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D i r e c t  i n j e c t i o n  of p e s t i c i d e s  i n t o  
.. a spray  system i s  a p o t e n t i a l  means o f  

m in im iz ing  r i nsewa te r .  For  t h e  purpose 
o f  t h i s  paper, d i r e c t  i n j e c t i o n  i s  de- 
f i n e d  as "Any scheme by  which p e s t i c i d e  
concent ra tes  are  metered, i n j e c t e d  o r  i n -  
t roduced and m i  xed, by  whatever means, 
i n t o  a sprayer  p ressu re  system d i r e c t l y  
f rom one o r  more sh ipp ing  c o n t a i n e r s  o r  
o t h e r  speci  a1 i zed c o n t a i n e r s  and a t  a 
p o i n t  i n  t h e  system j u s t  b e f o r e  o r  near 
where t h e  m i  x t u r e  wou I d  be d ischarged 
f rom t h e  spray  nozzles".  A d i r e c t  i n j e c -  
t i o n  system ( F i g u r e  1) i s  e s s e n t i a l l y  two 
systems -- a d i l u e n t  system and a p e s t i -  
c i d e  concen t ra te  system, w i t h  t h e  

tank ( t h e  one we now use t o  p u t  sp ray  mix- 
t u r e s  i n t o  )used  o n l y  f o r  d i l u e n t .  I d e a l -  
ly, n o t h i n g  would be pre-mixed and what- 
ever i s  i n t roduced  i n t o  t h e  p ressu r i zed  
l i n e s  would be metered, measured, i n t r o -  
duced, mixed and c o n t r o l l e d  b y  an on- 
board c o n t r o l  u n i t .  The c o n t r o l  u n i t  
would mon i to r  t h e  ground speed, t h e  f l o w  
f rom t h e  d i l u e n t  tank  and f rom one o r  
more concen t ra te  tanks  and would then  a c t -  
u a t e  t h e  approp r ia te  c o n t r o l  va l ves  i n  r e -  
sponse t o  t h e  incoming s i g n a l s  o r  t o  any 
p re -se t  or presc r ibed  values. The con- 
t r o l  u n i t  cou ld  p e r m i t  t h e  i n t r o d u c t i o n  
o f  p e s t i c i d e  concen t ra te  e i t h e r  i n  
response t o  ground t r a v e l  o r  a t  a 
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F i g u r e  1. Schematic Diagram o f  D i r e c t  I n j e c t i o n  System. 
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U n i v e r s i t i e s  and o t h e r  research f a c i l i t i e s  have been employing 
e v a p o r a t i o n  photodegradat ion and b iodegradat ion  i n  containment dev ices 
( o f t e n  r e f e 4 e d  t o  as " p i t s " )  t o  t r e a t  p e s t i c i d e  wastewaters f o r  over  15  
years ;  howevq,  t h i s  method i s  n o t  w i d e l y  u t i l i z e d  f o r  severa l  reasons. 
These i n c l u d e  such unknowns as t h e  p o t e n t i a l  f o r  t h e  t rea tment  t o  f u r t h e r  

However, a d d i t i o n a l  i n f o r m a t i o n  i s  needed 

pestqcides. 

p o l l u t i o n  p o t e n t i a l  pb,sed by t h i s  
o f  New York i s  r e - e v a l h a t i n g  t h e  

produce hazardous wastes, u n c e r t a i n t y  o f  t h e  
r e s u l t s  and l a c k  o f  understanding o f  t h e  

Leach f i e l d s  a re  be ing  used by many 

The remain ing f o u r  
requ i re .  t h r e e  t o  f w i  11 

they  can be expected t o  be 'aya i lab le .  / )  
/ \  

\* 

SUMMARY 

There was a consensus o f  opinqon ,$kat an immediate research e f f o r t  
was needed t o :  

1. 

2. 

3. 

Address those research  need 
proven t e c h n o l o g i e s  such t h  
l e a s t  be maximized on an i 

Conduct p r e l  im ina ry  ass 
technology o p p o r t u n i t i e  
Consider t h e  combi n a t i  o 

I n  p r i o r i t y  o rder ,  
emerging techno1 ogy 

I n  add i t i on ,  i t  was n a t i o n  o f  seve ra l  

t i f i e d  f o r  t h e  c u r r e n t l y  a v a i l a b l e ,  
l d z a t i o n  of these methods can a t  

e f f e c t  i veness o f  t h e  emerging 
rank them f o r  f u r t h e r  development. 
echno log ies  <,as p a r t  o f  this e f f o r t .  

h needs f o r  t h e  

Reference : 

Agency, EPA 600/9-86-001, January 1986. 
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Proper tank  s i z i n g  i s  n o t  o n l y  impor- 
t a n t  f rom t h e  space and we igh t  invo lved,  
b u t  a l s o  t h e  tank  s i z e s  need t o  be 
matched f r o m  a r e l a t i v e  c a p a c i t y  stand- 
p o i n t  so t h a t  b o t h  tanks  w i l l  be empty a t  
about t h e  same t i m e  and one does n o t  have 
t o  make two t r i p s  t o  f i l l  one tank  o r  t h e  
o the r .  P r o v i s i o n  must a l s o  be made f o r  
emptying and c l e a n i n g  t h e  concen t ra te  
tanks  and system when i t  i s  necessary t o  
use d i f f e r e n t  m a t e r i a l s ,  as w e l l  as d i s -  
pos ing  o f  t h e  smal l  amount o f  waste t h a t  
may be generated i n  t h i s  process. 

Since t h e  me te r ing  dev i ce  i s  t h e  
h e a r t  o f  a system, i t  must be se lec ted  t o  
match t h e  f l o w  r a t e s  t h a t  i t  w i l l  be ex- 
pec ted  t o  hand le  and t o  p r o v i d e  t h e  p r e c i -  
s i o n  requ i red .  
f l o w  r a t e  a c c u r a t e l y  and e a s i l y  w i l l  need 
t o  be considered. I f  t h e  p e s t i c i d e  con- 
c e n t r a t e  me te r ing  r a t e  i s  i n  response t o  
ground t r a v e l ,  changes i n  ground t r a v e l  
speed w i  11 cause c o n c e n t r a t i o n  t r a n s i e n t s  
t h a t  a re  a f u n c t i o n  o f  t h e  system con f ig -  
u r a t i o n  and these w i l l  have t o  be care-  
f u l l y  eva lua ted  and minimized. The i n j e c -  
t i o n  and m i x i n g  u n i t  shou ld  be as c l o s e  
t o  t h e  nozz les  o r  d i scha rge  p o i n t s  as pos- 
s i b l e  t o  min imize  t h e  amount o f  m i x t u r e  
i n  t h e  supp ly  l i n e s  and boom and min imize  
any u n d e s i r a b l e  c o n c e n t r a t i o n  t r a n s i e n t  
v a r i a t i o n s .  However, t h i s  may r e s u l t  i n  
r e l a t i v e l y  more o f  t h e  concen t ra te  m a t e r i -  
a l  remain ing  i n  t h e  concen t ra te  supp ly  
l i n e s .  Th is  may be s a t i s f a c t o r y  f o r  s i n -  
g l e  m a t e r i a l  systems, b u t  must be cons id -  
e red  i f  i t  i s  d e s i r e d  t o  have a system 
t h a t  w i l l  hand le  seve ra l  d i f f e r e n t  m a t e r i -  
a l s  f o r  l ong  and r e l i a b l e  se rv i ce .  

e s t  techno logy  w i l l  come i n t o  p lay ,  t h a t  
i s ,  m ic roprocessor  c o n t r o l  techno logy .  
Mic roprocessors  a re  c u r r e n t l y  used t o  mon- 
i t o r  spray  systems and pe r fo rm s p e c i f i c  
a p p l i c a t i o n  c a l c u l a t i o n s .  Thus, t h e r e  i s  
v e r y  l i t t l e  reason today  t h a t  d i r e c t  i n -  
j e c t i o n  systems can n o t  be mon i to red  and 
c o n t r o l l e d  us ing  such devices.  I n  add i -  
t i o n  t o  m o n i t o r i n g  and c o n t r o l l i n g ,  a 
mic roprocessor  system cou ld  a l s o  be used 
t o  r e c o r d  p e r t i n e n t  o p e r a t i o n a l  in fo rma-  
t i o n  such as t h e  type, amount and r a t e  of 
p e s t i c i d e s  used, weather d a t a  d u r i n g  ap- 
p l i c a t i o n ,  da tes  and t imes o f  sp ray  opera- 
t i o n s ,  f i e l d  i d e n t i f i c a t i o n  and l o c a t i o n  
( i n c l u d i n g  graphs showing s a l i e n t  
f e a t u r e s  o f  t h e  f i e l d  and sur round ing  
area)  along w i t h  t h e  a p p l i c a t i o n  

Means o f  a d j u s t i n g  t h e  

The c o n t r o l  system i s  where t h e  new- 

h i s t o r y  f o r  t h e  f i e l d ,  among o t h e r  
th ings .  P e r i o d i c a l l y ,  then, t h e  recorded 
da ta  would be removed and t r a n s f e r r e d  t o  
a master computer f o r  permanent s to rage  
and a n a l y s i s  and re fe rence.  

Some impor tan t  d e c i s i o n s  have t o  be 
made r e l a t i v e  t o  t h e  attachment, detach- 
ment and f i l l i n g  o f  t h e  concen t ra te  con- 
t a i n e r s ,  as w e l l  as what t o  do w i t h  t h e  
smal l  amount o f  l i q u i d  t h a t  may be 
t rapped i n  t h e  connect ing  supp ly  l i n e s .  
There may w e l l  need t o  be c l o s e r  coopera- 
t i o n  between t h e  chemical  manufacturers,  
t h e  c o n t a i n e r  s u p p l i e r s  and t h e  equipment 
manufacturers t o  s o l v e  some o f  t hese  prob- 
lems. 

Simple and accu ra te  c a l i b r a t i o n  pro-  
cedures w i l l  be needed t o  assure t h a t  t h e  
p e s t i c i d e  and d i l u e n t  a re  be ing  a p p l i e d  
a t  t h e  c o r r e c t  r a t e s .  M o n i t o r i n g  systems 
and d i s p l a y s  w i l l  be r e q u i r e d  t o  assure 
proper  f u n c t i o n i n g  o f  t h e  system. Wi th  
t h e  development o f  more concent ra ted  and 
more c o s t l y  p e s t i c i d e s ,  smal l  m is takes  i n  
t h e  a p p l i c a t i o n  can n o t  be t o l e r a t e d .  

techno logy  i n c l u d e  p r o d u c t i o n  a g r i c u l t u r e  
( f i e l d  c rops  and orchards) ,  wide-area con- 
t r o l ,  v e c t o r  c o n t r o l ,  r igh t -o f -way,  lawn 
and garden, p e s t  c o n t r o l  ( r e s i d e n t i a l  and 
business),  nu rse r ies ,  greenhouses, a n i -  
mal p e s t  c o n t r o l  and f o r e s t r y .  Several  
o f  t hese  a p p l i c a t i o n  i n d u s t r i e s  a r e  a l -  
ready u s i n g  equipment f e a t u r i n g  concepts 
o f  d i r e c t  i n j e c t i o n  and o t h e r s  a r e  u s i n g  
u n d i l u t e d  m a t e r i a l s  d i r e c t l y  w i t h o u t  f u r -  
t h e r  d i l u t i o n .  Thus i t  should be obvious 
t h a t  one machine o r  one system w i l l  n o t  
be s u i t a b l e  f o r  a l l  a p p l i c a t i o n  needs. 
D i f f e r e n t  chemicals and f o r m u l a t i o n s  w i t h  
d i f f e r e n t  p h y s i c a l  p r o p e r t i e s  and d i f f e r -  
e n t  a p p l i c a t i o n  r a t e s  and d i f f e r e n t  r e -  
q u i r e d  methods o f  a p p l i c a t i o n ,  w i  11 
r e q u i r e  d i f f e r e n t  systems. 

P o t e n t i a l  users  o f  d i r e c t  i n j e c t i o n  

The mat te r  o f  r e t r o - f i t t i n g  needs t o  
be mentioned s i n c e  n o t  a l l  o f  t h e  work go- 
i n g  on w i l l  l ead  t o  e n t i r e l y  new p ieces  
o f  equipment. There a r e  a l o t  o f  spray- 
e r s  c u r r e n t l y  be ing  used t h a t  w i l l  n o t  
and can n o t  be thrown away. Thus, t h e r e  
i s  a b u i l t - i n  market f o r  r e t r o - f i t  equip- 
ment. However, cons ide rab le  i n g e n u i t y  
w i l l  be r e q u i r e d  i n  o rde r  t o  des ign  work- 
ab le  r e t r o f i t  systems f o r  t h e  h o s t  o f  d i f -  
f e r e n t  t ypes  o f  ground and a i r c r a f t  spray- 
e r  systems now i n  use. 
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pre-determined cons tan t  f low r a t e .  I n  
any event,  f o r  such a system, when t h e  
f l o w  o f  p e s t i c i d e  concen t ra te  i n t o  t h e  
boom supp ly  l i n e  would be stopped, s h o r t -  
l y  t h e r e a f t e r ,  o n l y  d i l u e n t  would f l o w  
f rom t h e  spray  nozz les  and t h e r e  would be 
no l e f t - o v e r  m ix tu res  i n  a tank  t o  d i s -  
pose o f  a t  t h e  end of a sp ray ing  opera- 
t i o n .  

Conceptua l l y ,  t h i s  i s  a v e r y  s imp le  
i dea  and has seve ra l  advantages t o  o f f e r  
over conven t iona l  systems. The most obv i -  
ous advantage would be t o  e l i m i n a t e  o r  
s i g n i f i c a n t l y  reduce t h e  genera t i on  o f  
un-used mix tu res .  Other s i g n i f i c a n t  bene- 
f i t s  would be t o  reduce human exposure 
and t h e  hazards assoc ia ted  w i t h  measur- 
ing ,  m ix ing  and t h e  t r a n s f e r  o f  mixed 
spray  m a t e r i a l s ,  as w e l l  as p r o v i d i n g  a 
quick,  easy and thorough method o f  c lean-  
i n g  a sprayer  immedia te ly  f o l l o w i n g  each 
use -- something t h a t  i s  n o t  now commonly 
and r o u t i n e l y  done w i t h  e x i s t i n g  equip- 
ment. T h i s  e s s e n t i a l l y  automat ic mainten- 
ance procedure would, by  i t s e l f ,  a lmost 
c e r t a i n l y  r e s u l t  i n  improved sprayer  r e l i -  
a b i l i t y .  A l l  o f  these c o n t r i b u t e  t o  d i -  
r e c t  economic b e n e f i t s  i n  terms o f  chemi- 
c a l  sav ing  and reduced a p p l i c a t i o n  and 
waste d i sposa l  cos ts .  

would, o f  necess i t y ,  be more compl ica- 
ted,  and consequent ly,  i f  p r o p e r l y  de- 
s igned and tho rough ly  f i e l d  tes ted ,  would 
be more expensive -- and l i k e l y  by  q u i t e  
a b i t .  I t  i s  n o t  c l e a r  t h a t  t h e  market 
w i l l  s tand an o rde r  o f  magnitude inc rease  
i n  t h e  s e l l i n g  p r i c e  -- even though t h e  
u n i t s  demonstrate t h e  des i red  and needed 
performance. More s k i l l  and t r a i n i n g  
would be r e q u i r e d  t o  ope ra te  such equip- 
ment p r o p e r l y .  Such systems may a l s o  
tend t o  be produc t  s p e c i f i c  and some f l e x -  
i b i l i t y  i n  use may be s a c r i f i c e d ,  com- 
pared t o  t h e  sprayers  we now use t h a t  a re  
supposed t o  hand le  a l l  compounds t h a t  a re  
p u t  i n t o  them. 

systems s i m i l a r  t o  t h e  one descr ibed a l -  
ready  e x i s t ,  though they  may use d i f f e r -  
e n t  arrangements t o  acompl ish t h e  d e s i r e d  
tasks.  The bas i c  n o t i o n  o f  d i r e c t  i n j e c -  
t i o n  i s  n o t  new, as work on such systems 
was done as l onq  as 20 yea rs  ago by Nelson 
(11, H a r r e l l  ( 2 )  and Peck ( 3 )  and a t  a 
t ime  when t h e r e  was no g r e a t  i n t e r e s t  i n  
o r  g e n e r a l l y  accepted need f o r  such 

On t h e  o t h e r  hand, such systems 

A few commercial d i r e c t  i n j e c t i o n  

devices.  More r e c e n t  work has been done 
by  V i d r i n e  (41, Kennedy (51, Larson (61, 
Reichard ( 7 )  and Ladd (8)  some o f  whom 
used mic roprocessor  techno logy  i n  t h e  con- 
t r o l  systems. Thus, t h e r e  has been and 
i s  now a f a i r  amount o f  research  and de- 
velopment a c t i v i t y  i n  t h i s  regard.  

There are  some impor tan t  cons idera-  
t i o n s  and r e a l i t i e s  t h a t  must be d e a l t  
w i t h  i n  t h e  des ign  o f  a d i r e c t  i n j e c t i o n  
system. F i r s t ,  t h e  na tu re  o f  t h e  p e s t i -  
c i d e  must be considered, i .e.,  t h e  formu- 
l a t i o n ,  whether a l i q u i d  concentrate,  a 
f lowab le ,  a w e t t a b l e  powder o r  something 
else.  A t  t h e  p resen t  t ime, t h e  known sys- 
tems a re  be ing  designed t o  hand le  o n l y  
l i q u i d  fo rmu la t i ons .  The p h y s i c a l  p roper -  
t i e s  o f  v i s c o s i t y  and d e n s i t y  must be 
known and e s p e c i a l l y  how t h e  v i s c o s i t y  
may change w i t h  a change i n  temperature, 
i f  t h e  meter ina  i s  t o  be done a c c u r a t e l y  

Y 
con- 

over t h e  range-o f  temperatures normal 
encountered i n  f i e l d  opera t ions .  The 
c e n t r a t i o n  o r  s t r e n g t h  o f  t h e  p roduc t  
must a l s o  be known, as a va lue  f o r  t h  
parameter w i  11 be needed t o  determine 
meter ing  r a t e  o f  t h e  p e s t i c i d e  concen 
t r a t e  i n t o  t h e  system. 

S 
t h e  

E a r l y  on i n  a design, t h e  d e c i s i o n  
w i l l  need t o  be made whether t h e  equip- 
ment w i l l  be p roduc t  s p e c i f i c  o r  w i l l  be 
designed t o  handle one o r  more p e s t i c i d e  
f o r m u l a t i o n s  hav ing  d i f f e r e n t  p h y s i c a l  
p r o p e r t i e s .  

be a p p l i c a b l e  t o  e i t h e r  ground-based 
equipment o r  equipment f o r  a i r c r a f t ,  
t h e r e  a re  severa l  aspects o f  a i r c r a f t  sys- 
tems t h a t  r e q u i r e  spec ia l  cons ide ra t i on .  
For  example, l a r g e r  f l o w  and pumping 
r a t e s  a re  r e q u i r e d  as w e l l  as s p e c i a l  
f a s t  a c t i n g  c o n t r o l  valves,  because o f  
t h e  g r e a t e r  speed o f  t r a v e l .  Weight, 
space and drag l i m i t a t i o n s ,  p r o v i s i o n  f o r  
shock and v i b r a t i o n  mounting o f  compo- 
nents, among o thers ,  a re  f a c t o r s  t h a t  
must be cons idered f o r  a i r c r a f t  systems. 

Al though t h e  same bas ic  concept may 

Di r e c  t i n j e c  t i on systems des i g ned 
f o r  use by  p r i v a t e  a p p l i c a t o r s ,  t h a t  i s ,  
farmers,  may n o t  s a t i s f y  t h e  needs o f  com- 
merc ia l  a p p l i c a t o r s ,  who may need t o  ap- 
p l y  more than one compound a t  a t ime  and 
who r e q u i r e  equipment, because o f  a l a r g e  
amount o f  use, t h a t  f e a t u r e s  a h i g h  l e v e l  
o f  durab i  1 i t y  and r e l i  abi  1 i ty. 
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The development o f  d i r e c t  i n j e c t i o n  
equipment i s  compl ica ted  by  one o t h e r  f a c -  
t o r .  The equipment i n d u s t r y  s e r v i n g  t h e  
p e s t i c i d e  manufac tur ing  i n d u s t r y  i s  com- 
posed o f  a number o f  r e l a t i v e l y  smal l  com- 
panies,  smal l  compared t o  t h e  major  p e s t i -  
c i d e  manufacturers.  Most o f  these com- 
pan ies  manufacture a l i m i t e d  v a r i e t y  o f  
r a t h e r  s p e c i f i c  equipment f o r  a l i m i t e d  
market -- and c e r t a i n l y  a depressed mar- 
k e t  a t  t h i s  t ime. Few, i f  any, o f  these 
equipment companies have l a r g e  amounts o f  
money t o  i n v e s t  i n  research  and develop- 
ment f o r  new and i n n o v a t i v e  p roduc ts  and 
thus  w i l l  l i k e l y  n o t  ven tu re  v e r y  f a r  
away, v e r y  q u i c k l y ,  from t r a d i t i o n a l  de- 
s igns  now i n  t h e  market p lace .  Along 
w i t h  some new produc ts  f rom these  compa- 
n ies ,  i t  i s  l i k e l y  t o  expect a number o f  
new smal l  companies t o  appear w i t h  new de- 
s igns  and produc ts  t h a t  address t h i s  new 
need. Because t h e r e  i s  a demonstrated 
need f o r  a new genera t i on  o f  p roduc ts  and 
because t h e r e  i s  a new technology, t h a t  
i s ,  t h e  mic roprocessor  technology, avai  1- 
ab le  t o  c o n t r o l  and mon i to r  t hese  more 
compl ica ted  systems, an i n c r e a s i n g  number 
o f  new and i n n o v a t i v e  designs a re  almost 
c e r t a i n  t o  be developed and marketed. 
Fu r the r ,  t h e  designs o f  t h e  equipment now 
i n  common use have e s s e n t i a l  l y  "matured" 
-- t h a t  i s ,  t h e r e  i s  n o t  much more t h a t  
can be done w i t h  them, as such, t o  i m -  
p rove  t h e i r  performance, e s p e c i a l l y  g i ven  
a new s e t  of c o n s t r a i n t s  p laced on t h e  
process o f  a p p l i c a t i o n .  Hope fu l l y ,  t h e  
new designs and equipment t h a t  do appear 
i n  t h e  market p lace  w i l l  be c a r e f u l l y  and 
t h o u g h t f u l l y  designed and tho rough ly  
f i e l  d tes ted .  

Pes t i  c i d e s  a re  becoming i n c r e a s i n g l y  
s o p h i s t i c a t e d  -- and w i l l  l i k e l y  be more 
concent ra ted  and acco rd ing l y ,  more expen- 
s i ve .  Thus, t h e  p e s t i c i d e  a p p l i c a t i o n  
equipment o f  t h e  f u t u r e ,  d i r e c t  i n j e c t i o n  
o r  whatever, w i l l  a l s o  have t o  be more 
s o p h i s t i c a t e d  t o  a c c u r a t e l y  meter and pre-  
c i s e l y  app ly  these m a t e r i a l s  a t  t h e  pre-  
sc r i bed  r a t e s  i n  a s a f e  and e f f i c a c i o u s  
manner. 
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ABSTRACT 

/ 
A f te r  e v a l u a t i o n  of va r ious  p e s t i c i d e  d s t e  d isposa l  techniques, 60% o f  L o u i s i a n a ' s  

190 commercial a e r i a l  appT jca tors  e l e c t e d  $0 use waste water  r e c y c l i n g  t o  d ispose o f  
a i r c r a f t  spray system wash y a t e r .  /, 

Waste water r e c y c l i n g  in?g lves  cop ' fec t ing  the  a i r c r a f t  wash water  and s t o r i n g  the  

r t y  percent  o f  t h e  a p p l i c a t o r s  r i n s e d  t h e  a i r c r a f t  
e r c e n t  m o d i f i e d  the  a i r c r a f t  o r  used o t h e r  waste 

water  i n  tanks f o r  use as a d i l  t i o n  g e n t  on f u t u r e  a p p l i c a t i o n  jobs .  

o v e r  the  f i e l d  be ing t rea ted .  
t h e  p o s s i b i l i t y  o f  c r o p  damage. 

d i sposal techniques . 

t o  determine the  c o s t  o f  
we1 1 as suggested 

Three t o  f i v e  
tanks a r e  n o r m a l l y  used t o  s t o r e  ' u p '  va r  ous p e s t i c i d e s  thus prevent ing  l a b e l  v i o l a t i o n s  and 

Te x: 
A t  t h e  complet ion o f  severa l  a e r i a l  a p p l i c a t o r s  were i n te rv iewed  

t h e  waste water  r e c y c l i n g  systems as 

X 50' o r  50'  X 60' cement wash area and t h r e e  t o  

and problems encountered d u r i n g  1985. 

tanks. Most waste water  r e c y c l i n g  systems 
o f  $3,000 t o  $15,000. Very few problems were 

o f  c r o p  damage. 

INTRODUCTION 

c i d e  c o n t a i n e r s  cou ld  be conver ted from 

des commonly used i n  
i l u t i o n  w i t h  water  p r i o r  
e water  used t o  wash 
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