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INTRODUCTION 

A general  pract ice,  contr ibutory to the dœ of the overal l  
environment,  is thœ single use of water  for the t ranspor t  and disposition 
of wastes .  Therefore ,  p rocessœ which ean employ was te -wate r ,  and 
concomitantly,  help to irnprove its quality, a re  mat te rs  of interest .  Hydro-  
ponic gardening requi res  large amounts of manurial  compounds dissolved 
in water  and municipal was te -wate r  is a logical source  of such mater ia ls .  
A useful product,  food, can be obtained and concurrent ly ,  the pollution 
potential of the was te -wate r  should be reduced. To these ends, exper i -  
ments were designed to evaluate the use of hydroponics as part  of a 
was te -wate r  r e -use  process .  

Chlorinated was te -wate r  is known to be unsuitable for plant fe r t i l iza-  
tion and irr igat ion when usual t ruck-gardening methods are  employed 
(FAIR, et al, 1968), however, its usefulness in hydroponic gardening bas 
not been descr ibed.  Methods for i rradiat ing was te -water  have been des-  
cribed,  (GULF GENERAL ATOMICS, 1970; B A L L A N T I N E ,  et al, 1969; 
WOODBRIDGE, et al, 1972) and the means for ca r ry ing  out this process  
were availablœ therefore ,  both methods of t reatment  were  applied to 
aliquots of was te -wate r ,  and plants grown in them were compared.  

METHODS AND MATERIALS 

The hydroponics sys tem consisted of rive separate  units. The units 
were for ty- two inch diameter  plastic pools, each with its own fill and drain 
apparatus.  Each unit contained a c a r r i e r ,  a six inch deep bed of 1/4 inch 
r iver  gravel  in the pre l iminary  experiments ,  which was replaced with h o r -  
t icultural  perl i te (W.R. GRACE & COMPANY, Cambridge,  Massachuset ts  
02140) (3/16 to 1/4 inch) in the remaining experiments .  Per l i te  (BOLLEN, 
1969) was used because of its relative chemical  iner tness ,  porosity,  and 
the resultant  high volume of air  space after  drainage. In o rder  to prevent 
excessive salts build-up, the beds were  flushed with tap water  every tenth 
day, and then refil led with test i rr igant .  A screen  and plastic enclosure 
shielded the units from excessive sunlight and adverse  weather  conditions 
as well as serving as a b a r r i œ  to insects and other  herbivores .  

Treated was te -wate r  was obtained f rom Grant Street Sewer T r e a t -  
ment Plant, Melbourne, Florida.  This plant se rv ices  approximately 
30,000 persons and handles between 1.5 and 2 million gallons of was te -  
water (ANNUAL REPORT, City of Melbourne, Florida,  1969) per day. 
Water t reatment  included p r imary  settling, clarif icat ion,  high rate f i l t ra -  
tion (trickling �9 secondary clarif icat ion,  and chlorination. Samples 
were pumped from the secondary c lar i f ier ,  before chlorination, into a 15 
gallon plastic carboy s torage container.  Fifteen gallons were  usually 
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sufficient for three days use in the exper imental  gardens.  In addition, two 
nutrient solutions were employed. The f i rs t  was prepared according to a 
formula descr ibed by WITHROW AND WITHROW (1948), and the second 
was a commerc ia l  preparat ion;  (NUTRI-SOL CHEMICAL CO.,  Tampa, 
Florida).  

The Florida Institute of Technology Cobalt 60 radiation facility con-  
s is ts  of a 27,000 curie  source  maintained in a 20 foot cyl indr ical  pit fillcd 
with water .  Aliquots of was te -wa te r  container ized in 5 gallon gasoline cans 
sealed with rubber  gaskets  were  lowered into the pit by means of a cable 
and pulley sys tem.  The can was positioned a t a  prede te rmined  point at 
which a calculated average  dose of 50,000 rads  was received at its center  
in 7.5 minutes. When employed, the nutrient solutions were subjected fo 
the saine process .  

Aliquots of was te -wa te r  or  nutrient solution were  chlorinated with 
pres tandardized commerc ia l  sodium hypochlorite solution (Clorox) during 
a contact period of fifteen minutes,  then the residual  chlorine was de te r -  
mined co lor imet r ica l ly ,  by means of the orthotolodine method (BOLLEN, 
1969). A chlor ine-demand test (APHA, 13 ed. 1971) indicated that 2.3 ml 
of s tandardized sodium hypochlori te  solution should be added to S l i ters  of 
was te -wate r ,  and 1.35 ml to 8 l i ters  of each of the nutrient solutions in 
o rde r  to ensure  a res idue of two par ts  per  million, as required for the 
ordinary  d ischarge  of was te -wa te r  (FAIR, et al, 1968). 

Nitrate nitrogen (APHA, 13 ed. 1971) was measured  co lor imet r ica l ly  
usi ng brucine under acid conditions; ammonia  nitrogen (APHA, 13 ed. 1971) 
was determined by ness ler iza t ion  af ter  alkaline distillation. Phosphate 
was determined by a modification o f  the Fiske-Subarrow method (APHA, 
13 ed. 1971) in which the molybdophosphor ic  acid, was reacted  with s tan-  
nous chloride to form molybdenum blue. 

Dissolved oxygen was determined with a YSA* Model 5lA oxygen 
meter ,  and pli with a Corning ** Model 5 pli meter .  

Coliforms were  enumerate  d following the procedure set forth in 
Standard Methods: (a) the rive tube presumptive test;  (b) the confirmed 
test  on EMB agar;  (c) the presence  of fecal E. coli in E .C.  medium at 
45. 

Seeds of two var ie t ies  of t ruck garden plants were  germinated 
hydroponically in untreated was te -wate r ,  then 50 seedlings of each variety 
were  transplanted into each experimental  bed. Ten of each variety were 
harvested weekly. A Mettler Balance was used to determine the wet weight 
of each plant within two hours of harvest .  

EXPERIMENTAL RESULTS 

Pre l imina ry  exper iments  were  conducted in which a five-fold g rea te r  
wet weight of radishes  was obtained when they were  i r r iga ted  with i r r ad i -  
ated was te -water ,  as  compared  to those i r r iga ted  with chlorinated was te -  
water .  Subsequently, the rive beds were  i r r iga ted  as follows: i r radia ted 
was te -water ;  KNO 3 added to was te -wa te r  before i rradiat ion;  KNO 3 added 
to was te -wa te r  af ter  i r radiat ion,  and untreated was te -wate r  as a control.  
The test plants were  tomato and radish.  The final mean wet weights of the 
plants in this experiment  are  compared  in Figure 1. 

* Yellow Springs Instrument  Company, Inc . ,  Yellow Springs, Ohio 
** Corning Scientific Ins t ruments ,  Medfield, Massachuset ts  
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F i g u r e  1. Mean wet weights  of 28 day seedl ings  
grown hydroponica l ly  using d i f ferent ly  
t r ea t ed  a l iquots  of w a s t e - w a t e r .  

Growth in the ch lor ina ted  effluent was one-four th  of that in the con-  
t r o l  and was a lso  r e p r e s s e d  when KNO 3 was added to i r r a d i a t e d  effluent.  
Rad ishes  grown in i r r a d i a t e d  w a s t e - w a t e r  w e r e  a p p r e c i a b l y  he a v i e r  than 
any c rops  o ther  than that grown as the cont ro l .  Tomatoes ,  a l so  grew bes t  
in i r r a d i a t e d  w a s t e - w a t e r ,  but s eemed  to do b e t t e r  too when there  was a 
h igher  concent ra t ion  of N as  NO 3 . They grew poor ly  in ch lo r ina ted  w a s t e -  
wa te r ,  achieving £ one - th i rd  the weight of the eon t ro l s .  P o t a s s i u m  as  a 
r equ i r ed  nu t r i l i t e  was hot inves t iga ted .  

In a fu r the r  compa r i son  of the effeets  of ch lor ina t ion ,  and i r r a d i a t i o n  
on plant growth,  a l iquots  of a nut r ien t  solution des igned for hydroponic  
fa rming  at Purdue Univers i ty  (WITHROW AND WITHROW, 1948) we re  
ch lo r ina ted  or  i r r a d i a t e d .  These  a l iquots  as  wel l  as  a l iquots  of the un-  
t r e a t e d  nutr ient  solut ion,  un t rea ted  w a s t e - w a t e r  and i r r a d i a t e d  w a s t e - w a t e r  
we re  used as  i r r i g a n t s  for  the five beds.  The tes t  plants  we re  r ad i sh  and 
bush bean. 

As is  evident  in F i g u r e  2, r a d i s h e s  grown in nutr ient  solut ion 
(WITHROW AND WlTHROW, 1948) were  s m a l l e r  when the solution had been 
e i the r  ch lo r ina ted  o r  i r r a d i a t e d .  In ch lo r ina ted  solut ion,  they a v e r a g e d  
2 .0  g r a m s ;  in i r r a d i a t e d ,  3 .0  g r a m s  and in un t r ea t ed  solut ion,  5.0 g ra ins .  
Converse ly ,  bean growth in e i the r  i r r a d i a t e d  or  ch lo r ina ted  nutr ient  so lu -  
tion was b e t t e r  than that in the control .  There  is  an apparen t  anomoly in 
e i ther  the bean plants  or  the nutr ient  solution in that in ch lo r ina ted  nutr ient  
solut ion,  a 133% g r e a t e r  f inal  weight ,  and in i r r a d i a t e d  nutr ient  solut ion,  
a 75% g r e a t e r  weight of plants  o c c u r r e d  as  compared  to those  grown in the 
un t rea ted  cont ro l .  
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Figure  2. Mean wet weights of 28 day seedlings grown hydroponically 
in i r r ad i i t ed  and untreated aliquots of was te -wa te r  and in 
i r radiated,  chlorinated and untreated aliquots of a nutrient 
solution (WITHROW AND WITHROW, 1948) 

Nitrate,  ammonia  and phosphate levels were  deterrnined in each of 
two beds, one planted with beans and radishes  and the other  without plants. 
I r radia ted  was te -wa te r  was the i r r igant  for both beds. Tests  be �9  and 
af ter  application .to each bed indicate that the number of plants used was 
hot large enough to remove  significant amounts of these nutrients from the 
was te -water .  

Bacter ia l  numbers  as col i forms,  were  est imated in each of the i r r i -  
gants and in each hydroponic bed before i r r igat ion.  Samples were obtained 
by washing the beds with two l i ters  of co l i fo rm- f ree  tap water  and collecting 
a 200 ml portion at the drain outlet. These data are  summar i zed  in Table t. 

The col i form population in the nutrient solution (WITHROW AND 
WITH.ROW, 1948) was low (20 per  100 ml)., as  was that in the i r radia ted  
nutrient solution (110 per  100 ml); chlorination had little or  no effect. The 
numbers  in was te -wa te r  and i r radia ted  was t e -wa te r  could reasonably be 
expected in these type waters .  The addition of chlor ine  to the nutrient 
solution before i r r iga t ion reduced the bac ter ia l  population in the receiving 
bed by more  than an o rder  of magnitude. The initial value of 2200 was r e -  
duced to 1400 within one week, to 200 by the second week, and to 20 by the 
final week. The i r radia ted  was te -wa te r  bed had a population about half 
that of the untreated was t e -wa te r  bed, ref lect ing the bac ter ic ida l  action of 
gamma irradiat ion.  There  was however a build-up of the bac ter ia l  popu- 
lation in the i r rad ia ted  was t e -wa te r  bed, f rom an initial population of 70 
per  100 ml to 800 per  100 ml within one week, 9400 per  100 ml in two weeks, 
and back down to 2000 per  100 ml by the third week. This is probably due 
fo the absence of residual  ant ibacter ial  act ivi ty and the resul tant  resumption 
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of reproduction, as well as the normal replacement of species. 

TABLE 1 

Coliform Populations (Presumptive MPN) per i00 ml 
of the Various Irrigants used �9 Hydroponic Experiments 

I r r igan t  MPN (X103) 
Baseline Bed" No. days after addition of irrigant 
Irrigant Washings to bed 

7 14 21 

Nutrient  Sol. (7) 0.02 24.00 3.50 1.70 1.70 

I r r ad ia t ed  
Nut. Sol. (7) 0.10 16.00 4.90 2.60 1.70 

Chlor inated 
Nut. Sol. (7) 0.02 2 .20 0 .14 0.20 0.02 

Was te -wa te r*  7000.00 5.40 11.00 14.00 7.00 

I r r ad ia t ed  
w a s t e - w a t e r  240.00 0.07 0.80 9.40 2.00 

* Feca l  E. coli found only in untreated w a s t e - w a t e r  

DISCUSSION 

In the usual  t r ea tmen t  of w a s t e - w a t e r ,  the addition of ce r t a in  chemica l s ,  
chlor ine,  for  example ,  in quanti t ies  sufficient to kill  l a rge  pe rcen tages  of 
b a c t e r i a  may  also  stunt plant growth,  kill  b iva lves  and other  shel l f ish,  and 
may themse lves  become pollutants.  The applicat ion of G a m m a  i r r ad ia t ion  
is  a re la t ive ly  new approach to such t r ea tment ;  it has probable  util i ty in the 
des t ruc t ive  oxidation of organic chemica l s ,  the se lec t ive  r emova l  of spe -  
cific r e f r a c t o r y  molecu les  (BALLANTINE, et al) dis infect ion, including 
v i ruc ida l  act ivi ty,  (SULLIVAN, et al 1971) may have some  effect  on sludge 
beneficiat ion,  and leaves  no radio act ive res idue  (GULF GENERAL ATOMIC 
Inc. 1970). Mean wet  weights  of var ious  seedl ings  w e r e  used to c o m p a r e  
the e �9  of chlorinat ion and i r r ad ia t ion  on w a s t e - w a t e r  for  use  in hydro -  
ponics.  F igure  i d e m o n s t r a t e s  a dis t inct  inhibition of the growth of r ad i shes  
and tomatoes  in  chlor inated w a s t e - w a t e r .  Severa l  poss ib le  explanat ions 
for  this action include the potential  toxici ty to the plants  of the chlor ine  
i t se l f .  Useful  (commensal)  bac t e r i a  may also have been dec imated  as  we re  
the co l i fo rms  as shown in Table  1 when chlorinat ion of the i r r igan t  p receded  
applicat ion.  Equally probable  is the eombinat ion of chlor ine  with other  c o m -  
pounds, such as  ce r ta in  amines  p r e s u m e d  t o b e  p re sen t  in the w a s t e - w a t e r ,  
to fo rm ch lo ramines .  

When a chlor inated s tandard  nutr ient  solution (WITHROW AND WITH- 
ROW, 1948) was  employed there  was m arked  i m p r o v e m e n t  in the growth of 
rad i shes  and beans  as com pa red  to those in the unchlorinated nutr ient  so lu-  
tion (Figure  2). The fac ts  that chlor inat ion of w a s t e - w a t e r  has  de le te r ious  
effects  on the growth of r ad i shes  and tomatoes ,  and chlor inat ion of a nutrient  
solution has l i t t le ef �9 on the growth of r ad i shes  and beans ,  s t rongly sup-  
por t s  the hypothesis  that chlor ine may have combined with some undefined 
compound in w a s t e - w a t e r  to produce an inhibitory subs tanc™ 
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I r rad ia t ion  and ehlorinat ion resu l t  in fa i r ly  s t rong oxidations,  
(BALLANTINE, et al,  1969; FAIR, et al, 1968), the re fore ,  an eas i ly  
oxidizable inhibitory subs tance  present  in the nutrient  solution may have 
been a l t e red  by e i ther  p rocess .  This  fu r ther  suppor ts  the suggest ion 
that the combinat ion of chlor ine with undefined compounds in w a s t e - w a t e r  
might inact ivate  an inhibi tory subs tance  in the w a s t e - w a t e r  as  suggested 
by the apparent ly  anomalous  data in F igure  2. F igure  3 conf i rms  that the 
effects  noted a re  p r o p e r t i e s  of the t rea ted  subs t ra ta ,  s ince the growth of 
r ad i shes  in Nutr isol ,  is not affected af any rime during the exper imenta l  
period by e i ther  chlorinat ion or  i r rad ia t ion  of the third subs t ra te .  
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Figure  3. The growth of rad i shes  with t ime in untreated,  i r r ad ia ted ,  or  
chlor inated Nutr isol  (NUTRISOL CHEMICAL CO.,  Tampa,  F la . )  

Hydroponics ,  in i ts  p resen t  s ta te  of development ,  is readi ly  adaptable 
to the use of w a s t e - w a t e r  t r ea tmen t  plant effluents,  probably  removing  plant 
nut r ients  which might o therwise  become pol lutants ,as  well  as  producing food- 
stuffs eeonomieal ly .  F u r t he r  a second- r ime  use of o therwise  lost wa t e r  can 
be accompl ished.  Concurrent ly ,  the value of i r rad ia ted  w a s t e - w a t e r  as a 
nutrient  solution in hydroponic gardening is demons t ra t ed  by the plant growth,  
herein  descr ibed .  A compar i son  of growth in w a s t e - w a t e r  and in a s tandard  
nutrient  solution (Figure 2) also suggests  the high manur ia l  value of w a s t e -  
water .  While there  is  d i s a g r e e m e n t  (GULF GENERAL ATOMICS, 1970; 
BALLANTINE, et al,  1969; WOODBRIDGE, et al, 1972) concerning the 
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economic value of irradiation in water treatment, if is suggested that i t s  
employment may enable the development of useful processes which may 
compensate for any costs greater  than those of eonventional treatment. 
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