

i n  Guppies (ppm) 

E.xposure Concentrat  ions  
(PPb) 

Days of Exposure 17 170 1700 

ND a 

ND 

ND 

0.27 

0.29 

0.28 

2.91 

3.31 

2.32 

Not d e t e c t a b l e  a 



S i m i l a r l y ,  Yu gt aJ. (1975) found t h a t  c y a n i r i n e ,  another  t r i a z i n e  

h e r b i c i d e ,  and i t s  deg rada t ion  p roduc ts  remained i n  the wa te r  w i t h  m i n i -  

mal b ioaccumulat ion.  Macek a-l. (1976) a l s o  concluded t h a t  f i s h  con- 

c e n t r a t e  v e r y  1 i t t l e  a t r a z i n e ,  p a r t i c u l a r l y  i n  comparison t o  o t h e r  con- 

taminants  such as DDT, mercury and PCBs which may be  m a g n i f i e d  thousands 

o f  t imes. Our own work (unpub l i shed  r e s u l t s )  on t r a n s f e r  and accumula- 

t i o n  o f  PCBs i n  these same l a k e  column s i m u l a t o r s  has y i e l d e d  biomagni-  

f i c a t i o n  f a c t o r s  thousands o f  t imes g r e a t e r  than those found i n  the  

a t r a z i n e  exper iments.  

S i m i l a r  to o u r  f i n d i n g s  w i t h  a t r a z i n e ,  a p r o p o r t i o n a l i t y  be- 

tween appl  i c a t i o n  and water  c o n c e n t r a t i o n  has a l s o  been demonstrated 

w i t h  s imazine,  ano the r  t r i a z i n e  h e r b i c i d e  (Mauck e t  a l . ,  1976). The l a r g e  

pool  o f  s o l u b l e  a t r a z i n e  i n  the UL o f  a l l  t r ea tmen ts  suggested t h a t  

processes such as sedimentat ion,  v o l a t i l i z a t i o n  and a d s o r p t i o n  t o  column 

w a l l s  had a minimal e f f e c t  on d i s t r i b u t i o n  o f  a t r a z i n e  i n  the  columns. 

The bench-scale exper iment  on a t r a z i n e  uptake f rom water i n d i -  

ca ted  t h a t  a t r a z i n e  res idues  found i n  b i o t a  i n i t h e  columns may have been 

p a r t i a l l y  the r e s u l t  o f  s o r p t i o n  e q u i l i b r i a  w i t h  “ s o l u b l e ”  a t r a z i n e .  

B i o m a g n i f i c a t i o n  f a c t o r s  f o r  f i s h  o f  l o x  were s i m i l a r  i n  bo th  types o f  

ona 1 

f a c t o r .  

exper iments.  I n  the bench-scale exper iment , res idues were p r o p o r t  

t o  exposure c o n c e n t r a t i o n  sugges t ing  t h i s  was the most i n f l u e n t i a  

S t r e i t  (1978) found t h a t  t h e  i n v e r t e b r a t e s  he s t u d i e d  accumulated 

a t r a z i n e  q u i c k l y  through s o r p t i o n  processes p r o p o r t i o n a t e  t o  the 

exposure c o n c e n t r a t i o n .  B i o m a g n i f i c a t i o n  f a c t o r s  i n  h i s  s tudy ranged from 

2-5Ox a t  water  c o n c e n t r a t i o n s  o f  10-100 ppb, 
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Genera l l y ,  we observed no obv ious  t o x i c  e f f e c t s  t o  b i o t a  i n  ou r  

exper iments .  H o l l  i s t e r  and Walsh (1973) demonstrated s i g n i f i c a n t  

i n h i b i t i o n  o f  pho tosyn thes i s  o f  severa l  a lgae  a t  a t r a z i n e  c o n c e n t r a t i o n s  

s i m i l a r  t o  those i n  ou r  h i g h e s t  t rea tmen t .  I n  o u r  exper iments,  n e i t h e r  

change i n  a l g a l  s tand ing  c rops  nor reduced a s s i m i l a t i o n  numbers i n  

exper iment  I I bore any r e l a t i o n s h i p  t o  t rea tments .  Shor t - te rm t o x i c  

e f f e c t s  o f  a t r a z i n e  t o  i n v e r t e b r a t e s  has been demonstrated by o t h e r  

researchers  b u t  c o n c e n t r a t i o n s  r e q u i r e d  tend to be much h i g h e r  than i n  

o u r  h i g h e s t  t rea tmen t .  Macek al. (1976) es t ima ted  a 48-hour LC50 o f  

6.9mg.L f o r  D. magna however, they found impairment o f  r e p r o d u c t i o n  i n  

c h r o n i c  exposures of 30-90 days a t  much lower c o n c e n t r a t i o n s .  These 

-1 
-~ 

workers suggested a "maximum acceptab le  t o x i c a n t  c o n c e n t r a t i o n "  f o r  t h i s  

spec ies  o f  0.140-0.250 mg=L-'.Schoba and Lampbert (1977) a l s o  found 

impa i red  qrowth  and r e p r o d u c t i o n  i n  D. p u l e x  a t  s u b l e t h a l  concent ra -  

t i o n s  > 1.0 mg*l?. 

each exper iment  d i d  n o t  i n d i c a t e  any r e l a t i o n s h i p  between t rea tments  

and zooplankton abundance. 

exper iment  I I had peaked p r i o r  t o  a t r a z i n e  t rea tment  and was on  the  d e c l i n e  

once t rea tments  began. T h i s  e x p l a i n s  t h e i r  complete absence when samples 

were c o l l e c t e d .  Fac to rs  o t h e r  than a t r a z i n e  c o n c e n t r a t i o n  such as 

abundance and q u a l i t y  o f  food may have been respons ib le  for  the d e c l i n e .  

- -- 

General obse rva t i ons  and n e t  hau ls  made a t  the  ei id o f  

The p o p u l a t i o n  o f  - D. magna i n  the HT o f  

A l though a t r a z i n e  use i s  heavy i n  a g r i c u l t u r a l  l and  i n  O n t a r i o  

the  t h r e a t  to the env i ronment  through s h o r t - t e r m  t o x i c i t y  t o  a q u a t i c  organisms o r  

accumula t ion  o f  harmfu l  res idues  i n  b i o t a  should be min imal  wi t -h  the excep t ion  o f  

r e s u l t s  of c a r e l e s s  i n c i d e n t s ,  p r e v e n t i o n  o f  which i s  by obv ious  means. 
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