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INTRODUCTION - T ’

.

75> The large-scale reuse of urban sewvage for irrigation 1s commonplace in many arid and semi-arid
~* reglons of the vorld as a result of increasing Population pressures, water shortages, and
- agricultural demand for both vater and nutrients. More than 1.3 million ha in China benefit from
+ the application of municipal vastewater or nightsoil (Wang, 1984). Extensive agricultural areas
Surrounding major metropolitan areas are irrigated with vastewater: 10,000 ha around Melbourne,
- Australia, 16,000 ha around Santiago, Chile, 90,000 ha around Mexico City, Mexico (Bartone and

Arlosoroff, 1987). The relative importance of wastevater as & source of irrigation®vater in arid
- regions is illustrated by Israel where vastewvater represents 11 percent of total irrigation
. water, and by Santiago and Mexico City vhere 70 and 80 percent respectively of dry season

: irrigation is with vastewatey (Knl_b_e;matten-_e_gg, 1989).

In the industrislized countries, reuse is planned
‘.. are observed, and restrictions are made on the

developing countries, with a few notable exceptio

. 'safeguards. Part of the problem {s that commo
i Unachievable given existing economic .conditions.
" ~have focused on the public health aspects of re

- _Tequired for public health protection, including a

» strict water quality and treatment standards
types of crops permitted to be grown., In the
ns, reuse occurs without effective controls and
nly adopted standards are overly stringent and

International research efforts described below
use and the min{mum sanitary control meeasures
PPropriate treatment technologies for achieving
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_of much recent research.

pathogens, and this question is the subject of current research (WHO,

BB ET, . 2 . §
effluent quelity guidelines.. The :eletiouships betveen water qmlity, on the one hend lnd

treatmenc end irrigetion technologiee, on’ the other. has also been atudied. ’

The use of vastevater, to fertiliu finh pondo vas developed in cemny at the end of the 19¢h
century (Prein, 1988) and’ independently in Calcutta’ in- 1930 - which now has the larges;
vastevater-fed eq\uculture syeton in the vorld (Edverdl. 1985) -- 'l’oday. vastewater is used for -
fishculture in India; Gemny, Hungary (Olah’ 1988) “and’s number of other countries. Treatmeng
pond systems incorporating aquaculture (for fish; elgee or, ucx:ophyte production) are the subjece.
Most” existing’ teuee ayatem use raw Or partially tzeeted wastewater, '
although at very low hydz:'eulic loeding ratee_ to evoid oxygen depletion problems. It is \mcleu
at present to what extent- ’the” use-'of” rav wastevater promotee the- transmission of enterfe
1989).

a e TS0

In view of the many questions raised by observed reuse practice, particularly in the developing -

countries, an international research effort vas launched in the early-1980’'s to address public
health issues, assess appropriate technologies, and recommend minimum safe reuse guldelines and’
policies. This became one of the priority areas for the International WVater Supply and
Sanitation Decade. This paper will summarize the results of this collaborative effort and
describe current research and dissemination efforts.

PUBLIC KZALTH GUIDELINES

One of the first initiltives vas beg\m in 1982 vith t‘he start up of the joim: UNDP/Vorld Beny
Integrated Resource Recovery Project which commissioned a study of the epidemiological evidence
linking health risks with the use ‘of wastewater in agriculture. Similar research on wastewater
and nightsoll reuse in agricultute and aquaculture was sponsored by VHO and UNEP. Considersbls
bilateral grant f\mding was’ mobilized to euppott field research on eppropriate treatment
technologies : :

Effluent Ixrigation Guidelines

The seminal UNDP/World Bank study by Shuval et al (1986) reviewed available epidemiological data
and formulated a risk model to evaluate sanitary control options for effluent irrigation. The
study concluded that wastewater treatment processes wvhich effectively remove all or most of the
pathogens in vutevatet provide a major oxr total reduction in: the negative health effects caused
by rav sewage reuse. - Furthermore, the- study found the recommended criteria for effective
vastevater treatment fozj drrigation reuse in developing countries to be, in order of priority:
(1) maximum removal of helminths; (2) effective reduction of bacterial and viral pathogens; and
(3) freedom from odor and appearance nuisances (i.e. effective reduction of BOD, but not
necessarily nutrients). _ Although health risks are clearly associsted with.the use of rav
vastevater in agriculture, the epidemiological evidence compiled in the study suggests that the
bacterfal standards commonly used today are excessively restrictive for most situations (and for
many developing countries unaffordable and unachievable) while, et the ssme time. they disregard
the risk of peresitic infeetions prevelent in tzopicel areas. o EIP

The study suggests a guldeline. for' unrestricted vastevater irtigetion based on an effluent vith
less than one nematode egg ( , Trichuris or hookworm) per liter and a geometric mean fecal
coliform concentration of 1,000 per- 100 ml.
{ndustrial crops, fodder crops, fruit trees and pasture, less than one nematode egg per liter
is recommended as a guideline. These recommended guidelines were closely studied by WHO, UNEP,
and FAO, in addition to UNDP and the World Bank, and were initially endorsed by a group of
experts &t a meeting convened in Engelberg, Switzerland (IRCWD, 1985). They were again examined
by successive expert group meetings in Adelboden and Geneva in 1987, &nd formally published by
VHO (1989) as recognized international guidelines. If these guidelines vere routinely applied,
no undue health risk of infectious disease transmission in effluent irrigation projects should
arise. Governmments currently without effective standards are urged to edopt standards based on
these guidelines.

A number of technical and policy options for reducing and controlling the health risks associared
wvith vastewvater reuse in agriculture were also evaluated by-the UNDP/World Bank study (Shuval
et al, 1986). The following remedial measures were found to be'the most effective for reducing
possible risks: (1) wastewater treetment and/or storage practices aimed at effectively reducing

For restricted irrigation, such as for forest trees, ~
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3 i w7 checvﬂo guidellnes)" (2)'
lrtlgeted 30 as’to: ‘prevent consumers from" being exposed.
ad cxopa ‘éaten raw;: (3) modifications of irrigation techniquee and

| to’ prevenc or’ mininize direcc*conCectlbecveen ve:tevetet end crops, and; (4) -

e pa! ction” vtth veste fed aquaculture anluding several cnused by

he;minch parasitea (Schistosonss Clonofchis’' and Faiciolopsis). For the control of helminth
Infections, the appropriate water qualicy guldeline for  squaculture reuse is the absence _of
viable trematode egg: (vno 1989)' Thi-.is reedily dchieved by s:nbilizetion pond trea:menc

Fish grown in sewage-fertilized ponds may also became conteminnted vith bacteria and viruses.
If fish are eaten raw or undercooked; infectious transmission may occur. Some evidence suggests
that there is little accumulation of enteric organisms and pathogens on, or penetration into,
edible fish tissue when the fecal coliform concentration in the fish-pond water is less that
1,000 per 100 ml. This value has been adopted as a tentative bacterisl guideline given that
there are only limited experimental and field data on the related health effects (WHO, 1989).
Precautions are still necessary, hovever, to prevent the cross-contamination of fish flesh by
pathogens that may be in the intestinal tract during fish handling and gutting. Cooking of fish,
.. which is & common practice in many areas vhere waste-fed aquaculture exists, is an importent
health safeguard. Where concerns persist, fish grown in wastevater ponds can be withheld from
humsn consumption and used instead as feed for other carnivorous fish specles or animals.

Much addi{tionsl research 1s needed on the potential for transmission of enteric pathogens through
the use of raw vastewater for aquaculture, and appropriate means of control. An expert group
meeting on sewage-fed aquaculture, which was convened in Calcutta, India in 1988 by UNDP, the
World Bank and ESCAP, recommended that priority be given to collecting and interpreting
. information on public health parameters from existing aquaculture reuse sites.

emica e . e e ,::-'- L -

" The level of most chemlcels in raw or treated municipnl veetevatet is generally belov coxic
‘levele for humans. Industrial waste discharges, however,; can add heavy-Wetals and organic
. pollutants.up to concentrations that become toxic.: This contamination could present risks to
" human health if uncontrolled irrigation {s being practiced. Raw industrial wvastewater with
" significant amounts of hazardous compounds should not be discharged into municipal sewer systems

but treated st the source 1f reuse is practiced.

{ Another potential toxicity problem 1s the accumulstion of heavy me:ale in plant percs thet enter”
. the human food chain.- Cadmfium, for example, could be present in vastewaters at levels that.are

not toxic to plants; however, it could build up inside plants to levels that are harmful to.
. humans or animals. Similar build-up can occur in animals or fish. For example, heavy metals

_contained in forage have been shown to accumulate in cov milk. Standard land application design
- methods have been developed to prevent this build-up, taking into account both concentration and
total load of chemicals applied vith wastewater (and other related sources such as sludge or
composc derived from urban wastes).

Because of the serfousness and complexity of these problems, the UNDP/World Bank Program and WHO
have agreed that the next priority for international collaboration will be to formulate a set
of {nternational guidelines for control of chemical quality in reuse ptojed%s, including
vastewater as well as land application of sludge and compost.

WASTE STABILIZATION PONDS AND EFFLUENT REUSE =

Conventional wastewater treatment processes, with the exception of disinfection, are not
effective for the removal of pathogens from sewage, rarely achieving more than 90-95 percent of
pathogen reduction. . Furthermore, most conventional treatment plants are designed for maximum
reduction of BOD end nutrients, while for reuse purposes it 1s desirable to retasin biocmass BOD
and nutrients in the irrigation water. Disinfection of wastewater by chlorination is rarely done
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" removal efficiencies greater than. 99.99 percent can be obtained in a five-cell pond system, and.;

. .local conditions. To aid in the design of waste stab{lfzation ponds in warm climates, several
- planning and design manuals are available fron international agencies (Arthur, 1983; WHO/EMRO,

2042 . L e A .
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Vaste stabilization ponds are particularly suitable for developing countries since ponds provide
a8 robust, flexible, almost fail-safe treatment system having low construction costs and minimal ) i
operational requirements. In general, for hot climates & minimum 25-day, 5-cell stabilizatien ST addition to improve
pond system should afford an adequate level of protection for unrestricted irrigation. For ) public health point
restricted irrigation, a 2-pond system with 10- ~day detention time 1is adequate for helminth b getable crops lying
removal. These general design indications should, of course, alvays be verified for specific . ln] method of irrigat:
Fand 2150 exposes seva
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omparative research o
Fana the results will P

1987; Mara and Peatson, 1987) . —

* OTHER NON-CONVENTIONAL TREATMENT OPTIONS
There are several other non-conventional treagilent technologies that may also be appropriate in Ilulicu
given circumstances. Where overseason storage of effluents is néeded, anaerobic treatment ponds
followed by a deep reservoir system with long detention timé- (greater than 60- 90 days) is'a2
practical system affording good protection, as has been demonstrated in Israel- (Shuval et 2],
1986; Streit, 1986). Where subsoil and groundwater conditions are favorable, soil-aquifer
treatment systems may be appropriate. Such a system would comprise wastevater treatment folloved
by ground water recharge and storage for subsequent recovery for irrigation. A major system of
this type i{s the Dan Region Reclamation Project in Israel (Diab and Shilo, 1988). To reduce land
requirements associated with stabilization ponds, aerated ponds can be used. Finally, anaerobic
treatment processes offer promise for reducing treatment costs and land requirements, for cost-sharing and 4
particularly anaerobic upflow sludge-blanket reactors that have been tested extensively in South ‘“tev“" and gam :
America (Aisse, 1985). However, research 1s still needed to determine the pathogen removal - ers
characteristics of such processes. 0 the Jordan Valley, £
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stewaters should be isolated from the domestic sewage or: receive appropriate pretreatment prior.
;. being discharged. to. severs. vherever sevege faming,‘is practiced s “Other chemicals a7
vastevatet can lead. to. salinization problems or, can’ ‘affect” soil.structure < FAO has published
L detailed information on the above in-igation vater qunlity problen: and corresponding water
- ,\quelity guidelines (Ayets and Vescott 1985)
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In arid and semi erid neu, the low rete application of effluent. is tecomended for irrigating‘
. rops Vith efficient irrigation, the application. rate could be about 2,500-5,000 m’/ha-yr
S depending on local climate and crops grown (Shuval et al, 1986). That 13, the effluent of 100
. persons each consuming 120 litres per day could irrigate about one hectare. A range of 10,000-
+20,000 n'/ha-yr 1is probably more typical of water use at the source in developing countries where
¥ flood or ridge-and-furrow irrigation is more common. If greater irrigation efficiencies are to
—'be achieved, then closed-conduit systems, such as sprinkler, micro-sprinkler or drip irrigation,

“'are needed that can deliver water to crops on demand (Hillel, 1987). However, such pressurized
" systems sre susceptible. to clogging by suspended. solids. in wvastewater.  Algae present in
) Ystabilization pond effluents may contribute to clogging in’ cases where this irrigation technology
i is used. The clogging problem in pressurized systems can be resolved by appropriate orifice size
: selection, by the use of gravel filters to remove suspended solids from the effluents, or by
séreen filters inserted before manifolds or individual laterals (Shuval et al, 1986). New
" bubbler irrigation technology, a variant of drip irrigation without emitters, avoids clogging
g ‘problems and can be used for effluent irrigation (Hillel 1987)

FLYRS

: In"addition to improved irrigation efficiency, closed conduit systems are also preferable from
'a public health point of view. Flood irrigation with poorly treated sewvage may contaminate
"g'";egeteble crops lying on the ground and root crops, and exposes farmers to wastevater more than
g, any method of irrigation. Sprinkler irrigation may contaminate. gtound crops and fruic trees,
JE7and also exposes sewage- farm workers. Vastewater aercsol may also be transported to nearby
§ - residential areas. Micro-sprinklers reduce these risks considerably Drip, or trickle,
 irrigation {s the most effective in minimizing contacts between wastevater, crops, and farmers.
4% Comparative research on these {rrigation optioms in reuse projects iz being carried out by FAO,
§end the results vill provide guidance for selecting appropriate irrigation technologies :

IRRIGATION REUSE EXAMPLES

e Examples of intemationel suppox-t for wastevater reclamtion and reuse in agriculture are
~ becoming more frequent. The Bank-supported Israel Sewerage Project in the early seventles was
. the first of its kind. An ex post evaluation concluded that it was a successful project
-~ incorporating appropriate least-cost technology, and that the provision of sevage disposal and
" reuse facilities constituted a major environmental improvement and a significant supplementary
.+ source of water for irrigation. As an example, the use of long detention storage reservoirs was
:, ploneered through this project. Other important features of this project were the provisions
for cost-sharing and divisfon of responsibility between municipalities vanting ®o dispose of
vl vastewater and farmers wanting to use it (Streit, 1986).

In the Jordan Valley, future expansion of agricultural production vill depend on the recycling
of sewage from Amman and nearby urban areas. About onie-third of Valley irrigation water will
have to be provided through reuse, or some 105 Mm® in total. Currently, all of Amman's sewvage
is treated at the Al Samra waste stabilization pond system (over 1 n’/s treated in 200 ha of
ponds — 3 trains of 10 cells each) and the effluent is conveyed to the King Talal reservoir for
pixing, storage and reuse. A joint FAQ and UNDP/World Bank evaluation has been undertaken to-

|
|
|
|
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-~ and India increasing priority is being given to vastewater reclamation and reuse.
““Pakistan, in parallel with a World Bank-sponsored.sewerage project that is being prepared, the

to meet vith groving aevege flove (Yenez and Peacod. 1983) ' pond performance is utiafacto

resulti,ng in totel temovalf of helminth “eggs "and- Four log- cycle removal of . fecal coliforms:. -n,..c
study compares the’ effluenta end copts’ at AV Samre with those’ of conventional activated sludge-~-

plants in' Jordan and concludea that pond treatment s preferred for future reuse schemes
Al ..y:. B

s iy .\.x,,. .. e TN SR SR SR S or 1 o N A -

In 'hi'n'iaiia S irrigetio vith treated vutevater hal
Reuse of"ell’ treeted i ateveter by theé most” féaaible vay i1s'a’ metter "of national policy: There:
are currently ‘more’ than: 1,000 ha of:
ambitioua plan is being executed ‘to- irrigite ‘an’ ‘additfonals 6,000 ha,i thus: ‘using- 95% of the.

treated minicipal wastewatsr "prodiced:?’ Tuniais” and ‘other” Arab countriea (v{z7 Morocco; Libya,.

Egypt;:Jordan; Saudi-Arabia, Kuwait, Behrain)‘ are engaged in the testing of agricultural reuss,.. -,

of municipal vastevater treated by diverse processes. In addition, non-agricultural reuse such
as for_industries and ground” vater recharge is also being tested.: As such: experiments have
applicationa in all of the Hiddle Eest""a UNDP/Vorld Bank: regional project. is aimed at bringing: -
together ‘and disseminating the' research results and promoting vastewater reuse_as a disposal
alternative {n all urban “sanitation” projects.s " Immediate project activities include the survey
of wastewater reuse erperiences in various countries of the region and the identification of
projects that can facilitate the transition of wastewater reuse from research to full-scale
application. These activities afe’ being coordinated with “the efforts of policy. and research
institutions within countries of the Middle-East, as well as "regional and international
organizations (FAO, WHO, UNEP, IRC?D and others). Increased large scale reuse in the region
is expected over the next yeers ‘A regionel strategy for wastewater reuse is currently being
drafted to aid in the channeling of financial and technical resontcea where they can be utilized
most efficiently : E . : .

Projects in several Latin American countries are also examining reuse issues. In Santiago, Chile
uncontrolled rawv sewage irrigation of vegetables has been implicated as s major cause of typhoid
fever in that city (Shuval et al, 1986). A priority project is being prepared for Bank funding
that will provide for treatment of wastewater destined for the main vegetable irrigation areas
surrounding Santiago.- In Mexico City, most sewage is reused for agricultural irrigation, but
a UNDP/World Bank study found that some 10 percent of the wastewater is treated in multiple
plants and distributed for landscape frrigation and filling of recreational lakes in the city,
as well as for industrial applications (Dagh-Watson, 1987). An interesting {nstitutional model
of reuse has been observed in Monterrey, Mexico in which industrial associations pay to receive
municipal sewage, operate treatment plants and distribute the treated effluent to member
industries at cost. The Mexico City study proposes testing this model in the Valley of Mexico.
Elsevhere, the Inter American Development Bank recently financed a feasibility study for the
reclamation and reuse of Lima s vastevaters to. irrigate some "3,000 ha of coastal desert land.

N : -

In Asia, there is sbundant opportunity for reuse in agriculture and in countries such as china
For Karachi,

UNDP {3 financing & feasibility study for the -treatment of Karachi sewage by land application
to create large farms on desert land. Green fodder from the farms would be used to feed the
large urban dairy buffalo herds:- Co

AQUACULTURE REUSE EXAMPLES — . [

A major reviev of sewage-fed aquac_ulture experiences around the_:\;orld has.rec-_ently been completed.

for the UNDP/World Bank Program (Edvards, 1989). Furthermore; the internstional group of experts
vho met in Calcutta in 1988 reached a consensus on the current state of knowledge in this field
and reached the following conclusions (deards and Pullin, in preparation) about sewvage-fed
aquaculture systems: i

o such schemes, properly designed and managed, may offer a vicble low-cost

vastewvater disposal alternative to conventional mechanicel treatment
technologies;
N -
[ net fish yields in the order of 5-7 tonnes/ha-yr are common in well managed

£ish ponds in tropical climates vhere year round growth is possible without
the need for often scerce supplementary fish feed or aeration,_

o similar daily production rates (15-20 kg/ha-day)are attainable during the
groving season in temperate latitudes; .
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to Calcutta markets and fétch’ prices of US$2-3/kg (Edwards, 1985). In addition to "treating”
" about one-third the wastewater of central Calcutte, a major consequence of the fisheries system
. has been the preservation of an important ecological system that would otherwise have been
urbanized by nov.
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A modem ‘commercial sevage-fed’ fisheriel system 1n Fonyod Hungary has been reported by Olah

_ (1988). Polyculture cerp are raised in ponds sprayed with primary effluent for fertilfization.
:'In'a 120 day growing sesson, net ylelds of \ip to 2.4 t:onnu/'hn yr are obtained without additional
feed. A Hungarian nationsl standard for domestic sewvage fishponds was elaborated and approved
“In 1984 based on the results of five years of intensive monitoring of the Fonyod fish farm.

LAV S

‘The use of high quality waste x:abiuucion pond effluent for fiah cultm‘e has been demonstrated
> in Lima, Peru,as part of a national project supported by the German GTZ and the UNDP/World Bank
Program, and executed by the Pan American Center for Environmental Engineering and Sciences of
PAHO/WHO. Tilapia were grown in advanced maturation ponds fertilized with algae-rich treated
Veffluents. Monlitoring over tvo groving seasons established that fish growth and sanitary quality
_vere satisfactory, and that pond water quality could be routinely maintained helminth-free and
“with fecal coliform concentrations below 1,000 per 100 ml (Bartone et al, 1985).- Based on these
_results a full experimental facility was buuc, with tvelve 400 m* and two 3,000 m’ fish ponds
to permit replicate experiments. Net yields of over 7 tonnes/ha-yr have been obtained (Moscoso,
- personal communication). Current research aims at producing tilapia of mrke:able size under
"optimal health, growth and- economi¢ conditions’ (Hoscoso and Nava 1988) )

AP LIS S o L —_—

PLANNIKG Auni mc'mmu'r ISSUBS ~ i -5 o At T
"While wastewater reclmtion and reuse is becomf.ng increasingly important in atid and semi-arid
developing countries, it is necessary to congider it within an overall vater resource development
_and management framevork if reuse projects are to succeed and- provido maximum benefits Some
" key issues requiring attention during project fomlation are: ’

o o~
- ; B3

o  development of an in:egruted mlt:lsectoral policy frnmevork for vater

°  resources management vith s clut definition of reuse- priorities and
strategies; _

[} establishment of environmental and public health standards and control

policies based on local risk-benefit conslderations;

o selection of affordable and suscainable treatment and 1rrlgation and/or
aquaculture tec‘hnologies to meet national standards;

o application of cost recovery policies with equitable allocation of costs
among beneficiaries, namely cities disposing of wastewater and farmers and
fishermen using i{t; and . —FE

o strengthening of institutional capacity to operate and maintain treatment,

irrigation and aquaculture systems, and to monitor and enforce standards.
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Incorporation of ‘public health measures. in’ reuse: projectl has: Been deelt vith-in detafleq: Roctober, -

guidelines for planning and management: prepated for VHO (Mara end ‘cairncross, . 1989). Purther . . (198
guidanco on the' pluming end anlenent:etion of erigeti.on ‘and fertiliution achemes based on tho . 21
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