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Irrigation  with reclaimed 
municipal wastewater: 
California experiences 

Takashi ASAN0 
California  State  Water Resources Control Board 

and 
Department of Civil Engineering - University of California 

Davis - USA 

There are  a  number  of  factors  which  affect the 
imp lemen ta t i on   o f   mun ic ipa l   was tewa te r  
reclamation  and  reuse  projects.  Generally,  the 
impetus  for  water reuse in  industrialized  countries 
has resulted from  four  motivating  factors: 

1.  cost of  freshwater  development; 

2. Desirability  of  establishing  comprehensive 
water   resource  p lanning,   inc lud ing  water  
conservation  and  wastewater  reuse; 

3. Availability of high  quality  effluents; 

4. Avoidance  of  more  stringent  water  pollution 
control  requirements  such  as needs for advanced 
wastewater  treatment  facilities. 

The general factors  affecting  wastewater  reuse 
decisions  include: 

l .  Local and regional  water supply  conditions; 

2. Water  quality  requirements  for  intended water 
reuse  applications; 

3. 
facilities; 

4. degree of  treatment  process 
reliability; 

acceptance; and 

6. Financing  reuse  facilities  including  sale of 
reclaimed  water. 

Along  with the facilities  planning  required  for 
water pollution control  projects,  additional  steps 
are  usually necessary for wastewater  reclamation 
and  reuse projects because they  involve  primary 
benefits in  the area of water supply.  Although a 
wastewater  reclamation  and  reuse  projet may be 
justified  on  the basis of  the least-cost  alternative  to 
water pollution control  projects, much  of the effort 
in wastewater  reclamation and reuse  projects  is 
focused on  market  assessment or actual  marketing 
of  reclaimed  wastewater.  Thus,  the  facilities 
planning process for wastewater  reclamation  and 
reuse  should  consist of the following  steps: 

economic  analyses 

-Detailed  market  analyses  and  user  contracts 

- 
analyses. 

The p lann ing   s teps   shou ld   resu l t  in t he  
development of a  rècommended  facilities plan  for a 
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given wastewater  reclamation  and reuse project. 
By  completing the planning  steps,  the  following 
ques t ions   a re   a lso   addressed  (Asano  and 

1982; 1983). 

- What local  sources of effluent  might be suitable 
for  reuse? 

-What  are  the  potent ia l   local   markets  for  
reclaimed  water? 

-What  health  risks  are  associated  with  water 
reuse,  and  how  can  they be mitigated? 

-How  would water  reuse in"  with  present  and 
future  use  of other  water  resources in  the region? 

- What are  the  present  and projected  user  costs of 
freshwater in the region? 

- What  existing or proposed laws  and  regulations 
a f fec t   was tewater   rec lamat ion   and  reuse 
possibilities in the  region? 

- What local or central  government agencies must 
rev iew  and  approve  imp lementa t ion   o f  a 
wastewater  reclamation  and  reuse projet? 

-What are  the  legal  liabilities  as  a  purveyor o f  
reclaimed  water? 

-What source of  funding  might be available  to 
support a wastewater  reuse  project in the region? 

- What wastewater  reclamation  and  reuse project 
would  attract  the  public's  interest  and  support in 
the  region? . .  

- Wastewater  treatment need 
for irrigation 

an of 
some of 

it  can be 
of 

the  p lanning,  design,  and  management of 

of 
(Asamo, et al., 

1985): 

1. of public  health 

of 

3. of damage to 

The  level of 
on the  soil 

of 

of 

The level of by 
to of 

not is sometimes  less  than,  the 
level of to  

or 
to is  technically  possible, 

not justifled  economically. To use 

selected  must be to 
constituents,  and  systems  must  be  managed to 

of these  constituents. 

1. Wastewater constituents compositions 

biological  consti tuents of 

of 
of 

The  constituents of 

Table 1. 

of 
physical,  chemical,  and  biological  constituents 

of 

upon the  composition of 

of 
of 

Consequently,  the  composition of 

Typical  data on the  composition of 
US 

Table 2. 
composition of in 
Table 3 of 

1985). 

mostly of nonspecific 

CIHEAM - Options Mediterraneennes

Serie A: Seminaires mediterraneens



121 

(e.g., biochemical oxygen 
demand,  suspended  solids,  chemical  oxygen 

of 
of 

specific chemical  elements  and  compounds 
soil 

by 
of 

data to 
a 

it is 

suitabi l i ty of 

2. water quality 

of 
by the  quantity  and  kind of salt 

a of 

content,  to  the  types of 
of 

by 
specific of 

if of 

of a 
is, of 

management needed  to cope successfully  with the 
.expected 

to  develop use. 

is 

of a 
developed 

by 

salinity, 
as 

clogging 

as 

and  types of 

of of 
disease in  the 

is of 

but  the  health 
is in of human 

of 
To 

as well as 

of 
it 

facility is also of the 

imposed in 
of t he  

of any specific 
on the expected of 

contact  with the and  the  intended 
use of Table 4 shows the  health 

While the 
specific 

in conjunction  with  effluent 

levels of 1985; 
Asano,  1985). 

- of vegetables  with 
treated  wastewater effluent - A five 

year  study 

The  combination of a long 
Salinas  Valley  in 

a 
a 

but a of ,is 
and  lettuce 

1970s 
of 

of 

a n  of 

the of 
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the 

which  was conceived as a 
designed  to assess the  safety  and  feasibility of 

the in 1976 by the 

collection, 
and disposal.  Full-scale  field  studies  began  in 

of 1985. 
a of 

of 

Extensive  sampling  and  analysis of soils, 
conducted 

five by a consulting 
of 

State agencies - 
1987). 

1. of the Project 

The  site the field a 

m3/d (0.4 

as the  pilot 
A of the 

a new  pilot 
which  consisted of two 

(T-22), 

food that  may  be  consumed  without cooking. 
The a 
designated as is a 

T-22 
of 

local wells  was the 
Asano,  1986). 

22 

To of using 

using  the  FE flow 
a succession of 

of the field 

of each 
plowed 

into  the soil. of local 
the 

exception of which 
of its 

and  the local 

act ivi t ies  and  to  obtain  feed-back 

et al, 1987). 

A 
plots. This  design  allowed  the  use of 

of of 
T-22 effluent, FE, 

block a 
complete block (i.e., each block 
of 
plot  was then divided of 

a 
of 

by local (3/3), two- 
(2/3), 

(1/3), and no The  full  design 
thus had 48 plots. 

a total of 96  plots  which occupied 1.2 ha (3 
of 

effect of T h e  

value of the two effluents as a supplement  to 

Study 1987). 

site was  divided into two of 
analyzed. Table 5 lists physical  and  chemical 

of using et al., 1987). The  following 
is of 

- 1987). 
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2. of public health studies 

A - 

of 
showed that  the  influent 

of the samples  taken. 
of 2 plaque- 

90% of the 
samples  contained  less  than 28 

i n   s i tu  

effluent of 

No any of the 

B - of plants and soil 

Although no in situ 
soil, it 

estimate be made of the  ability of 

99% die-off 
(T99) 7.8 to  15.1  days 

field studies  in the T99 
5.4 days 5.9 days 

7.8 days 

of 

conditions T99 
decay of 

9.7, 
and 20.8 60, 70, and 80% 

field the T99s and 4.8 
one and two, 

of 
conditions was No 

to 14 days 
of 

C - and 

of the  study,  the  quality of 
of the 

All types 
of 

high No 
salmonellae,  shigellae, Ascaris  Zumbricoides, 

detected in  any of 

The levels of total  and  fecal in soils and 
of 

No signif icant 

No soil 
in  plant  tissue 

only in no in 
level of contamination  between  effluent and well 

Sampling of 

of 
unlikely. 

- 

No 
quality of 
the  site  and the type of 
An examination of collected 

as 

E - Aerosols 

was concluded of 

FE 

of 

by 
these  findings  and  established  the 

safety of an FE 

F - and field 

the  health  status of 
the field tasks  in 

medical by qualified 

No complaints  could  be 
by No 

options 
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No 
epidemiological  investigation was deemed 

of 

A - 
As one  would  expect, the two 

of most  chemical  and  metal 
constituents  than  did well 
value of both  effluents was substantial.  The  salt 
content of was 
because of on 

of 
was of 

-levels of sodium  along  with low 

Salinity of was by 
(EC) and  total 

as wel l  as t h e  
of 

of 

above  1,920  mg/L be a 
of and 

of 

fell of 

of 

two 

is of 
the  suitability of 

is 

because  high is accompanied by 
high  salinity  (see Table 5). 

B - in soils ' 

None of the  nine  heavy  metals  studied  (cadmium, 

of no 

all at 
the  end of the 

below 
was 

was 
effluents  than  in well 

on of 0.1 mg/L in 
the two effluents.  At  these  levels,  uptake  by 
plants would be 

of zinc 
is 

many  decades of 
of 

- 

also  investigated  in  samples of the  edible  tissues 
of plants  collected at each of the  96 

of 
is that no in  

was 

of the 

Analysis of 

tissues, i.e., no 

of the 

accumulation of 

in  

in  accumulation is 
because 

of the 
believed  to be a 

- Soil 
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because of 
of 

i n   t he  

field. This is due  to  the  fact  that  the 

compacted by equipment used 

E - Crop yields 

no effect on  yield. 
a significant effect of 

showed 

and 313 
may  thus be in excess of 

of in 

of 

well yield  with 
to  level off at the 2/3 

of all  seven  lettuce 
types. 

lettuce  yield  tended to  level off at the 213 

F - Crop quality 

Fie ld   qua l i t y   assessments   and  she l f   l i fe  
no 

that 
well of 

field showed no 
of 

to 

Shelf  life and  quality of 
No 

of 

4. findings 

- , 

T-22 to 
be as safe as with well 

of field (1980  to 
19851, show few statistically  significant 

to the of 

public  health.  Yield of is often 

-No of 
it is often  detected in  the 

-The is 
than  the  FE 
influent is at 

flow 
five  logs of (i.e., 

to below 1/100,000 of the 

of is not  expected  to be a 

-The cost of 
is estimated to be $0.06/m3, 

excluding  conveyance and  pumping costs. 

- Appropriate wastewater 
treatment technologies for  irrigation 

a 
of 

technologies to the specific time 
and  place in which developed.  Some can 
be 
can be in  stages as 
become 
1979). 

Technology 
disposal by 
and  the of conventional  and 

As discussed  in 

as funds become 
available. of 

is to   m in imize   the  
of 

developing 
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cost- 
effective  method of 

a is 
as a 

1. Selection appropriate technologies 

of 

a) Local 

c )  

f) 

of of the will 

ponds  can be used  to 

systems  also  have  the  advantage of acting as a 
A 
to 

is the  amount of 
little  land is a 

t o  

a 379 mVday  pond  system 
of 

Table 6. of 
system is also  noted.  The  effect of land  value on 

is 
Table 7 .  As shown,  although 

stabilization  ponds often the low-cost  option, 
because  they 

1979; 
1983). 

concluded that 

of 

availability of 

be achieved  in pond systems,  they 
well 

is 
of 

feasible  options. 

- Summary and conclusions 

The  quality of 
a extent  on  the  quality 

of of the 
of 

quality of 
by the  quantity  and  kind of sa l t  

a 

of 
of 

of if they 
of 

management  to  maintain  acceptable  yields. 

To 

to 
as well as 

management of it leaves 
is a lso   an  

of 

to be a 

must be USA, 

as a means of 
disposal of 
application.  Thus,  the 

a 

of 
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economic analyses. 

shifting its 
a 

will  expect the 

costs by 
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A 

was discussed to the 

field data  indicate few statistically  significant 
soil 

to None of 
showed public health 

implications. 
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Table Constituents of  concern in wastewater  and irrigation with  reclaimed  municioal  wastewater 

~ ~ ~ ~ ~ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  

Constituents  Measured  parameters  Reason  for  concern 

suspended 
;olids 

3iodegradable 
wganics 

'athogens 

iutrients 

itable 
refractory) 
lrganics 

lydrogen ion 
.ctivity 

leavy  metals 

lissolved 
]organics 

lesidual 
hlorine 

Suspended  solids,,  including 
volatile and fixed solids 

Biochemical  oxygen  demand, 
chemical  oxygen  demand 

Indicator  organisms, total 
and fecal coliform  bacteria 

Nitrogen 
Phosphorus 
Potassium 

Specific  compounds 
(e.g., phenols,  pesticides, 
chlorinated  hydrocarbons) 

PH 

Specific  elements 
(e.g.,  Cd,  Zn,  Ni,  Hg) 

Total  dissolved  solids, 
electrical  conductivity, 
specific  elements (e.g.,  Na, 

Mg, B) 

Free  and  combined  chlorine 

Suspended  solids  can  lead  to  the  development  of  sludge  de- 
posits  and  anaerobic  conditions  when  untreated  wastewater 
is discharged in the  aquatic  environment. 
Excessive  amounts  of  suspended  solids  cause soil plugging 
in irrigation systems. 

Composed principally of  proteins,  carbo  hydrates,  and  fats. 
If  discharged to the  environment, their biological decompo- 
sition  can  lead to the  depletion  of  dissolved  oxygen in 
receiving  waters  and to the  development  of  septic  conditions 

Communicable  diseases  can be transmitted  by  the  pathogens 
in wastewater:  bacteria, virus, parasites. 

Nitrogen,  phosphorus,  and  potassium  are  essential nutrients 
for  plant  growth,  and their presence  normally  enhances  the 
value  of  the  water for irrigation. 
When  discharged to the  aquatic  environment,  nitrogen  and 
phosphorus  can  lead to the  growth  of  undesirable  aquatic life 
When  discharged in excessive  amounts on land,  nitrogen  can 
also  lead  to  the pollution of  groundwater. 

These  organics  tends  to resist conventional  methods  of 
wastewater  treatment.  Some  organic  compounds  are toxic 
in the  environment,  and their presence  may limit the 
suitability of the  wastewater for irrigation. 

The pH of  wastewater affects metal solubility as well as 
alkalinity of soils.  Normal  pH  range in municipal  wastewater 
is 6.5 - but  presence  of industrial waste  can alter pH 
significantly. 

Some  heavy  metals  accumulate in the  environment  and  are 
toxic to plants  and  animals.  Their  presence may limit the 
suitability of  the  wastewater for irrigation. 

Excessive  salinity  may  damage  some  crops.  Specific  ions 
such  as  chloride,  sodium,  boron  are  toxic  to  some  crops. 
Sodium  may  pose soil permeability  problems. 

Excessive  amount  of free available  chlorine (> 0.05 mg/L 
CL') may  cause leaf-tip burn  and  damage  some  sensitive 
crops.  However,  most  chlorine in reclaimed  wastewater is 
in a  combined  form,  which  does  not  cause  crop  damage. 
Some  concerns  are  expressed  as to the toxic effects of 
chlorinated  organics in regard  to  ground  water  contamination 

Source:  Asano et al., 
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Table Typical  composition of untreated  municipal  wastewater 

Constituent Concentration  range US. average 
Strong Medium Weak 

Solids, total 
Dissolved,  total: 
Fixed 
Volatile 

Suspended 
Fixed 
Volatile 

850 

5 5  
165 

105 
1 

80  

Settleable solids, mUL 5 

Biochemical  oxygen demand,  5-day 110  181 

Total organic  carbon 80  

Chemical  oxygen  demand 1,000 5 0 0  

Nitrogen (total as  N) 
ORG-N 
NH%-N 
NO3-N 
N03-N 

Phosphorus  (total  as  P) 
Organic 
Inorganic 

85 
1 5  

5 0  
O O 

0.6 

15 8 
5 1 

10  68 

Chlorides 1 3 0  

Alkalinity  (as Caco?) 5 0  1 

Grease 150 1 

Total coliform bacteria, 
MPN/1 OOmL 

Fecal coliform bacteria, 
MPN/l OOmL 

Viruses, PFU/lOO mL 

X 106 

8 X 

(a) All values are  expresed in mg/L, except as noted 
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Table  3:  Representative  composition of night  soils  (a) 

~~~~ ~ ~~~ ~ 

Constituent Concentration  range  (b) 

PH 7-9 
Biochemical  oxygen  demand 9,000-22,000 
Suspended  solids 9,000--26,700 
Total solids 18,000-45,000 
Chemical  oxygen  demand 
Total nitrogen 4,000 - 7,000 

Kjeldahl-N 3,000 - 4,000 
Total  phosphorus  600 - 1,600 
Chloride 2,300 - 5,600 

N H3 -N  2,000 - 3,500 

(a) Data  were  compiled  from  the  papers  presented  at  the  IAWPRC' 
First  Asian  Conference  on  Treatment,  Disposal  and  Management  of 
Human  Wastes, 1-3 October, 1985, Tokyo,  Japan 

(b) All values  are  expressed  in  mg/L,  except  pH 

Table 4: Wastewater  treatment  and  bacteriological  quality criteria for irrigation (State  of  California, 1978) 

Treatment level Coliform  limits Type  of  use 
MPN  (a) 

Primary - -  Surface irrigation of orchards  and  vineyards 

fodder,  fiber,  and  seed  crops 

Secondary  and S 23/100 ml  Pasture for milking  animals 
disinfenction 

Landscape irrigation (golf  courses,  cemeteries,  etc.) 

ml Surface  irrigation  of  food  crops  (no  contact  between 
water  and  edible  portion  of  crop) 

Tertiary with  coagulation 2.2/100  ml  Spray irrigation of  food  crops 
clarification,  filtration max. = 23/100  ml 

(b),  and disinfection Landscape irrigation (parks,  playgrounds,  etc.) 

(a)  See in detail  "Wastewater  reclamation  criteria",  State of California,  Department  of  Health 

(b)  The  turbidity  of  filtered  effluent  cannot  exceed  an  average of 2  turbidity  units  (NTU)  during 
Services, 1 978 

any  24-hour  period 

options méditerranéennes 
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Table 5: Physical  and  chemical  properties  of irrigation waters, 
August 19, 1980 t o h e  13, 1985 

Well  water Title-22 water  Filtered  effluent 
Parameter Median Range Median Median 

- - -__ -___- - - - - -  mg/L,  unless  otherwise  noted _ - _ - - - _ - _ _ - - _ _ _ _ _ _ _ - - - -  

PH * 6.9 - 8.1 
Electrical conductivity t 400 ,- 1,344 
Calcium 18 - 71 
Magnesium 12.6 - 6.36 
Sodium 29.5 - 75.3 
Potassium 1.6 - 5.2 
Carbonate,  as Caco3 0.0 - 0.0 
Bicarbonate,  as Caco3 136 - 316 
Hardness,  as Caco3 154 - 246 
Nitrate as N 0.085 - 0.64 
Ammonia  as  N ** -1.04 
Total  phosphorus ** -0.6 
Chloride 52.2 - 140 
Sulfate 6.4 - 55 
Boron 0.01 - 
Total  dissolved solids 244 - 570 
Biochemical  oxygen  demand 0.6 - 33 
Adjusted SAR tt 1.5 - 4.2 
"S ttt ** - ** 

7.8 
700 
48 
18.8 
60 
2.8 
0.0 

167 
202,5 

0.44 

0.02 
104.4 
16.1 
0.08 

41 3 
1.35 
3.1 

6.6 - 8.0 
517 - 2,452 

17 - 61.1 
16.2 - 40 

77.5 - 415 
5.4 - 26.3 
0.0 - 0.0 

56.1 - 248 
187 - 416 

0.18 - 61.55 
0.02 - 30.8 
0.2 - 6.1 1 

145.7 - 841 
30 - 256 

0.01 - 0.81 
643 - 1,547 
0.7 - 102 
3.1 - 18.7 

0.095 - 0.25 

7.2 
1,256 

52 
20.9 

166 
15.2 
0.0 

159 
21 7.5 

8.0 
1.2 
2.7 

221 .l 
107 

0.36 
778 

13.9 
8.0 
0.1 36 

6.8 - 7.9 
484 - 2,650 

21 - 66.8 
13.2 - 57 

82.5 - 526 
13 - 31.2 
0.0 - 0.0 
129 - 337 
171 - 435 

0.08 - 20.6 
0.02 - 32.7 
3.8 -14.6 

145.7 - 620 
55 - 216.7 
0.11 - 0.9 

611 -1,621 
** -315 

3.9 - 24.5 
0.50 - 0.585 

7.3 
1,400 

53 
22 

192 
18 
0.0 

199.5 
226.5 

6.5 
4.3 
8.0 

249.5 
84.8 

0.4 
842 

19 
9.9 
0.1 5 

I 
Source:  Burau, R.G. et al., 1987 

* Standard  pH  units Detection limits are  as  follows: 

t Micromhos/centimeter . Ammonia = 0.002 mg/L 
tt Sodium  adsorption  ratio,  no  unit Phosphorus = 0.01 mg/L 

ttt Methylene-blue-active  substance Boron = 0.02 mg/L 
Chemical  concentration  below  detection  limit  Biochemical  oxygen  demand = 1.0 mg/L 

MBAS = 0.05 mg/L 
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Table  6:  Estimated  costs  for  379  m3/day  wastewater  treatment facilities (in 1986 U.S. dollars) 

(a), ( 4  

Annual  energy 
System type Capital  costs Land  area requirement 

$ 1,000 (b) (ha) (1,000 kW.h/year) (c] 

1. Low rate biological processes 
Stabilization  pond 

Northern climate. 53 1 2.0 
Southern  climate 238 1.2 

Aerated  lagoon 559 0.4 

O 
O 

15 

2. High  rate biological processes 
Oxidation  ditch 63 9 0.4 43 

Rotating  biological  .'contactors 91 3 0.6 18 

(a)  After  Reed  and  Hais  with  modifications 
(b)  Does  not  include  raw  wastewater  pumping,  disinfection  or  land  costs 
(c)  Does  not  include  raw  wastewater  pumping,  preliminary  treatment, disinfection or 

(d)  Costs  are  adjusted  for  1986  using  the  Engineering  News  Record  Construction  Cost  Index 
sludge  treatment  and  disposal 

Table 7: Effect of land value  on different  wastewater treatment processes  (a),(b) 

. .  

Total  present  value, in U.S. million dollars  at 

$ 10,00O/ha !§ 50,00O/ha $ 100,00O/ha 
System type given  land  value 

1. Low rate biological processes 

Stabilization  pond 4.1 5.9 8.2 
Aerated  lagoon 6.4 8.3 10.8 

2. High rate biological .processes 
Oxidation  ditch ~ 5.5  6.3  7.3 
Biological  filter 7.4 8.4  9.9 
(Trickling filter) 

(a) After Arthur with modifications 
(b)  Includes capital and  operation  and  maintenance  costs  for  average  wastewater  flow 

of  30,000 mMay  and present  values at 12  percent  discount 
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