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ABSTRACT

Mexico City generates almost 11,900 tons of solid waste per day; 50% of the waste is organic
and 34% recyclable. As a consequence of the large amount of waste produced, the scarcity of
potable water, the increase in wastewater generation, and the need in cities to satisfy the
growing demand for healthy nutritious food, it has become essential to devise alternative
methods that will contribute to satisfying one of the most basic of human needs: the need for
food. This study proposes a safe method for the disinfection of wastewater destined for reuse
in urban agriculture. It also discusses the year-round production of fresh vegetables in
confined urban spaces, using sustainable practices that involve the recycling of waste whilst at
the same time saving water.

To address the aforementioned problems, this study aimed to determine the efficiency of
applying organoponic techniques to urban crops, using selected organic compounds and
recyclable solid waste products, plus home-made organic fertilizers and treated wastewater.
Three different methods of wastewater disinfection were tested: Ozone, APT, and a
combination of both. The results obtained demonstrate that in addition to disinfecting the
wastewater, Ozone contributes with oxygen and nutrients to the soil, thereby reducing the
need for chemical fertilizers. Ozone also reduces the risk of infection by eliminating highly
pathogenic micro-organisms, and increases the rate of plant growth. Great benefits can
therefore be derived from employing these urban agriculture techniques because, in addition
to putting to good use waste products that are generated by the ton, these techniques also
produce quality food plants that are 100% organic.
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2 INTRODUCTION

Agriculture is not normally one of our daily activities especially if we are town-dwellers, even
though food production is directly related to agriculture, and we all know something about
what agriculture involves. Current trends in today’s society tend to distance us even further
from producing our own food, but some agriculture programmes are now striving to reverse
these trends in Modern Cities [1, 2].
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It is a fact that all the world’s cities produce huge amounts of solid waste, and that drinking
water is becoming progressively scarcer whilst we continue generating ever more wastewater.
Mexico City produces a daily total of 11,850 tons of municipal solid waste [3], comprising
50% organic residues and 34% recyclable wastes. The problem is, however, that we do not
know how to make good use of it. Similarly, there seems to be little interest in the city to save
water. After the People’s Republic of China, Mexico is the world’s second biggest user of
wastewater in agricultural activities; and in Latin America, Mexico is the country with the
greatest number of hectares irrigated with recycled but untreated wastewaters [4].

The CNA (Mexico’s National Water Commission) estimates that over the whole country
about 350,000 hectares are being irrigated with municipal wastewater, at a rate of about 160
m&second. Some of this municipal wastewater is mixed with industrial wastewater, some
with surface waters, and some with well-water. The impact of this on health is reflected in the
rise of gastro-intestinal diseases and acute respiratory infections [4, 5].

The purpose of this project, therefore, was two-fold. Firstly, it set out to test feasible methods
for treating wastewater destined for reuse in agriculture. Secondly, it suggests a strategy for
cultivating several different types of fresh vegetables in confined urban spaces such as
terraces, roof-gardens, back-yards, balconies and small gardens, without the use of pesticides
or chemical fertilizers but re-using waste products, and without affecting public health.

The study aimed therefore: a) to determine the efficiency of applying the techniques of
organoponia to urban crop-growing, utilizing selected organic compounds and recyclable
solid waste products, plus treated wastewater; and b) to compare the disinfection efficiency of
3 different methods of wastewater treatment: 1) Ozone, i1) APT, and 1i1) APT+Ozone, in the
irrigation of the plants being grown in the organoponic modules.

3 MATERIALS AND METHODOLOGY

The first step was to collect a) organic wastes such as: fallen leaves, fruit and vegetable waste,
wooden crates, egg boxes and liquid organic fertilizer (prepared from urine), for use in the
cultivation; and b) recyclable solid waste such as: plastic packaging materials, used tyres, and
disposable soft-drinks cans and bottles, to serve as plant pots and watering cans.

A heavy-duty cutter was used to slice the side off a used tyre, leaving a ring which was then
turned inside out. The tyre was then lined with waste plastic packaging material. The plant pot
thus constructed was filled with compacted dead leaves and finely chopped fruit and
vegetable waste, with a thin layer of soil sprinkled on top which covered the whole container
to a depth of 25%. Previously germinated seedlings were then transplanted into the
containers, or, in the case of some vegetables such as radishes, the seed was sown directly
into this prepared soil mixture.

Three different disinfection treatments were applied to the wastewater, plus two control
experiments. The first treatment type involved the use of wastewater treated with Ozone (Og).
A 5L reactor was used to produce the Ozone, and a concentration of 36.8mgOs/L (flow 1
L/min) gas-phase Ozone was applied to the base of the reactor for a period of one hour. At pH
7 and a temperature of 238C, the concentration of Ozone dissolved in the liquid phase
averaged 7.36mg/L; the dissolved Ozone being measured using the indigo method [6].
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The second treatment type was the Advanced Primary Treatment (APT). The APT test was
simulated in a jar test (Phipps and Bird model 7790-400), using 150 mg/L of Hydrated
Octadeca Aluminium Sulphate and Img/L of anionic polymer Prosifloc 252, which were
added under mixed conditions. A period of 10min. was then allowed for sedimentation.

The third treatment type was a combination of APT+0;. Two comparative experiments were
also set up. In one, the plants were watered with totally untreated raw wastewater, and in the
other the plants were watered with drinking water, which was the control experiment.
Determination of the following physical-chemical parameters related to the disinfection
process was made for all the treatment types: alkalinity (pH), Biochemical Oxygen Demand
(BODs), Chemical Oxygen Demand (COD), and organic Nitrogen.

To ascertain the micro-biological quality of the cultivated plants, tests were carried out to
detect the presence of pathogenic agents such as: Giardia sp., Helminth eggs and the
following bacteria: Vibrio cholerae, Salmonella typhi, and total and faecal coliforms. Each set
of experimental conditions was tested in quintuplicate, and all the modules were irrigated for
a period of 6 months.

To determine the possible toxicity of the treatment types, different dilutions of the raw and
treated wastewaters (50%, 75%, 100% v/v) were prepared in aliquots of 20 mL. The different
dilutions were then poured onto 45mm. Millipore Pads that had previously been laid over
Petri dishes measuring 60 x 15mm, until the Millipore Pads were totally soaked through. Then
10 seeds per dish per concentration of each treatment type were sprinkled on each Millipore
Pad, the seeds being arranged in 4 rows of 3 seeds per row. The same procedure was followed
with the control sample, which simply used drinking water, making a total of 75 dishes in all.
The dishes were then covered and placed in a humidified incubator set at 24°C, for a period of
5 days.

The results were subjected to a Kruskal-Wallis test analysis.

Bio-tests were conducted on commercially viable, fast-growing crop plants such as: radishes
(Raphanus sativus L.), tomatoes (Lycopersicum esculentum), spearmint (Mentha piperita),
camomile (Matricaria recutita), Romaine lettuce (Lactuca sativa) and Chinese cabbage
(Brassica rapa). Pest-control was maintained by sowing aromatic plants in the containers to
act as a natural repellent.

4 RESULTS AND DISCUSSION

4.1 Results of the toxicity study

The percentage of seeds that germinated in each box is set out in the last column of Table 1.
On the fifth day, five seedlings were selected from the seeds that had germinated in each Petri
dish, and their length was measured. An average length was calculated per dish, and these
values are set out in the germination column of Tuble [. The statistical analysis was
conducted on the basis of said germination percentages and average lengths. A statistical
diagram (Figure 1) shows the average length of the five seedlings selected from each dish of
each treatment type.
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Table 1. Average length of the seedlings.
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Figure 1. Range of germination length on the fifth day.

As can be seen in Tuble 2, the lettuce seedlings grew to a maximum average length when
watered with APT-treated wastewater (6.02 cm.). This result is similar to the length obtained
when watered with Ozone-treated wastewater (6.01 cm.). In other words, no significant
difference was observed between these two treatments. The smallest average growth was
observed in the seedlings irrigated with drinking water (5.39 cm.); and the next smallest
average was seen in the seedlings irrigated with raw wastewater (5.47 cm.). If we remember
that drinking water is free of plant nutrients, the result makes sense. In the case of raw
wastewater, on the other hand, it may be due either to an excess of nutrients, or to the
presence of some pollutant that inhibits growth. The standard deviation for the average length
of the seedlings was approximately 0.6 cm, regardless of the treatment applied.

Table 2. Average maximum length.

Treatment Boxes | Half Standard | Minimun | Maxim
statistic | deviation
Drinking water 15 5.39 604 4.1 6.1
Raw 15 5.47 626 43 6.6
wastewater 15 5.80 628 4.8 6.9
APT+Ozone 15 6.02 614 5.1 7.2
APT 15 6.01 558 5.3 6.9
Ozone N
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The lowest germination percentages were observed in plants in the Petri dishes irrigated with
raw wastewater and drinking water. In these cases, 10 of the 15 Petri dishes (66.67%)
irrigated with raw wastewater, and 7 of the 15 Petri dishes (46.67%) treated with drinking
water, gave a percentage of seeds germinated that was less than 80%. By contrast, in the case
of the rest of the treatments the percentage of germination was greater or equal to 90%, in a
total of 80% or more of the Petri dishes. In other words, in the Petri dishes irrigated with
drinking water and raw wastewater, the median germination percentage was 80%; in the Petri
dishes irrigated with Ozone or with APT+Oj3 treatments, the median germination percentage
was 90%; and in the Petri dishes irrigated with APT-treated wastewaters, the median growth
percentage was 100%. According to the Kruskal-Wallis test, these medians are significantly
different (test statistice= 24.156, 4 degrees of liberty, and level of significancee= 0.0001).

According to the Variance Analysis Table (Table 3), there is a significant difference in the
average length of seedlings irrigated with the different types of water (level of significance =
0.0103, F = 3.58, with 4 and 70 degrees of liberty in the numerator and denominator
respectively). Two treatments (Ozone and raw wastewater) were considered different because
the absolute value of the difference between their measurements was greater than 044 cm.
Thus, it was calculated that the average length of the seedlings irrigated with drinking water
and raw wastewater was similar (5.39 and 5.47 cm. respectively), and that this was less than
the length registered for the seedlings irrigated with Ozone and APT (6.01 and 6.02
respectively). The results for the combined APT+Oj; treatment fell between these two sets of
extremes. Essentially, the average length of the seedlings irrigated with APT+Og (5.8 cm.) did
not differ significantly from the average lengths obtained for any of the rest of the treatments.

Table 3. Variance analysis.

Source SS Df MS F Prob > F
Between groups 5.26791108 4 131697777 |3.58 |0.0103
Within groups 25.7392779 70 0.36770397

Total 31.007189 74 0419016067

4.2 Results of the Multiple—Species Cultivation

The growth of all the different types of plant used in the multiple-species cultivation, namely:
lettuce (Lactuca sativa), radish (Raphanus sativus L.), spearmint (Mentha piperita), tomato
(Lycopersicum esculentum), camomile (Matricaria recutita) and Chinese cabbage (Brassica
rapa), evidenced good plant development with all the wastewater treatment types. However,
the overall maximum growth was seen in the module irrigated with wastewater treated with
Os (see Table 4).
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Table 4. Growth register for the Multiple-Species Cultivation.

Plant Treatment
Raw Ozone APT APT+Ozone Drinking
wastewater water
Romaine lettuce 5 9 8 7 5
(cm)
Tomatoes (cm) 7 19 9 7 6
Radishes (cm) 15 15 11 11 14
Spearmint (cm) 16 18.5 16 13 17
Camomile (cm) 17 26 23 15 16
Chinese cabbage 39 48 46 43 32
(cm)
Chinese cabbage 705 1117 950 564 790
(gr)

The Chinese cabbage was the last plant to be harvested. The longest growth (48 cm.) and
greatest weight (1,117 g) were observed in the plants irrigated with Ozone-treated wastewater.
Conversely, the smallest average weight registered (564 g.) was seen in the cabbage irrigated
with wastewater receiving the combined APT+Oj; treatment. A similar behaviour pattern was
seen in the case of the other vegetables.

Smaller growth was observed in the crop plants irrigated with wastewater subjected to the
combined APT+O; treatment compared to the crop plants irrigated with wastewater treated
with Ozone alone or wastewater treated with APT alone.

As reported in previous studies [7], the fact that the combined APT+O; treated wastewater
produced smaller individual vegetables at harvest is due to the fact that there is an excess of
nutrients in the soil, and an excess of nutrients far from helping actually inhibits general plant
development. This finding is confirmed in other reports:[8] report that an excess of nutrients
inhibits the growth of vegetables just as much as a lack of nutrients; [9] state that high
concentrations of nutrients can reduce the yield at harvest; and [10] report that an excess of
nitrogen can reduce the quality of lettuce and cause a crop to rot 8, 9, 10].

By contrast, [11] report that the presence of Ozone in treated wastewater re-used in
agricultural irrigation, can actually increase harvest vigour, reduce pests, reduce the need for
chemical fertilizers, and improve the penetration of oxygen. It is worth noting that,
theoretically, by oxygenating the soil, Ozone favours nitrification and the assimilation of
nutrients. This coincides with the results of the research being reported in this paper [11].

The results of this study also show that wastewater treated with Ozone meets current Mexican
Regulations with regard to the following micro-organisms: pathogenic agents such as Giardia
sp. and Helminth eggs; plus the bacteria: Vibrio cholerae, Salmonella typhi, and total and
faecal coliforms [12].

The concentrations of Nitrogen (300 mg/kg), Phosphorus (100 mg/kg) and Potassium (200
mg/kg) available in the soil met the demand required for crop plant cultivation, in the case of
irrigation with wastewater treated with Ozone or APT. In this study the presence of non-
nutrient metals was not detected in any case. Thus the wastewaters studied can be considered
fit for reuse in agriculture. The presence of Zinc was detected at concentrations of 0.46, 0.58
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and 1.26 mg/L in soil irrigated with wastewaters treated with APT, O; and APT+Os3
respectively. These concentrations favour crop cultivation because Zinc is vital for the
formation of chlorophyll and growth hormones.

The best removal of BODs (93%) was achieved in wastewater treated with APT+QOg.
Applying one hour of treatment with Ozone alone, at a rate of 7.36 mgOs/L, produced 88%
removal; treatment by APT alone achieved 43% removal. In regard to COD, the best removal
(also 93%) was achieved in wastewater treated with Ozone alone. The application of APT+0O;
produced 62% removal, and the application of APT alone produced 49% removal.

None of the plants died in any of the treatments.

5 CONCLUSIONS

The experimental conditions producing the best results were wastewater treated with Ozone,
applying a rate of 7.36 mg/L at pH 7 and a temperature of 238C for the period of one hour.
Wastewaters thus treated meet current standards in Mexico for micro-organisms and heavy
metals. Under these conditions, 15 minutes of ozonation resulted in 100% destruction of
bacteria such as: V. cholerae, S. typhi and total and faecal coliforms; and one hour of
ozonation produced total destruction of Helminth eggs and Giardia sp.

Wastewater treated with APT can be employed in agricultural irrigation, because it conserves
the nutrients. However, although there is significant removal of faecal coliforms and other
pathogenic micro-organisms, wastewaters thus treated do not meet Mexican Standard NOM-
001-ECOL-1996; Standard only being met after Ozone disinfection.

After six months’ irrigation, no phytotoxic elements or metals were found that might have
affected plant productivity or endangered public health as a result of consuming these plants.
The results obtained show that as well as disinfecting water, ozone also the growth of crop
plants, thereby helping to reduce the need for chemical fertilizers. Thus the conclusion
reached was that ozonation was the best treatment used in this project for wastewaters
destined for reuse, and that ozonation reduces the risk to health present in food plants irrigated
with totally untreated wastewater, especially when those foods are eaten raw.

Enormous advantages were noted in the practice of these urban agriculture techniques,
because they lead to the selective recycling of waste materials that are generated by the ton, in
the production of high quality 100% organic food, despite only having access to confined
spaces.

More study and validation is required of the technique of putting solid wastes to good use in
urban agriculture together with the reuse of treated wastewaters; and there is an urgent need to
educate and encourage the general population in techniques of reuse and recycling.

This document provides guidelines and advice on the formulation and implementation of
urban agriculture programmes that incorporate the use of wastewater plus the use of organic
compounds and recyclable solid waste products.
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