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The ranking of helminth diseases at the top of the list is based on
considerable field evidence, but the ranking of the other pathogen groups is
derived only in part from field evidence together with theoretical
considerations.

In the more developed countries, or areas where helminth diseases are
not endemic, it can be assumed that the problems associated with wastewater
irrigation will be limited mainly to the bacterial and virus diseases, in that
order.

Other Pathogens Potentially Transmitted by Wastewater Irrigation

Firm evidence has been obtained from zredible epidemiological studies
for only a limited number of diseases and specific transmission routes.
Despite the lack of data, it seems reasonable to suppose that certain
combinations of conditions may be conducive t:. the transmission of diseases
such as typhoid fever, infectious hepatitis, bacillary dysentery, rotavirus
infection, enteroviral infections, amoebiasis, and giardiasis. We find, for
example, that such transmissions are infrequent among the immune populations
of developing countries, but pose a greater risk to those with lower levels of
immunity, as may be the case in the developed countries. In most developing
countries, these diseases are mainly transmitted by direct contact or by
ingestion of contaminated water or food. Any additional infection from
wastewater irrigation would not normally be detectable.

Wastevater Treatment Technology as a Remedial Measure in Reducing
the Health Bffects of Wastewater Irrigation

The criteria selected for effective pretreatment of wastewater for
agricultural irrigation are (1) maximum removal of helminths; (2) effective
reduction in bacterial and viral pathogens; (3) and the production of
nuisance- and odor-free effluent that is attractive for agricultural use (that
is, the BOD is effectively reduced).

These specific design criteria and their order of priority differ
from those used in reducing surface water pollution from BOD and COD, and thus
result in different optimal treatment strategies. Conventional wastewater
treatment plants utilizing mechanical equipment and large energy inputs are
not particularly effective in meeting the first two criteria. In contrast,
stabilization ponds can meet all three criteria. They are the system of
choice for helminth removal.

Well-designed and well-operated series of stabilization ponds can
usually achieve almost total removal cf helminths, a 99.999 percent reduction
of enteric bacteria, and a 99 percent reduction of enteric viruses. They can
produce an odor-free effluent that is rich in nutrients and atcractive for
agricultural use. They are most suitable in warm developing countries since
they have low construction and operation costs and no moving parts. They




- 302 -

constitute a particularly robust, almost fail-safe type of treatment system.
A drawback is the large land areas they require.

Ideally, they should have an anaerobic pond for the first stage of
treatment, followed by a series of facultative and maturation ponds. A system
with 1-2 days of detention in the anaerobic stage, followed by some 15-20 days
of detention in 4 more ponds in series is an example. Where financial
resources are Llimited or 1limited land is available, construction of a
stabilization pond system in stages is feasible. A minimal first-stage might
include anaerobic ponds, followed by facultative ponds, with a total detention
period of some 7-10 days. The system would still be highly effective in
removing helminths, but would achieve less than optimal removal of enteric
bacteria and viruses. Although the effluent might at times be unattractive
and the plant might not be completely nuisance-free, such a system may be
acceptable as a first-stage palliative measure.

An alternative low-cost, first-stage system might be some type of
multicell municipal septic tank with 2 days of detention, providing there is
adequate volume for combined anaerobic sludge digestion. Most design
engineers in the industrial countries have stopped using these systems.
Nevertheless, the long detention periods provide good conditions for the
removal of the settleable helminths, which are much less effectively removed
by conventional wastewater treatment schemes currently used in industrial
countries. Municipal-scale septic tanks or some similar long-term detention
tank system would be much less expensive and simpler to operate than
conventional treatment plants and would only require small land areas.
However, such a system does no: meet all of the optimum design criteria, since
it is not completely odor-free, and the effluent may be physically
unattractive. Installation of such low-cost treatment units, although not
optimal for all three criteria, can effectively reduce the risks of helminth
infection in wastewater reuse.

The effluent quality guidelines that we recommend for use in
unrestricted irrigation of all crops including vegetables are as follows:

l. No more than 1 viable nematode egg (ascaris, trichuris, or hookworm)
per liter.

2. A geometric mean no greater than 1,000 fecal coliform bacteria per
100 ml.

Where restricted irrigation is to be carried out on crops not for human
consumption, only the nematode guideline (a) has been recommended. But in all
such cases a minimal pond followed by 5 days' detention in a facultative pond
is desirable.

Stabilization pond systems cost 15-20 percent less than aerated
ponds, and 25-50 percent less than conventional secondary treatment plants.
Stabilization ponds followed by reservoirs for off-season storage increase
effluent utilization during periods :f irrigation, reduce environmental
contamination of surface waters, and reduz: uspended solids enough to make
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drip irrigation feasible. The reservoirs may also serve as finishing ponds or
may be used for fish or prawn production.

In areas where large land areas are not available or land costs are
prohibitive for stabilization ponds, aerated lagoons or combinations of more
land and equipment-intensive systems with stabilization ponds can be designed
to achieve equivalent levels of treatment. However, such systems cost more
and their operation and maintenance are more troublesome than stabilization
pond systems.

In sum, there are a number of engineering options to consider in
selecting the optimum initial and final wastewater treatment systems.

AGRICULTURAL IRRIGATION METHODS

In arid and semiarid areas, the low-rate application of effluent is
tscommended for irrigating crops. Typically, this runs at about 2,500
m”/bha/yr (that is, the effluent of about 75 persons at 90 lcd could irrigate
one ha). Intensive high<level application rates, primarily aimed at disposal,
are some ten times greater. Wastewater irrigation will also supply essentially
all of the nitrogen and most of the phosphorus and potassium required by many
crops, as well as important micronutrients. These nutrients are important to
the agricultural economy of developing countries, where fertilizer costs are a
ma jor burden in cash outlay for farmers. Organic matter in the wastewater can
also contribute to soil tilth and overall long-term fertility.

One concern here, however, is that toxic chemicals, including heavy
metals, in industrial and some municipal wastewaters might accumulate in food
crops. This possibility has been exhaustively studied in the United States
and Europe. As noted earlier, the problem is beyond the scope of this report.

Crops may also be affected by other chemicals in wastewater
irrigation systems. For example, boron concentrations of 1 mg/l or more are
detrimentil to citrus, although much higher concentrations~-for example,
2 mg/l--can be applied to alfalfa, gvapes, or tomatoes. In addition, high
concentrations of sodium can change s80il structure and thereby reduce
fertility.

Where wastewater effluents are known to contain pathogens, their use
for irrigating market vegetables can be proscribed. Vegetables or fruits that
are exposed to raw wastewater irrigation until they are harvested and then
eaten raw carry the greatest risk of infection.

Flood irrigation wastes the most water, contaminates vegetable crops
lying on the ground or root crops, and exposes farmers to wastewater more than
any other method of irrigation. Ridge-and-furrow irrigation can reduce plant
contamination, but drip irrigation is the most effective in minimizing contact
between the wastewater, the crops, and the farmers. The drip method also uses
less water and iz beneficial to plant growth. At the same time, it is capital
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and technology intensive and requires water with very low concentrations of
suspended solids.

Sprinkler, or spray, irrigation has the dual advantage of being able
to control the application rate of water while utilizing minimal manpower, and
thus is particularly appropriate for areas where labor costs are high.
However, it requires a high-pressure supply of piped water and a sound
technological infrastructure. In addition, ground crops as well as fruit
trees become contaminated by the spray, which may also contaminate workers.
Another factor to consider here is that wastewater aerosol may be transported
to nearby residential areas. Of course, sprinkler irrigation can be set at
low pressure so that the water is below the height of the fruit-bearing
branches and thus does not contaminate fruit.

TECHNICAL AND POLICY OPTIONS FOR REMEDIAL MEASURES

The following remedial measures can help reduce the negative health
effects associated with raw wastewater irrigation:

1. Restrictions on the type of crops irrigated so as to prevent
consumers from being exposed diraectly to vegetable or salad crops
eaten raw.

2. Modifications of irrigation techniques and procedures so as to
prevent or minimize direct contact between wastewater and crops.

3. Improved occupational health and hygiene conditions.

4, Disinfection of health-sensitive crops in central market facilities
or in the home.

5. Chemotherapeutic and/or prophylactic medical treatment to protect
consumers of wastewater-irrigated crops or sewage farm workers from
the diseases associated with wastewater irrigation (or to cure them
of the diseases).

6. Wastewater treatment and/or storage practices aimed at effectively
reducing the concentration of the priority pathogans to low levels,
and in subsequent stages, to levels at which the negative health
effects are essentially controlled.

7. Integrated, site-specific combinations of responses.

Crop restrictions and modification of irrigation techniques have been
highly effecti 2 in reducing infection from wastewater irrigation in
technologically advanced, developed countries with long traditions of civic
discipline and effective methods of law enforcement. Such regulations work
particularly well on centrally managed sewage farms or irrigation districts.
However, they would be difficult to enforce among small subsistence sewage
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farms oa the edge of developing country cities. Crop production on such farms
is greatly influenced by nearby vegetable markets and depends heavily on
sustained sources of inexpensive fertilizer as can be provided by
wastewater. In communities with high levels of education, people could be
taught, through health education, to wash and disinfect crops at home, but
this would do little in the way of overall prevention. Central vegetable
disinfection stations would only handle vegetables whose freshness and
appearance would not be damaged.

Prophylaxis and/or mass chemotherapy of persons exposed to continuing
helminth reinfections is not generally accepted by the public bhealth
professions., Nonetheless, during the initial stages of a program, it may be
effective as an interim measure to reduce environmental exposure and
reinfection by improved wastewater treatment. This treatment could be
combined with dietary supplements of iron, which are considered to be
effective in ameliorating the severe anemia due to heavy hookworm infections,
but which would not cure the individual from his infectionj} nor would it
reduce the other clinical effects and discomfort from the disease.

Only wastewatzr treatment that effectively removes helminths and
reduces pathogenic bacteria and viruses to an acceptable level can reduce the
overall negative occupational and consumer health effects of wastewater
irrigation. Clearly, the acceptability of treatment systems that can remove
bacteria and viruses to some degree will depend on health profiles,
immunities, and priorities of the populations to be protected.

The highest level of overall protection is provided by a 20-day, 4-
cell stabilization pond, which can remove almost all helminths and a large
number of bacteria and viruses. An intermediate first-stage anaerobic pond
wvith a detention :ime of 1-2 days, followed by a facultative pond of 7-10
days' detention will remove virtually all helminths. Finally, first-stage
construction of anaerobic ponds or septic tanks with 1-2 days' detention will
remove an estimated 90-95 percent of at least the exposure to, if not the
incidence of, hookworm and other helminth infections. The immediate health
benefit-cost ratic is greatest for the third option, even if such temporary
plants are not completely free from nuisances. There are definite advantages
to options that can be engineered and managed centrally and that do not
require changing the life-style, customs, and personal behavior of large
populations in order to be effective. The wastewater treatment option meets
the following criteria: it is centrally engineered and managed and also
provides protection for all exposed populations, from farmers to the public at
large.

CONCLUSIONS

The principal finding of this study of the negative effects on health
of wastewater irrigation and remedial measures for their control is that
previous public health positions have been overly conservative. Every
excreted pathogen capable of persisting in the environment, in soil, or on
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crops irrigated with wastewater is not necessarily a potential cause of
serious disease in man., It also appears that highly restrictive effluent
standards for the irrigation of salad crops and other vegetables eaten raw
are, for all practical purposes, difficult to achieve except in very
technologically advanced treatment systems. In any case, strict standards do
not appear to be justifiable on epidemiological grounds. ‘The credible
quantifiable health effects of wastewater irrigation that have been detected
in this study are limited. The pathogenic agents requiring close attention in
most developing countries--mainly the helminths--can be removed by settling
for 2 days and are completely removed by stabilization ponds. These are low—-
cost, robust methods of treatment, which are well suited to the needs of
developing countries. In fact, as we have already pointed out, 20-day
stabilization ponds can remove almost all bacteria and viruses and can produce
an effluent suitable for unrestricted irrigation of vegetables.

In both permanently and seasonally arid areas, wastewater irrigation
has numerous benefits, most notably, increased agricultural production,
improved food supply, and reduced environmental pollution. In the final
analysis, the total societal hbenefits of wastewater reuse in irrigation
undoubtedly exceed their negative effects, which are easily controlled.
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