Rev. Int. Contam. Ambient. 9 (1), 29-36, 1993

EFFICIENCY OF A WASTE STABILIZATION POND SYSTEM IN A SUBTROPICAL
AREA OF MEXICO

Javier ALCOCER, Alfonso LUGO, Alejandra LOPEZ and M. Rosario SANCHEZ

Environmental Conservation and Improvement Project, Interdisciplinary Research Unit for Health and Education Scien-
ces, UNAM. Campus Iztacala. Av. de los Barrios s/n, Los Reyes Iztacala, Tlalnepantla 54090, Estado de México, México.

(Recibido marzo 1993, aceptado julio 1993)

Keywords: stabilization ponds, subtropical Mexico.

ABSTRACT

The efficiency of a modified sewage stabilization pond system in Ixtapan de la Sal,
Mexico, was evaluated. The system was formed by an anaerobic pond with an high-
rate clarifier, and a facultative and a maturation pond. Physical (temperature and con-
ductivity), chemical (pH, DO, BODs, COD and solids) and biological variables (total
and fecal coliform and fecal Streptococcus) were measured every two weeks through a
six month period. A fissure in the clarifier wall caused the system to break down, let-
ting raw organic matter of the clarifier go into the anaerobic pond and to the rest of
the system. Two performance periods were established according to the observed
changes in the ponds (color, odor, presence of flocs). Removal efficiencies during the
first period (BOD5 = 84%, COD = 70%, total coliform = 99%, fecal coliform =
97 %) were higher than those of the second period (BOD5; = 82%, COD = 18%, to-
tal coliform = 80%, fecal coliform = 85%). The BODj5 removal in both periods
were similar and adequate. Removal of the remaining variables were significantly lo-
wer. Nevertheless, the system fulfilled in both periods most of the standards imposed
by the Mexican Legislation. When working properly, the modified system reached re-
moval efficiencies similar to those obtained in the original system that used another
facultative pond. The modified system implied reduced construction area as well as
reduced function and maintenance costs.

RESUMEN

Se evalué la eficiencia del sistema de estanques de estabilizacion de las aguas residuales
de Ixtapan de la Sal. El sistema consiste en un estanque anaerobio con un sedimenta-
dor de alta tasa, un estanque facultativo y uno de maduracién. Se midieron variables
fisicas (temperatura y conductividad), quimicas (pH, OD, DBOj5, DQO vy sélidos) y
microbiolégicas (coliformes totales, fecales y estreptococos fecales). Una fisura en el
muro del sedimentador permitié que materia organica cruda pasara al estanque anae-
robio y al resto del sistema, lo que causé el colapso de éste. Con base en los cambios
observados en los estanques (color, olor y presencia de fléculos), asi como en un anéli-
sis de cmulos de las variables medidas, se establecieron dos periodos de eficiencia del
sistema. La eficiencia de remocién en el primer periodo (DBO5 = 84%, DQO =
70% , coliformes totales = 99%, coliformes fecales = 97 %) fue mayor que en el se-
gundo (DBO5s = 82%, DQO = 18%, coliformes totales = 80%, coliformes fecales
= 85%). Aunque la eficiencia de remocién de la DBOj5 fue similar en ambos perio-
dos, para el resto de las variables fue significantemente menor en el segundo. A pesar
de ello, el efluente del sistema cumplié con la mayoria de los estandares establecidos
por la Legislacién Mexicana salvo pH en el primer periodo, sélidos suspendidos en
ambos y materia flotante y sélidos disueltos en el segundo. Trabajando en forma ade-
cuada, la eficiencia de remocién es similar a la obtenida en el sistema no modificado
que utilizaba un estanque facultativo adicional. Lo anterior permite reducir costos de
construccién, funcionamiento y mantenimiento.
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INTRODUCTION

The purposive discharge of organic wastes for dispo-
sal has been practiced since early times; such is the
case of the european castle moats in the Middle Ages
(Hawkes 1983), or the lake surrounding Tenochti-
tlan constructed by the Aztecs in 1245 (Alcocer and
Escobar 1990). Although ponds, as an organic waste
receptacle, have been well known in Asia and Euro-
pe for centuries (Rohlich 1976), their scientific study
blossomed in the 1940s (Branco 1984), and nowa-
days they can be found everywhere from the poles to
the equator and are one of the most important treat-

ment systems for domestic wastewater (Gloyna
1973, Clark et al. 1977).

A waste stabilization pond is a natural or artificial
large lentic body of water, enclosed by earthen em-
bankments, in which organic wastewater (sewage or
industrial effluents) is treated by natural —biologi-
cal, biochemical and physical— processes involving
both algae and bacteria (Mara 1976, Clark et al.
1977, Sundstrom and Klei 1979). Properly designed
and operated ponds can be well balanced systems
approaching natural treatment processes (self-
purification) (Rohlich 1976), capable of producing
high removal of organic materials, solids, and bacte-
ria (WPCF and ASCE 1977).

As quoted by Espino and Aguirre (1976), Ramalho
(1977) and Rohlich (1976) among many other
authors, advantages of the stabilization ponds as a
wastewater treatment system are various: they are
inexpensive representing low operational and main-
tenance costs (small work force requirements), sim-
plicity of construction and operation, resistance to
hydraulic and organic shock loads, and high treat-
ment efficiencies (specially fecal bacteria). These cha-
racteristics make the stabilization ponds appropriate
for hot climates (Mara 1976) where large areas are
available, odors problems are not a nuisance, tempe-
rature is most favorable and money is scarce.

The use of stabilization ponds as secondary treat-
ment systems in México is recent and are used
mainly in the states of North and South Baja Cali-
fornia, Durango, Coahuila, Nuevo Leén, Puebla,
Sonora, Tamaulipas and México. Before 1971 the
Mexican ponds were limited to domestic sewage
treatment because Mexican industries were not re-
quired to install water pollution control devices. Sin-
ce then, wastewater discharges have been regulated
and several industries constructed waste stabiliza-

tion ponds as low-cost waste treatment systems (Es-
pino and Aguirre 1976).

Study Area and Wastewater Treatment System in Lxtapan de
la Sal

Ixtapan de la Sal village in the southwest of the State
of Mexico (18°50°13”" N and 90°40°28’” W) is situa-
ted 2020 m above sea level. Climate 1s warm and wet
with a summer rain season; the mean annual preci-
pitation is 1238 mm and the mean annual tempera-
ture, 15.4°C. According to the XI Censo General
de Poblacién y Vivienda of 1990, the population of
the village was 24 297 inhabitants. Although located
in a ‘“‘hot climate area’’, the characteristics of the
Mexican ponds differ in climate, operational condi-
tions, and organic matter loadings from those en-
countered in the southwestern United States and
South Africa (Espino and Aguirre 1976).

The stabilization pond system of Ixtapan de la Sal
village, designed by Carlos Solis (Engineering Fa-
culty, Autonomous University of the State of Mexi-
co), started to operate in 1977. Four series of three
ponds (two facultative and one of maturation) for-
med the original system. After 1982 one of the series
was modified by adding an anaerobic pond (pre-
treatment) (Fig. 1a).

In 1988 a new modification was made consisting
in the elimination of one facultative pond and the
addition of a high-rate clarifier with a parallel plate
series (Fig. 1b). The plates increase coarse solids set-
tling in the first treatment stage. Sludge could be eli-
minated by purging making extraction easier by
avoiding its accumulation in the clarifier bottom and
thus increasing its useful life. Purged sludge are fur-
ther dried and used as soil fertilizer. The purpose of
this modification was to obtain higher or at least the
same removal efficiencies in a smaller construction
area.

Estimated retention times of the Ixtapan de la Sal
pond system were as follow: 11 hours (high-rate clari-
fier), 3.38 days (anaerobic pond), 5.34 days (facultative
pond), and 4.45 days (maturation pond); the surface
organic loadings were 980 kg BODs/Ha/day (anaero-
bic pond), 161.2 kg BODs/Ha/day (facultative pond),
and 101.1 kg BODsy/Ha/day (maturation pond); the
hydraulic surface loading of the high-rate clarifier was
5.75 m*/m?/day; and the raw water supply was main-
tained constant at 2 I/s (Solis and Solis 1992).
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IXTAPAN DE LA SAL TREATMENT SYSTEM
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Ixtapan de la Sal wastewater treatment system. Original (a) and modified (b) system. I = System Influent, E = System Ef-

fluent, C = Clarifier, AP = Anaerobic Pond, FP = Facultative Pond, MP = Maturation Pond. Sampling stations: SI = System
Influent, AE = Anaerobic Pond Effluent, FE = Facultative Pond Effluent, ME = Maturation Pond Effluent

MATERIALS AND METHODS

In order to test the efficiency of the 1988 modified
system (Fig. 1b), a sampling program was carried
out every two weeks during a six months period.
Samples were taken at the surface in each of the four
sampling sites: system influent, and the effluents of
the anaerobic, facultative, and maturation ponds.

According to the APHA et al. (1985) methodo-
logy, the variables measured were: temperature,
pH, dissolved oxygen, biochemical oxygen demand
(BOD:s), chemical oxygen demand (COD)), total so-
lids (TOT.SOL.), settling solids (SET.SOL.), sus-
pended solids (SUS.SOL.), and dissolved solids
(DIS.SOL.), total coliforms (TOT.COL.), fecal co-
liforms (FEC.COL.) and fecal Streptococcus
(FEC.STR.) bacteria.

Data were standardized by logarithmic transfor-
mation for cluster analysis (distance unit: 1-Pearson
r, linkage rule: central weighted pair-group, CSS
Statistical package) to recognize spatial and tempo-
ral variation of the variables within the system.

RESULTS AND DISCUSSION

During the sampling program, the functioning of
the system changed. The water color turned from
bright green —characteristic color of the stabiliza-
tion ponds effluents (Branco 1984)— to dark green
and finally to purple red; floating material appeared
at the surface and a rotten egg odor identified HyS
production. These changes in color were a useful
guide to notice the alteration in the condition and
the activity of the pond system (Hawkes 1983). Bio-
logical succession from green algae to sulphur bacte-
ria suggested anaerobic conditions caused by overlo-
ading, and operational problems. Two months after
the sampling program finished, the water acquired
a dark gray or black color ratifying the breakdown
of the system.

This fact led us to divide the sampling cycle in
two periods, the first period, from July through Oc-
tober, when the system worked adequately, and the
second from November to January characterized by
the overloading and the breakdown of the system. A
fissure in the clarifier wall had let raw organic mat-
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Fig. 2. Dissimilarity dendrogram (1-Pearson r, central weighted pair-group) showing the sampling program dates grouped in two
clusters corresponding to the first and the second performance periods. First period: 1 (July 1988), 2 and 3 (August), 4 and
5 (September), and 6 and 7 (October), Second period: 8 and 9 (November), 10 and 11 (December), and 12 (January 1989)

ter (settled sludge) of the clarifier pass into the rest
of the system since the beginning of its operation.
The system tolerated the overloading during an
eight month period before its collapse. A cluster
analysis justified the partitioning of the sampling pe-
riod in two different phases (Fig. 2). The first cluster
grouped samplings one through seven, and the se-
cond, eight through twelve. Both phases agreed with
those established a prior: ( July-October and Novem-
ber-January).

First Period

Table I shows the system variables obtained in the
first period as well as in the second. Mean BODj
removal efficiency values —related to the general in-
fluent— for the clarifier and the anaerobic pond
were between 50 and 80%, a value considered by
Mara (1976) and Ramalho (1977) to be effective for
conventional clarifiers. The facultative pond added
an extra 8% purification. Finally, in the maturation
pond the removal efficiency reached up to 84%, a
standard value for similar systems (Ramalho 1977).

According to WPCF and ASCE (1977) higher loa-

dings may be accepted in warmer areas than in tem-
perate areas, because temperature has a predomi-
nant influence increasing the efficiency of organic
removal.

72 % of the non-biodegradable organic matter set-
tled in the first treatment stage (high-rate clarifier-
anaerobic pond). Nevertheless, purification effi-
ciency decreased to 69-70 % in the rest of the system
due to the accumulation of non-degraded matter.
Most of the COD material was settled as sludge in
the bottom.

According to Ramalho (1977) solids removal effi-
ciencies were high, reaching up to 97 % for settleable
and 87% for suspended solids in the anaerobic
pond. Removal of dissolved and total solids was
smaller. The clarifier function principle explains the
difference. Organic matter and nutrients favored al-
gae and protozoa growth increasing the amount of
suspended solids in the last stages of the treatment.
Solids are responsible of the greater part of the ef-
fluent BODs, due to their long residence time
(Sundstrom and Klei 1979, Hawkes 1983).
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The removal of microorganisms increased along
the system reaching values near 100% for total and
fecal coliforms, and a total elimination for fecal
Streptococcus. Facultative and maturation ponds sho-
wed the highest efficiencies in eliminating this indi-
cator bacteria due to their long detention time (Ma-
ra 1976, Hawkes 1983).

Second Period

In spite of the acumulation of organic matter mainly
in the high-rate clarifier-anaerobic pond but also in
the rest of the system, BODs5 was removed with an
efficiency similar to the first period as can be obser-
ved in Table I. Nevertheless, the influent organic
load in the second period was lower than during the
first. In both cases, the high-rate clariflir and the
anaerobic pond eliminated most of the biodegradable
organic matter (up to 49%).

Opposite to the first period, COD removal effi-
ciency was zero. As the fissure in the clarifier wall
allowed raw organic matter to reach the rest of the
system, the facultative pond worked as an extension
of the clarifier and the anaerobic pond reaching a
high COD removal efficiency (65%). However, the
non-biodegradable matter at the final effluent of the
system was high.

Total and dissolved solids were not removed from
the system in the second period. On the contrary,
settling solids showed an increased removal up to
74% in the final system effluent. The fissure did not
diminish dramatically the removal efficiency of the
settling solids. Furthermore, suspended solids were
eliminated by 62% in the anaerobic pond, and re-
ached a global removal efficiency of 63%. Under
normal conditions sludge mats can float at high tem-
peratures. Nevertheless, overloading and anaerobic

TABLE I. PHYSICAL, CHEMICAL AND BACTERIOLOGICAL CHARACTERISTICS OF THE SYSTEM DURING THE
FIRST (UPPER ROW) AND SECOND (LOWER ROW) FUNCTIONING PERIODS

EFFLUENTS

Anaerobic Pond

Facultative Pond Maturation Pond

Parameter (units) System influent Mean Efficiency Mean Efficiency Mean Efficiency
BOD; 389103 140439 64 % 11089 2% 63138 84%
(mg/L) 22730 11617 49% 81125 64 % 42111 82%
COD 8391497 232166 72% 261192 69 % 249+£134 70%
(mg/L) 906 £542 1 6421903 0% 3151235 65 % 746 +816 18%
TOT.SOL. 8801204 5811330 34% 5342113 39% 48419 45%
(mg/L) 3314117 1 452129 0% 633 1284 0% 707 %316 0%
SET.SOL. 8.13£3.09 0.28+0.42 97 % 0.1540.21 98 % 0.10%0.12 99 %
(mL/L) 5.50+2.95 3.1213.91 43% 1.6812.28 70% 1.4241.95 74%
SUS.SOL. 152176 2016 87% 5716 63 % 68118 55%
(mg/L) 176 93 6714 62 % 101124 43% 6610 63 %
DIS.SOL. 7281209 560+316 23% 402 184 45% 416125 43%
(mg/L) 157 +139 1 385+124 0% 5321295 0% 6451324 0%
TOT.COL. 1 138%1 099 5434777 52% 5441810 52% 919 99 %
(MPN/100mL) 2 104 %592 1 830802 13% 1 3061588 38% 418+413 80%
FEC.COL. 138152 427 £826 0% 39436 2% 412 97 %
(MPN/100mL) 1441%1 174 8601678 40% 3551623 75% 2241354 85%
FEC.STR. 1 0821 147 908 986 16% 1517 99 % 241 100 %
(MPN/100mL) 2 40010 1 8301802 24% 823 1845 66 % 5671610 76 %

BOD; = biochemical oxygen demand, COD = chemical oxygen demand, TOT.SOL. = total solids, SET.SOL = settling solids, SUS.SOL. = suspended
solids, DIS.SOL. = dissolved solids, TOT.COL. = total coliforms, FEC.COL. = fecal coliforms, FEC.STR. = fecal Streptococcus
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TABLE II. COMPARISON BETWEEN IXTAPAN DE LA SAL SYSTEM EFFLUENT VALUES
AND THE MEXICAN LEGISLATION STANDARDS

LEGISLATED MEASURED
PARAMETER **Ixtapan de First Second
(units) *Crop irrigation la Sal Plant period period
pH 6.0-9.0 NS 9.4 8.3
(pH Units)
Temperature 3.5 above NC 35.0 24.9 20.8
(°C)
Conductivity NS 2000 476 561
(#mhos/cm)
BOD; NS 70 63 42
(mg/L)
Floating Absent NS Present Present
Matter
SUS.SOL. 50 70 68 66
(mg/L)
DIS.SOL. 2000 NS 416 645
(mg/L)
TOT.COL. 1000 NS 9 418
(MPN/100 mL)
FEC.COL. NS 2000 4 224

(MPN/100 mL)

* SEDUE (1986a)
** SEDUE (1986b)
NC = Natural Conditions
NS = Not Specified

degradation of the organic matter in the ponds for-
med floating flocs in the second period. This was not
observed in the first stage. A color change associated
to rising sludge may indicate a change in the charac-
ter of the waste (Hawkes 1983).

During the second period, indicator bacteria re-
moval efficiencies were lower than in the first pe-
riod. Although a growing bacteria elimination was
observed, maximum values reached only 80-85%.
Septic conditions of the system favored bacteria thus
increased their time of survival. Exposure to light
(UV irradiation) is the main mechanism of bacterial
die-off. In this way, shading by phytoplankton
growth reduces the bacterial removal efficiencies.
Nevertheless, high pH values produced during pho-
tosynthesis is also an important parameter for bacte-
rial death (Hawkes 1983).

Sulphur bacteria were present during this period.
These do not contribute to the breakdown of organic
matter nor the production of oxygen, thus increa-
sing the hydrogen sulphide concentrations (Hawkes
1983).

Global Removal Efficiencies

Global removal efficiencies at the maturation pond
effluent are shown for both periods in Table I. The
first period efficiencies were higher than those of the
second period except the BODs. The fissure on the
wall of the high-rate clarifier was the explanation in
this difference efficiencies between periods.

The similar BODs removal percentages in both
periods proved the system capacity to tolerate an or-
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ganic matter overload in its secondary section.
COD, total and dissolved solids showed the highest
removal difference.

By comparing removal efflciencies between the
1982 (Fig. 1a) (Solis 1982) and the 1988 systems
(Fig. 1b) (e.g. in both periods), it can be concluded
that the 1988 system did not improve the efficiency
of the 1982 system (83 %), but reached the same per-
centage. Although the 1988 system has one faculta-
tive pond less than the 1982 system, the efficiencies
were similar. This fact represents a substantial re-
duction in the operational area, thus reducing
construction, functioning and maintenance costs.

Water Quality

The Mexican Legislation establishes that wastewa-
ter treatment systems must fulfill a series of quality
characteristics according to the treated water use
(Diario Oficial de la Federacién 1989). Moreover,
the specific characteristics established that each Me-
xican wastewater treatment plant effluent must be
accomplished (SEDUE 1986). The treated water
from the Ixtapan de la Sal plant is mainly used for
crop irrigation.

Table II compares the values obtained in this
study for both periods with the standards of the Me-
xican Legislation. Although the average pH value
was slightly higher during the first period with res-
pect to the norm, it could be associated to a high pri-
mary production.

Floating material, algal mats and organic flocs,
are not allowed. Since organic matter is transformed
into inorganic through decomposition, water enri-
ched itself with nitrogen and phosphorous inorganic
compounds. This nutrient-rich water favors algae
growth. Organic matter build up floating flocs when
gas bubbles (HyS and CHj) rise them to the surface
(Hawkes 1983). This phenomenon intensifies at
temperatures higher than 22°C (Mara 1976). Sus-
pended solids as floating material were high as a re-
sult of primary production and floating organic mat-
ter. Nevertheless, suspended solids were slightly
below the standards established for the Ixtapan de la
Sal system (SEDUE 1986).

Although the Ixtapan de la Sal treatment system
broke down in the second period, it fulfilled most of
the standards imposed by the Mexican Legislation

and the specific characteristics established for the
unmodified system. The system showed enough ca-
pacity to undertake higher organic matter loading
than those specified by design, at the same organic
matter removal efficiencies.
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