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Abstract

Introduction. Only 27 % of the surface water in Mexico complies with the local BODS5 and COD standards. Constant
desertification of the soils contributing to reduced recharge rate of the aquifers makes finding a solution to effective and
wide-spread wastewater treatment a very pressing matter. The paper provides experimental data on a case study of low
temperature wastewater treatment. Methods. We treated domestic (sanitary) wastewater in a continuous flow anaerobic
biodigester and conducted its physicochemical evaluation during winter-spring. The treatment was done by means of a low
temperature process and with a supplied influent flow volume of 20.78 L/day. Results. The first sludge formation in the
initial stage showed substantial changes compared to those obtained in the final stage, where the effluent had scarce lime as
a result of the microbiological activity. This transformation is seen through a removal of: 99.9 % of settleable solids (SS),
92.66 % of total solids (TS), 99.14 % of total suspended solids (TSS), 33.21 % of 5-d biochemical oxygen demand (BOD,),
3.64 % of chemical oxygen demand (COD) with a steady pH oscillating between 8.12 and 8.72, electric conductivity (EC)
within the range from 1961 puS/cm to 1785 pS/cm, temperature from 19.2 to 20.1 °C in the effluent. Conclusion. Thus, the
system described is considered to be stable, easy and economic meeting the current conditions for the unloading of treated
wastewater suited for agricultural reuse according to NOM-001-ECOL-1996 standard.

Keywords: permissible maximum range, lime, psychrophilic biodegradation, removal, resilience, life cycle metaphor

AHHOTAIIUS

Beenenne. Jlumb 27 % TOBEpXHOCTHBIX BOA B Mekcuke cootserctyeT Hopmarueam 1o BIIK, u XIIK. Ha ¢one
MPOTPECCUPYIOLIET0 OIYCTBIHUBAHMS U COKPAICHUSI MOANUTKH BOJOHOCHBIX TOPU30HTOB IpodIieMa rmoucka 3(hQpeKTHBHOTrO
1 IIMPOKOIOCTYITHOTO METO/IAa OYUCTKH CTOYHBIX BOJ B CTPAaHE CTOUT OYeHb OCTpO. B pabote mpencrapieH SKCIEPUMEHT 110
HHU3KOTEMIIEPaTypHOIl OYUCTKE CTOUHBIX BOJL. MeToabl. Du3nKo-XUMHUYECKast OLEHKa OBITOBBIX CTOYHBIX BOJ (CAaHUTApPHBIX),
00paboTaHHBIX B INPOTOYHOM OHOpEaKTOpe, MPOBOAMIACH IOCPEICTBOM HU3KOTEMIIEPATYpHOrO IpoLEecca C PacXoloM
20,78 n/neHp npUTOKa B 3MMHe-BeceHHHMil mepuoxa. Pesyabrarbl. [lepBbrii wi, oOpasoBaBmimiicss B HadanbHOW (ase,
MPOJICMOHCTPHPOBAJ CYIIECTBCHHbIE M3MEHEHHS B CBOMX XapaKTEPUCTHKaX II0 CPAaBHEHHIO C MIIOM, IIOJIyYCHHBIM Ha
KOHEYHOM CTajInH, I7Ie CTOKU UMEITH MAJI0 U3BECTH B Pe3yJIbTaTe MUKPOOHUOJIOrNUECKOI aKTHBHOCTH. VI3MeHeHne 0Tpa3uiioch
B ynanenun: 99,9 % ocaxmaemoro Bemiectsa (SS), 92,66 % o0mux tBepabix Bemiects (ST), 99,14 % o0mux B3BEHICHHBIX
Bemects (SST), 33,21 % Guonornueckoro norpedenus kucnopona (bI1K,), 3,64 % xummueckoro noTpedieHus KUCIopoaa
(XTIK) npu crabmisaom pH ot 8,12 no 8,72, anexrponposoxnoctu (OI1) B muanazone ot 1961 MmxCwm/cm o 1785 mxCwm/cm,
temneparype ot 19,2 o 20,1 °C B cTounbIX Bojax. 3akumiouenne. Takum 00pa3oM, MOXKHO CUNTATh MPEUIOKEHHYIO CUCTEMY
OYHCTKH CTaOMJIBHOM, IMPOCTON M 9KOHOMUYHOM. OHa OTBEYaeT TeKyIIMM TPeOOBaHUSM JUIsi cOpPOCa OUMIEHHBIX CTOYHBIX
BOJI, IPUTOJHBIX AJIs HOBTOPHOIO UCIIOIBb30BaHUs B CEJILCKOM X034HCTBe, YKka3aHHbIM B cTanaapre NOM-001-ECOL-1996.
KuroueBble c10Ba: MakCHMabHO JIOIy CTUMBIH IIPEIEIT, U3BECTb, IICUXPOQHIIbHAs OHOAerpaialiys, yialeH!e, yCTOHIUBOCTS,
MeTadopa KU3HEHHOTO IUKJIA.

1. Introduction

The global weather change facilitates desertification
of the soils, reducing recharge rate of aquifers while the
rates of the evapotranspiration increase. This process
results in rising fluctuations in the quantity and quality
of the water available for consumption.

In Mexico, this problem is especially acute
since 64 % of the water supply is extracted from
underground sources; the agricultural sector
consumes 77 % of the extracted water from
both surface and underground sources to irrigate
25 million hectares (85 irrigation districts and
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39 thousand irrigation units), distributed in rural
areas. However, the analysis of the BOD, and the
COD shows that only 27 % of the surface water in
Mexico has acceptable quality, while the remaining
73 % is polluted [40].

Regardless of the fact, the locals — including
women, most affected by polluted water — still opt to
consume water from any source available, exposing
themselves to naturally and/or anthropogenically
contaminated water. The anthropogenic type of
contamination generates municipal and industrial
wastewater, 60 % of which remains untreated. At the
same time, the communities continue to survive with
agriculture activities using regionals resources only
during their productive working days, which still
requires significant volumes of water [40]. As water
is gradually becoming an increasingly restricted
resource, it seems beneficial to utilize the “Life Cycle
Metaphor” while analysing waste management
systems for it provides a comprehensive view of the
processes and impacts involved: quality of the water
treated to reuse the effluent in the next life cycle,
waste management options, etc. [11].

The previous points can be developed by
identifying and studying the following indicators
of poverty: water availability, migration, income,
food security, health and marginalization of poor
communities [37] to present the metaphor whose
systemic perspective [ 11] offers diverse opportunities
of adopting eco-technologies focused on the recovery
of treated water and its organic nutrients [23].

The latter can be very useful for farmers, who have
found it necessary to seek mitigation alternatives to
the problem of water scarcity and lack of sewerage,
usually resorting to irrigation with residual water
from the discharges.

The foregoing has led to propose multiple
alternatives, some oriented to areas of limited
resources with population not exceeding 100-200
families. Anaerobic biodigesters could help address
the problems of these localities. As treatment of
water for reuse for agricultural purposes is the main
objective, therefore, these digesters must have the
following characteristics in design and construction:
low cost, self-construction, simple operation and
easy maintenance.

The distinctive features are integrated within the
following conditions: small volume, reduced site,
high efficiency of purification based on volume,

oxygen supply in the natural environment, operative
flexibility, feasible scaling, simple design [2] and
low energy consumption [8].

The mentioned basic principles must comply
with the following variables of the anaerobic
process: organic load velocity, biomass production,
rate of utilization of the soil, hydraulic retention
time (HRT), which is reduced if simpler compounds
such as sugar are used, solid retention time (SRT),
start up, microbial metabolism, ambient factors,
configuration of the reactor [24], which propitiates
the formation of micro-niches were different
organisms will grow [19].

Meeting these requirements will favour a
satisfactory development of the anaerobic process
with low biomass production [20], at thermophilic
and psychrophilic temperatures [19], in a dark
environment, without dissolved oxygen or its
precursors. The abovementioned conditions trigger
biochemical reactions induced by diverse groups
of microorganisms, which degrade the organic
matter in sequential order. They transform complex
macromolecules into low molecular weight
compounds (methane, carbon dioxide, water and
ammonia) using such electron receptors as CO,,
SO,, NO, -, Fe and Mo, in order to have available
electrons released during the degradation of organic
matter [24].

Therefore, the efficiency of a biodigester of
real scale is evaluated according to the following
parameters: removal of settleable solids (SS), of
total solids (TS), of total suspended solids (TSS),
also of 5-d biochemical oxygen demand (BOD,),
of chemical oxygen demand (COD), pH, electric
conductivity (EC), temperature and heavy metals in
the effluent.

2. Materials and Methods

This experiment consisted of two simultaneous
stages: field research with samplings and evaluation
in the laboratory.

The study required an installation of a prototype
on a real scale for real time function in a space
provided by a research centre located at the north-
western side of Mexico City. A rectangular-shaped
biodigester had four chambers inside to carry out
the process with the operation volume of 1 m?
(Fig. 1). We used ferrocement for the structure, and
applied homogeneous natural polymer solution for
waterproofing.
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In this low-temperature digester, the flow
is horizontally displaced by the principle of
communicating vessels, so that the amount of water
inflow equals to water outflow.

When the construction of the biodigester was
complete, we proceeded to sampling according to
the proposed experimental design.

2.1 Samplings

Once the biodigester load was complete, the
experiment stage started as the sampling points or
ports were previously set and can be found through
the paper such as: chamber, inflow stage or inflow
compartment (C-i) and/or chamber, outflow stage or
compartment (C-e).

In those sites simple samplings were done as
established in NOM-AA-003-1980 three times per
week in a fixed morning schedule until finishing
a sample of 50 repetitions with the following
determinations: T (°C), SS, TSS, TS, EC, pH, total
hardness. Each sample was analysed triple fold
except for two parameters: SS and T (°C). In both
variables, the measurement was only taken once
along the monitoring.

The study was completed by doing other
basic determinations for the process control and
surveillance, such as: BOD,, COD, as well as heavy
metals that require compound samplings for those
tests.

The determinations mentioned in the paragraphs
above were mainly chosen according to the current
standard (NOM-001-ECOL-1996), to be completed

Methane outflow

with some of NOM-CCA/32. Both documents
establish standards and maximum permissible ranges
of usable treated water for agricultural watering.
It is vital to highlight the analysis of results was
undertaken by using average values of the statistical
study for analysis and standards observation.

2.2 Analyftical techniques

The applied specific methods for evaluating the
chosen standards followed the official Mexican
standards suited for each determination.

T (°C) water measurement was done at the
sampling site, with a TC-2 diameter glass mercury
thermometer (Taylor brand, range from -20 to
110 °C, series: 6332). A 100 mL water sample was
taken in the inflow and outflow of the process based
on the method (NMX-AA-007-SCFI-2000 and
APHA, AWWA, 1995).

Inregard to SS, it was necessary to obtain a sample
of 1 L, as shown by the technique of sedimentation
in Cones Imhoff (NMX-AA-004-SCFI-2013) by
doing the cone reading.

Meanwhile TSS and TS were quantified by
following the procedure described in NMX-AA-034-
SCFI-2001, using two types of equipment: muffle
(Lindberg/Blue brand, 625 model, N51H-365397
series, range from 64—1100 °C) and furnace (Felisa
brand, FE292-A model, 0810003 series, range from
5-250 °C).

The EC analysis required the collection of a 500
mL sample of the so far mentioned points. From
the volume obtained, a sample was taken to analyse
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Fig. 1. Four-chambered rectangular biodigester. The influent under treatment is submitted by precipitation on the
C-i upper side wall. Inside, the liquid horizontally flows out through the lower part of the compartments. The effluent
derived from C-e is retrieved to be stored recovery in an outer collector
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the variable, using a conductivity measurement
equipment (Conductronic brand, PC18 model, 322
series, range from 1-999.9 puS/cm; 1-99.99 uS/cm,
with a 0.1 uS/cm accuracy) based on the standard
method (NMX-AA-093-SCFI-2000 and APHA,
AWWA, 1995).

Meanwhile the pH measurements were practiced
as appointed by the Mexican standard (NMX-AA-
008-SCFI-2011 and APHA, AWWA, 1995). C-i
and C-e port aliquots were employed measuring the
pH with regard to room temperature, using a pH
meter (pH-Meter, CONDUCTRONIC brand, PC-
18 model, 0-14 £0.02 range) gauged with pH Buffer
solutions within the range between 7.00 and 10.00
(J.T. BAKER brand).

The BOD;, test followed the NMX-AA-028-
SCIF-2001 procedure using an incubator (Mermmert
brand, IPP 500 model, R5100300 series, range from
040 °C).

The COD determination was made in accordance
with NMX-AA-030/1-SCFI1-2012.

The total hardness analysis was made by using the
technique described in NMX-AA-072-SCFI-2001.

The sampling characterization was concluded
with the determination of heavy metals, covering the
procedure appointed by NMX-AA-051-SCFI-2001,
by using an Atomic Absorption spectrophotometer,
(“Fast Sequential Atomic AA240FS” model, Varian
brand), and employing the flame techniques and
formation of hydrides with the accessory (Sample

Introduction Pump System, Agilent Technologies
brand).

3. Results and discussion

The decision to carry out simple samplings of
C-i influent and effluent of C-e contained in the
biodigester is due to two aspects: the caudal supply
during the day is low, and the type of sampling that
offers in-detail aspects of the process at that very
moment, as well as of its composition.

Thus, the simple sampling was applied to the
following parameters: T(°C), SS, TS, TSS, EC, pH,
and Total Hardness in order to gather data which was
subjected to statistical analysis obtaining: statistical
mean, standard deviation, variation coefficient,
percent coefficient of variation, mode, maximum,
minimum, average, and variance see (Table 1).
These measurements were completed with adjusted
graphics using the models of Lorentz or Gauss,
accordingly. For each graphic settings are shown in
blue while the experimental data is in black.

The statistical data in (Table 1) helped to study
the process behaviour and to decide if the calculated
average concentrations are within the permissible
maximum limits for treated water reuse, as stipulated
by NOM-001-ECOL-1999, currently in effect.

With both values (Table 2) was structured and
its data is completed with parameters chosen from
NOM-CCA/32-ECOL-1993, which was replaced
by the standard previously mentioned. Nonetheless,
they are considered as basic variables for the

Table 1
Statistical results of the samplings taken from the biodigester’s influent-effluent
St:zntzt;cal SD VC (%) Vc Mode Maximum | Minimum | Average | Variance
T(C) C-i 18.24 1.684 8.75 0.087 21.3 21.7 16.0 19.2 2.780
C-e 19.14 1.816 9.02 0.090 21.2 23.6 16.30 20.1 3.232
SS (ml/L) | C-i 143.5 95.550 66.11 0.661 100.0 450 36.0 144.5
C-e |0.1 0.069 — — 0.0 0.4 0.0 0.02 0.005
TS C-1 10616.01 7190.58 67.73 0.6773 |- 41278.75 597.50 9871.02
(mg/L) C-¢ 746.70 225.76 30.23 0.3023 |872.5 998.33 115.67 694.30
TSS C-1 10219.11 7145.14 69.91 0.6991 |- 41278.75 797.50 10036.62 | —
(mg/L) C-e 87.44 50.12 57.32 0.5732 |63.33 317.50 10.00 85.88
pH C-i 7.82 0.3400 4.3458 0.0434 |7.50 8.53 7.05 8.12 0.1141
C-e 8.45 0.2198 2.6003 0.0260 |8.50 8.73 7.92 8.78 0.0477
EC C-i 1968.13 385.69 19.41 0.1941 |2200 2260 908 1961
C-e [1757.82 318.04 18.09 0.1809 [2220 2440 678 1735 —
TH C-1 199.55 37.71 18.89 0.1889 |232.08 247.67 92.61 194.16
C-e 208.87 20.75 9.706 0.0970 |229.59 246.51 146.88 203.23

Inflow chamber (C-i), Outflow chamber (C-e), Total hardness (T. H mg/L)
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Table 2

Comparison between the effluent process results and the maximum permissible limit
for concentrations according to current standards

, Meets NOM-001-
Parameter Cozz:zzzfil . E]'VCOOAII,-(;ZI9-9 N.C Lc ECOL-1999 y/o Present i;f tie effluent
NOM-CCA/032-193
T(C) 20 40 Affirmative
SS 0.0 2 Affirmative
SST 85.38 200 Affirmative
CE 1735 2000*
DT
BOD, 148.1 150 Affirmative
pH 8.1 5.5-10.00 Affirmative
As 0.00145 0.4 Affirmative
Cd 0.1826 0.4 > 150 Affirmative
Cir <0.0395 3.0 Affirmative
Cu 0.1240 6.0 > 40 Affirmative Negative
Hg 0.0005 0.02
Ni 0.1240 4 0.006 — 0.5 > 10 Affirmative Negative
Pb 0.2000 1 0.02 — 200 > 300 Affirmative Negative
Zn 0.5549 20 > 150 Affirmative Negative

* Parameter considered as value reference by NOM-CCA/032-ECOL/1993, which sets maximum permissible limits for pollutants in urban or

municipal wastewaters for agricultural watering use.

Heavy metals like, [As, Cd, CN", Cu, Cr, Hg, Ni, Pb, Zn, (mg/L)], (N. C) Necessary Concentration, (I. C) Inhibition Concentration.

process control and the effluent’s final destination,
furthermore, these values show if the results content
of heavy metals have an impact on the process or on
the effluent.

Nevertheless, the compound samplings taken
at a specific time schedule for the following
determinations: BOD,, COD and heavy metals, were
done triplicate obtaining a result used to estimate the
sample size average value of the studied process.

3.1 Temperature T (°C)

The temperature statistical results (Table 1)
were analysed for C-i influent and C-e effluent as
shown in-detail in figure (2a), where an open range
can be seen between 17.15 °C and 21.98 °C, this
range reports 9 frequencies of 2. While the only
period of four was read at 21.4 °C, and finally, two
temperatures of 19.4 °C and 19.6 °C at frequency
three were registered.

Once the water process ended in this stage,
this element continued flowing out through the
biodigester to conclude its process at C-e. The
mathematic temperature values (Table 1) are in the
open range from 17.86 °C to 22.11 °C figure (2b),
where four distributions at two are reported, as well

as three distributions with three frequencies at three
among 18.2 °C, 20.7 °C and 21.2 °C.

The parameter monitoring in both compartments
reported typical temperature ranges (Table 1) for a
process of psychrophilic biodegradation, and shows
an intensive microbial activity built up by diverse
groups that do not affect either chemical reactions,
reaction velocities or the oxygen concentration [7].

Besides the characteristics above, there are
other typical peculiarities of the process of low
temperatures: accumulation of suspended solids in
sludge [9], incomplete granulation, methane genesis
reduction, hydrolysis velocity reduction as well as
nitrification, less gas production and a low COD
removal [36]. However, the C-e effluent results are
within the maximum permissible limit allowed by
the concerned standard (Table 2).

3.2 Settleable Solids (S.S mL/L)

The SS form 60 % of the suspended solids
in wastewaters [7], where 1/3 is organic matter,
1/3 belongs to colloids and the last 1/3 is composed
by dissolved matter [41].

In this study, the solids come from intermittently
supplied raw water estimated at 0.02013 m?/day.
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Fig. 2. C-i (a) temperature control record during a 50-day
period exhibits oscillations within itself, whereas in C-e (b) more
steadiness is seen in the variable due to a fewer number of
frequencies or intensity. The ongoing line represents original
values, and the dotted trace refers to adjustment

That volume of flow entered into C-i by fall,
building up soft brown — grey granulated sludge,
with scarce intestinally disposed food remnants —not
fully degraded. As a result, there is an organic and
inorganic matter precipitation that compactly lies at
the compartment bottom for meeting the function of
sedimentation in C-i.

This SS followed rigorously the Imhoff cone
technique outlined in the norm, where the reading
was made in mL/L for C-i inflow and C-e outflow.
Regarding the earlier, the statistical measurements
(Table 1) are completed in figure (3a), where it
can be seen a narrow range with frequency values

at three, including the two highest concentrations
151.52 mL/L and 247.54 mL/L, and the lowest
amounts from45.554+2.51 mL/Lt0 55.28+6.43 mL/L.

Here also, several concentrations registered
at frequency two and with their crests and valleys
among the frequencies one, two and three represent
the microbiological life cycle in the process. This
latter depends on the alkaline pH and the influent
of low temperature, which represent two important
variables for better organic matter biodegradability
and sludge stability indication [43]. This sludge is
formed from the organic load present in the supplied
wastewater when the solid content clashes on the
existing sludge so that it does not increase and
remains older. In contrast, this early sludge supply
applied to steady sludge as others in an ageing
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Fig. 3. Graphic (a) shows SS fluctuations in C-i during a 50-day
period. In contrast to C-e (b) SS are not seen, which exhibits
removal efficiency
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process gives rise to special treatment sludge, which
first increases and then diminishes according to the
bacterial life cycle stage of the sampling day.

As soon as the digestion is completed in C-i, the
treated water continues to flow until reaching C-e,
where the SS concentration showed an important
change of the statistical results (Table 1).

This information is verified in figure (3b), where
the curve shows a frequency of 70 measurements with
a value of 0 mL/ of SS in C-e. The result represents a
100 % removal —this percentage did not suffer any
main changes during the experimentation stage. The
highest reading was recorder at 0.04 mL/L.

The C-e effluent showed data with a maximum
level of settling and degradation which improved the
quality of the recovered water [35], without thick
sediments, which were transformed as a result of
biodegradation until getting a light grey sand lime,
with an effluent slightly amber colour that meets the
defined standard limit (Table 2) for the parameter.

3.3 Total Suspended Solids (T.S.S mg/L)

They are referred to as indexes to evaluate
wastewater treatments [7]. In this case the analysed
influent is composed by inert elements such as sand
and clay by 20 % and the remaining organic material
by 80 %.

These solids are settled by precipitation depending
on the size and density of particles, which can be fine
with micro diameter [3], and when the biodigester
is fed at a slow speed the TSS is further diminished
[11], producing a clarified liquid.

The influent contained in C-i, with a lot of inert
solids [38] and partially degraded organic materials
build up a thick dark brown layer at the bottom of
Gooch crucible, resulting from sedimentation and
hydrolysis.

By finding TSS in C-i and its determination
drew statistical results (Table 1) completed with
the interpretation of figure (4a), where the biggest
number of events between 5 000—15 000 mg/L of
concentration was reported. These amounts were
dramatically changed when the biodegradation
finished in C-¢, and a low-solid effluent in Gooch
crucible filter was obtained. The degraded solid
particles are seen as scarce homogeneous sediments,
lime and amber colour that suggest: fewer
compartment dead spaces, different active sludge
decantation content [36], and the resistance of

organic crisis that allow the biodegradable solids to
be degraded in microbial films [38].

These peculiarities lead to the effluent analysis
in C-e to find statistical data (Table 1), shown in
curve (4b) identifying the bigger number of results
in the range from 34.2740 mg/L to 78.6320 mg/L.
The range has four values with frequency at two
as well as a periodical reading at three. When C-e
values are compared to C-i, a dramatic fall by
99.14 % of TSS was found, which can be explained
as an efficient psychrophilic digestion process, so
this parameter is within the maximum permissible
limit of 120 mg/L, appointed by NOM-CCA/032-
ECOL/1993 (Table 2).

3.4 Total Solids (TS mg/L)

The C-i influent’s TS are composed by: organic
matter, portions of fixed solids and volatile solids
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Fig. 4. The graphic (a) shows a linear behaviour in C-iin a
50-day period. In contrast to C-e (b), TSS variations within the
greater number of values are recognized
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building up semi-degraded dark brown material.
This colour was not altered while burning the sample
inside the plain bottom crucible, which shows a
biomass growth [36].

The compartment liquid was determined
generating statistical values referred to in (Table 1).
These values are completed with the interpretation
of figure (5a) where the linear compartment shows
a greater number of concentrations piled up in the
range from 1000 mg/L to 15 000 mg/L, and the
fewest number of reading was between 30 000 mg/L
and 40 000 mg/L.

Once the wastewater process in C-i concluded,
the water continues its path and treatment until
reaching C-e, where the effluents follows the
anaerobic digestion process, characterizing TS in:
texture changes, amber colour — light brown-grey,
lime consistency and a scarce amount of mud at the
flat bottom crucible.

These features generated by the analytical
tests offer statistical data in (Table 1), which are
identified in figure (5b) where a frequency in two at
872.5001 mg/Lis shown; placing the greatest number
of readings between 745 mg/L and 950 mg/L.

Those TS values in C-e represent a 92.66 % fall
compared to C-i (Table 1), which is interpreted as
a satisfactory material removal in the psychrophilic
biodegradation.

The concentration of SS, TS and TSS were
considered as basic parameters which show more
than a 90 % decrease. The qualitative features vary
significantly between C-i and C-e, as a consequence
of the organic matter degradation.

3.5 EC Dynamics (uS/cm)

This variable helps to know the salinity and
the wastewater ionic strength of and treated water,
indirectly. This is due to a bigger amount of ions
or dissolved salts, a greater conductivity, which
indicates that the ionic dynamic in the process is
suitable for obtaining water for irrigation according
to the normalized values [7, 21].

The EC influent drew the statistical measurements
registered in (Table 1), at a 19.2 °C temperature and
an 8.12 pH. This information is described in detail
in figure (6a), where the greatest data grouping is
located in a range of 1879.3-2372.2 uS/cm. It
is observed an only frequency of four events in
2198 uS/cm, and five repetitions of two in the range
of 1900-2400 puS/cm.
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Fig. 5. Graphic (a) shows a linear pattern behaviour in C-iin a
50-day period. In contrast to C-e (b), a peak within the range of
greater number of readings was registered

The values had their origin in three aspects: the
existence of non-digested organic matter, a high
concentration of carbonates in this first stage where
sedimentation takes place and the first anaerobic
digestion process.

Once the initial digestion of C-i is completed,
the process continues through the subsequent stages
to end up in C-e, where the recovered effluent
reported the statistical values described in (Table 1);
which are described in figure (6b) where the range
readings 1619-2215 pS/cm showed three peaks of
equal frequency at two, which can be interpreted
as fewer chemical reactions triggered by specific
microorganisms in C-e.

As observed in C-i and C-e (Table 1)
concentrations, E.C. did not diminish a lotbecause the
psychrophilic process contains Volatile Suspended
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Fig. 6. Whereas E.C. profile of C-i influent in graphic (a) shows

a greater number of variations, the C-e effluent suggests that
graphic (b) has a fewer number of repetitions

Solids made up by organic matter and its related ions.
Thus, these solids are not totally removed provoking
effluent turbidity [16]. Nevertheless, the average in
C-e¢ is within the values allowed by NOM-CCA/032-
ECOL/1993 (Table 2).

3.6 pH Behaviour

The anaerobic process developed at a
psychrophilic temperature of 19.2°C in C-i,
favoured the following pH results at the moment of
the experiment (Table 1). These values are explained
in detail in graphic (7a), where a neutral pH is
observed with two frequency groups, at 7.5 and the
second block in a range between 7.7 and 8.05.

Nonetheless, the biggest amount of readings
identified in the profile (7a) is in the range between
7.0 £ 221 and 7.99 + 0.82, with pH neutral

values, mainly, which allows the nitrification of
the wastewater submitted to treatment [20]. The
nitrifying bacterial group starts the alkalisation,
where every ammonia gram produces an ion nitrate
oxidation [13].

[
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!
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1

Fig. 7. The graphics show the pH pattern. Whereas for C-i (a),
there is a 50-day period, for C-e, the results were analysed in
two 25-day periods, each one (b, c)
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However, the referred figure also presents two
pH peaks between 8.00 £ 0.10 and 8.11 £ 1.7.
These values are favourable for the development
of the anaerobic process [20], whose carbonated
organic matter turns into volatile fat acids and into
carbonates [5].

Just as water finishes passing through the
compartments, it reaches its last treatment at C-e,
where sludge is significantly diminished and water
presents changes regarding an effluent free of non-
degraded material, at a temperature of 20.1 °C and
an alkaline pH, as reported in (Table 1).

For this purpose, the studied simple was divided
into two time periods of 25 days, each one, for its
graphical analysis. The first one registered two
distributions with a frequency of six in the narrow
pH range between 8.4 and 8.6 as shown in figure
(7b), considering the specific values of the process.
Moreover, in this range, E. Coli is present [22] in
a high volume of fat acids [14], which acts as a
reactive that solubilises the sludges and acts as a
buffer agent that avoids the pH drop as a lid to avoid
pH spills [35].

In graphic (7c), the information is completed
regarding the second period. The report of steady
frequencies no greater than two in the range from
7.95 to 8.40 continuously identified this pH data
as particular records during the process operation.
Besides meeting the standardisation that defines the
pH permissible limit between 5.5-10.00 (Table 2).

3.7 Total hardness (CaCO,mg/L)

The influent injected to C-i was submitted to
the following system variables: temperature, light
absence, pH and contact with bacterial film. These
conditions helped to unchain specific reactions of
the process that led to a total hardness (CaCO,) as
a by-product, and that can be defined as the sum
of polyvalent calcium and magnesium cations
expressed as calcium carbonate at a pH base.

These chemical changes contributed to develop
an alkaline process that reacts with the cell
walls including lipid saponification to solubilise
the membrane [35]. Furthermore, high -electric
conductivity can be found [5] as well as optimal
environment for nitrifying the process. This latter
generated turbidity that was slightly modified even
when SO,”, CO,” anions and Ca™, Mg"™ cations
precipitated [ 18] in (Ci-Ce) influent-effluent.

In C-i, treated wastewater was statistically
analysed and results are exhibited in (Table 1). The
lowest result is (92.61 mg/L) that corresponds to a
simple processed after the evening or night rainfall of
a day before. This data (Table 1) seen in graphic (8a)
exhibits a hardness range between 150-250 mg/L,
which includes the greater number of parameter
records during the process monitoring in C-i, and
exhibits a peak of 230.11 mg/L and a two frequency.

Nevertheless, water continued its treatment
until reaching C-e for its last process drawing the
measures described in (Table 1). These values
can be completed with the profile information
(8b), and refers an only three frequency located at
207.64 mg/L, as well as two frequencies at two, one
at 218.75 mg/L and the other at 230.11 mg/L.

The first two concentrations mentioned above
are found in the range with more readings from
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Fig. 8. The graphics show the pattern of total hardness in both
chambers. For C-i (a) and C-e (b), the periods are of 50 days
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175.00 mg/L to 218.00 mg/L. Probably these results
correspond to the microbiological life cycle stage by
which microorganisms flow through the processed
water, as well as to the high microbial activity during
the sampling.

It must be highlighted that the minimum values in
C-e are over the minimum ones in C-i. Even when the
rainfall took place one or two days before the monitoring,
a stable, steady and specific treatment alkalisation
is suggested. Without dramatically modifying the
recovered effluent average (203.23mg/L), and
considering the treated water as slightly hard whose
mineralisation neither has a negative impact nor restricts
its use for agricultural watering [34].

3.8 BOD, content (mg/L)

The average BOD, concentration in C-i influent
reported 222.19 mg/L. This fluid continues its path
until concluding it at C-e. The reached value was
148.39 mg/L which represents 33.21 % less than in
C-i.

This drop has its origin in the mixed bacterial
cultures [42] that live in several layered niches whose
related strata [19] in the chambers progressively
reduce the BOD, concentration during digestion [7].
Therefore, the C-e result is within the limit set by the
standard for treated water for agricultural watering
(Table 2).

3.9 COD content (mg/L)

The oxidation for hard organic substances and
toxic organic substances for microorganism was
undertaken in the influent by oxygen consumption
[7]. Tt is registered a COD concentration of
450.45 mg/L in C-i, which is considered as the
highest value in the digester chambers. As a result of
the mud particles found in treated water [41].

However, the effluent in C-e fell to 434.08 mg/L
in COD when volatile suspended solids are present.
The total removal is by 3.64 %.

3.10 Heavy metals

For this work the influent was obtained from a
toilet that works with usable water, and the monitoring
of heavy metals had two objectives: process control,
due to the fact that its removal is done by precipitated
sludge such as sulphites and/or carbonates [ 12], as well
as the verification of the standardisation consulted for
treated water (Table 2). Even though, in this study a
biological treatment was applied.

The elements were set according to the consulted
standards, so that their concentration could be

known and, therefore, avoid any toxic effects. If the
amounts are high, the effluent use can be reduced for
agricultural watering [39, 17].

On this basis naturally and/or anthropogenically
polluted metals must be identified and quantified. The
first type proceeds from: erosion, fires, lixiviation,
volcanic activity and microbial transformation.
While the second derives from: industrial remnants,
municipal remnants, mining extraction remnants,
wastes produced by fusing ferrous minerals,
production of fertilizers and pesticides, wastewaters
precipitation, fossil fuels burning as well as metal
accrual in anoxically environmental niches.

These elements are classified in two types:
stimulating such as Fe or biodegradation inhibitors
such as Cu, Ni, Zn, Cd, Cr and Pb. In both cases
their action is given by: an ionically soluble
metal concentration in solution, traced metallic
species, amount and distribution of element(s) in
biomass inside the digester as well as wastewaters
components.

In general, metalloids have an influence on the
physicochemical reactions triggered during the
anaerobic process. The result is a precipitation of
carbonate and hydroxides such as sulphide, except
for Cr. These metalloids absorb the solid biomass
portion or the inert matter particle, form compounds
in solution, and help the growth and development
of microorganisms, plants as well as animals. When
the biomass is digested, these metalloids take part
in biochemical reactions and modify the enzymatic
bonds by interrupting their function.

Furthermore, these elements build up 0.1-5 mm
biogranules during methane genesis, where diverse
trophic bacterial groups favour granulation starting
by bacterial absorption, microbial relations, adhesion
to inert matter, inorganic among themselves and/or
by physicochemical interactions.

Nonetheless, the following environmental
variables are necessary for a granulation: pH,
alkalinity, temperature, wastewater composition,
reactor hydrodynamics, metallic ion presence,
metallic  traces, polymers existence and
microbiological interactions where every trophic
group plays its own role in pollutants degradation
and biomass production [24].

3.10.1 Arsenic (As)

Element found on the earth’s surface, from
being inorganically found in subterranean waters
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is considered highly toxic and its presence in
atmospheric washouts is due to rainfalls [33].

These precipitations were present at the sampling,
and possibly were responsible for a slight increase
in C-i for the last results observed [0.0063 mg/L],
with respect to the first reading [0.0005 mg/1].
Nevertheless, the average value diminished to
[0.0007 mg/L] in C-e, as a result of its precipitation
while passing through the digester [12]. This value
is under the permissible limits but does not represent
any harmful effect in health (Table 2).

3.10.2 Cadmium (Cd)

Metal by-product of the extraction of Zn, Pb
and Cu and is commonly used in the metallurgical
process and when high amounts of it are unloaded
in wastewaters that produces toxic effects in the
environment. Traces of this element are found in
ore minerals such as greenockite CdS or otavite
CdCO, It is also used in the production of artificial
phosphate fertilisers lodged in soils. It is present in
atmospheric emissions by urban remnants burning as
well as by fossil fuels and is considered a teratogenic
and carcinogenic [32].

For this study, the alkaline conditions of pH 8 [12]
favoured a C-influent, and a C-e effluent with a stable
concentration <0.1820 mg/L for both compartments,
meeting the standardised limits (Table 2).

3.10.3 Cyanide (CN)

Monovalent anion that inhibits oxidase action
in chemical reactions, provokes interferences in
soluble iron and blocks oxygen transport at cell
level [24]. This last property has a repercussion on
biological treatment processes due to the fact that
microorganisms have less O, available.

In this study the C-i influent in CN™ reported
an average result <0.0395 mg/L, which does not
affect the depurating process and is lesser than the
reference value set by NOM-002-ECOL-1996 of 1.5
mg/L for sewage unloading. This value repeats in
C-e water and is within the permitted standardized
limit (Table 2).

3.10.4 Copper (Cu)

Oligoelement found on earth and seawater
capable of combining with other compounds. It is
considered as a nutrient and seeks to form metal
alloys. It has a fungicide and pesticide action and
is toxic in soft waters, building up Cu** cation [32].

Its determination for C-i influent registered a
minimum 0.1917 mg/L and maximum 0.8299 mg/L.

This variation in both values can be due to the amount
of metal in the wastewater unloaded to the reactor.
This liquid continues up to C-¢ for its last process,
where the Cu average concentration is of <0.1240
mg/L in the samplings done. Probably this result
comes from the process alkalinity and lime presence
[12]. In this case both factors helped the metal fall
by keeping enough amounts in the reactions of oxide
reduction for microbial enzymatic processes [22].
The results remain within the standardized range
(Table 2).

3.10.5 Mercury (Hg)

Highly toxic element found in: elementary
Hg, inorganic mercury Hg?*" and methylmercury
CH,Hg, Moreover, itcan be found in: volcanic gas
eruptions, condensed water evaporation as well as
anthropogenic springs [33]. It has bioaccumulating
and cancerogenic properties for living organisms.
This metal poses a risk to health [10], that cannot be
removed by biological processes.

As Hg is part of standards, its C-i influent
concentration was proved by registering < 0.1240
mg/L, whereas the C-e result <0.0005 mg/L is under
the allowed standard value (Table 2). This result does
not limit the biological function [24]. Its decrease is
probably due to contact with other metals [12] under
the digester specific condition for precipitation.

3.10.6 Nickel (Ni)

Metal found on the earth’s crust in three states:
solid, liquid and gas. It builds up deposits in water
bodies as well as soil sediments. It is also present in
atmospheric gases [33]. It can alter the enzymatic
function and structure in reactions, and immediately
act in acidogenic groups but slowly in methanogenic
bacteria [24].

This element can be observed in remaining
from metallurgic and metallic processes, which
are unloaded in wastewaters where they should be
removed by proper processes. Biological treatments
are a good alternative as they removed metal by
99 % [4, 15].

When nickel is evaluated in C-i wastewater for
its treatment, the first concentration <0.0005 mg/L
increased up to 0.1469 mg/L in samplings. This could
be for the displacement of sediments during rainfall,
and/or the chemical reactions at the methanogenic
stage of the anaerobic process [24].

Nonetheless, when water finishes its journey
through the compartments, it reaches C-e for the
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last process stage. It registers an average value of
measurements of <0.1240 mg/L. This value subtly
diminishes with respect to the last C-i reading
where data was within the permissible standard limit
(Table 2). Besides suggest a specific microbial activity
that helps eliminating Ni [15], without any negative
phototoxic impacts on the vegetal metabolism that
hams its growth [17], nourishments absorption and
translocation through different organs [16].

3.10.7 Lead (Pb)

Its determination underlies in its character:
toxic, bioaccumulating, teratogenic, responsible
for intellectual disorders, arterial hypertension,
kidneys damage [10]. This metal is found in small
amounts over the earth’s crust. Its employment in
industrial processes: mining, siderurgical, recycling,
painting and fuels [32]. It generates highly pollutant
emissions, whereas in the anaerobic biodegradation
it turns out the methanogenic activity slow but it
accelerates acidogenesis [24].

In C-i, the influent registered a 0.4836 mg/L
maximum concentration, which does not inhibit the
treatment process [39], and does not interfere with
the sewage unload for this case inside the biodigester
according to NOM-002-ECOL-1996.

Once the three processes are carried out, water
continues up to C-e where its last depuration
exhibited a <0.2000 mg/L average concentration of
the samplings done. These results could originate
from its precipitation in the existing mud [12],
meeting the standard without being harmful to
population (Table 2).

3.10.8 Zinc (Zn)

Abundant trace metal on the Earth’s surface, in
usable water it forms salts or organic complexes and
can be considered as an impurity or a pollutant if
it exceeds the necessary concentration in some raw
materials [33].

For this study purpose, this metal in C-i influent
registered variable concentrations during samplings,
minimum at 0.3490 mg/L and maximum at 4.4836
mg/L, both within the NOM-002-ECOL-1996 range.
This fluctuation can be due to the quality of the WC
supplied water and/or the Zn content consumed on
sanitary user’s diet.

However, the liquid oscillating data in
C-1 decreases for the C-e effluent, whose Zn
concentration diminished by a <0.1450 mg/L
constant while the monitoring. This can be as a result

of metal precipitation during the alkaline process
and microbiological activity, respectively, keeping
the concentration within regulated limits (Table 2).

Conclusions

The process of anaerobic psychrophilic
biodegradation induced in the offered digester
characterized by simple technology, self-
management and low cost, proved to be efficient
as well as resilient in terms of treating domestic
wastewater specifically for sanitary purposes. The
result of processing the effluent in different stages is
shown to possess individual conditions that favour a
progressive treatment of the same type.

This is observed in the SS, SST and ST contained
in the residual water of C-i, where the high
concentrations just as the initial sludge, decreased
in quantity, shape and size degrading to a lime
found in the C-e effluent. These aspects reflect a
satisfactory removal of organic matter during the
process, showing the results within the maximum
permissible limits of the NOM-001-ECOL-1996 and
NOM-CCA/032-ECOL/1993 standards.

The latter was used as a complementary rule,
which revision of variables and ranges allowed to
increase the margin of safety in the evaluation for
the reuse of the effluent obtained.
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