
 

Health and environmental aspect of wastewater reuse

Pescod M.B.

in

Bouchet R. (ed.). 
Reuse of low quality water for irrigation

Bari : CIHEAM
Options Méditerranéennes : Série A. Séminaires Méditerranéens; n. 1

1989
pages 191-204

 

Article available on line / Article disponible en ligne à l’adresse :

--------------------------------------------------------------------------------------------------------------------------------------------------------------------------

http://om.ciheam.org/article.php?IDPDF=CI000401 

--------------------------------------------------------------------------------------------------------------------------------------------------------------------------

To cite th is article / Pour citer cet article

--------------------------------------------------------------------------------------------------------------------------------------------------------------------------

Pescod M.B. Health  and environmental aspect of wastewater reuse.  In : Bouchet R. (ed.). Reuse of

low quality water for irrigation. Bari : CIHEAM, 1989. p. 191-204 (Options Méditerranéennes : Série A.

Séminaires Méditerranéens; n. 1)

--------------------------------------------------------------------------------------------------------------------------------------------------------------------------

http://www.ciheam.org/
http://om.ciheam.org/

http://om.ciheam.org/article.php?IDPDF=CI000401
http://www.ciheam.org/
http://om.ciheam.org/


191 

Health  and  environmental 
aspects of 

wastewater  reuse 

I 
Bainbridge 

Department of Civil Engineering 
University of Newcastle  Upon  Tyne - United  Kingdom 

Wastewater  irrigation  is being  practised in  many 
countries  around  the  world  because  of   the 
substantial  benefits  accruing to communities  as  a 
result  of  reuse of nutrient-rich treated or untreated 
sewage.  Treated  eff luent  reuse  has  special 
significance  for  developing  countries  with  arid  and 
semi-arid  climates  and  limited water resources. 
Land  application of wastewater  and  sludge 
provides  nutrients for crop  growth  as  well  as 
organic  matter for  soil  conditioning  and  it  is  often 
the  most  economic  means  of  wastewater  and 
sludge  disposal.  However,  land  application 
involves  health  and  environmental  risks, because 
sludge  may  contain  heavy  metals  and  industrial 
organic  compounds,  and wastewater and  sludge 
m a y   c o n t a i n   p a t h o g e n s   a t   d e t r i m e n t a l  
concentrations. 

developing  countries,  raw  sewage  is  rarely 
treated before being  applied in irrigation  and  this 
direct  reuse  without  any  restrictions  on  the  types  of 
crops  poses  potential  health  hazards  and  adverse 
environmental  impacts.  However, if appropriate 
low-cost  technology  for  wastewater  treament  and 
effluent  distribution  in  irrigation  can be developed 
to suit  conditions  in developing  countries and also 
provide  the  necessary  safeguards  to  health,  this 
f o r m  of reuse  will  conserve  valuable  water 
resources and  increase  crop  production.  Land- 
appied  wastewater  also  undergoes  natural 
physico-chemical  and biological treatments i n  the 
soil  matrix  which  provide  not  only a highly 
effective  low-cost  alternative  to  conventional 
treatment  but  also  an ecologically balanced and 
environmentally  compatible  system  of wastewater 
management. 

- risk from wastewater reuse 

1. Terminology 

of 
to  use 

epidemiologist's  definition of is the 
of an individual  developing a given 

a change  in  heal th 
status) a specified 

of 
as a n  

indicat ion of t h e  actual of d i sease  

of 'actua1 is no 
based on view of to 
health. 'potential 
should  be  used this  lay concept of 
which is the chance of infection that  might 
but does  not at 

is now most  often  used  to 
a 

but no cases of disease  due  to 
these  pathogens  have  been  detected - 

i t  cannot  be 

an actual 

epidemiological  concept of 

~~~~ 
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of all  cases of disease  in a given 
of 

of 
of two populations, 

of 

(a 

population  may  show  some  cases of the disease of 

a of the in 
exposed 

populations and  not  simply  the  amount of disease 
in  the exposed is 

of is 
a an 

to the effects of 
including  infective dosei hgman b&ayi~gr rnd 
human  immunity, as well as the  influence of 

2. Exposure 

can be 
of the population. context, the 

is 
of 

since to 

will 

minimized. 

The way in which is applied  to the 

of 

of of 

to who handle 
who  consume  them. the 

who consume at 
of 

subjected 
to of 

is those  people  living 
fields, who at 

is eaten 
especially if 

crops (such as 
soil 
times  can be 
so that  contamination is highly  likely  unless  the 

is 

example, typhoid). of immunity is most 
noticeable in  the  case of 
infection at is (even in 

of 
hygiene),  with  the that  the  adult  population 
is immune to 
also to  infection. 

of such  potential  health 

at by 
such as lack of 

pose 
a the if 

no will  be 

- Environmental aspects 
of wastewater reuse 

1. Wastewater as a resource 

As a 

a 
and  takes  on 

an economic dimension. 

Those  pollutants which, if 

as as 

options 
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shown that, 
by 

well 
of 2 

of 15 of total N and 3 
mg/l of total P 

a of 
stabilization annual N and 

of 300 a n d  60  kg /ha ,  

eliminate  the 
added 

will a 
of the soil to 

2. 

of 

of 

which, 
offset the  costs of Also,  by 

utilization of is 
such as 

One possible which 
of 

by applying  sewage  sludge to land, 
is a 

of 

conditions as well as of application. 
a 

of most 
pollutants will be 

be. a of 

of a 
zone  above especially if this zone 
is will 

Chemical  pollutants 

is l ikely  to  contain 

allowed 
Of those toxic to 
people, plants  and  aquatic 

a  constituent of is an 
phytotoxin,  especially of 

and should be is used 

is the  best  solution  but 
this is difficult  to zones 

A 
is  build-up of toxic 

in  the  soil. As zone 
chemical  pollutants, 

will 
of is 

possible that toxic levels  could  develop  and be 
taken  up by  a 
salinization is common 

is 
could give to this effect 

is 
fundamenta l ly   dependent   on its 

which is a function of the soil 
of 
of 

No 
succeed 

of 
exchangeable cations  held by the 
sodium - 

and' on of soluble 

evidence exists to indicate 

of 
conductivity of ,a  soil is a function of the and 
is to the 

and  the the 
of 

A 
to of 

of which 
might 

conductivity. 

of is the 
effect of dissolved solids on 
the of plants. 
osmotic  potential of soil 
osmotic of the 

options 
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amount of 
a 

is and yield 
of as osmotic 

to  salinity as a function of the  total  osmotic 
potent ia l  of 
susceptible of the 
ions which at 

low become toxic to 
plants at 

on which 
might be L 

- hazards 

of infection  to humans,  animals 
of 

is of 
is 
et 

a l . ,  1983; e t   a l . ,  1975) 

of time  on 
soil (Table 1). 

that affect 
of 

'of 
amount of 
foliage, 

of pathogens  in soil has been 
a 

as Vibrio cholera 

ova and 
to be 

is thus  evident  that 
of 

uncooked) 

of 
nightsoil 

few 
epidemiological  studies  that  have  established 

consumption of food this way. Shuval et 
al. (1984) of 

of disease. of the 
by 

population, 
is 

of these infections has been  found  to 
A study  in  West 

by et al., 1984), 

hypothesis. evidence 
by Shuval et al., 1984 et al., 19841, 

epidemiological  evidence  indicating that  beef 
(Taenia saginutal has been 

to the population  consuming the  meat of cattle 
on 

such 
by 

et al., 1984), this.  Although  the 
of 

is 
always a 
contact of 
then  contaminate food. 
is that of possible inhalation of 

Shuval (1977) estimated  that  between and 
1% of 

of 
by wind. 

The  susceptibility of 
low levels of toxic 

the  consumption of 
is also of 

Although  studies  have  indicated  that  only 
negligible  amounts of such  toxic  chemicals 

30 cm beyond  the  point of 
application  within  the  soil, it is possible that long- 

of 
toxic soil might  lead  ultimately  to 

of toxic metals  in  plant  tissues is 
the of such  metals 

application of 
of plants  having  high  levels of toxic 

FAO 
1985) 

options 
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- Wastewater  quality for 
irrigation use 

1. Effluent  quality  criteria  based  on  health 
requirements 

of 

mainly evolved a of health 

policy decide on specific 
on the  basis of 

would  pose  no 
of 
of 

of 1968)  which 

food at all   t imes  must be  adequately 

2.2/100 
of 

on  the  subject that 
only  with biologically 

effluent that  had been  disinfected  to  achieve a 
of than 100/100 ml in 80% 

of the  samples. 

a 
by the 

the  health  aspects of 

and 

Wastes 1985). 

of its 1973 No. 517 in 

as 

of a 
associated  with  the  use of untreated 

the quality 
of to be used 

by a subsequent  meeting of 
as 

quality of 

1987). the in Table 
2, expected  to be  included in a 

of 
No. a guideline 

the  helminthic  quality of is 

is intended as the  health 
of no allowance 

in  the design and 
of 

to the the 
health of of 
vegetables). 

2. Eff luent  qual i ty  cr i ter ia  based  on 
agronomic requirements 

to 
need 

quality of of its effects on 
the soil and on it is 
not  possible all local situations  when 

has been to 
management of a 

choice in 
be made at  the planning  stage,  taking  account of 

the local conditions by the 
FAO 

V - A p p r o p r i a t e   w a s t e w a t e r  
treatment for agricultural reuse 

1. Pre-application treatment 

is in  itself 
an effective of 
as  in of 

it 
of 

is a 
of a 

of effluent will depend  on the 
or soil  conditions 

and  the  system of 
of 

of 

as low a level of possible is 
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the point of 
view of cost but  also  in acknowledgement of the 
difficulty of complex 

it 
of effluent 

on 
a 

continuously  meets a 

a 
is it is 

on the of a 
wide of 
should be few 

plants  in available  and 

of 

object of is to 

disposed of to 

to be is that which 

quality  guidelines  both at low cost  and  with 

The  design of 
usually  been  based  on  the  need 
and  suspended  loads to limit  pollution of the 

of effuents  in 
now be of 

and 

2. of microbiological  constituents 

A - of treatment 

of of 
constituents by a is 

of  log10 units. To achieve 

of at  least 4 log 
units,  and a of 3 log  units 

be 
A 

of if 
if the 

quality will be 
This  can by 

by 
long  distances  in a 

B - Conventional processes 

( p l a i n   s e d i m e n t a t i o n ,   a c t i v a t e d   s l u d g e ,  

ditches) by 

Table shows 

of the 
of hea l th  

C - Waste stabilization ponds 

of 
of choice 

land  is  available at A of 
ponds  with a of about 11 days 
can be designed  to  achieve  adequate  helminth 

guideline in a is a n  

efficiency  of 
ponds, as Figure 1. 
of confidence  with which pond 

as indicated in Table 4, is 
only  one of the many  advantages of pond  systems. 

A 
Stabilization 
1987) planning,  design  and 

low cost  and 
of pond 

systems is of land  that 

- Soil-aquifer treatment 

of 
low-cost less land 

0.5 to 1 m2 
stabilization  ponds (5 m2 

10 m2 

options 
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zone is adapted to 
soils. 

E - Tertiary treatment 

- - of 
been 

full  success. can 
of a 

if the  plant is 
well. it is 

and  costly  to  maintain a 
of disinfecting efficiency. 

will leave  most  helminth eggs 
To 

and assist 
is as  an additional 

option is to 
add  one to  a  conventional 

of polishing  ponds 
is a 

so that  the effluent 
of 

F - Treatment process monitoring 

will wish to 
the  quality of effluent 

technology has been  selected, the of 
the  unit 
day to will 

effluent is complying with  the  guidelines. On the 
a of 

stabilization  ponds  will  not  have  such  daily 
of a 

can be  adopted. 

3. of inorganic constituents 

A - Conventional wastewater treatment 

a limited  effect  in 
sewage and 

will  have only effects on those  effluent 
of 

of salinity will 
a conventional 

sewage of sodium 

extent. 
to be effective of 

of 

will the long- 
of saline  effluent 

a of metals 
which 

in  the biological stage of 
of 

dissolved metals 
sludge flocs, as by et al. (1973) and 

(1974). et al. found 
that some 

a 
zinc, 
at both (1983) has  indicated, 

shows (Table 5). 
efficiency of 

also be 
to  both  the and  the  metal  it 

B - Stabilization ponds 

been  discussions  on  the 
utilization of phytoplanktonic  algae,  in  algal 

the of 
1983; Filip 

et al., 1979; and Oswald, 1972) have  concluded 
that  this  technique  is  an 

algal biomass which could 
of biogas. 

The  combinat ion of 
stabilization  ponds  might  sometimes  be  an. 

of 
sodium  to  calcium in  sewage is 

and  Alka (1985) 
of the case of 
Al 

of soil 
damage  into  account  in  decisions  on  effluent 

options 
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- Crop restriction 

Even if 
is not  fully  met, it may still be 

possible  to 

to  which  health 

Categcsy A - Protection  needed only for  field 
workers. 

as cotton, 
as well as food 

canning. 

Category B -Further  measures  may  be 
needed. 

and 
vegetables which 

peeled cooked 

Category C - Treatment   to   Enge lberg  
"unrestr icted  i r r igat ion"  guidel ines is 
essential. 

This 
golf 

which is limited to 
conditions,  such as A, is commonly 

to as 

is a to 
to it does  not 

adequate on its own; it should  be  complemented 
as 

of the wastes, 

comply with  the  helminthic  component of the 
would be sufficient  to 

field would 

is 
following  conditions: 

a 

a public body of the 
wastes; 

management; 

is 
allowed 

- is of 
as C). 

as a means of health 
will a 

to 

be advised why such 
is and  be  assisted  in 

developing a balanced mix of fully 
utilizes the of 

potential of so 
that excesses of avoided. 

- Wastewater application control 

can be  applied  to the  land  in  the  five  following 
ways: 

of 

much the  same way as by 

which is 
wetted little, if any,  but  the  subsoil is 
and 

-by localized 
in which is applied  to  each  individual plant 
at an 

Flooding  involves  the  least  investment,  but 
to 

options 
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the  effluent is not of 
quality  but it is to  use it on 

used 
be 

localised 
of as well as 

efficiently and 
it is expensive,  and a 

of is to 
of 

is slowly 
a technique developed 

of the  need 
to flow to 

- Exposure  control  through 
personal and domestic hygiene 

of people can be  identified as being a t  
of 

' - 

(of 

- affected  fields. 

to 
infection by the  continuous in-field 
use of but  this  may be 
difficult  to  achieve than it might 

is not  feasible  against  helminthic 
against 

but  immunization of 
against typhoid and  hepatitis A may be 

by of adequate  medical 
facilities  to 

of intense 
of 

an 
could  be  beneficial as a 

be by 
cooking and by of hygiene. Food 

hygiene is a theme  to  be  included  in  health 

may  often  be quite low. Local be 
kept of all  fields 

used, so that  they  may 

so. is no evidence that 
those 
at 

be  used 
within 50-100 m of 

- 
protection  measures 

will often be a combination of 
of 

For be sufficient  to 

supplemented by 

a 

of any 
combination will depend  on which 

any option is 
put  into the following: 

- availability of 
funds,  land) ; 

- existing social ; 

- of 

if not  available 
to 

quality (Table 21, then 
some of of health 

will be needed. 
it 

public. On  the 
if 

it impossible to  implement  and 
effectively, 

must  be  made to 

of is an activity which 
the  involvement of 

of 

essential if 

economically. A 

options 
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if full 
advantage is to be taken of 

A. to the subject of 
Use of 

A.) London. 

,1983. Notes on the  design  and of waste 
stabilization ponds  in of 

No. 6 ,  
Washington, 

and 
No. 29, 1 ,  

U.N. Food 

and S. of pond 

Technology, 19,12. 

E.W.,1983. Limitations of heavy-metals 
l 

G.L. and 
J,L.,1973. Efficiency of heavy-metals municipal 

5,103-1 14. 

1968. Statewide 
use of 

Code, 

Feachem, 
1983. Sanitation  and Aspects of and 

Willey, 

Filip, 
1979. by an  

C. of 
soil. J .  and 

Am. Soc. Civ. 101,157-174. 

C.C., Shuval  and S. 1984. 
effects of in developing 

S a n  
AWWA 

(in of of 
and Use of Sewage 

A. 
London. 

in 

J.N.,1983. Significance of heavy-metals 
in - 

Science ofthe 

and A. the  Safe 
Use of 

Geneva. 

and E.G. efficiency of heavy-metal 
by a  conventional 

8,869-874. 

Oswald, W.J. ,1972. Complete ponds. 
Sixth Znt. 

and U. 
in zones. of Sewage 

Effluent,  Thomas London, 93-106. 

Shuval, ,1977. 
and and (Ed.  Shuval, 
Academic New 

Shuval, Yekutiel and FattalJ984. Epidemiological 
evidence helminth  and by vegetables 

- A 
Twelfth 433-442. 

of 
of 

No. 517, Geneva, 
(1987) Stabilìzation of 
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Table 1: Survival  times  of  selected  excreted  pathogens in soil and  on  crop  surfaces  at 

Survival  time  (days) 
Pathogen in soil on  crops 

/¡ruses 
Enteroviruses * < 100  but  usually 20 

3acteria 
Faecal  coliforms 70 but  usually 
Salmonella spp. but  usually -c 
Vibrio cholerae but  usually 10 

'rotozoa 
Entamoeba hystolytica cysts but  usually 10 

lelminths 
Ascaris  lumbricoides eggs  many  months 
Hookworm  larvae 90  but  usually -c 30 
Taenia  saginata eggs  many  months 
Trichuris  trichiura eggs  many  months 

60 but  usually 15 

30  but  usually 15 
30  but  usually < 15 

< 5 but  usually < 2 

10  but  usually 2 

60 but  usually 30 
30  but  usually < 10 
60 but  usually 30 

but  usually 30 

Includes polio-, echo-,  and  coxsackieviruses 
Source:  Feachem et al.  (1983) 

Table 2: Tentative  microbiological  quality  guidelines  for  wastewater  use in agriculture 

Intestinal nematodes (2) Faecal  coliforms 

viable  eggs  per litre) per  100  ml) 
Reuse  process  (arithmetic  mean  no.  of  (geometric  mean no. 

Restricted irrigation (3) 

Irrigation of trees, industrial 
crops,  fodder  crops, fruit S 1  not  applicable  (3) 
trees (4) and  pasture (5) 

Unrestricted  irrigation 

I Irrigation of  edible  crops, 
sports  fields  and  public 5 1. 1000 (7) 

- 
(1) In specific  cases, local epidemiological, socio-cultural and  hydrogeological  factors 

Ascaris,  Trichuris and  hookworms 
(3) A minimum  degree  of  treatment  equivalent  to at least  a  1-day  anaerobic  pond  followed 

by  a  5-day  facultative  pond  and  a  5-day  maturation  pond  dr  its  equivalent  is  required 

(4) Irrigation  should  cease two weeks  before  fruit is picked,  and  no fruit should be picked 

(5) Irrigation  should  cease two weeks  before  animals  are  allowed  to  graze 
(6) Local  epidemiological  factors may require  a  more  stringent  standard (for example, 

(7) When  edible  crops  are  always  consumed  well-cooked,  this  recommendation may be 

Source: International Reference  Centre  for  Wastes  Disposal  (1985) 

should be taken into account  and  these  guidelines  modified  accordingly 

in all  cases 

off  the  ground 

faecal  coliforms/lOO  ml)  for  publics  lawns,  specially hotel lawns in tourist  areas 

less stringent 
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Table 3:  Expected  removal  of  excreted  bacteria  and  helminths in various  wastewater 
treatment  processes 

Treatment  process  Removal (log10 units)  of 
Bacteria Helminths Viruses  Cysts 

Primary  sedimentation 
Plain 0-1 0-1 0-1 

Chemically  assisted  (a) 1-2 1-3 (E) 0-1 0-1 

Activated  sludge  (b) 0-1  0-1 

Biofiltration (b) 0-2 0-2 0-1 0-1 

Aerated  lagoon  (c) 1-2 1-3 (E) 1-2 0-1  

Oxidation ditch (b) 1-2 1-2 0-1 

Disinfection  (d) (E) 0-1 03 

Waste stabilisation ponds  (e) 1-6 (E) 1-3 (E) 1 4   1 4  

Effluent  storage  reservoirs ( f )  1-6 (E) 1-3 (E) 1-4 1 4  

(a)  Further  research is needed to confirm  performance 
Including  secondary  sedimentation 

(c)  Including  settling  pond 
(d)  Chlorination,  ozonation 
(e)  Performance  depends  on  number  of  ponds in series 
( f )  Performance  depends  on retention time, UJh'ich varies  with  demand 
(E)  With  good  design  and  proper  operation  the  Engelberg  guidelines  are  achievable 

Source:  Mara  and  Cairncross (1987) 

options 
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Table 4: Reported  effluent  quality for several  series of waste  stabilization  ponds,  each 
with  a  retention  time > 25 days 

Pond  system No.  of ponds Effluent qualit! 
in series (FC/100ml) * 

Australia,  Melbourne 1 1 
Brazil, Extrabes 5 
France,  Cogolin 8 1 
Jordan,  Amman 10 
Peru,  Lima l 
Tunisia,  Tunis 4 200 

Source: Bartone  and  Arlosoroff (in press) 

Table 5: Removal of selected  trace  elements in wastewater  treatment  processes 

Metal Percentage  removal 
Primary Secondary Tertiary 

Cadmium 72  variable 71 
Chromium 51 variable 94  

Lead 73  variable 
Nickel variable 
Zinc 74 variable 21 

Source: Lester (1 

Copper 71 variable 
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