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ABSTRACT.

Impact of reclaimed wastewater reuse in agricultural soil with ornamental plant Scindapsus aureus in
pots is studied. Wastewater regeneration is verified in a biological photoreactors system in continuous
operation, Modified Natural Technology (M.N.T.)

The aim of this study is to compare the behaviour of well water, secondary urban waste water and
water from biological reactor on soil and plant, as well as to validate the M.N.T. as a method for removing
pathogens from wastewater.

Results suggested that reclaimed water and well water are entirely suitable for use in agricultural
irrigation. Reclaimed water supplied more nutrients to the plant than the others. Soil acted as a wastewater
treatment system.
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INTRODUCTION.

Treatment and disinfection of urban wastewater can be achieved by means of M.N.T. Quality
requirements of R.D. 1620/2007, de 7 de diciembre, por el que se establece el régimen juridico de la
reutilizacion de las aguas depuradas para su uso en riego agricola may be reach with a sealed photoreactors
system, the presence of microalgae, and solar radiation, with the consequent over oxygenation in the reactor.

METHODS

Weekly irrigation of three blocks of pots were performed with three types of water: well water
(control), Secondary treatment water (SW) and regenerated with photoreactor water (RW), tracking
irrigation and drainage water quality, soil and plants. The following parameters were measured:

-On water samples. Chemicals: DBOs DQO, pH, electrical conductivity, turbidity, suspended solids,
nitrogen (organic and nitrate), phosphorus, sodium, potassium, calcium, magnesium. Microbiological: total
and faecal coliformes.

-On soil samples. Physicals: Texture. Chemicals: pH in water and KCIl, E.C., total nitrogen,
phosphorus, sodium, potasium, carbonates, organic matter. Microbiological: Coliformes.

-On plant samples. Chemicals: total nitrogen, phosphorus, sodium, potassium, calcium, magnesium.

The experiment was carried out from 11/11/09 to 24/03/10 (134 days). Water samples were taken and
analysed on irrigation days. Soil samples were taken on days 1, 36, 71 and 134. Plant samples were taken
and analysed at the end of the experiment



RESULTS AND DISCUSSION.

Comparison of irrigation water

In Fig.1, 2 y 3 evolution of oH, COD (mg/L) and BODs (mg/L) is compared, for well water (C),
secondary treated water (SW) and reclaimed water (RW), throughout the experience.

pH COD (mg/l) BODs (mg/1)
—RW 93
8,9
—SW 25 |
C 8,1

77
73 ¥4
69

6,5

e
S AN TINOMNOR O A NM
g gl

ias de la experiencia Dias de la experiencia

Fig.1 Fig.2

Fig.3

Photosynthesis of microalgae developed within the photoreactors causes a decrease in CO, and
consequently the pH increased. The reclaimed water contains less organic matter (COD y de BODs) than the
secondary treated, and can be considered as contamination free according to normative.

Secondary treated water has a higher concentration of dissolved salts, and high levels of turbidity
and suspended solids, progressively increasing as a result of algae proliferation in the photoreactors system.
The reclaimed water contains higher concentration of organic nitrogen and nitrate, mainly because of the
high population of algae.

There are no significant differences between Na', K, Ca*" and Mg®" in irrigation waters. All waters
show high risk of salinization and low of alkalinization.

The absence of total and faecal coliformes indicates that both, the reclaimed and the well water are
bacteriologically safe. The secondary treated water exceeds the limit admitted of 10000 UFC/100ml (R.D.
1620/2007)

Comparison of soils.

INITIAL | TREATED WATER | RECLAIMED WATER | WELL WATER | Textural analysis shows a loamy soil. Table
MEDIA sb | MEDIA sb | MEDIA sp | 1 shows that soil irrigated with reclaimed

water presents a higher pH and

pH water 8,66 825 a 0,16 863 b 0,09 839 b 0,03 ) e .
OH (KO 744 S04 o 007 §49 b 004| 811 a 006 exchangeable sodium. Soil .1rr1gated .w%th
CE 9707 treated water presents the highest salinity
-E. . 9767 a 044 9711 a  001| 9714 a 006 .
. and exchangeable magnesium.
% OM. ; 052 a 009 080 ab  022| 1,10 b 021
0,17
%N , 0,03 0,00 004 ab 001| 006 b 00l - .
s o R e : ~"| Only the treated water contributes to soil
CN : 1050 a 003\ 1125 b 030] 1074 a 032\ coliformes (total coliformes 30.500.000
0,55 .
P 101 a 0,13 0.89 a 010} 088 a 014 UFC/kg £ 155.000, and faecal coliformes
Na 161 084 a 0,12 107 a 0201 078 a 009] 14.800.000 UFC/kg + 99.500).
K 6,6 662 a 004 664 a 0,06 660 a 0,02
Ca 52500 | 63167 a 202,1| 64667 a 1258 | 62167 a 2566
Mg 200,0 2917 a 382 2750 a  250| 2500 a 0,0

%Carbonates | 184 1891 b 0,16 1780 a  024| 1859 b 0,13




Study of drained water.

TREATEDW. | RECLAIMED W. WELL W. Soils irrigated with treated water induced a descent of 95
AVER. SD_ | AVER SD_| AVER. SD | % and 88 % respectively in FC and TC of water. This
pH 7.62]a| 033| 845]b) 036] 7.711al 027 means that soils act as a biological filter for both
C.E. 1263,95 | b | 115,52 | 1083,62 | a | 110,37 | 1037,28 | a | 67,86 | coliform and Organic matter.
COD | 17045 |c| 2231] 9050 |b| 12,00] 3273 |a| 787
BODS | 12737 c| 3046| 51.03|b| 1664] 1137]a| 961
P 1049 | ¢ | 0651 ] 0062|b]| 0067] 0026]a]0017
NO3- 923 |c| 196 789 |b| 168 559 |a| 9.1
e 496 391 ;?2 0 0
FC 52258 14313 0 0

Comparison of plants
PLANTS — TREATED PLANTS — RECLAIMED PLANTS — WELL

WATER WATER WATER
AVER. SD AVER. SD | AVER. so_| The plants in pots that were irrigated with
17 20 2 . . . :
N 444.9 | a | 7450.8| 204544 |a| 69202 2708 |a| 2016 | reclaimed water contained higher concentrations

in all macronutrient mpar t lant
P 74147 [a| 2465,0 84447 | a 528,2 7791.8 | a 667,6 cronutrie S’ co p ed o p S

1| irrigated with treated and well water. N and K

Na 4653010 27765 AB4S0 0l 33284 17280 a1 0438 Jevels measured in plants were deficient in all

24 24

K 2442 |a| 6897,3| 280106 |a| 31304 750,3 |a| 159,7| cases.
16 19 3

Ca 025,7 |a| 2964,1| 23352,0|a| 46863 271,0 | a| 3395

Mg 28723 | a 545,0 4778,6 {a] 1091,3 | 3058,8|a]| 4512

CONCLUSIONS

- The reclaimed and well water used in this paper are entirely suitable for use in agricultural
irrigation. This conclusion is supported by the results of the parameters COD, BODs, phosphorus, fecal
coliformes and total coliformes, which ranks reclaimed water as free from organic and microbiological
contamination. The secondary treated water does not reach the quality requirements for irrigation water
according to the FAO, or standards imposed by R.D./620/2007.

- The effects of re-using reclaimed water on soil and plants are:

Organic compounds: The addition of organic compounds (COD, BODs and suspended microalgae)
improves soil fertility by increasing the C/N, resulting in the rapid decomposition and mineralization of
organic matter.

Nutrients and disposable cations: Irrigation with reclaimed water provides plant more nutrients (N,
P, Na, K, Ca y Mg) than treated and well water. The highest content of organic nitrogen confers more vigot
to the plants irrigated with reclaimed water. Only the treated water has a phosphorous content high enough to
change its content in the soil.

Physicochemical parameters;_ Concerning the effect on physical and chemical parameters
studied in the soil, reclaimed water and well water effects are similar.

Microbiological parameters: The biological photoreactors system (M.N.T.) for water regeneration
guarantees the absence of coliform in it, and in the soil in which it applies.

- Soil acts as a treatment wastewater system.
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