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ABSTRACT

Once freshwater has been used for an economic or beneficial purpose, it is generally
discarded as waste. In many countries, these wastewaters are discharged, either as untreated waste
or as treated effluent, into natural watercourses, from which they are abstracted for further use
after undergoing "self-purification" within the stream. Through this system of indirect reuse,
wastewater may be reused up to a dozen times or more before being discharged to the sea. Such
indirect reuse is common in the larger river systems of Latin America. However, more direct reuse
is also possible: the technology to reclaim wastewaters as potable or process waters is a technically
feasible option for agricultural and some industrial purposes (such as for cooling water or sanitary
flushing), and is a largely experimental option for the supply of domestic water. Wastewater reuse
for drinking raises public health, and possibly religious, concerns among consumers. The adoption
of wastewater treatment and subsequent reuse as a means of supplying freshwater is also
determined by economic factors. Human excreta and wastewater contains useful materials. These
are water, organic carbon and nutrients and should be regarded as a resource. In their natural
cycles, they are broken down by micro-organisms and become accessible to plants and animals,
thus sustaining natural ecosystems. When improperly disposed, these substances can cause
pollution. This is because the organic materials exert oxygen demand, and the nutrients promote
algal growth in lakes, rivers and near-shore marine environments. Human excreta and wastewater
also contain pathogens. Reuse of the wastes must ensure that public health is maintained. Planned
reuse is the key to wastewater reuse. Planning for reuse ensures that public health and protection
of the environment are taken into account. Reuse of treated wastewater for irrigation of crops, for
example, will need to meet (i) standards for indicator pathogens, and (ii) plant requirement for
water, nitrogen and phosphorus. WHO and others have developed standards for reuse of
wastewater for various purposes. Further details of these standards can be found in the Regional
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Overviews in the Source Book, published by IWA and IETC. It must be pointed out, however, that
requirements for water and nutrients are plant-specific and site-specific (dependent on soil type
and climate), and information on these requirements need to be obtained from local information
sources.
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1. INTRODUCTION

Once freshwater has been used for an economic or beneficial purpose, it is generally
discarded as waste. In many countries, these wastewaters are discharged, either as untreated
waste or as treated effluent, into natural watercourses, from which they are abstracted for
further use after undergoing "self-purification™ within the stream. Through this system of
indirect reuse, wastewater may be reused up to a dozen times or more before being discharged
to the sea. Such indirect reuse is common in the larger river systems of Latin America.
However, more direct reuse is also possible: the technology to reclaim wastewaters as potable
or process waters is a technically feasible option for agricultural and some industrial purposes
(such as for cooling water or sanitary flushing), and a largely experimental option for the
supply of domestic water. Wastewater reuse for drinking raises public health, and possibly
religious, concerns among consumers. The adoption of wastewater treatment and subsequent
reuse as a means of supplying freshwater is also determined by economic factors.

In many countries, water quality standards have been developed governing the
discharge of wastewater into the environment. Wastewater, in this context, includes sewage
effluent, stormwater runoff, and industrial discharges. The necessity to protect the natural
environment from wastewater-related pollution has led to much improved treatment
techniques. Extending these technologies to the treatment of wastewaters to potable standards
was a logical extension of this protection and augmentation process.

2. TECHNICAL DESCRIPTION

One of the most critical steps in any reuse program is to protect the public health,
especially that of workers and consumers. To this end, it is most important to neutralize or
eliminate any infectious agents or pathogenic organisms that may be present in the
wastewater. For some reuse applications, such as irrigation of non-food crop plants, secondary
treatment may be acceptable. For other applications, further disinfection, by such methods as
chlorination or ozonation, may be necessary.

A typical example of wastewater reuse is the system at the Sam Lords Castle Hotel in
Barbados. Effluent consisting of kitchen, laundry, and domestic sewage (‘'gray water") is
collected in a sump, from which it is pumped, through a comminutor, to an aeration chamber.
No primary sedimentation is provided in this system, although it is often desirable to do so.
The aerated mixed liquor flows out of the aeration chamber to a clarifier for gravity
separation. The effluent from the clarifier is then passed through a 16-foot-deep chlorine
disinfection chamber before it is pumped to an automatic sprinkler irrigation system. The
irrigated areas are divided into sixteen zones; each zone has twelve sprinklers. Some areas are
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also provided with a drip irrigation system. Sludge from the clarifier is pumped, without
thickening, as a slurry to suckwells, where it is disposed of. Previously the sludge was
pumped out and sent to the Bridgetown Sewage Treatment Plant for further treatment and
additional desludging.

Table 1 presents a range of typical survival times for potential pathogens in water and

other media.
Table 1. Typical Pathogen Survival Times at 20-30 °C (in days)
Pathogen Freshwater and sewage Crops Soil
Viruses < 120 but usually <50 <60 but usually <15 | <100 but usually <20
Bacteria <60 but usually <30 <30 butusually <15 | <70 but usually <20
Protozoa <30 but usually <15 <10 but usually <2 <70 but usually <20
Helminths Many months <60 but usually <30 Many months

Source: U.S. Environmental Protection Agency, Process Desigh Manual: Guidelines/or Water Reuse.

3. EXTENT OF USE

Cincinnati, Ohio, 1992 (Report No. EPA-625/R-92-004).

Table 2. Guidelines for Water Reuse.

Tvoe of Reuse Treatment Reclaimed Recommended Setback
yp Required Water Quality Monitoring Distances
AGRICULTURAL pH =6-9 pH weekly
300 ft from
Food crops BOD £ 30 mg/I BOD weekly potable water
commercially ) supply wells
processed DS_ePOfnda_ry SS = 30 mg/I SS daily
Isintection === 2007100 . 100 ft from
. ml FC daily areas
Orchards and Vinerds Clz residual = 1 Cl residual accessible to
mg/l min. continuous public
PASTURAGE pH = 6-9 pH weekly
300 ft from
Pasture for milking Secondary BOD £ 30 mg/I BOD weekly potablle Waltler
animals Disinfection | S £ 30 mg/l SSdaily | o PPYWERS
Pasture for livestock FC £200/100 FC daily 100 ft from
ml areas
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Clz residual = 1 Cl residual accessible to
mg/l min. continuous public
H=6-9 H weekl
P P Y 300 ft from
BOD £ 30 mg/I BOD weekly potable water
Secondar i supply wells
FC £ 200/100 : 100 ft from
FC daily
ml areas
Clz residual = 1 Cl residual accessible to
mg/l min. continuous the public
AGRICULTURAL pH = 6-9 pH weekly
BOD £ 30 mg/I BOD weekly
Secondary Turbidity £ 1 — _ 50 ft from
Food crops not Filtration Nle/ Turbidity daily | potable water
commercially Disinfection ) supply wells
processed FC =0/100 ml FC daily
Cl residual = 1 Cl; residual
mg/l min. continuous
crouNDwaTER | SESeTe | SIeweie | pugesan |
RECHARGE treatment and use P
dependent dependent

Source: USEPA, Process Design Manual: Guidelines for Water Reuse, Cincinnati, Ohio, 1992,
(Report No. EPA-625/R-92-004).

For health and aesthetic reasons, reuse of treated sewage effluent is presently limited to
non-potable applications such as irrigation of non-food crops and provision of industrial
cooling water. There are no known direct reuse schemes using treated wastewater from
sewerage systems for drinking. Indeed, the only known systems of this type are experimental
in nature, although in some cases treated wastewater is reused indirectly, as a source of
aquifer recharge. Table 2 presents some guidelines for the utilization of wastewater,
indicating the type of treatment required, resultant water quality specifications, and
appropriate setback distances. In general, wastewater reuse is a technology that has had
limited use, primarily in small-scale projects in the region, owing to concerns about potential
public health hazards. Wastewater reuse in the Caribbean is primarily in the form of irrigation
water. In Jamaica, some hotels have used wastewater treatment effluent for golf course
irrigation, while the major industrial water users, the bauxite/alumina companies, engage in
extensive recycling of their process waters (see case study in Part C, Chapter 5). In Barbados,
effluent from an extended aeration sewage treatment plant is used for lawn irrigation (see case
study in Part C, Chapter 5). Similar use of wastewater occurs on Curagao.

In Latin America, treated wastewater is used in small-scale agricultural projects and,
particularly by hotels, for lawn irrigation. In Chile, up to 220 I/s of wastewater is used for
irrigation purposes in the desert region of Antofagasta. In Brazil, wastewater has been
extensively reused for agriculture. Treated wastewaters have also been used for human
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consumption after proper disinfection, for industrial processes as a source of cooling water,
and for aquaculture. Wastewater reuse for aquacultural and agricultural irrigation purposes is
also practiced in Lima, Peru. In Argentina, natural systems are used for wastewater treatment.
In such cases, there is an economic incentive for reusing wastewater for reforestation,
agricultural, pasturage, and water conservation purposes, where sufficient land is available to
do so. Perhaps the most extensive reuse of wastewater occurs in Mexico, where there is large-
scale use of raw sewage for the irrigation of parks and the creation of recreational lakes.

In the United States, the use of reclaimed water for irrigation of food crops is prohibited
in some states, while others allow it only if the crop is to be processed and not eaten raw.
Some states may hold, for example, that if a food crop is irrigated in such a way that there is
no contact between the edible portion and the reclaimed water, a disinfected, secondary-
treated effluent is acceptable. For crops that are eaten raw and not commercially processed,
wastewater reuse is more restricted and less economically attractive. Less stringent
requirements are set for irrigation of non-food crops.

International water quality guidelines for wastewater reuse have been issued by the
World Health Organization (WHO). Guidelines should also be established at national level
and at the local/project level, taking into account the international guidelines. Some national
standards that have been developed are more stringent than the WHO guidelines. In general,
however, wastewater reuse regulations should be strict enough to permit irrigation use
without undue health risks, but not so strict as to prevent its use. When using treated
wastewater for irrigation, for example, regulations should be written so that attention is paid
to the interaction between the effluent, the soil, and the topography of the receiving area,
particularly if there are aquifers nearby.

2. OPERATION AND MAINTENANCE

The operation and maintenance required in the implementation of this technology is
related to the previously discussed operation and maintenance of the wastewater treatment
processes, and to the chlorination and disinfection technologies used to ensure that pathogenic
organisms will not present a health hazard to humans. Additional maintenance includes the
periodic cleaning of the water distribution system conveying the effluent from the treatment
plant to the area of reuse; periodic cleaning of pipes, pumps, and filters to avoid the
deposition of solids that can reduce the distribution efficiency; and inspection of pipes to
avoid clogging throughout the collection, treatment, and distribution system, which can be a
potential problem. Further, it must be emphasized that, in order for a water reuse program to
be successful, stringent regulations, monitoring, and control of water quality must be
exercised in order to protect both workers and the consumers.

3. LEVEL OF INVOLVEMENT
The private sector, particularly the hotel industry and the agricultural sector, are
becoming involved in wastewater treatment and reuse. However, to ensure the public health

and protect the environment, governments need to exercise oversight of projects in order to
minimize the deleterious impacts of wastewater discharges. One element of this oversight
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should include the sharing of information on the effectiveness of wastewater reuse.
Government oversight also includes licensing and monitoring the performance of the
wastewater treatment plants to ensure that the effluent does not create environmental or health
problems.

4. COSTS

Cost data for this technology are very limited. Most of the data relate to the cost of
treating the wastewater prior to reuse. Additional costs are associated with the construction of
a dual or parallel distribution system. In many cases, these costs can be recovered out of the
savings derived from the reduced use of potable freshwater (i.e., from not having to treat raw
water to potable standards when the intended use does not require such extensive treatment).
The feasibility of wastewater reuse ultimately depends on the cost of recycled or reclaimed
water relative to alternative supplies of potable water, and on public acceptance of the
reclaimed water. Costs of effluent treatment vary widely according to location and level of
treatment (see the previous section on wastewater treatment technologies). The degree of
public acceptance also varies widely depending on water availability, religious and cultural
beliefs, and previous experience with the reuse of wastewaters.

5. CONCLUSIONS

Treated wastewater from off-site treatment plants can be reused for irrigation of parks
and gardens, agriculture and horticulture, tree plantation and aquaculture, if these exist or can
be established not far from the wastewater treatment plants. For these purposes the
wastewater should generally be treated to secondary wastewater standard (< 20 mg/L BOD
and < 30 mg/L SS). Total coliforms should be < 1000 organisms per 100 mL for irrigation by
spraying. When sub-surface irrigation is used this requirement may not be necessary. A period
of non-entry to irrigated sites may need to be observed, particularly for wastewater-irrigated
parks and gardens. Irrigation of vegetables for direct human consumption requires a much
stricter guideline.

Because requirement of wastewater for plant growth is governed by climatic conditions,
soil and plant type, there may be a need for storage of the wastewater. An alternative to
storage, if land area is not available for this purpose, is to dispose of wastewater that is excess
to requirement. A combination of wastewater for irrigation and aquaculture (see below) is
also an option that can be considered.

Wastewater reuse for aquaculture has been practised in many countries for a
considerable period of time. It has the potential of wider application in the tropics. There is
great diversity of systems involving cultivation of aquatic species, (mainly fish) and plants
(mainly aquatic vegetables such as water spinach). The Source Book, published by IWA and
IETC, contains a detailed section on aquaculture and a case study is presented in the Regional
Overview for Central & South America.

Farmers and local communities have developed most reuse systems; the primary
motivating factor has been reuse of nutrients for food production rather than wastewater
treatment, and with scant attention to either waste treatment or to public health. In most
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aquaculture systems, wastewater is not reused directly in aquaculture and the nutrients
contained in the wastewater are used as fertiliser to produce natural food such as plankton for
fish. These nutrients, mainly nitrogen and phosphorus, are also taken up directly by large
aquatic plants such as duckweed which is cultivated for animal feed, and aquatic vegetables
such as water spinach and water mimosa cultivated for human food.
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