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ABSTRACT

Thi s  r e s e a r c h  i n v o l v e d  t he use o f  c a t i o n  exchangers  

produced by chemi ca l  m o d i f i c a t i o n  o f  p e a t ,  ( i . e .  peat  r e a c t ed  

w i t h  c o n c e n t r a t e d  s u l f u r i c  a c i d ) .  The r e s u l t i n g  p r o d u c t  has 

been f ound t o be s u p e r i o r  t o  t he  u n t r e a t e d  peat  s i n c e  i t  has 

enhanced c a t i o n  exchange c a p a c i t y ,  has a g r a n u l a r  f orm u s e f u l  

f o r  column o p e r a t i o n ,  and i s  r e s i s t a n t  t o  l e a c h i n g .  The modi 

f i e d  peat  was used as an a b s o r b e n t  f o r  r emov i ng a v a r i e t y  o f  

p e s t i c i d e s  f rom w a t e r .  The t r e a t e d  peat  was f ound t o  be very  

e f f e c t i v e  f o r  t he removal  o f - c a t i o n i c  and b a s i c  p e s t i c i d e s .  

The o b j e c t i v e s  o f  t h i s  r e s e a r c h  were as f o l l o w s :

( i )  To de t e r m i ne  the e f f e c t i v e n e s s  o f  t he  t r e a t e d  peat  

f o r  r emov i ng v a r i o u s  p e s t i c i d e s  f rom aqueous s o l u ­

t i o n .

( i i )  To de t e r m i n e  t he c a p a c i t y  o f  t he t r e a t e d  peat  f o r  

v a r i o u s  p e s t i c i d e s .

( i i i )  To de t e r m i n e  t he e f f e c t  o f  pH, i o n i c  s t r e n g t h  and

f l o w r a t e  on t he  e f f i c i e n c y  o f  p e s t i c i d e  removal  and 

( i v ) To compare peat s  o b t a i n e d  f rom d i f f e r e n t  l o c a t i o n s  

w i t h  r e s p e c t  t o  t he  above p r o p e r t i e s .
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INTRODUCTION

Si nce 1945,  o r g a n i c  p e s t i c i d e s  have been r e p o r t e d  i n  

d r i n k i n g  wa t e r  ( 1 ) ,  a g r i c u l t r u a l  wa t e r  (1)  and i n  a q u a t i c  

or gan i sms ( 1 ) .  I t  i s  known t h a t  t hese p e s t i c i d e s  e n t e r  

wa t e r  d i r e c t l y  as a r e s u l t  o f  t h e i r  a p p l i c a t i o n  t o  t he e n v i r o n ­

ment f o r  t he c o n t r o l  o f  i n s e c t s  on l a n d ,  and i n n a t u r a l  wa t e r  

( l a k e s ,  r i v e r s )  and a l s o  f rom the d i s c h a r g e  o f  i n d u s t r i a l  

waste w a t e r  ( 2 ) .  Many o f  t hese  p e s t i c i d e s  r e s i s t  b i o l o g i c a l  

d e g r a d a t i o n  (3)  and thus may p e r s i s t  f o r  a l ong t i me i n the 

en v i r on me n t  ( 3 ) .  Th i s  sour ce  o f  p o l l u t i o n  has been o f  ma j o r  

concern t o  s c i e n t i s t s  f o r  a l ong t i me .  Methods t o  remove 

p o l l u t a n t s  o f  a l l  t ypes  f r om wa t e r  have been s t u d i e d  e x t e n ­

s i v e l y .  The chemi ca l  o x i d a n t s ,  ozone,  KMnO^, e t c  . . . have 

shown an a b i l i t y  t o  reduce t he c o n c e n t r a t i o n  o f  some p e s t i ­

c i d e s  ( 4 , 5 , 6 ) ,  I o n i z i n g  r a d i a t i o n  ( 7 ) ,  a d s o r p t i o n  by m i ne r a l  

c l a y s  ( 8 ) ,  a d s o r p t i o n  by a c t i v e  carbon (9)  and by s y n t h e t i c  

r e s i n s  (10)  have a l s o  been used to d e s t r o y  p e s t i c i d e s  or  

remove them f rom s o l u t i o n .  I t  i s  d e s i r a b l e  t o deve l op  s i mp l e  

and i n e x p e n s i v e  methods f o r  t he t r e a t m e n t  o f  p o l l u t e d  wa t e r .  

Peat ,  a n a t u r a l  and abundant  subs t ance (11)  hav i ng  a n a t i v e  

c a t i o n  exchange c a p a c i t y ,  has been shown t o  be s u c c e s s f u l  i n 

r emov i ng o r g a n i c  p o l l u t a n t s  (12)  and i n t he  p u r i f i c a t i o n  o f  

wa t e r  by f i l t r a t i o n  ( 1 3 ) .  Smi th e t  a l . (14)  e s t a b l i s h e d  t h a t  

p e a t ,  t r e a t e d  by c o n c e n t r a t e d  s u l f u r i c  a c i d  ( 1 . 2 g  o f  d r i e d
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peat  f o r  4 . 0  ml o f  c o n c e n t r a t e d  s u l f u r i c  a c i d )  e x h i b i t s  

enhanced c a t i o n  exchange c a p a c i t y ,  and t h a t  l e a c h i n g  p r o b ­

lems are c o n s i d e r a b l y  reduced i n  t he t r e a t e d  pe a t .  ( Leac h ­

i ng  meaning a passage i n t o  s o l u t i o n  o f  some o r g a n i c  c o n s t i ­

t u e n t s  o f  t he p e a t ) .  The i n c r e a s e d  c a p a c i t y  seems to be due 

p r i m a r i l y  t o  the o x i d a t i o n  o f  some a l i p h a t i c  cha i ns  and,  t o  

a l e s s e r  e x t e n t ,  s u l f o n a t i o n -  a t  some a r o m a t i c  s i t e s  ( 1 4 ) .

The use o f  t h i s  c h e m i c a l l y  m o d i f i e d  peat  f o r  t he removal  o f  

a v a r i e t y  o f  p e s t i c i d e s  f r om aqueous s o l u t i o n s  was s t u d i e d  

i n  t h i s  r e s ea r c h

BACKGROUND INFORMATION

C l a s s i f i c a t i o n  o f  Pes t  i c i  des

P e s t i c i d e s  are d e f i n e d  as chemi ca l  po i sons  capab l e  o f  

d e s t r o y i n g  p e s t s .  In t he  c o n t e x t  o f  t h i s  t h e s i s  i t  i s  l o g i ­

cal  t o c l a s s  i f y  p e s t i c i d e s  i n t o  t h r e e  c a t e g o r i e s  on t he bas i s  

o f  t h e i r  cha r ge :  c a t i o n i c ,  a n i o n i c  and n e u t r a l .  Examples o f

c a t i o n i c  and n e u t r a l  p e s t i c i d e s  ar e  l i s t e d  be l ow.  A n i o n i c  

p e s t i c i d e s  were no t  i n v e s t i g a t e d  i n  t h i s  r e s e a r c h  as t hey  

were expec t ed  no t  t o i n t e r a c t  w i t h  t he  n e g a t i v e l y  charged 

m a t r i x  o f  t he t r e a t e d  pea t .

Cationic Pesticides
Par aqua t  d i c h l o r i d e :  ^ 1 2H 14

M o l e c u l a r  w e i g h t :  257
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S t r u c t u r e

N — CH 2 C l'.  H 2 0

D i qua t  d i b r o m i d e :  C H^O  ( * ^ )

M o l e c u l a r  w e i g h t :  361.80

S t r u c t u r e :

// 2B r .  H.O 

CH-CH 
2 2

These two c a t i o n i c  p e s t i c i d e s  r e a d i l y  d i s s o l v e  and d i s s o c i a t e  

i n  aqueous s o l u t i o n s  y i e l d i n g  doub l y  charged c a t i o n s .

Bas i c  P e s t i c i d e s

These p e s t i c i d e s  co r r espond  t o  mo l ec u l es  whi ch are 

not  c a t i o n i c ,  bu t  wh i ch  a c q u i r e  a p o s i t i v e  charge t h r ough  

accept ance o f  a p r o t o n .

A m i t r o l e :  (15)

M o l e c u l a r  w e i g h t :  84 . 1

S t r u c t u r e :
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In aqueous s o l u t i o n ,  a m i t r o l e  behaves as a weak bases,

pKb = 9 . 8 3 :

r- nh2 + h2o R-NH3 + OH (i)
where R-NH2 r e p r e s e n t s  a m i t r o l e  and t he e q u i l i b r i u m  

r e l a t i o n  i s  shown i n  e q u a t i o n :

f? -nh3+]  H  ,,
[R - N H 2J b

N eu t r a l  P e s t i c i d e s

D i e l d r i n :  C ^ H g  C16 0 (15)

M o l e c u l a r  w e i g h t  237 

S t r u c t u r e :

A l d r i n :  C12 H Q C16 (15)

M o l e c u l a r  w e i g h t  364. 9 

S t r u c t u r e :

_  c i  
r ' T v ^ T N c i

( 2 )

L i ndane :  ^ 6  ^   ̂^

M o l e c u l a r  w e i g h t :  290. 8
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St  r u e t u  r e :

The above t h r e e  n e u t r a l  p e s t i c i d e s  are i n s o l u b l e  i n  wa t e r  

bu t  are s o l u b l e  i n  e t hano l  and ace t one .

Nat ur e  o f  t he  S o i l  Organ i c Ma t t e r : Peat

Th i s  t h e s i s  i n v o l v e s  t he s t ud y  o f  p e s t i c i d e  i n t e r a c t i o n s  

w i t h  c h e m i c a l l y  m o d i f i e d  pe a t .  However ,  i n o r d e r  t o  deve l op  

a f e e l i n g  f o r  t he  p o s s i b l e  n a t u r e  o f  t hese i n t e r a c t i o n s ,  i t  

i s  a p p r o p r i a t e  t o  f i r s t  su r vey  t he l i t e r a t u r e  c o n c e r n i n g  t he 

n a t u r e  o f  t he i n t e r a c t i o n s  between t hese p e s t i c i d e s  and 

u n t r e a t e d  peat  or  s o i l  o r g a n i c  m a t t e r .  Th i s  i s  d e s i r a b l e  as 

t h e r e  i s  r e l a t i v e l y  l i t t l e  i n f o r m a t i o n  a v a i l a b l e  on t he chem­

i s t r y  o f  t he t r e a t e d  p e a t ,

Peat  i s  a t y pe  o f  s o i l  o r g a n i c  m a t t e r  c o n s i s t i n g  o f  two 

main groups o f  compounds:  non-humi c  subs t ances  and humic s ub ­

s t ances  ( 1 6 ) .  Non- humic subs t ances  are r e p r e s e n t e d  by d i s ­

c r e t e  o r g a n i c  compounds l i k e  p r o t e i n s ,  c a r b o h y d r a t e s , o r g a n i c  

a c i d s ,  s u g a r s ,  f a t s ,  waxes,  r e s i n s ,  l i g n i n ,  p i g me n t s ,  and low 

m o l e c u l a r  w e i g h t  compounds ( 1 6 ) .  These compounds e x i s t  i n  

r e l a t i v e l y  smal l  q u a n t i t y  i n  s o i l  o r g a n i c  m a t t e r .  Stevenson 

(17)  has r e p o r t e d  t h a t  t he c o n t e n t  o f  f a t s ,  waxes,  and r e s i n s  

i n  o r g a n i c  m a t t e r  . va r i es  f r om 2% t o  2 0 % .
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Humic subs t ances  c o n s i s t  o f  a h i g h l y  complex m i x t u r e  o f  

o r g a n i c  components wh i ch  i s  r e s i s t a n t  t o  m i c r o b i a l  a t t a c k .

As a r e s u l t  t hey  p e r s i s t  i n t he  e n v i r onmen t  f o r  ex t ended 

p e r i o d s .  They are commonly s u b d i v i d e d  i n t o  t h r e e  c a t e g o r i e s  

a c c o r d i n g  to t h e i r  s o l u b i l i t i e s  as a f u n c t i o n  o f  pH. F u l v i c  

a c i d ,  whi ch i s  s o l u b l e  i n  bo t h  a c i d i c  and a l k a l i n e  media;  

humic a c i d  whi ch i s  s o l u b l e  i n  a l k a l i n e  medium but  no t  i n 

a c i d i c  medium;  and humin wh i ch  i s  i n s o l u b l e  i n  both a c i d i c  

and bas i c  media.

M a r t i n  and Ha i de r  (18)  have shown t h a t  humic a c i d  i s  

t he  most  abundant  c o n s t i t u e n t  o f  humus. Humic a c i d  has been 

d e s c r i b e d  (16)  as an ensemble o f  p o l y m e r i c  compounds hav i ng  

an e s s e n t i a l l y  a r o m a t i c  s t r u c t u r e  wh i ch  i s  b r i d g e d  by 

- 0 - ,  -NH- ,  -N= and S, and c o n t a i n i n g  t he  f o l l o w i n g  f u n c t i o n a l  

g r oups :  c a r b o x y l ,  p h e n o l i c ,  h y d r o x y l , and c a r b o n y l .  These

f u n c t i o n a l  groups are o f  c o n s i d e r a b l e  i mp o r t a nc e  i n  the i n t e r ­

a c t i o n  between p e s t i c i d e s  and s o i l  o r g a n i c  m a t t e r .  A t ype o f  

s t r u c t u r e  whi ch has been proposed f o r  humic a c i d  i s  shown i n  

f i g u r e  1 ( 1 6 ) .

Types o f  I n t e r a c t i o n  O c c u r r i n g  between P e s t i c i d e s  and

S o i l  Or gan i c  M a t t e r

The i n t e r a c t i o n s  o c c u r r i n g  between p e s t i c i d e s  and s o i l  

o r g a n i c  m a t t e r  are e x t r e m e l y  c o m p l i c a t e d  because o f  t he com­

p l e x  n a t u r e  o f  t he  s o i l  o r g a n i c  m a t t e r .  Sever a l  mechanisms
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have been proposed (19)  i n  t he  pas t  f o r  t he  r e t e n t i o n  o f  

p e s t i c i d e s  by o r g a n i c  m a t t e r .  These i n c l u d e :

(a)  c a t i o n  exchange and a c i d - b a s e  r e a c t i o n s

(b)  hydrogen bondi ng

( c )  n o n - p o l a r  Van der  Waals f o r c e s

(d)  l i g a n d  exchange

B r i e f  D i s c u s s i o n  o f  Meehani  sms o f  P e s t i c i d e  B i nd-i ng

to  S o i 1 Organi  c M a t t e r

( a ) Ca t i o n  Exchange

I t  i s  known t h a t  c a t i o n i c  p e s t i c i d e s ,  such as d i q u a t  and 

p a r aq ua t  are absorbed by t he o r g a n i c  m a t t e r  i n  s o i l  ( 2 0 ) .

They p r esumabl y  i n t e r a c t  w i t h  t he n e g a t i v e l y  charged s i t e s  on

s o i l  humic subs t ances  such as c a r b o x y l a t e .  Th i s  can be i l l u s ­

t r a t e d  by the f o l l o w i n g  f i g u r e  ( F i g .  2 ) ,  whi ch has been p r o ­

posed i n  t he  l i t e r a t u r e  ( 2 1 ) .  The pr ocess  i n v o l v e d  i s  bes t  

d e s c r i b e d  by t he  f o l l o w i n g  e q u a t i o n  ( 2 ) :

P2+ + R (C00H)2 -------  R - ( COO) 2_ P2+ + 2H +

2 +P be i ng  the c a t i o n i c  p e s t i c i d e ,  and R - ( C 0 0 H)  ̂ be i ng  the 

c a t i o n  exchanger  ( t h e  t r e a t e d  p e a t ) .

Bas i c  p e s t i c i d e s ,  such as a m i t r o l e  are not  c a t i o n i c  i n

t h e ms e l v e s ,  but  become c a t i o n i c  t h r oug h  a c c e p t i n g  a p r o t o n .

The r e a c t i o n s  l e a d i n g  t o a d s o r p t i o n  o f  b a s i c  p e s t i c i d e s  are 

d e s c r i b e d  by Weber e t  a l .  ( 22)  i n  t he f o l l o w i n g  e q u a t i o n :
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T + Ho0  ^  HT+ + OH' (3)c- s;-----

R-COOH + H,0 ----- =*. R-COO' + H , 0+ (4)
c. ----- o

R-COO'  + HT+ R-COO' -HT+ (5)

Where R-COOH r e p r e s e n t s  the i o n - e x c h a n g e r ,  T the a m i t r o l e  

mo l ec u l e  and HT+ the p r o t o n a t e d  a m i t r o l e  mo l e c u l e .

( b ) Hydrogen Bondi ng

Hydrogen bond i ng i s  p r i m a r i l y  an e l e c t r o s t a t i c  e f f e c t  

t h a t  i n v o l v e s  i n t e r a c t i o n  between mo l ecu l es  hav i ng  a d i p o l e  

moment and i n  wh i ch  t he  hydrogen atom serves  as a b r i d g e  

between two e l e c t r o n e g a t i v e  atoms.  The f o l l o w i n g  examples 

are g i ven  by B a i l e y  ( 2 3 ) :

R-N-H   0 - c l a y

R-C-O-H . . . .  0 - c l a y
ii
0

The abundance o f  c a r b o x y l  and h y d r o x y l  f u n c t i o n a l  groups on 

o r g a n i c  m a t t e r  can l ead t o  a bond i ng mechanism f o r  o r g a n i c  

mo l ecu l es  c o n t a i n i n g  s i m i l a r  g r oups .

( c ) Non - po l a  r  Van der  Wa a 1s Forces 

In t he c o n t e x t  o f  s o l u t e  a d s o r p t i o n ,  Van der  Waals

a t t r a c t i o n  may be t he p r i n c i p a l  f o r c e  c a u s i ng  a d s o r p t i o n  o f

n o n - i o n i c  mo l ecu l es  on s o i l  o r g a n i c  m a t t e r  even though
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i n d i v i d u a l l y  t hese f o r c e s  ar e  r e l a t i v e l y  weak compared to 

o t h e r  t ypes  o f  i n t e r a c t i o n  ( 2 4 ) .

( d ) L i gand Exchange

Hayes (25)  has shown t h a t  t r a n s i t i o n  me t a l s  may ac t  as 

s i t e s  f o r  l i g a n d  exchange a d s o r p t i o n ,  and has shown a l s o  

t h a t  wa t e r  o f  h y d r a t i o n ,  a c t i n g  as a l i g a n d ,  may be d i s p l a c e d  

by the p e s t i c i d e  s o l u t i o n .  The process i n v o l v e d  can be 

i l l u s t r a t e d  by t he f o l l o w i n g  e q u a t i o n :
-

r
m ( h2o ) x n+ + p M(H2 ° > x - 1 P _ n+ + H20 (6)

where P i s  t he p e s t i c i d e  hav i ng  a l one p a i r  o f  e l e c t r o n s .
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OBJECTIVES

The purpose o f  t h i s  s t udy  was t o  e v a l u a t e  t he p o t e n t i a l  

o f  c h e m i c a l l y  m o d i f i e d  peat  f o r  r emov i ng p e s t i c i d e s  f r om 

aqueous s o l u t i o n .  The r e s e a r c h  i n v o l v e d  t he f o l l o w i n g  

a s p e c t s :

(1)  P r e p a r a t i o n  o f  t he  c a t i o n  ex changer s ,  and d e t e r m i n a -
+ 2 +t i o n o f  t h e i r  c a t i o n  exchange c a p a c i t i e s  f o r  Na and Ba i o n s .

(2)  E v a l u a t i o n  o f  t he  e f f e c t i v e n e s s  o f  t he t r e a t e d  peat  

f o r  t he  removal  o f  d i f f e r e n t  t ypes  o f  p e s t i c i d e s  f rom aqueous 

s o l u t i o n .  C a t i o n i c  and b a s i c  p e s t i c i d e s  were s t u d i e d  i n  

d e t a i l ,  and p r e l i m i n a r y  ex p e r i me n t s  were conduc t ed w i t h  neu­

t r a l  p e s t i c i d e s .  The e f f e c t  o f  t he pH, i o n i c  s t r e n g t h  and 

f l o w r a t e  on e f f i c i e n c y  o f  p e s t i c i d e  removal  were i n v e s t i g a t e d .

3) E v a l u a t i o n  o f  t he  c a p a c i t y  o f  t h e . e x c h a n g e r  f o r  each 

t ype o f  p e s t i c i d e .  Th i s  was ach i eved  by d e t e r m i n i n g  the 

a d s o r p t i o n  i s o t h e r ms  f o r  t he  v a r i o u s  p e s t i c i d e s  on t he chemi ­

c a l l y  t r e a t e d  p e a t .  The exchange c a p a c i t y  f o r  d i q u a t  was a l s o  

de t e r mi ned  by t he  column method.

4) Compar i son o f  samples o f  peat  f r om I r e l a n d  and f rom the 

S t a t e  o f  Co l o r ado  i n  r ega r d  t o t he  q u a l i t y  o f  t he  a d s o r b en t s  

o b t a i n e d .  Most  o f  t he work was c a r r i e d  ou t  us i ng  I r i s h  pea t .
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EXPERIMENTAL

The raw peat  m a t e r i a l s  used i n  t h i s  s t udy  were o b t a i n e d  

f r om the I r i s h  Pea t l ands  Ex p e r i men t a l  S t a t i o n ,  Glenamoy,

County Mayo,  I r e l a n d  (14)  a t  about  3 h  f t .  dep t h .  Peat  sam­

p l e s  were a l s o  o b t a i n e d  f r om the Guannala Pass l o c a t e d  above 

Georgetown i n  t he  S t a t e  o f  Co l o r ado .  The peat  was dug a t  

a p p r o x i m a t e l y  15 t o  20 i n c h e s .  The m o i s t u r e  c o n t e n t  o f  both 

t ypes  o f  peat  was d e t e r mi ned  by w e i g h i n g .  Four  bat ches  o f  

each m a t e r i a l  c o n t a i n i n g  10 g o f  wet  peat  were put  i n  an oven 

a t  110 °C f o r  d r y i n g .  The samples were d r i e d  t o  a c o n s t a n t  

w e i g h t ,  and t he  m o i s t u r e  c o n t e n t  was de t e r mi ned  by d i f f e r e n c e .  

The r e s u l t s  are p r o v i d e d  i n  Tab l e  ( X X I I ) .

Peat  i n  i t s  n a t u r a l  f o r m i s  i mp e r v i o u s  t o  wa t e r  f l o w ,  

and r e a d i l y  l eaches  o r g a n i c  m a t t e r  wh i ch  can be a sour ce  o f  

p o l l u t i o n  i n  i t s e l f .  Th i s  pr ob l em can be mi n i mi z ed  by t r e a t ­

i ng  t he peat  w i t h  c o n c e n t r a t e d  s u l f u r i c  a c i d  a t  e l e v a t e d  

t e mp e r a t u r e s  ( 1 4 ) .

P r e p a r a t i o n  o f  t he  T r e a t e d  Peat

Both t ypes  o f  peat  ( I r i s h  and Co l o r adoan)  were t r e a t e d  

i n  t he  i d e n t i c a l  manner .  The peat  samples were d(r i e d  f o r  24 

hours  i n  an oven a t  110 °C i n  o r d e r  t o  remove w a t e r .  Concen­

t r a t e d  s u l f u r i c  a c i d  was added t o  wei ghed samples o f  d r i e d  

peat  a c c o r d i n g  t o  Smi th e t  a l .  ( 14)  i n  t he  r a t i o  o f  4 . 0  ml



T- 2437 14

o f  c o n c e n t r a t e d  H^SO^ to  1.2 g o f  d r i e d  pe a t .  The e x p e r i ­

ment  was c a r r i e d  ou t  i n  a l a r g e  beake r ,  and the m i x t u r e  was 

heated f o r  two hours a t  150 °C oh a ho t  p l a t e  l o c a t e d  i n  a 

fume hood.  The r e a c t i o n  m i x t u r e  was then washed w i t h  p o r ­

t i o n s  o f  d e i o n i z e d  wa t e r  u n t i l  t he pH o f  t he  s u p e r n a t a n t  

s o l u t i o n  was c l o s e  to t h a t  o f  d i s t i l l e d  w a t e r ,  i n  o r d e r  t o  

remove excess H^SO^. The t r e a t e d  peat  was then d r i e d  i n  

an oven a t  110 °C f o r  26 hour s .  A f t e r  g r i n d i n g  i n a m o r t a r ,  

and s i e v i n g ,  t he  bat ches o f  d i f f e r e n t  p a r t i c l e  s i z e s  were 

s t o r e d  i n  l a b e l e d  j a r s .  A l l  ex p e r i me n t s  were c a r r i e d  ou t  w i t h  

p a r t i c l e s  r a n g i n g  f rom 354 mi c r ons  t o  500 mi c r o ns .

D e s c r i p t i o n  o f  t he Appar a t us

The use o f  t he  column i n s t e a d  o f  t he ba t ch  mode i s  based 

on t he  f a c t  t h a t  p e s t i c i d e  s o l u t i o n  i s  c o n t i n u o u s l y  i n  c o n t a c t  

w i t h  t he  f r e s h  exchanger  as i t  passes t h r ough  t he co l umn,  t h e r e ­

f o r e  making a more e f f i c i e n t  s e p a r a t i o n  o f  t he  p e s t i c i d e s  f rom 

aqueous s o l u t i o n .  The ap pa r a t us  used f o r  remov i ng p e s t i c i d e s  

f r om aqueous s o l u t i o n s  i n  t h i s  s t udy  i s  ver y  s i m p l e ,  and i s  

i l l u s t r a t e d  i n  f i g u r e  3.

Determi  n a t i  on o f  Ion Exchange Capaci  t y

A 0 . 5  gram sample o f  each t ype  o f  c h e m i c a l l y  m o d i f i e d  

peat  was washed w i t h  d i s t i l l e d  w a t e r .  A few drops o f  methanol  

were added i n  o r d e r  t o  f a c i l i t a t e  w e t t i n g  o f  t he i n i t i a l l y  d r y  

p a r t i c l e s .  To ensure t h a t  t he  exchanger  was i n  t he  hydrogen
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FIG.  3. APPARATUS FOR COLUMN EXPERIMENTS
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f o r m,  50 ml o f  3N HC1 was s l o w l y  passed t h r oug h  columns 

( 1 . 5 0  ml per  m i n u t e )  f o l l o w e d  by a l a r g e  volume o f  d i s t i l l e d  

w a t e r  i n  o r d e r  t o  remove excess o f  a c i d .  The exchange capa­

c i t i e s  were de t e r mi n e d  a c c o r d i n g  t o  Smi th e t  a l . ( 1 4 ) .  The
+ 2 +pr ocess  was t o  run an excess o f  Na or  Ba (100 ml o f  0.5N 

NaCl and 100 ml o f  0.1N BaCl ^ )  t h r ough  columns o f  t r e a t e d
-f.

peat  ( 0 . 5  g) i n  t he  H form a t  a s l ow f l o w  r a t e  ( 1 . 2 0  ml per

m i n u t e ) .  A f t e r  r i n s i n g  t he  columns w i t h  20 ml o f  d i s t i l l e d

w a t e r ,  t he  t o t a l  e f f l u e n t s  were t i t r a t e d  t o  a p h e n o l p h t h a -

l e i n  end p o i n t  w i t h  s t a n d a r d i z e d  base (NaOH).
2 +The c a t i o n  exchange c a p a c i t y  w i t h  Ba was g r e a t e r  t han 

t he  c a t i o n  exchange c a p a c i t y  w i t h  Na+ , f o r  both t ypes o f  

t r e a t e d  peat  (See Tab l e  I ) .

Ca t i on  exchange c a p a c i t y  o f  t he t r e a t e d  peat  was a l s o  

de t e r mi ned  by t he  above method us i ng  d i q u a t  as t he  d i s p l a c i n g  

c a t i o n .  That  e x p e r i me n t  w i l l  be d e s c r i b e d  l a t e r .

E f f e c t  o f  p H on t he Phvs i c a 1 Fo rm o f  t he  T r e a t ed  Peat  

P r ev i o us  wor ke r s  (14)  have shown t h a t  t he  c h e m i c a l l y  

t r e a t e d  peat  does not  l each  under  a c i d i c  o r  n e u t r a l  c o n d i ­

t i o n s ,  but  t h a t i t  does l each  a t  h i gh pH va l ues  (pH > 9 ) .  

These r e s u l t s  were c o n f i r me d  i n  the p r e s e n t  e x p e r i m e n t s .

There was no ev i dence  o f  l e a c h i n g  under  a c i d i c  c o n d i t i o n .

The i n f l u e n c e  o f  a l k a l i n e  pH' s  on t he t r e a t e d  peat  was 

d e t e r m i ned  by e q u i l i b r a t i n g  t he  exchanger  w i t h  C l a r k - L u b s
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b u f f e r s  (26)  a t  pH va l ues  o f  7 , 0 ,  8 . 0 ,  9 . 0 ,  and 10 . 0 .  I t  

was necessar y  t o  b u f f e r  t he  s o l u t i o n s  as t he pH va l ues  would 

s t e a d i l y  dec r ease i f  s i mp l y  a d j u s t e d  by a d d i t i o n  o f  sodium 

h y d r ox i  de s o l u t i o n .

The e x p e r i me n t  was c a r r i e d  ou t  by p l a c i n g  0 . 2  g o f  t he 

t r e a t e d  peat  i n  100 ml o f  each b u f f e r  s o l u t i o n .  The samples 

were i n s p e c t e d  v i s u a l l y  a f t e r  s t a n d i n g  f o r  15 days.  The 

l e a c h i n g  was pronounced a t  pH 9 . 0  and pH 1 0 . 0 ,  as marked by 

a dark  s o l u t i o n ;  l i t t l e  l e a c h i n g  o c c u r r e d  a t  pH 7.0 and pH 

8.O., as i n d i c a t e d  by a l i g h t  c o l o r  o f  t he  b u f f e r  s o l u t i o n s .

The I r i s h  peat  and t he Co l o r ado peat  gave s i m i l a r  r e s u l t s  i n 

t hese  e x p e r i me n t s .

Development  o f  t he Exper i men t  f o r  t he  Removal  o f  C a t i o n i c  

Spec i es ( Dyes and P e s t i c i d e s ) f rom S o l u t i o n  by T r ea t e d  

Peat

( a ) C a t i o n i c  Dyes

I n i t i a l  ex p e r i me n t s  were c a r r i e d  ou t  w i t h  t h r e e  c a t i o n i c  

dyes i n s t e a d  o f  p e s t i c i d e s  f o r  two reasons :

( i )  For  s a f e t y  r easons :  c o n t a c t  w i t h  p e s t i c i d e s  was 

avo i ded  u n t i l  t he  b a s i c  e x p e r i me n t a l  methods were 

deve l oped and r e f i n e d .

( i i )  In i n t i a l  t r i a l  e x p e r i m e n t s ,  t he dyes can be d i r e c t l y  

measured s p e c t r o p h o t o m e t r i c a l l y , w i t h o u t  t he  need o f  

f o r m i n g  d e r i v a t i v e s .
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The dyes chosen are d e s c r i b e d  i n  r e f .  ( 2 7 ) :  

A c r i d i n e  orange whose s t r u c t u r e  i s :

T o ! i d i n e  b l ue  whose s t r u c t u r e  i s

H3C'
H

H

and Mach i t e  green whose s t r u c t u r e  i s :

c h 3

H 3 C " ^ V ^ <

G
nX G

CAy
3

A l l  o f  t hese  dyes are r e a d i l y  s o l u b l e  i n  w a t e r .  One gram o f  

t he  c h e m i c a l l y  m o d i f i e d  peat  was washed w i t h  d e i o n i z e d  wa t e r .  

A few drops o f  methanol  were added i n  o r d e r  t o  f a c i l i t a t e  

w e t t i n g  o f  t he  t r e a t e d  peat  p a r t i c l e s .  The t r e a t e d  peat  was 

then p l aced  ' i n t o  a column (see F i g u r e  3 ) .  A 0 . 25  ml a l i q u o t
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o f  t he  aqueous dye s o l u t i o n  a t  0.001% ( i . e .  1 mg/100 ml )  

was run t h r o ug h  t he  columns a t  s l ow f l o w  r a t e s  ( 0 . 5  ml per  

m i n u t e ) .  From t hese  f i r s t  r u ns ,  a l l  t h r e e  e f f l u e n t s  were 

c o l o r l e s s  showing t h a t  t he  exchanger  had removed t he c a t i o n i c  

dyes f rom s o l u t i o n .  A l l  e f f l u e n t  absorbances were essen­

t i a l l y  zero when measured on a Beckman DU-2 s p e c t r o p h o t o m e t e r .  

However ,  a t  h i g h e r  f l o w r a t e s  ( 18 . 5  m l / m i n )  some dye came 

t h r ou g h  t he  column.

( b ) P e s t i c i d e s

Fol  l o w i n g  fami ' l  i -ar i  z a t i o n  w i t h  t he  column t e c h n i q u e ,  e x p e r i ­

ments were i n i t i a t e d  us i ng  p e s t i c i d e s  i n  o r d e r  t o e v a l u a t e  

t he  e f f i c i e n c y  o f  t he  t r e a t e d  peat  f o r  t h e i r  r emova l .  A 

v a r i e t y  o f  p e s t i c i d e s  ( n e u t r a l  p e s t i c i d e s ,  c a t i o n i c  p e s t i c i d e s ,  

b a s i c  p e s t i c i d e s )  was s t u d i e d .

( i ) Ne u t r a l  P e s t i c i d e s

Peat  and t r e a t e d  peat  are known to  be c a t i o n  exchangers

f r om p r e v i o u s  r e p o r t s  (14)  and a l s o  f r om t he  r e s u l t s  o f  t h i s
+ 2 +r e s e a r c h .  For  example Na and Ba i ons  were e f f e c t i v e  i n 

d i s p l a c i n g  hydrogen i ons  f r om the t r e a t e d  p e a t .  A c c o r d i n g l y ,  

t h e  p r i m a r y  f ocus  o f  t h i s  r e s ea r c h  was on t he  removal  o f  

c a t i o n i c  p e s t i c i d e s ,  and a l s o  o f  ba s i c  p e s t i c i d e s ,  f r om w a t e r .  

The l a t t e r  spec i es  become c a t i o n i c  t h r oug h  accep t ance  o f  a 

p r o t o n .  However ,  i t  was dec i ded  t o  c a r r y  ou t  some p r e l i m i n a r y  

e x p e r i me n t s  w i t h  some n e u t r a l ,  hyd r op h o b i c  p e s t i c i d e s .  The
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p e s t i c i d e s  chosen f o r  t h i s  purpose were a l d r i n ,  d i e l  d r i n  

and l i n d a n e .  As t hese compounds have a ve r y  l ow s o l u b i l i t y  

i n  w a t e r ,  e t h a n o l i c  s o l u t i o n s  were p r epar ed  and passed 

t h r o u g h  columns o f  t he  t r e a t e d  pea t .  In t hese  p r e l i m i n a r y  

e x p e r i m e n t s ,  no ev i dence  o f  s i g n i f i c a n t  r e t e n t i o n  o f  t he 

p e s t i c i d e s  by t he  t r e a t e d  peat  was o b t a i n e d .  Bei ng ve r y  

i n s o l u b l e  i n  w a t e r ,  t hese  n e u t r a l  p e s t i c i d e s  were p r e c i p i t a t e d  

a f t e r  a d d i t i o n  o f  w a t e r  t o  t h e i r  e t h a n o l i c  s o l u t i o n s .  Th i s  

can be used as a q u a l i t a t i v e  t e s t  t o  d e t e c t  t he  presence o f  

t hese  t ypes  o f  p e s t i c i d e s  a t  h i gh c o n c e n t r a t i o n s .  I t  shou l d  

be ment i oned t h a t  t he  use o f  t he  o r g a n i c  s o l v e n t  e t h an o l  may 

have p r ev e n t ed  t he hy d r o p h ob i c  compounds f r om b i n d i n g  t o  t he 

t r e a t e d  p e a t ,  whereas t he  compounds mi gh t  be removed f rom 

e x t r e m e l y  d i l u t e  aqueous s o l u t i o n s .  However ,  e x p e r i m e n t a ­

t i o n  was no t  pursued a l ong  t hose  l i n e s .

(i i) Cationic Pesticides
Paraquat  and d i q u a t  are c h e m i c a l l y  s i m i l a r  t o  each o t h e r  

and t h e i r  methods o f  a n a l y s i s  are a l s o  s i m i l a r .  A c c o r d i n g l y ,  

bo t h o f  t hese  p e s t i c i d e s  w i l l  be c o n s i d e r e d  j o i n t l y  i n  t h i s  

t h e s i s .  The e x p e r i men t s  c a r r i e d  ou t  w i t h  a m i t r o l e  w i l l  be 

c o n s i d e r e d  s e p a r a t e l y .  P r e l i m i n a r y  i n v e s t i g a t i o n s  r e v e a l e d  

t h a t  t he  c a t i o n i c  p e s t i c i d e s ,  pa r aq ua t  and d i q u a t ,  are 

r e t a i n e d  on t he t r e a t e d  peat  by an i on exchange mechanism.

For  exampl e ,  when a s o l u t i o n  o f  pa r aqua t  (0 .1M)  was passed
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t h r o u g h  a column o f  t r e a t e d  p e a t ,  t he  pH o f  t he  e f f l u e n t  

s o l u t i o n  (pH = 1 . 60 )  was c o n s i d e r a b l y  l ower  t han t h a t  o f  

t he  i n i t i a l  pa r a q u a t  s o l u t i o n  (pH = 4 . 3 0 ) .  The pH o f  t he 

e f f l u e n t  on p as s i ng  d i s t i l l e d  wa t e r  t h r o u g h  t he t r e a t e d  peat  

was 4 . 2 .  Th i s  i n d i c a t e s  t h a t  p r o t o n s  are be i ng  d i s p l a c e d  

f rom the exchanger  by t he  p a r a q u a t .  A s i m i l a r  r e s u l t  was 

found w i t h  d i q u a t .  A s i m i l a r  e x p e r i me n t  conduc t ed i n  a ba t ch  

mode y i e l d e d  c o r r e s p o n d i n g  r e s u l t s .  When a 0.1  M s o l u t i o n  

o f  pa r aq ua t  was added t o  a beaker  c o n t a i n i n g  a sample o f  

t r e a t e d  peat  i n  d i s t i l l e d  w a t e r ,  a s i g n i f i c a n t  drop i n pH 

o c c u r r e d .  These r e s u l t s  i n d i c a t e d  t h a t  p r o t on s  were be i ng  

d i s p l a c e d  f rom t he exchanger  by t he p a r aq ua t  and d i q u a t ,  

t h e r e b y  d e m o n s t r a t i n g  an i on  exchange mechanism.  I t  was 

dec i ded  t o  i n i t i a t e  a d e t a i l e d  s t udy  o f  t he removal  o f  p a r a ­

quat  and d i q u a t  by t he t r e a t e d  pea t .  The above ex p e r i me n t s  

were conduc t ed  w i t h  h i gh c o n c e n t r a t i o n s  o f  p e s t i c i d e  (0 .1M)  

i n  o r d e r  t o  obser ve  t he  pH e f f e c t .  However ,  t he r ema i nde r  

o f  t he  e x p e r i me n t s  were c a r r i e d  ou t  w i t h  ver y  d i l u t e  s o l u ­

t i o n s  o f p e s t i c i d e s .

A c o l o r i m e t r i c  method based on r e d u c t i o n  by sodium 

d i t h i o n i t e  (Na^S^O^)  f o r  pa r a q u a t  (28)  and d i q u a t  (29)  was 

used i n  o r d e r  t o  a na l y z e  t he e f f l u e n t  and t h e r e b y  t o d e t e r ­

mine t he e f f i c i e n c y  o f  t he  removal  o f  t he  c a t i o n i c  p e s t i ­

c i d e s  f rom aqueous s o l u t i o n  by t he  t r e a t e d  pea t .
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Col o r i m e t r i  c Determi  n a t i o n  o f  Paraquat  and D i qua t  

Aqueous s o l u t i o n s  o f  p a r a q u a t  and d i q u a t  were shown to 

be reduced by a l k a l i n e  sodium d i t h i o n i t e  ( 2 8 , 2 9 )  g i v i n g  

c o l o r e d  f r e e  r a d i c a l  p r o d u c t s :

For  pa r a q u a t :

The reduced p r o d u c t s  are c h a r a c t e r i z e d  by a deep b l ue  c o l o r e d  

s o l u t i o n  f o r  p a r a q u a t ,  and an i n t e n s e  green s o l u t i o n  f o r  

d i q u a t .  The p r o p o r t i o n s  o f  a l l  r eagen t s  used were:  10 ml o f  

0.1 g/1 o f  pa r aqua t  s o l u t i o n  r e a c t i n g  w i t h  2 ml o f  1% sodium 

d i t h i o n i t e  p r epar ed  i n  IN NaOH, and 10 ml o f  0.1 g/1 o f  

d i q u a t  s o l u t i o n  r e a c t i n g  w i t h  2 ml o f  .1% o f  sodium d i t h i ­

o n i t e  p r epar ed  i n  3N NaOH. However ,  by m i x i n g  t hese  s o l u t i o n s  

i n o t h e r  p r o p o r t i o n s  ( e . g . ,  10 ml o f  16 ppm o f  p a r aqua t  and 

2 ml o f  1% sodium d i t h i o n i t e  p r epa r ed  i n  IN NaOH and 20 ppm 

o f  d i q u a t  and 2 ml o f  .1% o f  sodium d i t h i o n a t e  p r epa r ed  i n  

3N NaOH) i t  has been f ound i n  t h i s  r e s ea r c h  t h a t  t he

h3c - -CH3 + S2q^  +NaOH —► H3C - ICH3

+ SC>2+ NaHSQ3

and f o r  d i q u a t :

NaOH + SoO.

NaHS03
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s t a b i l i t y  o f  t he  c o l o r e d  s o l u t i o n  o f  pa r aqua t  was r e l a t i v e l y  

good.  I t  was a l s o  e s t a b l i s h e d  i n  t h i s  r e s e a r c h  t h a t  t he  

s t a b i l i t y  o f  t he  c o l o r e d  p r o d u c t  f o r  d i q u a t  cou l d  be i mpr oved 

by a r e a s o n a b l e  c h o i c e  o f  c o n c e n t r a t i o n  o f  sodium d i t h i o n i t e  

i n  sodium h y d r o x i d e .  The f o l l o w i n g  c o n d i t i o n s  were f ound t o  

g i v e  s a t i s f a c t o r y  r e s u l t s  i n  t h i s  r e s e a r c h :  *

Ten ml o f  16 ppm o f  pa r a q ua t  r e a c t i n g  w i t h  2 ml o f  1% 

sodium d i t h i o n i t e  p r epa r ed  i n  IN NaOH and 10 ml o f  20 ppm o f  

d i q u a t  r e a c t i n g  w i t h  2 ml o f  1% o f  sodium d i t h i o n i t e  p r epa r ed  

i n  3N NaOH.

The r e s u l t i n g  s o l u t i o n s  e x h i b i t e d  i n t e n s e  a b s o r p t i o n  

bands w i t h  a maximum at  380 nm f o r  d i q u a t  (see f i g u r e  4 ) ,  

and two maxima a t  390 nm and 596 nm f o r  p a r aqua t  (see 

f i g u r e  5) .

Under  t he  above - men t i oned  c o n d i t i o n s  i t  has been shown 

t h a t  t he  reduced d i q u a t  and t he reduced pa r aqua t  spec i es  

were s t a b l e  f o r  a p e r i o d  s u f f i c i e n t  t o  p e r m i t  c o n v e n i e n t  

measurement  o f  absor bance .  I t  was ’ a d v i s a b l e  ' t o c a r r y  ou t  

t h e  r e d u c t i o n  w i t h i n  1 t o  2 hours  o f  p r e p a r i n g  t he  a l k a l i n e  

sodium d i t h i o n i t e  r e a g e n t .

St andar d  S o l u t i o n s  o f  Par aquat  and D i qua t

A 0.1 g q u a n t i t y  o f  pure pa r a q u a t  and pure d i q u a t  were 

s e p a r a t e l y  d i s s o l v e d  i n  d i s t i l l e d  w a t e r  and d i l u t e d  t o  1 

l i t e r ;  t hus  1 ml c o n t a i n e d  0 . 1  mg o f  each compound.
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A l i q u o t s  c o n t a i n i n g  f r om 0. 05 mg to 1.6 mg f o r  p a r a q u a t ,  and 

c o n t a i n i n g  f r om .2 mg to  1.6 mg f o r  d i q u a t  were t r a n s f e r r e d  

f r om t he above s t o c k  s o l u t i o n s  i n t o  v o l u m e t r i c  f l a s k s  and 

d i l u t e d  up t o  100 ml ,  r e s u l t i n g  i n s o l u t i o n s  r a n g i n g  f rom 

0 . 5  mg/1 t o  16 mg/1 ( i . e .  0 . 5  to 16 ppm) f o r  p a r a q u a t ,  and 

r a n g i n g  f rom 2 mg/1 t o  16 mg/1 ( i . e .  2 ppm t o  16 ppm) f o r  

d i q u a t .  To 10 ml a l i q u o t s  o f  each o f  t hese  l a t e r  p e s t i ­

c i d e  s o l u t i o n s ,  2 . 0  ml o f  a l a k a l i n e  sodium d i t h i o n i t e  s o l u ­

t i o n  was added i n  o r d e r  t o  reduce pa r a q ua t  and d i q u a t .  W i t h i n  

f i v e  mi nu t es  o f  t he  m i x i n g ,  t he  absorbances o f  t hese  samples 

were measured on a Beckman DU-2 s p e c t r o p h o t o m e t e r . (see 

Tab l es  I I ,  I I I ,  and I V ) .  Over  t hese ranges o f  c o n c e n t r a t i o n s  

f o r  bot h s e r i e s  o f  p e s t i c i d e s  s o l u t i o n s ,  Beer's Law was obeyed 

(see f i g u r e  6 , 7 ,  and 8 ) .  C o r r e c t i o n s  were p r o v i d e d  f o r  a l l  

measurements by s u b t r a c t i n g  t he  b l a nk  va l u e  o f  0 . 023 f o r  d i q u a t

and 0.005 f o r  p a r aq ua t  f rom a l l  r e a d i n g s .

I t  shou l d  be not ed t h a t  t he  c o n c e n t r a t i o n s  on t he Beers

Law p l o t s  f o r  pa r aq ua t  and d i q u a t  r e f e r  t o  t he  s e r i e s  o f  s t o c k

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

t i o n .  (The d i l u t i o n  f a c t o r  o f  6 / 5  i s  i g n o r e d ) .  Th i s  f a c i l i ­

t a t e s  t he  d i r e c t  d e t e r m i n a t i o n  o f  t he  c o n c e n t r a t i o n s  o f  unknown 

s o l u t i o n s  f r om t he Beers Law p l o t s  s i n c e  t he  i d e n t i c a l  p r o ­

cedur e  i s  used i n  t hose d e t e r m i n a t i o n s  and t he  d i l u t i o n  f a c t o r  

i s  a l s o  i g n o r e d  t h e r e .
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Removal  o f  Paraquat  and D i qua t  by T r ea t ed  Peat

A s e r i e s  o f  ex p e r i me n t s  was then c a r r i e d  out  u s i n g  16 

ppm p a r aqua t  s o l u t i o n  and 16 ppm o f  d i q u a t  s o l u t i o n  a t  amb i en t  

pH (pH = 5.85 f o r  pa r a q u a t  s o l u t i o n  and pH = 6. 15 f o r  

d i q u a t  s o l u t i o n ) ,  i n  o r d e r  t o  e s t a b l i s h  the e f f i c i e n c y  o f  

t he  t r e a t e d  peat  f o r  t he removal  o f  t hese  p e s t i c i d e s  f r om 

aqueous s o l u t i o n s .

A 0 . 7g  q u a n t i t y  o f  t he  t r e a t e d  peat  was wei ghed and 

washed w i t h  d i s t i l l e d  w a t e r .  A few drops o f  methanol  were 

added i n  o r d e r  t o  f a c i l i t a t e  w e t t i n g  o f  t he t r e a t e d  pe a t .

A f t e r  t h a t ,  t he t r e a t e d  peat  was p l a c e d i n t o  t he column 

( f i g u r e  3 ) .  Then a volume o f  each p e s t i c i d e  s o l u t i o n  was

run t h r ou g h  t he column (V^ = 45 ml f o r  pa r aqua t  and = 50 

ml f o r  d i q u a t ) .  The e f f l u e n t s  c o l l e c t e d  were a d j u s t e d  t o  a 

known volume by pass i ng  d i s t i l l e d  w a t e r  t h r ough  t he  c o l ­

umns ( V^ was 50 ml f o r  p a r aq ua t  and V^ = 55 ml f o r  d i q u a t ) .

The e f f l u e n t  s o l u t i o n s  were ana l yzed  by r e d u c t i o n  w i t h  a l k a ­

l i n e  sodium d i t h i o n i t e  r e a g e n t .  The r e s u l t s  o b t a i n e d  f o r  

t he  e f f i c i e n c y  have shown a s u c c e s s f u l  removal  o f  most  o f  

t he  pa r aq ua t  and d i q u a t  f r om s o l u t i o n  ( Tab l e  X I V) .  Two o t h e r  

e x p e r i me n t s  conduc t ed  i n  t he  same way have i n d i c a t e d  es s e n ­

t i a l l y  t he same r e s u l t  as t he f i r s t  one,  t hus c o n f i r m i n g  t he 

r e p r o d u c i b i l i t y  o f  t he  r e s u l t s  ( Tab l e  X I V ) .  Ano t he r  e x p e r i ­

ment ,  conduc t ed  t h i s  t i me  w i t h  a l a r g e  volume o f  p e s t i c i d e
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(1 l i t e r  o f  d i q u a t  a t  16 ppm),  showed t h a t  t r e a t e d  peat  was 

aga i n  s u c c e s s f u l  i n  r emov i ng d i q u a t ,  a l t h o u g h  t he e f f i c i e n c y  

has decreased s l i g h t l y  ( 92 . 32%) ,  compared t o  t he  p r e v i o u s  

one f ound w i t h  smal l  volumes (98. 62%) .  The columns c o n t a i n e d  

1.5 g o f  t r e a t e d  peat  t h i s  t i m e ,  and t he  f l o w r a t e  was a d j u s t e d  

t o  1.60 m l / m i n . .

E f f e c t  o f  t he  pH, I o n i c  S t r e n g t h  and F I owr a t e  on

E f f i  c i  ency o f  P e s t i c i d e  Removal

( a ) I n f 1uence o f  pH

In o r d e r  t o  s t ud y  t he e f f e c t  o f  t he pH on t he e f f i c i e n c y ,  

16 ppm s o l u t i o n  o f  pa r aq ua t  and 16 ppm o f  d i q u a t  were each 

a d j u s t e d  t o pH = 2 . 0  and pH = 3 . 0  w i t h  HC1. A volume o f  each 

p e s t i c i d e  s o l u t i o n  a t  t he  s p e c i f i e d  pH va l ues  was run t h r ough  

columns whi ch were p r e - t r e a t e d  by HC1 to  t he  a p p r o p r i a t e  pH' s .  

The r e s u l t s  o f  t hese  e x p e r i me n t s  d i d  no t  show a s i g n i f i c a n t  

e f f e c t  o f  pH on t he e f f i c i e n c y  ( Tab l e  XV).

( b ) E f f e c t  o f  t he  I o n i c  S t r e n g t h

The i o n i c  s t r e n g t h  o f  50% o f  t he  s u r f a c e  wa t e r s  o f  t he 

Un i t e d  S t a t e s  i s  l es s  than 0.01M,  and 97% o f  t hese  wa t e r s  

have an i o n i c  s t r e n g t h  l ess  than 0.05M.  Th i s  s t a t e m e n t  i s 

based upon s u r f a c e  q u a l i t y  dat a  summar i zed by Ra i nwa t e r  ( 3 0 ) .  

In 1964,  t he  maximum i o n i c  s t r e n g t h  o f  t he w a t e r  sup p l y  o f  

100 l a r g e  c i t i e s  was c a l c u l a t e d  t o  be l ess  than 0.07M ( 3 1 ) .
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However ,  t he  i o n i c  s t r e n g t h  o f  s e a - w a t e r  i s  a p p r o x i m a t e l y  

0.7M (32)  and e s t u a r i n e  w a t e r  v a r i e s  between t hese two l i m i t s .

Tak i ng  t hese  dat a i n  a c c o u n t ,  ex p e r i me n t s  were conduc t ed 

w i t h  t he i n t e n t i o n  o f  showing t he e f f e c t  o f  sodium c h l o r i d e  

(NaCl )  on t he  e f f i c i e n c y  o f  p e s t i c i d e  removal  by t r e a t e d  pea t .  

The s o l u t i o n s  were made up i n  t he f o l l o w i n g  way:

( i )  S i x t e e n  mg o f  d i q u a t  ( o r  p a r a q u a t )  and 0. 58 g o f

NaCl were mixed t o g e t h e r  and d i l u t e d  up t o  one l i t e r  i n  a

v o l u m e t r i c  f l a s k .  Th i s  r e s u l t s  i n  a s o l u t i o n  wh i ch  i s  16 ppm
_ p

i n  d i q u a t  ( o r  p a r a q u a t )  and 10 M i n  NaCl .

( i i )  S i x t e e n  mg o f  d i q u a t  ( o r  pa r a q u a t )  and 0 . 058  g o f

NaCl were mixed t o g e t h e r  and d i l u t e d  up to one l i t e r  i n  a v o l u ­

m e t r i c  f l a s k .  Th i s  r e s u l t s  i n  a s o l u t i o n  wh i ch  i s  16 ppm i n
_ 3

d i q u a t  ( o r  p a r a q u a t )  and 10 M i n  NaCl .  A volume o f  each s o l u ­

t i o n  was passed t h r oug h  t he co l umns.  A l l  t he e f f l u e n t s  were

c o l l e c t e d  and a d j u s t e d  t o  known vol umes.  Those s o l u t i o n s  whi ch 
_ £

were 10 M i n  NaCl were f ound t o  be s l i g h t l y  a c i d i c  (pH = 3 . 20

f o r  d i q u a t  and pH = 3. 25 f o r  p a r a q u a t ) ,  due t o  d i s p l a c e m e n t  o f

hydrogen i ons  f r om the t r e a t e d  peat  by t he Na+ i o n s .  The pH's
_ 3

o f  t hose  s o l u t i o n s  wh i ch  were 10 M NaCl were no t  s i g n i f i c a n t l y  

changed.  The e f f l u e n t  s o l u t i o n s  were an a l y z ed  by the same p r o ­

cedur e  o u t l i n e d  above ( r e d u c t i o n  by a l k a l i n e  sodium d i t h i o n i t e ) .  

From the r e s u l t s ,  i t  appears  t h a t  t he e f f i c i e n c y  was no t  g r e a t l y  

a f f e c t e d  by t hese c o n c e n t r a t i o n s  o f  sodium c h l o r i d e  ( Tab l es  

(XV) and ( X V I ) ) .
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( c ) E f f e c t  o f  FIow Rate on E f f i  c i  ency 

Exper i men t s  were conduc t ed  t o  s t udy  t he  e f f e c t  o f  t he

f l o w r a t e  on t he e f f i c i e n c y .  The p r oc edu r e  was t o  run s o l u ­

t i o n s  o f  p a r aqua t  and d i q u a t  (16 ppm) a t  ambi en t  pH and at  

v a r i o u s  f l o w r a t e s  t h r ough  t he columns o f  t he t r e a t e d  p e a t .

The f l o w r a t e  was de t e r m i n e d  by measur i ng  t he  volume o f  e f f l u ­

en t  whi ch passed t h r ough  t he column i n  a known t i me  p e r i o d .

The r e s u l t s  f r om t hese ex p e r i me n t s  i n d i c a t e d  tTiat  t he 

e f f i c i e n c y  o f  p e s t i c i d e  removal  decreased ve r y  s l i g h t l y  w i t h  

i n c r e a s e  o f  f l o w r a t e  ( Tab l es  X V I I I  and X I X ) .

( d ) E l u t i o n  o f  P e s t i c i d e s  f rom t he T r ea t e d  Peat  

Having a c a t i o n i c  n a t u r e ,  p a r aqua t  and d i q u a t  are

r e t a i n e d  on a c a t i o n  exchanger .  I t  shou l d  a l s o  be p o s s i b l e  

t o  d i s p l a c e  bound d i q u a t  and pa r aqua t  f r om t he  c a t i o n  

exchanger  by us i ng  h i gh c o n c e n t r a t i o n s  o f  o t h e r  c a t i o n s ,  e . g .  

Na o r  NH^ . An e x a m i n a t i o n  o f  t he  l i t e r a t u r e  showed t h a t  

NH^+ i on was s u p e r i o r  t o  Na+ i ons  f o r  t he removal  o f  pa r aqua t  

f rom a s y n t h e t i c  s u l f o n i c  a c i d  c a t i o n  exchanger  ( Zeo- Karb  225) 

( 2 8 ) .  The columns o f  t r e a t e d  peat  c o n t a i n i n g  bound p e s t i c i d e  

were washed w i t h  45 ml o f  5 . 5  M NaCl .  The e f f l u e n t s  were 

a d j u s t e d  t o  50 ml w i t h  d i s t i l l e d  w a t e r  and were ana l yzed  us i ng  

a l k a l i n e  d i t h i o n a t e .  The r e s u l t s  o f  t he  ana l yses  showed t h a t  

o n l y  a p o r t i o n  o f  p e s t i c i d e  (19.44% f o r  p a r aqua t  and 58% f o r  

d i q u a t )  were d i s p l a c e d  by t he  above p r oc ed u r e .  The columns 

were then s u c c e s s i v e l y  washed w i t h  45 ml a l i q u o t s  o f  5.5 M
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NaCl s o l u t i o n s  and t he e f f l u e n t s  ana l yzed  i n t he same manner.  

The r e s u l t s  o f  t hese ex p e r i me n t s  a r e  p r es e n t ed  i n  Tabl es  V 

and VI .  A f t e r  f o u r  wash i ngs  o f  t r e a t e d  peat  i n  t he  above 

manner ,  91.28% o f  t he  d i q u a t  i on was d i s p l a c e d  f rom the 

co l umn,  whereas o n l y  41.15% o f  t he  pa r aq ua t  was removed 

a f t e r  seven wash i ngs .

Si nce t he  l i t e r a t u r e  (28)  i n d i c a t e d  t h a t  NH^Cl was a 

b e t t e r  e l u t i n g  agent  f o r  pa r a q u a t  than NaCl ,  i n  t he case o f  

s y n t h e t i c  r e s i n s ,  t he above e x p e r i me n t  f o r  t he  e l u t i o n  o f  

p a r aq ua t  f r om the t r e a t e d  peat  was r e pea t ed  us i ng  5.5 M 

NH^Cl . The dat a are p r e s e n t e d  i n  Tab l e  V I I .  In t h i s  case ,  

82.57% o f  t he bound p a r aqua t  was removed by n i ne  was h i n gs ,  

each w i t h  45 ml o f  t he  5.5 m NH^Cl s o l u t i o n .

Par aqua t  was a l s o  e l u t e d  f rom t he t r e a t e d  peat  by means 

o f  s a t u r a t e d  BaCl^ ( 1 . 7M) .  However ,  d e t e r m i n a t i o n  o f  t he 

e l u t e d  p e s t i c i d e  was f o i l e d  by the p r e c i p i t a t i o n  o f  bar i um 

d i t h i o n i t e  when sodium d i t h i o n i t e  was added t o  t he e l u t e d  

p e s t i c i d e  s o l u t i o n .

Bas i c P e s t i c i d e s

Having a b a s i c  amine s t r u c t u r e ,  a m i t r o l e  d i f f e r s  f r om 

p a r a q ua t  and d i q u a t  because i t  i s  a n e u t r a l  s p e c i e s .  A 

c o l o r i m e t r i c  a n a l y t i c a l  p r o c e d u r e ,  based on t he r e a c t i o n  

o f  a m i t r o l e  w i t h  sodium n i t r o p r u s s i d e  r e a g e n t ,  was found 

a p p l i c a b l e  t o  t h i s  s t u d y .
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Col o r i  me t r i  c Determi  n a t i  on o f  Ami t r o l e

Mars t on (33)  f ound t h a t  g u a n i d i n e  g i v es  a red c o l o r  

w i t h  a sodium n i t r o p r u s s i d e  r e age n t  and used t  hi  s t e s t  f o r  

t he e s t i m a t i o n  o f  t he  compound.  He d i s c o v e r e d  t h a t  smal l  

amounts o f  a m i t r o l e ,  wh i ch  has chemi ca l  s i m i l a r i t i e s  t o 

g u a n i d i n e ,  g i v e  a g r assy  green c o l o r  w i t h  t he  same r e a g e n t .

In o r d e r  t o  use t he  sodium n i t r o p r u s s i d e  r e a g e n t ,  t he 

f o l l o w i n g  f o u r  s o l u t i o n s  were p r epa r ed  s e p a r a t e l y  ( 3 4 ) :  

Sodium ni  t r o p r u s s  i d e ,  NagFefCNjg NO^H^O,  59.6 g/1 

Pot ass i um f e r r o c y a n i d e , K^Fe (CNj ^ .SH^O,  84 . 4  g/1 

Sodium h y d r o x i d e ,  10% NaOH (W/V)

Hydrogen p e r o x i d e ,  3% H^O^ ( V/ V )

These s o l u t i o n s  were mixed t o g e t h e r  w i t h  c o n s t a n t  s t i r r i n g  

i n  t he  p r o p o r t i o n s  o f  2 : 2 :  1: 5 , r e s p e c t i v e l y ,  by vol ume,  

about  15 mi nu t es  b e f o r e  t he r eagen t  was used.  A 1.2 ml 

a l i q u o t  o f  a c e t i c  a c i d  was added per  100 ml o f  t he  mixed 

s o l u t i o n  b r i n g i n g  t he pH to  1 1 . 0 ,  s i n c e  t he g r e a t e s t  c o l o r  

deve l opment  i s  between pH 10.8 and pH 11.2 ( 3 4 ) .  The ma x i ­

mum absorbance f o r  t he  p r o d u c t  o f  r e a c t i o n  between t he mo d i ­

f i e d  n i t r o p r u s s i d e  r e age n t  and a m i t r o l e  occurs  a t  625 nm 

(see f i g u r e  9 ) .

S t andar d  S o l u t i o n s  o f  Ami t r o 1e

In the p r e p a r a t i o n  o f  a s t an d a r d  c u r v e ,  0.1 g o f  pure 

a m i t r o l e  was d i s s o l v e d  i n  d i s t i l l e d  wa t e r  and d i l u t e d  up to
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1 l i t e r .  Thus 1 ml c o n t a i n e d  0.1 mg o f  t he  compound.

Amounts o f  s o l u t i o n s  c o n t a i n i n g  f rom 0.1 t o  4 . 0  mg were 

d e l i v e r e d  i n t o  100 ml v o l u m e t r i c  f l a s k s  and d i l u t e d  t o  

about  70 ml w i t h  d i s t i l l e d  w a t e r .  Nex t ,  3 drops o f  10% 

sodium h y d r o x i d e  and 10 ml o f  t he  n i t r o p r u s s i d e  r eagen t  

were added.  A f t e r  be i ng  d i l u t e d  t o  100 ml ,  t he  s o l u t i o n s  

were a l l o we d  to  s t and  f o r  one hour ,  and a t  t he  end o f  t h i s  

p e r i o d ,  t he  absorbances  were measured on a Beckman DU-2 

s p e c t r o p h o t o m e t e r .  The data are p r e s en t e d  i n  Tab l e  V I I I .  How­

e v e r ,  a l o n g e r  t i me i s  necessar y  f o r  c o m p l e t i o n  o f  t he  c o l o r  

p r o d u c i n g  r e a c t i o n  i f  t he  c o n c e n t r a t i o n  o f  a m i t r o l e  i s  g r e a ­

t e r  t han 1.6 mg/100 ml .  The t i me l i m i t  sugges t ed  was two 

hours ( 3 4 ) .  The c a l i b r a t i o n  cu r ve  conformed t o  Beer's Law 

(see f i g u r e  10) .  I t  shou l d  be noted t h a t  t he c o n c e n t r a t i o n  

on t he Beers Law p l o t  f o r  a m i t r o l e  r e f e r s  t o  t he f i n a l  

d i l u t e d  s o l u t i o n .  Th i s  i s  somewhat  d i f f e r e n t  t han i n t he 

case o f  d i q u a t  and p a r a q u a t ,  and f a c i l i t a t e s  t he d i r e c t  

d e t e r m i n a t i o n  o f  t he  c o n c e n t r a t i o n  o f  unknown s o l u t i o n s  

f r om t he  Beer ’s Law p l o t .

Remova1 o f  A m i t r o l e  f rom Aqueous S o l u t i o n  by T r ea t e d

Peat

As w i t h  d i q u a t  and p a r a q u a t ,  45 ml o f  0.1 g/1 a m i t r o l e  

s o l u t i o n  were run t h r ou g h  columns c o n t a i n i n g  a f i x e d  amount  

o f  t r e a t e d  peat  ( 0 . 7  g) i n  t he  H+ f or m.  The e f f l u e n t  was
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c o l l e c t e d  and t he  a m i t r o l e  was de t e r mi ned  us i ng  t he  n i t r o -  

p r u s s i d e  r e a g e n t  as d e s c r i b e d  above ( i n  a 100 ml v o l u m e t r i c  

f l a s k ) .  The absorbance o f  t he  e f f l u e n t  s o l u t i o n ,  measured 

on a Beckman DU-2 s p e c t r o p h o t o m e t e r ,  was l ow,  i n d i c a t i n g  a 

hi gh e f f i c i e n c y  f o r  t he  removal  o f  a m i t r o l e .  Two o t h e r  

ex pe r i me n t s  conduc t ed  i n  t he  same way i n d i c a t e d  t he r e p r o ­

d u c i b i l i t y  o f  t he  r e s u l t s  ( Tab l e  X I V) .

E f f e c t  o f  pH , F I owr a t e  and I o n i c  St  r e n g t h  on E f f i  c i ency

o f  Ami t r o l e  Removal

The e x p e r i me n t s  conduc t ed  f o r  t he  s t udy  o f  t hese  e f f e c t s  

on t he  e f f i c i e n c y  were s i m i l a r  t o  t hose  conduc t ed  w i t h  p a r a ­

quat  and d i q u a t .  However ,  t he  a n a l y t i c a l  p r ocedur e  remai ns 

based on t he  r e a c t i o n  o f  t he  p e s t i c i d e  i n  t he  e f f l u e n t s  w i t h  

sodium n i t r o p r u s s i d e  r e a g e n t .

E f f e c t  o f  pH

A m i t r o l e  s o l u t i o n s  ( 0 . 1  g / 1 )  were a d j u s t e d  t o  pH 2 and 

pH 3 w i t h  HC1. The e f f i c i e n c y  o f  removal  a t  pH = 2 . 0  and 

pH 3 . 0  d i d  no t  d i f f e r  g r e a t l y  f rom t he e f f i c i e n c y  a t  ambi ent  

pH ( 5 . 5 0 )  ( Tab l e  X V I I ) .  An o t he r  e x p e r i me n t  i n v o l v e d  pass i ng  

a s o l u t i o n  o f  a m i t r o l e  a t  pH = 7 . 0  t h r ough  a column o f  

t r e a t e d  peat  p r e c o n d i t i o n e d  a t  pH = 7 . 0 .  At  t h i s  pH, most  

o f  t he a m i t r o l e  mo l ecu l es  shou l d  be i n  t he  u n p r o t o n a t e d  f orm 

(pK^ o f  a m i t r o l e  = 9 . 8 3 ) .  The column was p r e c o n d i t i o n e d  by 

wash i ng w i t h  3 M NaCl f o l l o w e d  by e x t e n s i v e  wash i ng w i t h
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wa t e r  a d j u s t e d  t o pH = 7 . 0  by a d d i t i o n  o f  a smal l  amount  o f  

sodium h y d r o x i d e .  Washing was c o n t i n u e d  u n t i l  t he  pH o f  t he 

e f f l u e n t  remained c o n s t a n t  a t  pH = 7 . 0 .  A f t e r  t h a t , 45 ml o f  

a m i t r o l e  s o l u t i o n  a t  0 . 10  g/1 and a d j u s t e d  t o  pH = 7 . 0  was 

passed t h r oug h  a column at  s l ow f l o w  r a t e  ( 1 . 2 0  m l / m i n ) .

The e f f i c i e n c y  was f ound t o  be 72.22% i n  t h i s  case.  (see 

Tab l e  X V I I ) .

E f f e c t  o f  F I owr a t e

As w i t h  t he  d i q u a t  and p a r a q u a t ,  a s e t  o f  ex pe r i me n t s  

was conduc t ed  i n  o r d e r  t o  s t u d y  the e f f e c t  o f  f l o w r a t e  on 

t he e f f i c i e n c y  o f  a m i t r o l e  removal  by t he t r e a t e d  pea t .  The 

r e s u l t s  o f  t hese ex p e r i me n t s  d i d  not  show a marked decrease 

o f  t he  e f f i c i e n c y  as a f u n c t i o n  o f  f l o w r a t e  ( Tab l e  XX).

E f f e c t  o f  I o n i c  S t r e n g t h

The ex p e r i me n t s  c a r r i e d  ou t  i n t h i s  s e c t i o n  have shown

t h a t  t he  e f f e c t  o f  NaCl on t he  e f f i c i e n c y  o f  a m i t r o l e  removal

was not  marked ( Tab l e  X V I I ) .  The a n a l y t i c a l  p r ocedu r e  was

based on t he r e a c t i o n  o f  a m i t r o l e  w i t h  sodium n i t r o p r u s s i d e

r e a g e n t  and t he e x p e r i m e n t a l  p r ocedur e  was t he  same as used
_ o

w i t h  d i q u a t  and p a r aqua t  ( i . e .  10 M NaCl and 0.1 g/1 o f
- 3a m i t r o l e  and 10 M NaCl and 0.1 g/1 o f  a m i t r o l e ) .

E l u t i o n  o f  Ami t r o 1e by 3M NaCl

The e l u t i o n  o f  a m i t r o l e  by 3M NaCl was c a r r i e d  ou t  i n
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s e v e r a l  s t e p s ,  as w i t h  d i q u a t  and p a r a q u a t .  In each s t e p ,  

a volume o f  45 ml o f  t he  e l u a n t  (3M NaCl )  was used.  A l l  

t h e  e f f l u e n t s  were a d j u s t e d  t o a known volume and ana l yzed  

by t he  same a n a l y t i c a l  p r ocedu r e  used f o r  t he d e t e r m i n a t i o n  

o f  t he  s t a n da r d  cur ve  o f  t he  a m i t r o l e .  F i ve  e l u t i o n s  

r e s u l t e d  i n  compl e t e  removal  o f  t he  a m i t r o l e  f rom the 

t r e a t e d  pea t .  The r e s u l t s  are p r es e n t ed  i n  Tab l e  IX.

C a p a c i t y  o f  t he  Chemi cal  1 y M o d i f i e d  Peat  f o r  Va r i ous

Cationic Pesticides
The d e t e r m i n a t i o n  o f  c a t i o n  exchange c a p a c i t i e s  o f  t he

+ 2 +t r e a t e d  peat  by d i s p l a c i n g  hydrogen i ons  w i t h  Na and Ba 

has a l r e a d y  been d e s c r i b e d .  I t  was dec i ded  t o  e s t a b l i s h  

t he  c a p a c i t y  o f  t he  t r e a t e d  peat  f o r  b i n d i n g  p e s t i c i d e s  

( p a r a q u a t ,  d i q u a t  and a m i t r o l e )  by d e t e r m i n i n g  the r e s p e c ­

t i v e  i s o t h e r m s .  C o n s t r u c t i o n  o f  a d s o r p t i o n  i s o t h e r ms  was 

employed by numerous wor ke r s  t o  d e s c r i b e  t he  r e a c t i o n  o f  

p e s t i c i d e s  w i t h  s o i l s .  As p o i n t e d  ou t  by Weber (35)  a d s o r p ­

t i o n  o f  a p e s t i c i d e  f r om s o l u t i o n  on t o  a s o l i d  i s  no t  t he  

t wo- phase system f o r  whi ch t he  F r u e n d l i c h  and Langmui r  

e q u a t i o n s  were i n t e n d e d .  Water  i s  a l ways p r e s e n t  and com­

pet es  f o r  t he  s u r f a c e  s i t e s  as do any o t h e r  s o l u t e  mo l e cu l es  

i n  t he  system.  G i l e s  e t  al  . (36)  deve l oped  an e m p i r i c a l

c l a s s i f i c a t i o n  o f  a d s o r p t i o n  i s o t h e r ms  i n  wh i ch  f o u r  ba s i c  

t ypes  were r e c o g n i z e d  (see f i g u r e  11) :
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L - t y p e ,  wh i ch  r e p r e s e n t s  a r e l a t i v e l y  h i gh a f f i n i t y  between 

t he  s o l i d  and t he  s o l u t e ;

S - t y p e ,  whi ch i n d i c a t e s  an i n c r e a s e  o f  t he  a d s o r p t i o n  as t he  

c o n c e n t r a t i o n  o f  t he  s o l u t e  i n c r e a s e s ;

C - t y p e ,  wh i ch  r e p r e s e n t s  c o n s t a n t  p a r t i t i o n  between s o l u t i o n  

and s u r f a c e .  The a d s o r p t i o n  i s  always d i r e c t l y  p r o p o r t i o n a l  

t o  s o l u t i o n  c o n c e n t r a t i o n ;  and

H - t y p e ,  whi ch r e p r e s e n t s  ve r y  h i gh a f f i n i t y  between s o l u t e  

and s o l i d .

Exper i men t s  were conduc t ed  i n  o r d e r  t o  s t udy  t he c a p a c i t y  

o f  t he  t r e a t e d  peat  f o r  b i n d i n g  a l l  t h r e e  p e s t i c i d e s  ( two 

c a t i o n i c  and one b a s i c ) .  St ock  s o l u t i o n s  o f  t he t h r e e  p e s t i ­

c i de s  were o b t a i n e d  by s e p a r a t e l y  d i s s o l v i n g  0 . 3  g o f  pure 

p a r a q u a t ,  0 . 5  g o f  pure d i q u a t  and 0.1 g o f  pure a m i t r o l e  

i n  d e i o n i z e d  w a t e r  and d i l u t i n g  up t o  1 l i t e r ,  g i v i n g  t he  

f o l l o w i n g  m o l a r i t i e s :

Paraquat  = 1.16 x 10 ~  ̂M

D i qua t  36? ' g 0 = 1.38 1 0 ' 3M

A m i t r o l e  = 1.18 1 0 " 3M

Determi  ni  ng I sotherms f o r  B i n d i n g  o f  Paraquat  and D i qua t  

by T r ea t e d  Peat

The e x p e r i m e n t a l  p r oc edu r e  was f i r s t  t o  d e r i v e  f rom t hese
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s t o c k  s o l u t i o n s  a number o f  p e s t i c i d e  s o l u t i o n s  o f  same v o l ­

ume and known c o n c e n t r a t i o n .

Amounts v a r y i n g  f rom .3 t o  6.6 mg f o r  pa r a q u a t  and .50 

t o  11.0 mg f o r  d i q u a t  were d e l i v e r e d  i n t o  v o l u m e t r i c  f l a s k s  

o f  100 ml c a p a c i t y ,  and d i l u t e d  to 100 ml .  The nex t  s t ep  

was to add a g i ven  w e i g h t  o f  t r e a t e d  p e a t ,  here 0.1 g,  t o 

each bat ch o f  p e s t i c i d e  s o l u t i o n  w i t h  c o n s t a n t  s t i r r i n g  i n 

s t op pe r ed  p o l y e t h y l e n e  b o t t l e s .  A l l  e x p e r i me n t s  were c a r ­

r i e d  ou t  a t  room t e mp e r a t u r e  (2 5 ° C ± 3°C) .  The f i n a l  s t ep 

to e q u i l i b r i u m  o f  t he r e a c t i o n  m i x t u r e  was mo n i t o r e d  by mea­

s u r i n g  absorbances o f  s o l u t i o n  samples ove r  a p e r i o d  o f  days 

us i ng  t he same a n a l y t i c a l  p r ocedur e  d e s c r i b e d  p r e v i o u s l y  ( f o l ­

l o w i n g  r e d u c t i o n  w i t h  a l k a l i n e  d i t h i o n i t e ) .  A f t e r  6 days f o r  

p a r a q ua t  and 14 days f o r  d i q u a t  ( t h e  s o l u t i o n s  were shaken 

o c c a s i o n a l l y  d u r i n g  t h i s  p e r i o d ) ,  t he r a t e  o f  change i n  

s o l u t i o n  c o n c e n t r a t i o n s  were s l ow,  i n d i c a t i n g  c l o s e  approach 

t o  e q u i l i b r i u m .  A f t e r  t he  above i n f o r m a t i o n  was o b t a i n e d  

t he ex p e r i me n t s  were r e pe a t e d  a l l o w i n g  t he pa r a q ua t  systems 

to s t and f o r  6 days and t he d i q u a t  systems to s t and f o r  14 

days b e f o r e  measur i ng  t he i s o t h e r m  da t a .  The r e s u l t s  are 

quot ed i n  Tab l e  X f o r  pa r a q u a t  and Tab l e  XI f o r  d i q u a t .

From t he measured c o n c e n t r a t i o n s  o f  t he  p e s t i c i d e s  i n  s o l u ­

t i o n ,  t he amounts o f  p e s t i c i d e s  bound to  t he  t r e a t e d  peat  

were d e r i v e d  by mass b a l a n c e 1, and a d s o r p t i o n  i s o t h e r ms
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were drawn.  The l i m i t i n g  va l u es  f o r  t he  bound p e s t i c i d e s  

i n d i c a t e  the e f f e c t i v e  c a p a c i t y  o f  t he t r e a t e d  peat  f o r  t he  

r e s p e c t i v e  p e s t i c i d e s  under  t hese  c o n d i t i o n s .  (see f i g u r e  

12 f o r  pa r aq ua t  and f i g u r e  13 f o r  d i q u a t ) .

Determi  ni  ng Capaci  t y  o f  t he  T r ea t e d  Peat  f o r  B i n d i n g  

D i qu a t  by t he  Column Method

The c a p a c i t y  o f  t he  t r e a t e d  peat  f o r  b i n d i n g  o f  < i i qua t

was a l s o  de t e r mi ned  by pass i ng  an excess o f  t he  p e s t i c i d e

t h r oug h  a column o f  t he exchanger .  A 50 ml a l i q u o t  o f  0.11 f-

d i q u a t  was s l o w l y  passed t h r o ug h  a column c o n t a i n i n g  0. 15 g

o f  t r e a t e d  p ea t .  The column was then washed w i t h  10 ml o f

wa t e r  and t he  t o t a l  e f f l u e n t  was t i t r a t e d  t o  a p h e n o l p h t h a l e i n

e n d - p o i n t  w i t h  s t a n d a r d  h y d r o x i d e  as was p r e v i o u s l y  done 
+ 2 +when us i ng  Na or  Ba as t he  d i s p l a c i n g  c a t i o n .  I t  r e q u i r e d  
-  216.0 ml o f  10 N NaOH to reach t he  e n d - p o i n t ,  g i v i n g  a capa­

c i t y  o f  1. 06 ~meq./a f  o r  b i n d i n g  o f  d i q u a t  t o  s u l f u r i c  a c i d -  

t r e a t e d  pea t .

Determi  ni  ng I s o t h e r m f o r  B i n d i n g  Ami t r o l e  by T r e a t e d Peat  

Amounts o f  t he  s t o c k  a m i t r o l e  s o l u t i o n  ( 0 . 1  g / 1 )  c o n t a i n ­

i ng  f r om 0 . 6  t o  1 .8  mg p e s t i c i d e  were added t o  a s e r i e s  o f  . 

capped p o l y e t h y l e n e  b o t t l e s .  A 0.1 g q u a n t i t y  o f  t r e a t e d  

peat  was added t o  each o f  t hese  b o t t l e s  and t he  samples were 

l e f t  s t a n d i n g  f o r  24 hours w i t h  o c c a s i o n a l  s h a k i n g .  Each o f
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t hese  b o t t l e s  c o n t a i n e d  a d i f f e r e n t  volume o f  a m i t r o l e  a t

t he , same o r i g i n a l  c o n c e n t r a t i o n .  T h i s ,  o f  c o u r s e ,  cannot

be a source o f  pr ob l em s i n c e  we are i n t e r e s t e d  i n  p l o t t i n g

C - C versus  C , t hese q u a n t i t i e s  be i na  i ndepe nde n t  o f  o eq eq  ̂ ^
the volume.  A f t e r  24 hours t he  s o l u t i o n s  were f i l t e r e d  

(Whatman No. 1 f i l t e r  paper )  i n t o  100 ml v o l u m e t r i c  f l a s k s .  

The a m i t r o l e  i n  t hese s o l u t i o n s  was de t e r mi ned  by t he method 

o u t l i n e d  p r e v i o u s l y  ( i . e .  a d d i t i o n  o f  n i t r o p r u s s i d e  r e a g e n t ,  

f o l l o w e d  by d i l u t i o n  t o  100 m l ) .  The compl e t e  p r ocedur e  

was repea t ed  t w i c e  more w i t h  i d e n t i c a l  f r e s h  bat ches o f  

t r e a t e d  peat  and a m i t r o l e ,  and the m i x t u r e s  were a l l o we d  to 

s t and  f o r  48 and 72 ho u r s ,  p r i o r  to d e t e r m i n i n g  t he concen­

t r a t i o n s  o f  a m i t r o l e  i n  s o l u t i o n .  There was l i t t l e  d i f f e r ­

ence between t he c o n c e n t r a t i o n  o f  a m i t r o l e  i n  t he s o l u t i o n  

phase a f t e r  48 and 72 hours (see Tab l e  X I I  and Tab l e  X I I I ) .  

The l i m i t i n g  va l ue  f o r  t he  bound p e s t i c i d e  i n d i c a t e s  the 

c a p a c i t y  o f  t he  t r e a t e d  peat  f o r  a m i t r o l e  (see f i g u r e  14) 

under  t hese c o n d i t i o n s .
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RESULTS AND DISCUSSION

P r e p a r a t i o n  o f  t he T r ea t e d  Peat

The t r e a t e d  peat  was p r epa r ed  a c c o r d i n g  t o  a p u b l i s h e d  

p r ocedur e  (14)  and no f u r t h e r  m o d i f i c a t i o n s  i n t h a t  r ega r d  

were i n t r o d u c e d  d u r i n g  t h i s  work .  The r e s u l t i n g  p r o d u c t  

has s i m i l a r  p r o p e r t i e s  t o  t h a t  p r e v i o u s l y  r e p o r t e d  (14)  i n 

terms o f  c a t i o n  exchange c a p a c i t i e s  and r e s i s t a n c e  ( o r  susep-  

t i b i l i t y )  t o  l e a c h i n g  as a f u n c t i o n  o f  pH. F u r t h e r m o r e ,  t he 

t r e a t e d  p e a t ,  u n l i k e  t he  raw p e a t ,  was s u i t a b l e  f o r  column 

use.  The cho i c e  o f  p a r t i c l e  s i z e  range was based on a p r e ­

v i ous  r e p o r t  (14)  i n  t erms o f  i t s  s u i t a b i l i t y  f o r  column use.

Most  o f  t h i s  r e s e a r c h  was c a r r i e d  ou t  us i ng  t r e a t e d  

I r i s h  p e a t ,  s i n c e  t h i s  t ype  o f  m a t e r i a l  had been s t u d i e d  i n  

some d e t a i l  i n  t he  pas t  ( 1 4 ) .  Peat  f rom Co l or ado was a l s o  

s t u d i e d  i n t hese i n v e s t i g a t i o n s .  A l l  e x p e r i m e n t s ,  excep t  

d e t e r m i n a t i o n  o f  i s o t h e r ms  f o r  t he b i n d i n g  o f  p e s t i c i d e s ,  

and s t u d i e s  o f  t he  i n f l u e n c e  o f  pH, i o n i c  s t r e n g t h  and f l o w ­

r a t e  on p e s t i c i d e  r emo v a l ,  were c a r r i e d  out  w i t h  t he C o l o r ­

ado peat  i n  a d d i t i o n  t o  t he  I r i s h  pea t .  The I r i s h  peat  was 

used f o r  a l l  t ypes  o f  i n v e s t i g a t i o n .  However ,  i n g e n e r a l ,  

no ma j o r  d i f f e r e n c e s  i n  p r o p e r t i e s  were observed between the 

Co l o r ado  peat  and t he I r i s h  pea t .
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C a t i o n  Exchange Capaci  t y  o f  Ch e mi c a l l y  T r ea t e d  Peat

The c a t i o n  exchange c a p a c i t i e s  de t e r mi ned  by d i s p l a c e -
+ 2 +ment o f  hydrogen i ons  us i n g  Na and Ba i ons  f rom both I r i s h

and Col or ado peats  are g i ven  i n  Tabl e  I .  These da t a  show t h a t
2 +t he  c a p a c i t y  o b t a i n e d  us i n g  Ba i s  h i g h e r  t han the c a p a c i t y

o b t a i n e d  us i n g  Na+ f o r  both t ypes  o f  pea t .  I t  i s  known t h a t  
2 +Ba , a d i v a l e n t  c a t i o n ,  has a h i g h e r  charge d e n s i t y  t han the 

u n i v a l e n t  c a t i o n ,  N a + . S i nce peat  has f u n c t i o n a l  gro'ups o f  

d i f f e r e n t  a c i d i t y  ( i . e .  groups o f  s t r o n g  a c i d i t y  and groups 

o f  weak a c i d i t y ) ,  we can con c l ude  t h a t  t h e r e  are some s i t e s

where t he a c i d i t y  i s  so weak t h a t  t he p r o t o n  cannot  be d i s -
+ 2 +p l aced  by Na w h i l e  i t  can be d i s p l a c e d  by Ba . Thus,  t he

exchange c a p a c i t y  w i t h  d i v a l e n t  c a t i o n s  i s  h i g h e r  t han the

exchange c a p a c i t y  w i t h  u n i v a l e n t  c a t i o n .  The r e s u l t s

o b t a i n e d  i n  t h i s  r es ea r c h  were somewhat  l ess  than t he r e s u l t s

r e p o r t e d  by Smi th e t  a l .  ( 1 4 ) .

E f f i c i e n c y  o f  P e s t i c i d e  Removal  by the Tr ea t e d  Peat  

Two methods were c o n s i d e r e d  f o r  t he  d e t e r m i n a t i o n  o f  

t he  e f f i c i e n c y  o f  p e s t i c i d e  removal  on a column o f  t r e a t e d  

pea t .  In t he f i r s t  method,  t he e f f i c i e n c y  o f  removal  was 

d e f i n e d  as t he  p e r c e n t  o f  p e s t i c i d e  removed f r om aqueous 

s o l u t i o n  when i t  i s  passed t h r ough  a column c o n t a i n i n g  a 

f i x e d  mass o f  a d s o r b e n t .  I t  was de t e r mi ned  by knowing the 

o r i g i n a l  c o n c e n t r a t i o n  o f  t he  i n f l u e n t  s o l u t i o n ,  and
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measur i ng  t he c o n c e n t r a t i o n  o f  t he e f f l u e n t .  The e f f i c i e n c y  

can then be exp r essed  by t he  f o l l o w i n g  e q u a t i o n :

C1V1 - C2V2E f f i c i e n c y  = --------~—n  (7)
1 1

( C i  \71 ) r e p r e s e n t s  c o n c e n t r a t i o n  and volume o f  t he i n f l u e n t  

s o l u t i o n ;  ( C 2 V 2 ) r e p r e s e n t s  c o n c e n t r a t i o n  and volume o f  t he 

e f f l u e n t  s o l u t i o n .

In t he second method,  t he  e f f i c i e n c y  o f  removal  can be 

e s t i m a t e d  t h r oug h  an e l u t i o n  pr ocess  whi ch c o n s i s t s  o f  d i s ­

p l a c i n g  t he r e t a i n e d  c a t i o n i c  spec i es  by a c o n c e n t r a t e d  s o l u ­

t i o n  o f  s a l t ,  f o r  example sodium c h l o r i d e  or  ammonium c h l o r ­

i d e .  In t h i s  case t he e f f i c i e n c y  can be exp r essed  by 

a n o t h e r  e q u a t i o n :

C3 V3E f f i c i e n c y  = r—w— ( 8 )
u 1v 1

where r e p r e s e n t s  t he  c o n c e n t r a t i o n  and volume o f  t he

s o l u t i o n  a f t e r  e l u t i o n .  Of c o u r s e ,  i n  o r d e r  t o  use e q u a t i o n  

( 8 ) i t  i s  necessar y  t o  be ab l e  to e l u t e  t he bound p e s t i c i d e  

f r om t he column w i t h  100% e f f i c i e n c y .  In f a c t ,  as w i l l  be 

d i s c u s s e d  l a t e r ,  t h i s  was no t  p o s s i b l e  i n  gener a l  and thus 

t he  l e s s  r e s t r i c t e d  e q u a t i o n  (7)  i s  used i n  t hese  s t u d i e s .

As p o i n t e d  ou t  i n  t he e x p e r i m e n t a l  s e c t i o n ,  t he i n i t i a l  

e x p e r i me n t s  were c a r r i e d  ou t  w i t h  c a t i o n i c  dyes f o r  s a f e t y  

r easons .  The absorbances  o f  a l l  e f f l u e n t s  o f  t he m a l a c h i t e  

g r een ,  o f  t he  a c r i d i n e  o r ange ,  and t he t o l u i d i n e  b l u e ,



T - 2437 53

measured on a Beckman DU-2 s p e c t r o p h o t o m e t e r ,  were essen­

t i a l l y  z e r o .  By us i ng  e q u a t i o n  , (7) ,  t he e f f i c i e n c y  o f  

removal  was f ound t o  be 100% f o r  a l l  t h r e e  c a t i o n i c  dyes.

E f f i c i e n c y  o f  P a r a q u a t , D i qua t  and Ami t r o 1e Remo v a 1 

f r om Aqueous S o l u t i o n  

-The p l o t  o f  absorbances ver sus  pa r aq ua t  c o n c e n t r a t i o n s ,  

d i q u a t  c o n c e n t r a t i o n s  and a m i t r o l e  c o n c e n t r a t i o n  i n  s o l u ­

t i o n  are shown i n  F i gu r es  6 , 7 , 8  and 10. The c o n c e n t r a t i o n  o f  

each e f f l u e n t  d u r i n g  t he  e f f i c i e n c y  d e t e r m i n a t i o n s  was 

deduced by us i ng  t hese p l o t s .  The e v a l u a t i o n  o f  t he  e f f i ­

c i e n c y  was pe r f o r med on t he ba s i s  o f  r e l a t i o n  (7)  f o r  t he 

reasons ment i oned above.

The r e s u l t s ,  p r e s e n t e d , i n  Tab l e  XIV show t h a t  bo t h  t he 

I r i s h  peat  and Col or ado peat  were ve r y  e f f e c t i v e  i n  remov i ng 

t he  t h r e e  p e s t i c i d e s  o f  i n t e r e s t  f rom aqueous s o l u t i o n .  The 

I r i s h  peat  and t he  Co l or ado peat  were a l mos t  o f  t he same 

q u a l i t y  as adso r ben t s  f o r  c a t i o n i c  p e s t i c i d e s  when t r e a t e d  

i n  t he  same manner .  T r ea t e d  peat  has been used on a number 

o f  oc c a s i ons  i n  t he pas t  f o r  remov i ng metal  i ons  f r om wa t e r  

( 3 7 , 3 8 . 3 9 ) .  However ,  t o  t he  a u t h o r ' s  knowl edge,  t h i s  i s  t he 

f i r s t  s t udy  i n  wh i ch  t r e a t e d  peat  has been used f o r  t he  

removal  o f  c a t i o n i c  and b a s i c  p e s t i c i d e s  f r om w a t e r .  These 

i n i t i a l  r e s u l t s  were e n c o u r a g i n g ,  showing t he t r e a t e d  peat  

t o  be ver y  e f f e c t i v e  i n  r emov i ng t hese p e s t i c i d e s  f r om aqueous
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s o l u t i o n .  Th i s  approach may have p o t e n t i a l  as a cheap method 

f o r  l a r g e  s c a l e  a p p l i c a t i o n  i n  t he  removal  o f  c a t i o n i c  and 

b a s i c  p e s t i c i d e s  f r om c o n t a mi n a t e d  w a t e r  p r i o r  t o  i t s  d i s ­

charge i n t o  t he e n v i r o n me n t .

I t  shou l d  be p o i n t e d  ou t  t h a t  i n  t he e x p e r i me n t s  w i t h  

p a r aq ua t  45 ml o f  16 ppm s o l u t i o n  was passed t h r o ug h  a column 

c o n t a i n i n g  0. 7  g o f  t r e a t e d  p ea t .  Th i s  co r r es pond s  to
_ 3

5. 58 x 10 meq o f  pa r aq ua t  pass i ng  t h r o u g h  0.637 meq o f

t r e a t e d  peat  showing t h a t  t he  t r e a t e d  peat  was p r e s e n t  i n

excess by a f a c t o r  o f  about  114 over  t he p e s t i c i d e  (based
2 +on t he  c a p a c i t y  o b t a i n e d  w i t h  Ba ( T a b l e ( I ) ) .  S i m i l a r i l y ,  

t he  t r e a t e d  peat  was p r e s e n t  i n  excess by a f a c t o r  o f  150 

over  t he d i q u a t  c o n c e n t r a t i o n .  Th i s  excess o f  t r e a t e d  peat  

ensures a h i gh  degree o f  removal  o f  t he  p e s t i c i d e s .

Mechani  sm o f  P e s t i c i d e  Removal  by T r ea t ed  Peat

Exchange may occu r  t h r oug h  a d i s p l a c e m e n t  o f  prot .onb 

s i n c e  t hese two p e s t i c i d e s  are c a t i o n i c  by n a t u r e .  Th i s  

causes a decrease o f  pH as d e s c r i b e d  p r e v i o u s l y .  However ,  ■ 

a m i t r o l e ,  hav i ng  no c h a r ge ,  can become p o s i t i v e l y  charged 

by a t r a n s f e r  o f  p r o t o n  f rom the exchanger  and thus becoming 

bound t o  t he t r e a t e d  p ea t .  Th i s  can be bes t  i l l u s t r a t e d  by 

t he  f o l l o w i n g  e q u a t i o n :
+

P-C-OH + R-NH2 ---------  P - C - 0 " . . . NH3-R (9)
8 0
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E f f e c t  o f  pH, I o n i c  S t r e n g t h  and F I owr a t e  on the

E f f i  c i  ency o f  P e s t i c i d e  Remova1 f rom Aqueous S o l u t i o n

by T r ea t e d  Peat

The ex p e r i me n t s  i n  t he f o l l o w i n g  s e c t i o n  were c a r r i e d  

ou t  o n l y  w i t h  t he I r i s h ,  pea t .

I n f l u e n c e  o f  pH and I o n i c  S t r e n g t h

The r e s u l t s  quoted i n  Tab l es  (XV) ( XVI )  and ( X V I I )  show

t h a t  t he  e f f i c i e n c y  decreases  s l i g h t . l y  f o r  a l l  t h r e e  c a t i o n i c

p e s t i c i d e s ,  as t he pH decreases  f r om 3 . 0  t o  2 . 0 ,  and as t he
- 3 - 2c o n c e n t r a t i o n  o f  sodium c h l o r i d e  i n c r e a s e s  f rom 10 t o  10 M. 

These e f f e c t s  can be e x p l a i n e d  by t he c o m p e t i t i o n  o f  hydrogen 

i ons  o r  sodium i ons  w i t h  p e s t i c i d e s ,  f o r  t he  exchange s i t e s .

As shown i n  Tabl e  X V I I ,  72.22% o f  t he a m i t r o l e  was 

removed f rom s o l u t i o n  by t he  t r e a t e d  peat  a t  pH 7 . 0 .  Th i s  

l ower  e f f i c i e n c y  Pf  removal  i s  t o be expec t ed  s i n c e  ami ­

t r o l e  i s  a b a s i c  p e s t i c i d e  w i t h  a pK^ o f  9 . 83 .  At  pH 7 . 0 ,  

a m i t r o l e  sho u l d  be e s s e n t i a l l y  i n  t he  u n p r o t o n a t e d  f or m.

I n f l u e n c e  o f  FIow Rate

As shown by t he  data i n  Tab l es  ( X V I I I )  and (XX) ,  f l o w r a t e  

d i d  no t  have a s i g n i f i c a n t  e f f e c t  on t he e f f i c i e n c y  o f  p e s t i ­

c i d e  removal  by t he  t r e a t e d  p e a t ,  over  t he range o f  f l o w  

r a t e s  wh i ch  was s t u d i e d  i n  t h i s  work .  There was a s l i g h t  

dec r ease i n  e f f i c i e n c y  w i t h  i n c r e a s e d  f l o w  r a t e s ,  i n  a l l  

cases ,  as would be ex p ec t ed .
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E l u t i o n  o f  P a r a q u a t , D i q u a t  and Ami t r o 1e f rom Tr ea t ed  

Peat  by Con c e n t r a t e d  S a l t  S o l u t i o n s  ( 5 . 5M NaCl and 

5.5M NH4C1

A g a i n ,  t he e x p e r i me n t s  i n  t h i s  s e c t i o n  were c a r r i e d  ou t  

on l y  w i t h  I r i s h  p e a t .

By l o o k i n g  a t  t he da t a  i n  Tabl e (V) i t  appears t h a t  

sodium c h l o r i d e  (5 .5M)  i s  n.ot a ver y  e f f e c t i v e  e l u t i n g  

r e ag e n t  f o r  p a r a q u a t ,  whereas i t  i s  r e a s o n a b l y  e f f e c t i v e  as 

an e l u t i n g  r e ag e n t  f o r  d i q u a t  as i n d i c a t e d  i n Tab l e  ( V I ) .  

However ,  ammonium c h l o r i d e  (5.5M)  was more e f f e c t i v e  than 

sodium c h l o r i d e  i n  remov i ng pa r aqua t  f rom the t r e a t e d  peat  

(Tab l e  V I I ) .  Th i s  i s  c o n s i s t e n t  w i t h  a p r e v i o u s  r e p o r t  (28)  

showing t h a t  NH^Cl i s  more e f f e c t i v e  than NaCl i n  e l u t i n g  

bound pa r aqua t  f rom a s y n t h e t i c  s u l p h o n i c  a c i d  c a t i o n  exchan­

ger  ( Z e o - K a r b - 2 2 5 ) .  By compar i ng the r e s u l t s  o f  t he f i r s t  

e l u t i o n  f o r  each p e s t i c i d e  ( i . e .  pa r aqua t  and d i q u a t )  i t  

appears t h a t  pa r a q u a t  i n t e r a c t s  more s t r o n g l y  w i t h  t r e a t e d  

peat  than d i q u a t  or  t h a t  more exchange s i t e s  are a v a i l a b l e  

t o  p a r a q u a t .

The e l u t i o n  o f  a m i t r o l e  by 3M NaCl (see Tab l e  IX)  was 

ve r y  e f f e c t i v e  ( t h e  e f f i c i e n c y  was f ound to be 100.83%)

Capaci  t y  o f  t he  C h e m i c a l l y  M o d i f i e d  Peat  f o r  Va r i ous  

P e s t i c i d e s

I so t he r ms  were measured f o r  a d s o r p t i o n  o f  v a r i o u s
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p e s t i c i d e s  i n  o r d e r  t o  e v a l u a t e  t he c a p a c i t y  o f  t he exchanger .

The i s o t h e r ms  c o n s i s t  o f  p l o t s  o f  (C - C ) ver sus  C . ̂ v o eq eq
w h e r e ,

CQ = i n i t i a l  c o n c e n t r a t i o n  o f  t he p e s t i c i d e  i n  s o l u t i o n ;

Ceq = e q u i l i b r i u m  c o n c e n t r a t i o n  o f  t he p e s t i c i d e  i n  s o l u t i o n ,  

wh i ch  was found by s p e c t r o p h o t o m e t r i c  d e t e r m i n a t i o n  o f  p e s t i ­

c i d e  i n  t he  e q u i l i b r a t e d  s o l u t i o n s ,  i n  c o n j u n c t i o n  w i t h  the 

a p p r o p r i a t e  B e e r ' s  Law p l o t .  For  p a r a q u a t ,  t he s t a n d a r d  

cu r ve  used was t h a t  c o n s t r u c t e d  a t  X = 596 nm, r a t h e r  than 

390 nm, s i n c e  a t  t he f o r me r  - wav e l eng t h  t he  absorbance was 

l es s  i n t e n s e  (see F i g u r e  5 ) .  Th i s  f a c i l i t a t e d  a l l  measur e­

ments s i n c e  we were d e a l i n g  w i t h  more h i g h l y  c o n c e n t r a t e d  

s o l u t i o n s  o f  pa r aq ua t  t han d u r i n g  t he column ex p e r i me n t s  

i n v o l v i n g  d i l u t e  s o l u t i o n s  o f  pa r aq ua t  where t he 390 nm 

a b s o r p t i o n  band was used.  The i s o t he r ms  are r e p o r t e d  i n 

F i g u r e  (12)  f o r  p a r a q u a t , i n  F i g u r e  (13)  f o r  d i q u a t ,  and i n  F i g ­

ure (14)  f o r  a m i t r o l e .  The e v a l u a t i o n  o f  t he c a p a c i t y  o f  

t he  t r e a t e d  peat  was deduced g r a p h i c a l l y  f rom t he l i m i t i n g  

va l ue  o f  (CQ - Ceq) *  The c a p a c i t y  (B) i s  g i ven  by t he 

f o l l o w i n g  e q u a t i o n :

(Cl i m ) ( V)  x 10’ 3 (C1 i J  (V)B = ----------_ _ ---------------- e q / g r  o r  B = — ^ -------  meq/ gr  (10)

where:  C] - j m 1S the l i m i t i n g  va l u e  o f  CQ - C i n  mg/1

V i s  t he volume ( ml )  o f  p e s t i c i d e  s o l u t i o n  e q u i l i b r a ­

t ed  w i t h  t he  t r e a t e d  pea t .
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E, i s  t he  e q u i v a l e n t  w e i g h t  o f  each p e s t i c i d e  ( i . e .  

m o l e c u l a r  w e i g h t / n ,  where n i s  charge o f  i o n )  

m, i s  t he mass o f  t r e a t e d  pea t .

The c a p a c i t i e s  c a l c u l a t e d  a c c o r d i n g  t o the above r e l a t i o n

(10)  are g i ven  i n Tab l e  ( X X I ) .  The c a p a c i t y  o f  t he t r e a t e d  

peat  f o r  d i q u a t  was a l s o  d e t e r m i ned  by t he  column method 

g i v i n g  a va l ue  o f  . 1.06 meq/g

The c a p a c i t y  o f  t he t r e a t e d  peat  f o r  d i q u a t ,  as de t e r mi ned
2 +by t he column method,  was somewhat  g r e a t e r  t han t h a t  f o r  Ba 

but  t he va l ues  were s t i l l  compar ab l e .  The c a p a c i t y  o f  t he 

t r e a t e d  peat  f o r  d i q u a t  and p a r a q u a t , as e s t i  mated f rom the l i m i ­

t i n g  va l ues  o f  t he  i s o t h e r ms  were c o n s i d e r a b l y  s m a l l e r  ( Tab l e  

XXI ) .  Th i s  i s  due,  p r e s u ma b l y ,  to t he f a c t  t h a t  i n  t he i s o ­

t her m ex p e r i me n t s  t he l i m i t i n g  va l ue  may no t  n e c e s s a r i l y  

c o r r es p ond  t o  t he maximum b i n d i n g  c a p a c i t y .  On the o t h e r  

hand,  i n  t he  column e x p e r i me n t s  t he exchange r e a c t i o n  i s  

d r i v e n  t o  c o m p l e t i o n  by pass i ng  a l a r g e  excess o f  t he  d i s ­

p l a c i n g  c a t i o n  t h r o ug h  t he  column o f  t r e a t e d  peat  and s i m u l ­

t a n e o u s l y  remov i ng t he d i s p l a c e d  hydrogen i ons  f rom t he 

system.

C o n s i d e r a t i o n  o f  Pe s t i  c i de Tox i  c i  t y Hazard

The main goal  o f  t h i s  r e s e a r c h  was t he deve l opment  o f  

methods f o r  removi  ng t o x i c  s ub s t a n c e s ,  l i k e  p e s t i c i d e s ,  f rom 

w a t e r .  The l a b o r a t o r y  work i n v o l v e d  e x t e n s i v e  h a n d l i n g



T - 2437 59

o f  p e s t i c i d e s .  P r e c a u t i o n s  were t aken i n  d i s p o s i n g  o f  e x p e r i ­

mental  s o l u t i o n s  and o t h e r  i t ems i n  o r d e r  t o av o i d  c o n t a m i n a ­

t i o n  o f  t h e  e n v i r on men t :

( i )  Exper i ment s  were conduc t ed w i t h  on l y  one p e s t i c i d e  

a t  any g i ven  t  i me.

( i i )  A f t e r  each se t  o f  e x p e r i m e n t s ,  a l l  s o l u t i o n s  c o n t a i n ­

i ng  p e s t i c i d e s  were t r a n s f e r r e d  to s t o r a g e  b o t t l e s  f o r  sub­

sequent  d i s p o s a l .

( i i.i ) A l l  s o l i d  m a t e r i a l  con t ami na t e d  by p e s t i c i d e s  was 

s t o r e d  i n p l a s t i c  bags f o r  subsequent  d i s p o s a l .  Th i s  m a t e r ­

i a l  i n c l u d e d  l i t m u s  paper ,  c l o t h  t o w e l s ,  paper  t i s s u e s ,  e t c .

( i v )  At  t he  c o m p l e t i o n  o f  t h i s  r es ea r c h  a l l  o f  t he  r e s i ­

dual  m a t e r i a l  ( s o l i d  and d i s s o l v e d )  was ass i gned  t o  t he care

o f  a commerc i a l  d i s p o s a l  company.

Chemi c a 1s Used

Dyes : A c r i d i n e  o r ange ,  m a l a c h i t e  g r een ,  t o l u i d i n e  b l u e ,  

G a l l a r d  S c h l e s i n g e r  Chemical  Mfg.  Corp.  Ca r l e  P l a c e ,  L I ,  N.Y.

P e s t i c i d e s :  P a r a q u a t ,  d i q u a t ,  a m i t r o l e ,  Chem S e r v i c e ,

West Ch e s t e r ,  PA, 19380 ( s o l i d  f o r m) .

Ot her  Chemi cal s

S u l f u r i c  A c i d :  Baker  ana l yzed  r e a g e n t ,  3 6 . ON

H y d r o c h l o r i c  A c i d :  MCB Reagents ,  1 1 . 3N

Sodium D i t h i o n i t e :  J . T .  Baker  Chemical  Co. ,  P h i l l i p s -

Burg,  N. J .  08865
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Sodium h y d r o x i d e  r e a g e n t ,  s o l i d  f o r m

Sodium c h l o r i d e  r e a g e n t ,  s o l i d  f orm

Sodium n i t r o p r u s s i d e  r e a g e n t  p r a c t i c a l  s o l i d  f orm

Pot ass i um f e r r o c y a n i d e : c r y s t a l  f o r m,  Baker  ana l yzed

r e age n t

Hydrogen p e r o x i d e  30% s o l u t i o n

Ammonium c h l o r i d e :  a n a l y t i c a l  r eage n t

B u f f e r  s o l u t i o n s :  0.1M KH^PO^, 0.1M NaOH, 0.1M KC1 ,

0.1M HgBOg. A l l  t hese  were r eagen t  gr ade.

Equi  pment

T h e a p p a r a t u s  f o r  i on - ex c h ang e  e x p e r i me n t s  i s  i l l u s t r a t e d  

in Figure 3 .

S p e c t r o p h o t o m e t e r s :  Beckman DU-2 and Beckman DK-2

s p e c t r o p h o t o m e t e r s  were used.  

pH met e r :  Sa r gen t - We l ch  model  IP

Cone 1 us i on and Summary

Th i s  r e s e a r c h  was aimed a t  c o n s i d e r i n g  t he  f e a s i b i l i t y  o f  

us i n g  c h e m i c a l l y  t r e a t e d  peat  f o r  t he  removal  o f  c a t i o n i c  

s pe c i es  f rom wa t e r  ( i . e .  c a t i o n i c  p e s t i c i d e s  and c a t i o n i c  

d y e s ) .  The peat  i t s e l f  i s  a n a t u r a l  subs t ance  whi ch  can be 

c h e ap l y  o b t a i n e d  d i r e c t l y  f rom the l and  i n  many areas o f  

t he  w o r l d .  I t s  u t i l i z a t i o n  w i t h o u t  any chemi ca l  m o d i f i c a ­

t i o n  was not  p r a t i c a l ,  s i n c e  the raw peat  i s  prone t o  l each  

subs t ances  whi ch  are  a sour ce  o f  p o l l u t i o n  i n t he ms e l v e s .
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Fu t he r mor e ,  t he  raw peat  i s  i mp e r v i o u s  t o t he  f l o w  o f  w a t e r .  

However ,  t he  s u l f u r i c  a c i d  t r e a t m e n t  l eads t o  a p r o d u c t  

hav i ng  an i n c r e a s e d  c a t i o n  exchange c a p a c i t y  and good p h y s i c a l  

c h a r a c t e r i s t i c s .  The p r o d u c t  i s  capab l e  o f  be i ng  used up to 

a p p r o x i m a t e l y  pH = 8 . 0  and i s  ve r y  s u i t a b l e  f o r  column o p e r a ­

t i o n  s i n c e  i t  i s  o f  a g r a n u l a r  f o r m,  and possesses good capa­

c i t i e s  f o r  c a t i o n s .

Th i s  r e s ea r c h  was p r i m a r i l y  i n t e nd e d  t o  remove c a t i o n i c  

p e s t i c i d e s  f rom w a t e r .  From t he dat a o b t a i n e d ,  t he t r e a t e d  

peat  was f ound t o be ve r y  e f f e c t i v e  f o r  remov i ng t hese t o x i c  

s ub s t an c es .  Fa c t o r s  whi ch can i n f l u e n c e  t he e f f i c i e n c y  o f  

t he  t r e a t e d  peat  f o r  p e s t i c i d e  removal  were examined ( i . e .

.pH, i o n i c  s t r e n g t h ,  and f l o w r a t e ) .  I t  has been conc l uded  

t h a t  a l l  o f  t hese  f a c t o r s  had no s i g n i f i c a n t  e f f e c t  on e f f i ­

c i e n c y  o f  p e s t i c i d e  removal  over  t he  range o f  v a r i a t i o n s  

st udi ed.

Ano t he r  aspec t  o f  t h i s  r e s e a r c h  was to s t udy  t he  a d s o r p ­

t i o n  i s o t h e r m f o r  t he  b i n d i n g  o f  t he  v a r i o u s  p e s t i c i d e s  on 

t he t r e a t e d  pea t :  The ex p e r i me n t s  conduc t ed  i n t h i s

case were d i f f e r e n t  f r om t he  p r e v i o u s  ones whi ch  were based 

on column o p e r a t i o n .  The ba t ch  method f o r  d e t e r m i n a t i o n  o f  

i s o t h e r ms  was adopt ed .

Wi th  t h i s  s i mp l e  p r o c e d u r e ,  t hese c a t i o n  exchangers  

mi gh t  f i n d  use i n  m u n i c i p a l  wa t e r  t r e a t m e n t  and i n d u s t r i a l
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waste w a t e r  h a n d l i n g .  The t r e a t e d  peat  may have t he p o t e n ­

t i a l  o f  be i ng  a cheap s u b s t i t u t e  f o r  some o f  t he  s y n t h e t i c  

r e s i n s  c u r r e n t l y  used f o r  wa t e r  t r e a t m e n t .
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Na

0 . 6 8

TABLE I .  Ca t i o n  Exchange C a p a c i t i e s  o f
T r ea t e d  Peat  ( I r i s h  and Co l o r ado  
Peat )  f o r  Na and Ba^+

I r i s h  Peat  Co l o r ado Peat

Ba2+ Na + Ba2+

meq/g 0.91 meq/g 0. 76 meq/g CT.96 meq/g

TABLE I I .  Absorbances o f  St andar d  S o l u t i o n s  
o f  Reduced Par aqua t  a t  390 nm

C o n c e n t r a t i o n  (mg/1)  Absorbance

0. 5 0.050

1 0. 075

2 0. 133

3 0. 260

4 0.355

6 0. 530

8 0. 715

10 0. 900
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TABLE I I I .  Absorbances o f  St andar d  S o l u t i o n  
o f  Reduced. Par aaua t  a t  596 nm

C o n c e n t r a t i o n s  (mg/1)  Absorbance

1 0. 024
2 0. 070
4 0. 135
6 0. 194
8 0.263

10 0. 325
12 0. 392
14 0. 440
16 0. 510

TABLE IV.  Absorbances o f  St andar d  S o l u t i o n s  
o f  Reduced D i qua t  a t  380 nm

C o n c e n t r a t i o n s  ( m g / 1 ) Absorbance

2 0. 105
4 0.207
6 0 . 332
8 0 .420

10 0 . 570
12 0 . 682
14 0.712
16 0.900
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TABLE V. Res u l t s  o f  E l u t i o n  o f  Paraquat
by 5 . 5M NaC1

E l u t i o n  Number % Removal

1 19.44
2 11.59
3 3.81
4 2.98
5 2.29
6 1.04
7 0.0

TABLE VI .  Res u l t s  o f  E l u t i o n  o f  D i qua t  by
5.5M NaCl

E l u t i o n  Number % Removal

1 58
2 26
3 5.55
4 1. 73
5 0 . 0
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TABLE V I I .  Re s u l t s  o f  E l u t i o n  o f  Paraquat
by 5.5M NH4C1

E l u t i o n  Number % Removal

1 35.41
2 15.27
3 9.72
4 6.66
5 4 . 86
6 4 . 02
7 3 . 78
8 2. 85
9 0 . 0

TABLE V I I I .  Absor bance o f  St andar d  S o l u t i o n  
o f  A m i t r o l e  Complex a t  625 nm

C o n c e n t r a t i o n  (mg/1)  Absorbance

1 0 . 020
2 0. 048
4 0. 075
6 0. 107
8 0. 148

10 0 . 180
12 0. 194
14 0. 255
16 0. 290
20 0. 330
30 0. 510
40 0. 650
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TABLE IX.  Re s u l t s  o f  E l u t i o n  o f  A m i t r o l e
by 3M NaCl

E l u t i o n  Number % Removal

1 77

2 11.90

3 5

4'  4 . 13

5 2.80

6 0 . 0

TABLE X. Data Re l a t ed  to t he A d s o r p t i o n  
I s o t h e r m o f  Paraquat

C ( m g / 1 ) C C -C ( m g / 1 )o v 3 '  e q __o eg

3 0 3
6 0 6

12 0 12

18 0 18
24 0. 61 23.39
30 1.58 28.42
36 2.82 39 . 38
42 2.17 39.83
48 2. 75 45.25
54 3 . 09  50.91
60 4 . 10  . 55.90
66 5 . 60 60 . 40
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TABLE XI .  Data Re l a t ed  t o  t he A d s o r p t i o n  
I s o t h e r m o f  D i qua t

c0 ( m g / l )  c eq^mg / 1  ̂ c o~c eq^mg / 1 ^

5 0 . 0  5
10 0 .0  10
15 0 . 0  15
20 0 . 49  19.51
30 0.51 29.49
40 0 . 68  39.32
50 1.01 48.99
60 1.20 58.80
80 2. 35 77.65
90 3. 52 86. 48

100 5. 98 94.02
110 9. 90 100.10

TABLE X I I .  Data Re l a t ed  t o the A d s o r p t i o n  
I s o t h e r m f o r  A m i t r o 1e A f t e r  

S t an d i ng  f o r  48 Hours

c Q( mg / 1 ) c eo^m g / 1  ̂ c o _Ce q ( m g / 1 ^

6 0 . 40  5.6
8 0. 42 7.58

10 0. 65 9. 35
12 0. 85 11.15
14 0. 86 13.13
16 1.0 15.0
18 1.50 16.50
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TABLE X I I I .  Data Re l a t ed  t o  t he  A d s o r p t i o n  
I s o t he r m o f  A m i t r o l e  A f t e r  : 
S t and i ng  f o r  72 Hours

CQ( m g / l )  Ce q (mg/1^ Co " Ceq^m g / 1 ^

6 0 . 0 0  6

8 0 . 0 0  8

10 0. 420 9. 58
12 0 . 50  11.50
14 0 . 70  13.30
16 0. 72 15.28
18 1.25 16.75

TABLE XIV.  E f f i c i e n c y  o f  Removal  o f  P e s t i c i d e s  
by I r i s h  Peat  and Co l o r ado Peat

I r i s h  Peat  ( 0 . 7 g )  Co l o r ado Peat  ( 0 . 7 g )

P e s t i c i d e s Paraquat D i qua t Ami t r o l e Paraquat Di qua t Ami t r o 1

pH 5.85 6. 15 5. 50 5.85 6.15 5.50
FI owr a t e 1 . 10 1.0 1.15 1.07 1 . 18 1.20

m 1 /  m i n m 1 /  m i n m 1 /  m i n ml / mi n m 1 /  m i n m 1 /  m i n
E f f i  c i ency 99.  30 98. 16 99. 33 99.65 97. 22 98.66

( * ) 99. 0 98.69 99. 55
99.  51 98.  54 98. 88
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TABLE XV. I n f l u e n c e  o f  .pH and I o n i c  S t r e n g t h
on Removal  o f  Paraqua t  f r om S o l u t i o n  

by T r e a t e d  I r i s h  Peat

pH E f f i  c i  ency

pH = 2 . 0  97.98%
pH = 3 . 0  98 . 0  %

I o n i c  S t r e n g t h
1 0 ' 2M NaCl 98.61%

1 0 - 3M NaCl 98.90%

TABLE XVI .  I n f l u e n c e  o f  pH and I o n i c  S t r e n g t h  
On Removal  o f  D i qua t  f rom Aqueous 
S o l u t i o n  by Tr ea t ed  I r i s h  Peat

pH E f f i  c i  ency

pH = 2 . 0  92.64%
pH = 3 . 0  93.35%

I o n i c  S t r e n g t h

10‘ 2M NaCl 94 . 5  %

10" 3M NaCl 96.48%
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TABLE X V I I .  I n f l u e n c e  o f  pH and I o n i c  S t r e n g t h
on Removal  o f  A m i t r o l e  f rom S o l u t i o n  

by T r e a t e d  I r i s h  Peat

pH E f f i  c i ency

pH = 2 . 0  98.  13%
pH = 3 . 0  98.48%
pH = 7 . 0  72.22%

I o n i c  S t r e n g t h

1 0 " 2M NaCl 96.44%

10~3M NaCl 97.77%

TABLE X V I I I .  E f f e c t  o f  F l o w r a t e  on Removal  o f  
Par aqua t  f rom S o l u t i o n  by T r ea t e d  

I r i s h  Peat

3
F l o wr a t e  (cm / m i n )  E f f i c i e n c y  (%)

1.0 99. 30
2.5 96.50

10.5 95.86
23. 0 95.13
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TABLE XIX.  E f f e c t  o f  F l o wr a t e  on Removal  o f  
D i qua t  f rom S o l u t i o n  by T r e a t e d  

I r i s h  Peat

F I o wr a t e  E f f i  c i  e n c y :(%)

1.0 98.69
6. 10  97.91

11.50 97.74
22. 0  97.33

TABLE XX. E f f e c t  o f  F l o wr a t e  on Removal  o f  
A m i t r o l e  f rom S o l u t i o n  by T r ea t e d  

I r i s h  Peat

F I owr a t e  E f f i c i e n c y  (%)

1.2 99. 55
4 . 2  98.00
8.1 97. 44

14.20 94 . 66
23.50 93 . 88
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TABLE XXI . Ca p a c i t y  o f  t he  T r ea t ed  I r i s h  
Peat  f o r  A m i t r o l e ,  Pa r a qua t ,  
and D i q u a t  as Det ermi ned f rom 

I s o t he r ms

Pest i c i des C a p a c i t y  i n  meq/ g

Ami t r o l e  
Paraquat  
D i qua t

0 . 20 

0.40 
0. 47

TABLE XXI I M o i s t u r e  Con t en t  f o r  I r i s h  
Peat  and Col o r ado Peat

PEAT M 0 I S T U R E C 0 N T E N T (

Batch
-CO+-> t—1
-----
CO Batch

( I I )
Batch
( I I I )

Batch
( I V )

I r i s h  Peat 86 . 70 85 . 60 87 . 0 85 . 70

Co l or ado Peat 75.10 78. 60 75.30 78.88
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