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Abstract

Anoxic sediments favor sulfate reducing bacteria proliferation, main characteristic of reduced environments, which are used for
crustaceous culture. In Mexico, it has been reported the presence of anoxic sediments in the channels of Xochimilco, reduced
environment that could be used for culture of organisms, like crayfish (Cambarellus montezumae). The aim of this study was to
prove that reduced environments can be used for the production of culture susceptible aquatic organisms for human consump-
tion. Apatlaco and Cuemanco channels are characterized as reduced environments, its water and sediment physicochemical
parameters were evaluated; heavy metals in sediment and organisms were assessed; presence and sanitary quality of crayfish
was proven, through qualitative and quantitative analysis of its bacteria charge; nutritional quality of crayfish was determined,
by proximal chemical analysis. It was proven that the channels of Xochimilco fulfill the reduced environment characteristics, pres-
ence of crayfish C. montezumae in these channels was verified, it was shown that the levels of heavy metals and bacteria charge
recorded, do not exceed the maximum allowed limits for edible crustaceous, important protein source for human consumption.
Based on the previous, it is affirmed that reduced environments can be used for culture of edible aquatic species.

Key words: REDUCED ENVIRONMENTS, SULFATE REDUCING, XOCHIMILCO CHANNELS, CAMBARELLUS MON-
TEZUMAE, HUMAN CONSUMPTION, AQUACULTURE.

Resumen

Los sedimentos andxicos propician proliferacion de bacterias sulfato-reductoras, caracteristica principal de los ambientes reduci-
dos, que se aprovechan para el cultivo de crustaceos. En México se ha notificado presencia de sedimentos anodxicos en los canales
de Xochimilco, ambiente reducido, que podrian aprovecharse para el cultivo de organismos, como el acocil (Cambarellus monte-
zumae). El objetivo del presente estudio fue probar que los ambientes reducidos pueden ser Utiles para la produccién de orga-
nismos acudticos susceptibles de cultivo, y ademds, para consumo humano. Se caracterizaron los canales Apatlaco y Cuemanco
como ambientes reducidos, se evaluaron parametros fisicoquimicos del agua y sedimento; se determinaron metales pesados en
sedimento y organismo; se comprobd la presencia y calidad sanitaria del acocil, a través de los andlisis cualitativo y cuantitativo
de su carga bacteriana; se determind la calidad nutrimental de los acociles por medio de analisis quimico proximal. Se prob6 que
los canales de Xochimilco cumplen con las caracteristicas de ambiente reducido, en el que se comprobé presencia del acocil (C.
montezumae). Se demostrd que los niveles de metales pesados y carga bacteriana registrados no superan los limites maximos
permisibles para crustaceos comestibles, fuente importante de proteinas para el consumo humano. Con base en lo anterior se
afirma que los ambientes reducidos pueden ser aprovechados para el cultivo de especies acuaticas comestibles.

Palabras clave: AMBIENTES REDUCIDOS, SULFATO-REDUCTORAS, CANALES DE XOCHIMILCO, CAMBAREL-
LUS MONTEZUMAE, CONSUMO HUMANO, ACUACULTURA.
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Introduction

he aquatic reduced environments have char-

acteristics which facilitate obtaining products

of aquaculture origin for human consump-
tion; among them the presence of sulfate reducing
and sulfate oxidative bacteria in anoxic sediment.'
These microorganisms regulate the ultraviolet light
radiation, also, they are efficient and essential in the
reutilization of organic nutriments like nitrates, sul-
fates and phosphates.”* When the nutrients dissolve,
they propitiate algae growth and aquaculture species
which are cultivated there.”® The absence of stress fac-
tors such as antibiotics, disinfectants, pesticides and
fertilizers in this type of environments, allow them to
be considered appropriate places for aquatic organ-
isms culture.”®

The reduced aquatic environments are used world-
wide for the production of diverse crustacean spe-
cies such as crayfish (Astacus leptodactylus), which is
exported from Turkey to West Europe.’ In Australia
penaeids are cultured in natural farms with reduced
environments, using efficient microorganisms and
organic matter in decomposition in the sediments, as
food for the organisms;10 these farms have residual
water discharge problems; therefore, the addition
of sediment in natural reservoirs is used, so that the
microorganisms activate the organic nutrients and
the water reutilized.""”

The Xochimilco channels can be considered
reduced environments, since they present important
characteristics such as: eutrophication, presence of
sulfate reducing bacteria and algae proliferation, but
are still not used with the purpose of obtaining aqua-
culture productions, their main use is the extraction
of water and sediment from the channels, for irriga-
tion of plants and culture of flowers and vegetables."”
UNESCO" defines two types of human settlings in
Xochimilco: urban and agricultural; in this context,
the Official Mexican Norm-127 (NOM-127)-Secre-
taria de Salud y Asistencia'* establishes the same head-
ings (urban and agricultural) for natural reservoirs,
this propitiates two different sources of contaminants
according to its use.

The channels of Xochimilco present native species
of biological and commercial importance, like the
silverside (Chirostoma jordani), splithin (Girardhynichtys
viviparous), the axolotl (Ambystoma mexicanum) and
the crayfish (Cambarellus montezumae). The adaptation
capacity of C. montezumae has allowed it to survive the
environmental changes of its habitat to the actual con-
ditions of reduced environment; therefore, it is con-
sidered as an organism feasible for culture in reduced
environments that the channels of Xochimilco pres-
ent.
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Introduccién

os llamados ambientes reducidos acudticos pre-

sentan caracteristicas que facilitan la obtencién

de productos de origen acuicola para con-
sumo humano; entre ellas se consideran la presencia
de bacterias sulfato-reductoras y sulfato-oxidativas
en los sedimentos anéxicos.! Estos microorganismos
regulan la incidencia de radiacion ultravioleta; asi-
mismo, son eficientes e imprescindibles en la reutiliza-
cién de nutrimentos organicos como nitratos, fosfatos
y sulfatos.** Cuando los nutrimentos se disuelven, pro-
pician el crecimiento de algas y de especies acuicolas
que ahi se cultivan.”® La ausencia de factores de estrés
como antibiéticos, desinfectantes, pesticidas y fertili-
zantes en este tipo de ambientes, permite que se les
considere lugares propicios para cultivar organismos
acuaticos.”®

Los ambientes reducidos acuaticos son aprovecha-
dos en todo el mundo para la produccion de diversas
especies de crustaceos, como el cangrejo (Astacus lepto-
dactylus), que se exportade Turquiaal oeste de Europa.’
En Australia se cultivan peneidos en granjas naturales
con ambientes reducidos, utilizando microorganismos
eficientes y materia orgdnica en descomposiciéon en
los sedimentos, como alimento para los organismos;10
estas granjas presentan problemas de descargas de
aguas residuales, por lo que se instrumenta la adicién
de sedimento en los embalses naturales para que los
microorganismos activen los nutrimentos organicos y
el agua pueda ser reutilizada.'""”

Los canales de Xochimilco pueden considerarse
ambientes reducidos, ya que presentan caracteristicas
importantes, como eutroficacién, presencia de bacte-
rias sulfato-reductoras y proliferaciéon de algas, pero
aun no se utilizan con el fin de obtener producciones
acuicolas, su principal uso es la extracciéon de aguay
del sedimento de los canales, para el riego de plantasy
el cultivo de flores y hortalizas.'” La UNESCO" define
en Xochimilco dos tipos de asentamientos humanos:
urbana y agricola; en este contexto, la Norma Oficial
Mexicana-127 (NOM-127)-Secretaria de Salubridad
y Asistencia,'* establece los mismos rubros (agricola
y urbano) para embalses naturales, ello propicia dos
fuentes diferentes de contaminantes de acuerdo con
su uso.

Los canales de Xochimilco presentan especies
nativas de importancia biolégica y comercial, como
el charal blanco (Chirostoma jordani), el pez amarillo
(Girardhynichtys viviparus), el ajolote (Ambystoma mexi-
canum) y el acocil (Cambarellus montezumae). La capaci-
dad de adaptacion del C. montezumae le ha permitido
sobrevivir a los cambios ambientales de su habitat
hasta las condiciones actuales de ambiente reductor,
por lo que se considera como organismo viable de



In general terms, to make good use of the aquatic
reduced environments, they must comply with the stat-
utes of the NOM-022-Pesca,'® which establishes the
regulations of hygiene and control, as well as the appli-
cation of the risk system analysis and control of critical
points in facilities and processes of the aquaculture
farms; nevertheless, in the Mexican legislation there
are no norms which establish limits in the levels of
contamination that affect the health of the consumers
of C. montezumae; neither does it count with the neces-
sary rules with regard to sanitary quality of crayfish
extracted from the channel. Last, the Mexican norms
do not take into account the aquatic reduced environ-
ments for the aquaculture production, in spite of the
advantages already described .

Based on the previous, the aim of this study was to
prove that the reduced environments can be used for
the production of aquatic organisms feasible for cul-
ture and importance for human consumption.

Material and methods

The selection of sampling zones was done based on
the anthropogenic activities carried out in the chan-
nels; that is, they should have a zone with agricultural
activities (agricultural zone) and another one with
human settlings (urban zone) within its main tribu-
tary. Following these criteria, the channels of Apat-
laco and the old channel of Cuemanco were located
(Figure 1); the sampling in both channels was syn-
chronous during October of 2006.

The water temperature was taken at a depth of
15 cm with a bucket thermometer;*'® the pH with a
Hannan** potentiorneter,]7 dissolved oxygen with an
oximeter®** and turbidness with a Secchi disc.} The
water from the channels was collected in sterile bags,}
with sodium thiosulfate at 15 cm from the surface.

From each zone 1 kg of sediment was extracted
with a dredge Ekman type,” at a depth of 10 cm; from
these samples 10 mL of sediment were extracted with
sterile syringes and placed in bags with sodium thio-
sulfate, both samples were packed at 4°C'*"® and were
transferred to the Aquatic Micropathology Labora-
tory of the Autonomous Metropolitan University-
Xochimilco.

The crayfish were collected at random with spoon
net of 70 cm in diameter and 0.5 inches of mesh open-
ing19 the same capture effort was performed in each
zone.?

To determine the activity of the sulfate reducing
bacteria in the sediment, one gram of each sample was
homogenized in 99 mL of sterile distilled water, dilu-
tions to the tenth were done from 1072 to 107%, 1 mL
of each dilution (107, 10° and 10~*) was inoculated in
Vanille* tubes by duplicate, previously prepared with 4

cultivo en los ambientes reducidos que presentan los
canales de Xochimilco.

En términos generales, los ambientes reducidos
acuaticos para aprovecharse en la acuicultura, deben
cumplir con lo reglamentado en la NOM-022-Pesca,'?
que establece las regulaciones de higiene y control, asi
como la aplicacion del sistema de analisis de riesgos y
control de puntos criticos en las instalaciones y proce-
sos de las granjas acuicolas; sin embargo, en la legis-
lacion mexicana no aparecen normas que establezcan
limites en los niveles de contaminaciéon que afecten
la salud del consumidor del C. montezumae; tampoco
cuentan con la normatividad necesaria con respecto a
la calidad sanitaria del acocil extraido del canal. Por
ultimo, las normas mexicanas no toman en cuenta
los ambientes reducidos acudticos para la produccion
acuicola, a pesar de las ventajas ya descritas.

Con base en lo anterior, el objetivo de este estu-
dio fue probar que los ambientes reducidos pueden
ser aprovechados para la produccién de organismos
acuaticos viables al cultivo y con interés para el con-
sumo humano.

Material y métodos

La seleccion de las zonas de muestreo se efectué con
base en las actividades antropogénicas que se desarro-
llan en los canales; es decir, debian tener una zona
con actividades agropecuarias (zona agricola) y otra
con asentamientos humanos (zona urbana) dentro
de su afluente principal. Siguiendo estos criterios, se
ubicaron los canales de Apatlaco y el antiguo canal de
Cuemanco (Figura 1); el muestreo en ambos canales
fue sincronico durante octubre de 2006.

La temperatura del agua se midi6 a 15 cm de pro-
fundidad con termémetro de cubeta;*!° el pH con un
potenciémetro Hannan,**" el oxigeno disuelto con
un oximetro*** y la turbidez con un disco de Secchi.f
Elagua de los canales se recolect6 en bolsas estériles,
con tiosulfato de sodio, a 15 cm de la superficie.

De cada zona se extrajo 1 kg de sedimento con
una draga tipo Ekman,’ a 10 cm de profundidad; de
estas muestras se extrajeron 10 mL de sedimento con
jeringas estériles y se colocaron en bolsas con tiosul-
fato de sodio, ambas muestras se empacaron a 4°C16:18
y se trasladaron al Laboratorio de Micropatologia
Acuatica, de la Universidad Auténoma Metropolitana-
Xochimilco.

Los acociles se recolectaron al azar con una red
de cuchara de 70 cm de didmetro y 0.5 pulgadas de

*Becton and Dickinson, Estados Unidos de América.
**Nasco Whirl-Pak, Estados Unidos de América.
***YSI[-85, Estados Unidos de América.

tCole Palmer, Estados Unidos de América.

tNasco Whirl Pak, Estados Unidos de América.
°Cole Palmer, Estados Unidos de América.
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mL of nutritious agar, plus 1 mL of cysteine and Mohr
salt mixture. Once inoculated, the tubes were sealed
with paraffin, incubated at ecological temperature for
24 h, and black colonies were counted.?!

To measure the sulfate-oxidative bacteria activity,
titers were done every third day during October and
November of 2006, 1 mL of each dilution 107*, 10~°
and 107° (previously prepared) were extracted with an
automatic pipette and were placed in 250mL flasks,
1 mL of concentrated sulfuric acid and starch at 2 %
were added, it was titred with 2 mL of iodide iodine,
finally the iodine waste was graphed during the evalu-
ation period, measured in days.

Of the dilutions previously done, 100 pL were
extracted from each one, and were cultured, with a
curved glass rod, in eosin methylene blue agar plates
(EMB), Salmonella-Shigella (S-S) and brain-heart infu-
sion (BHI), by duplicate; afterwards, they were incu-
bated at 34°C for 24 h. Later, the number of colony
forming units by mililiter* (cfu/mL) was recorded.
From the flasks of the original homogenized, again
1000 pL were extracted form each sample and seeded
in tubes with bakelite threaded cover, with enriched
medium of tetrationate broth, to which 1 000 pL of
iodide iodine, peptoned water and lactose broth were
added, incubated at 35°C for 24 h. Afterwards, 100
pL of the inoculated mediums were seeded in plates
with S-S, TCBS and EMB specific agar mediums,
respectively, by duplicate, and once again incubated
at 35°C for 24 h. After consecutive re-cultures in nutri-
tive agar, pure strains were obtained, which was estab-
lished by the homogeneity of the colonies, confirmed
by homogenous cellular morphology observation,
with phase-contrast microscope. Gram staining was
performed to each of the strains.'” The box morphol-
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Figura 1: Ubicacion geografica de las zonas urbana y agricola de los
canales Apatlaco y Cuemanco, en Xochimilco, Ciudad de México.

Figure 1: Geographical location of urban and agricultural zones of
Apatlaco and Cuemanco channels, in Xochimilco, Mexico City.

abertura de malla,” se efectué el mismo esfuerzo de
captura en cada zona.”

Para determinar la actividad de las bacterias sul-
fato-reductoras en el sedimento, un gramo de cada
muestra se homogeneizé en 99 mL de agua destilada
estéril, se efectuaron diluciones a la décima desde 1072
a 107%; se inocul6 1 mL de cada dilucién (107*, 107°
y 107*) en tubos de Vanille,* por duplicado, previa-
mente preparados con 4 mL de agar nutritivo, mds 1
mL de la mezcla de cisteina y sal de Mohr. Una vez
inoculados, los tubos fueron sellados con parafina, se
incubaron a temperatura ecologica durante 24 h, y se
contaron las colonias negras.”'

Para medir la actividad de las bacterias sulfato-
oxidativas, se efectuaron titulaciones cada tercer dia
durante octubre y noviembre de 2006, con una pipeta
automadtica se extrajo 1 mL de cada dilucién 107,
107° y 10" (previamente preparadas) y se deposita-
ron en matraces de 250 mL, se anadi6 1 mL de acido
sulfurico concentrado y almidén al 2%, se titul6 con
2 mL iodo-yoduro, finalmente se graficé el gasto de
yodo durante el tiempo que se efectué la valoracion,
medido en dias.

De las diluciones anteriormente efectuadas se
extrajeron 100 pL de cada una, y se sembraron, con
una varilla de vidrio acodada, en placas de agar de
eosina azul de metileno (EMB), Salmonella-Shigella
(S-S) e infusién cerebro-corazén (BHI), por dupli-
cado; posteriormente se incubaron a 34°C durante 24
h. Después se registr6 el nimero de unidades formado-
ras de colonias por mililitro** (ufc/mL). De los frascos
del homogeneizado original, nuevamente se extraje-
ron 1 000 pL. de cada muestray se sembraron en tubos
con tap6n de rosca de baquelita, con los medios de

*Kimax, Estados Unidos de América.



ogy of the colonies already pure was recorded and
the presumptive identification was done, applying
the Merck criteria.? Finally, the identification of the
gram-negative strains was confirmed with the API-
20E and API-20NE systems.***®

Of the 237 crayfish colleted, 30 g were destined
for total heavy metal determination in crayfish; also,
one kilogram of sediment from each sampling point
was used for bio-available heavy metal determination;
both samples were dried, grinded and methanolic
extractions were done, analyzed with a plasma absorp-
tion spectrometer with octopole reaction system,* in
the Physcochemical Analysis Laboratory, of the Insti-
tute of Sea Sciences and Limnology of the National
Autonomous University of Mexico.

Results

As sampling areas, the Apatlaco and old Cuemanco
channels were established, in which two zones were
located, distributed along the channel: agricultural
and urban (Figure 1), the crayfish presence was
recorded only in the agricultural zone of Cuemanco.

In the urban zones of Cuemanco and agricultural
and urban of Apatlaco, water temperatures of 20°C
were recorded, and in the agricultural zone of Cue-
manco 19.2°C. The water pH was recorded within
the 6.5-7.3 in the four zones. In the urban zone of
Cuemanco and agricultural and urban of Apatlaco,
40.5-45.0 mg/mL of oxygen, and 53 mg/mL in the
agricultural zone of Cuemanco. In the first three
zones 40 cm of turbidness, and 20 cm in the zone of
Cuemanco (Table 1).

The sulfate reducing bacteria activity was present
10 h after inoculating the Vanille tubes; in the agri-
cultural zone of Cuemanco, 3 x 10° colony forming
units per gram of humid weight (cfu g h sed); in the
urban zone of Cuemanco, 1 x 10° cfu g h sed; in Apa-
tlaco the activity was present 30 h after depositing the
inoculum, in the agricultural zone 2 x 10° cfu g h sed
were recorded and in the urban zone 8 x 10* cfu g h
sed . The sulfate oxidative bacteria activity in the Cue-
manco channel was kept constant, the iodine-iodide
waste was recorded within the interval of 0.15-0.20
mL; in the Apatlaco channel the waste of iodine-io-
dide was 0.1-0.3 mL (Figures 2-3).

Crayfish were only found in agricultural zone of
Cuemanco, where 237 organisms were collected, of
which 63% were juvenile and the rest adults; females
with egg abdominal pouch were returned to the chan-
nel with the objective to preserve the species. Col-
lected juveniles had 0.5 to 2.5 cm of size and weight of
0.5 to 1.3 g. Adults presented sizes from 2.6 cm to 4.7
cm and weight from 0.5 g to 1.3 g.

The result of the cfu/mL counting in BHI, EMB

enriquecimiento de caldo de tetrationato, al que se le
agregaron 1 000 pL de iodo-yoduro, agua peptonada
y caldo lactosado, y se incubaron a 35°C durante 24 h.
Posteriormente, 100 pL de los medios inoculados se
sembraron en placas con medios de agar especificos
de S-S, TCBS y EMB, respectivamente, por duplicado,
y se incubaron nuevamente a 35°C durante 24 h. Des-
pués de resiembras sucesivas en placas con agar nutri-
tivo, se obtuvieron cepas puras, lo cual se establecié
por la homogeneidad de las colonias, que se confirmé
por observaciéon de morfologia celular homogénea,
con microscopio de contraste de fases. Se efectué tin-
cién de gram a cada una de las cepas.'® Se registré la
morfologia de caja de las colonias ya purasy se efectud
la identificacién presuntiva, aplicando los criterios de
Merck.? Por tltimo, se confirmé la identificacién de
las cepas gramnegativas con el sistema API-20E y API-
20NE.2*2®

De los 237 acociles recolectados, 30 g se destinaron
para la determinacién de metales pesados totales en
acocil; ademas, un kilo de sedimento de cada punto
del muestreo se us6 para la determinacién de metales
pesados biodisponibles; ambas muestras se secaron,
molieron y se realizaron extracciones metanolicas
que se analizaron con un espectrometro de absorcion
de plasma con sistema de reaccién octapolar,* en el
Laboratorio de Analisis Fisicoquimicos, del Instituto
de Ciencias del Mar y Limnologia de la Universidad
Nacional Autéonoma de México.

Se efectud el analisis quimico proximal a los acoci-
les recolectados, 25 g, utilizando los organismos com-
pletos, incluyendo el exoesqueleto; estos organismos
fueron secados, molidos y se efectuaron las técnicas
de la AOAC26 para la obtencion de proteina, grasas,
ceniza y fibra; estos analisis se efectuaron en el Labo-
ratorio de Analisis Bromatolégico de la Universidad
Auténoma Metropolitana-Xochimilco.

Resultados

Se establecieron el canal Apatlaco y el antiguo canal
de Cuemanco como areas de muestreo, en los cuales se
ubicaron dos zonas, distribuidas a lo largo del canal:
agricola y urbana (Figura 1), se registr6 la presencia
de acocil sélo en la zona agricola de Cuemanco.

En las zonas urbana de Cuemanco y agricola y
urbana de, Apatlaco se registraron temperaturas de
20°C en agua, y en la zona agricola de Cuemanco,
19.2°C. El pH del agua se registré dentro del intervalo
de 6.5-7.3 en las cuatro zonas. En la zona urbana de
Cuemanco y agricola y urbana de, Apatlaco se regis-
traron 40.5-45.0 mg/mL de oxigeno, y 53 mg/mL en
la zona agricola de Cuemanco . En las tres primeras

*Agilent 7500ce series ICP-MS, Estados Unidos de Amé-
rica.
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and S-S, of the water samples, sediment and crayfish in
both zones of Cuemanco and Apatlaco in Xochimilco,
was recorded in Table 2.

In the water samples of the agricultural zone of
Cuemanco, Aeromonas caviae, Aeromonas sobria, Aerom-
nas hydrophila and Vibrio fluvialis were identified, while
in the sediment A. hydrophilawas identified; in crayfish
collected in this zone 11 species were identified: Sal-
monell pullorum, Hafnia alvei, Serratia sp, Ser.marcences,
Pseudomonas diminuta, A. hydrophila, A. sobria, A. caviae,
V. cholerae Ll Tor, V. fluvialis, Actinobacter haemolyticus
(Table 3). In the water sample of the urban zone of
Cuemanco, enterobacteria Pasteurella sp, Ps. pulida
and Ps. cepacia were found; in the sediment sample
two species were found: Escherichia coli and A. hydro-
phila (Table 3). In the water sample of the agricultural
zone of Apatlaco, A. caviae, A. hydrophila, Enterobacter
cloacae, Pseudomonas sp and Agrobacter radiobacter were
identified, in the sediment of the same zone A. hydro-
phila and E. coli, (Table 3). In the urban zone of the
Apatlaco channel, strains of the four main family
of pathogens were isolated: Enterobacteriaceae,
Pseudomonadaceae, Aeromondaceae and Vibrion-
aceae. In the water of this zone A. hydrophila, Salmonella
sp, E. aerogens, Pseudomonas sp and V. parahemolyticus
were found; in sediment E. coli, P. diminuta, P. aerugi-
nosa and V. algionolyticus were identified (Table 3).

The determination of bio-available heavy metals in
the sediment of the four zones, indicated presence of
13 different metals, Cr**, Ni**, Cu**, Zn*", Cd**, Pb*",
Hg*', Fe*, AI’", Ba**, V°*, Co* and Ag'* (Table 4). The
concentration of total heavy metals determined in
crayfish C. montezumae, were similar to the ones pre-
sented in sediment, among these are: aluminum,
255 330 mg/kg; iron, 126 mg/kg; zinc, 75 mg/kg;
copper, 50 385 mg/kg; and barium, 33 222 mg/kg
(Table 5).

The result of the proximal chemical analysis effec-
tuated in collected crayfish, in dry matter, recorded
62.12% in total proteins; 6.27% in fat; 16.93% in
ashes; and 7.90% in fiber (Table 6).

Discussion

The filamentous algae, which are found in the agricul-
tural zone of Cuemanco invade the body water, they
block light and increase oxygen concentration,?”*
that does not occur in the other sampling zones.

The sediments in both zones of Cuemanco present
reductive conditions that, according to Ramos-Bello et
al.,”* are due to the alkaline pH, which decreases the
aeration and permeability of soil. In these reducing
conditions, the activity of sulfate reducing bacteria
recorded the most highest levels, which coincides with
the studies of Madigan® and Postgate,” who mention
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zonas se midieron 40 cm de turbidez, y 20 cm en la
otra zona de Cuemanco (Cuadro 1).

La actividad de las bacterias sulfato-reductoras se
present6 10 h después de inocular los tubos de Vani-
lle; en la zona agricola de Cuemanco se registraron
3 x 10° unidades formadoras de colonias por gramo
de peso humedo (ufc g sed h); en la zona urbana de
Cuemanco , 1 x 10° ufc g sed h; en Apatlaco la activi-
dad se present6 30 h después de depositar el inéculo,
en la zona agricola se registraron 2 x 10° ufc g sed h
y en la zona urbana, 8 x 10* ufc g sed h. La actividad
de las bacterias sulfato-oxidativas en el canal de Cue-
manco se mantuvo constante, el gasto de yodo-yoduro
se registr6 dentro del intervalo de 0.15-0.20 mL; en el
canal de Apatlaco el gasto de yodo-yoduro fue de 0.1-
0.3 mL (Figuras 2-3).

Unicamente se encontraron acociles en la zona de
agricola de Cuemanco, en donde, se recolectaron 237
organismos, de los cuales 63% eran juveniles y el resto
adultos; las hembras con bolsa abdominal de hueve-
cillos se regresaron al canal con el fin de preservar la
especie. Los juveniles que se recolectaron tenian tallas
de 0.5 a 2.5 cm y peso desde 0.05 a 0.3 g. Los adultos
tuvieron tallas desde 2.6 cm hasta 4.7 cm y peso de 0.5
hasta 1.3 g.

El resultado del conteo de ufc/mL en placas de
BHI, EMB y S-S, de las muestras de agua, sedimento
y acocil en ambas zonas de Cuemanco y Apatlaco en
Xochimilco se registr6 en el Cuadro 2.

En las muestras de agua de la zona agricola de
Cuemanco se identificaron: Aeromonas caviae, Aeromo-
nas sobria, Aeromonas hydrophila'y Vibrio fluvialis, mien-
tras que en sedimento se identificaron: A. hydrophila;
en el acocil colectado en esta zona se identificaron 11
especies: Salmonella pullorum, Hafnia alvei, Serratia sp,
Ser. marcences, Pseudomonas diminuta, A. hydrophila, A.
sobria, A. caviae, V. cholerae El Tor, V. fluvialis, Acineto-
bacter haemolyticus (Cuadro 3). En la muestra de agua
de la zona urbana de Cuemanco, se encontraron las
enterobacterias Pasteurella sp, P. putiday P. cepacia; en
la muestra de sedimento se identificaron dos especies:
Escherichia coliy A. hydrophila (Cuadro 3). En la muestra
de agua de la zona agricola de Apatlaco se identifico
A. caviae, A. hydrophila, Enterobacter cloacae, Pseudomonas
sp y Agrobacter radiobacter; en el sedimento de la misma
zona se aislaron e identificaron A. hydrophilay E. coli,
(Cuadro 3). En la zona urbana del canal de Apatlaco
se aislaron cepas de las cuatro principales familias de
patégenos: Enterobacteriaceae, Pseudomonadaceae,
Aeromonadaceae y Vibrionaceae. En el agua de esa
zona se identificaron: A. hydrophila, Salmonella sp, E.
aerogenes, Pseudomonas sp y V. parahemolyticus; en el
sedimento se identificaron: E. coli, P. diminuta, P. aeru-
ginosay V. algionolyticus (Cuadro 3).

La determinaciéon de los metales pesados biodis-



Cuadro 1

PARAMETROS AMBIENTALES REGISTRADOS EN EL AREA DE MUESTREO
EN LAS ZONAS URBANA Y AGRICOLA DE LOS CANALES APATLACO Y
CUEMANCO, EN XOCHIMILCO, CIUDAD DE MEXICO
ENVIRONMENTAL PARAMETERS RECORDED IN THE SAMPLING AREAS
OF THE URBAN AND AGRICULTURAL ZONES OF THE APATLACO AND
CUEMANCO CHANNELS, IN XOCHIMILCO, MEXICO CITY

Temperature  pH 0,, Turbidness,  Depth,
Channel Zone °C mg/mL cm cm
agricultural 19.2 7.31 62 20 130
Cuemanco
urban 20.9 6.51 16 40 140
urban 20.1 6.51 442 40 140
Apatlaco
agricultural 20.4 642 359 40 130
2 14
; 1.2
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% 0.2 Wﬂw Figura 2: Actividad de bacterias sulfato-oxidativas en el sedi-
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Figure 2: Sulfate-oxidative bacterial activity in the Cuemanco
Time (days) channel sediment. A: agricultural, U: urban.
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0 10 20 Figure 3: Sulfate-oxidative bacteria activity in the Apa-
Time (days) tlaco channel sediment. A: agricultural, U: urban.

that the higher sulfate reducing bacteria concentra-
tion is found in reducing sediments. The activity of
sulfate-oxidative bacteria occurs when the pH of the
body water oxic zone is neutral, this phenomenon
was present in the Xochimilco channels, since the pH
recorded in water coincides with the established,”
which induces the reactions of sulfur oxidation
coming from the anoxic sediment.”

In the aquatic environments of Xochimilco, all the
collected samples surpassed the allowable maximum
limits by the Mexican Official Norm (NOM-004)
of the Department of Environmental and Natural
Resources,” by recording intervals between 3 x 10"
cfu/mL and 9 x 10" cfu/mL of fecal coliforms and
Salmonella sp; nevertheless, this is not determinant
for excluding this zone as a potential system for aqua-
culture production, since it has been proved that

ponibles en el sedimento de las cuatro zonas, indic6
presencia de 13 diferentes metales, Cr’*, Ni**, Cu*,
ZH2+, Cd2+, Pb4+, Hg2+, F€2+, A13+, B212+, V5+, C02+ yAgH
(Cuadro 4). La concentracion de metales pesados tota-
les determinados en el acocil (C. montezumae), fueron
similares a las que se presentaron en sedimento, entre
éstos destacan: aluminio, 255 330 mg/ kg; hierro, 126
mg/kg; zinc, 75 mg/kg; cobre, 50 385 mg/kg; y bario,
33 222 mg/kg (Cuadro 5).

El resultado del analisis quimico proximal efec-
tuado en los acociles recolectados, en base seca, regis-
tré, 62.12% en proteinas totales; 6.27% en grasa;
16.93%; en cenizas; y 7.90% en fibra (Cuadro 6).

Discusion

Las algas filamentosas que se hallan en la zona agri-
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Cuadro 2
CARGA BACTERIANA DE MUESTRAS DE AGUA, SEDIMENTO Y ACOCIL (ufc/mL) OBTENIDA DE
LAS ZONAS URBANA Y AGRICOLA DE LOS CANALES APATLACO
Y CUEMANCO, EN XOCHIMILCO, CIUDAD DE MEXICO
BACTERIAL CHARGE OF WATER SAMPLES, SEDIMENT AND CRAYFISH (cfu/mL)
OBTAINED FROM THE URBAN AND AGRICULTURAL ZONES OF THE
APATLACO AND CUEMANCO CHANNELS, IN XOCHIMILCO, MEXICO CITY

Cuemanco Cuemanco Apatlaco
Sample Medium Agricultural Urban Agricultural Apatlaco Urban
EMB 6 x 10" 7x 108 7% 10" 2 x 10"
Water BHI 2x 10" 3x 10" 7% 108 1x10"
S-S - 1x10" 9 x 108 -
EMB 4 x10" 9 x 10" - 1x10"
Sediment BHI 1x10" 1x10" 2x 10" 2x10"
S-S 3% 10" - 110" 3% 10"
EMB 3% 10°
Crayfish BHI 6 x 10° -
S-S -

Not recorded.

there are no significant differences in cfu/mL quan-
tity isolated in fish extracted from the contaminant
zones with high bacterial content, in contrast to fish
extracted from control systems and with low bacterial
content, relying on specific studies reveal that diverse
bacteria populate the surface of the gills.™"®

In spite of having important bacterial charge and
diversity of species recorded in crayfish, these have
not been reported as pathogens for C. montezumae,
probably because this possesses a natural immune
system against bacteria of the Aeromonadaceae,
Pseudomonadaceae, Vibrionaceae and Enterobacte-
riaceae families.”*”" The presence of Pasteurella sp in
water samples, in the urban zone of Cuemanco, does
not mean any risk for crayfish or for its consumer,
because these bacteria form part of the normal flora
of the respiratory and gastrointestinal tract of many
aquatic organisms.”’

The fact of isolating E. coli from the Cuemanco
channel, opportunist bacterium with potential
pathogenicity,” indicated the drainage of residual
water of domestic and agricultural use, whereas that
channel receives greater discharge of contaminants by
anthropogenic discharge products.'*’*%

The agricultural activity developed in the Apatlaco
agricultural zone, propitiates fecal contamination
of water, determined by the presence of Agrobacter
radiobacter and Enterobacter cloacae, which belong
to the coliform group.”
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cola de Cuemanco invaden el cuerpo de agua, impi-
den el paso de la luz e incrementan la concentraciéon
de oxigeno;*"* ello no ocurre en las otras zonas de
muestreo.

Los sedimentos en ambas zonas de Cuemanco,
presentan condiciones reductoras que, segun Ramos-
Bello et al.,” se deben al pH alcalino, que disminuye
la aereacion y la permeabilidad de los suelos. En
estas condiciones reductoras la actividad de las bac-
terias sulfato-reductoras registraron los niveles mas
altos, ello concuerda con los trabajos de Madigan™ y
Postgate,” quienes mencionan que la mayor concen-
tracion de bacterias sulfato-reductoras se halla en
sedimentos reducidos. La actividad de las bacterias
sulfato-oxidativas ocurre cuando el pH de la zona
oxica del cuerpo de agua es neutro, este fenémeno se
present6 en los canales de Xochimilco, ya que el pH
registrado en el agua concuerda con lo establecido,”
lo que induce las reacciones de oxidacién del sulfuro
procedente del sedimento anéxico.”

En los ambientes acuaticos de Xochimilco, todas
las muestras recolectadas superaron los limites maxi-
mos permisibles por la Norma Oficial Mexicana
(NOM-004) de la Secretaria del Medio Ambiente
y Recursos Naturales,™ al registrarse intervalos entre
3x 10" ufc/mLy 9 x 10" ufc/mL de coliformes fecales
y Salmonella sp; sin embargo, esto no es determinante
para desechar esta zona como un sistema potencial
para la produccién acuicola, ya que se ha comprobado



Cuadro 3

ESPECIES BACTERIANAS IDENTIFICADAS EN MUESTRAS DE AGUA, SEDIMENTO Y ACOCIL;
EXTRAIDAS DE LAS ZONAS URBANA Y AGRICOLA DE LOS CANALES APATLACO
Y CUEMANCO EN XOCHIMILCO, CIUDAD DE MEXICO
BACTERIAL SPECIES IDENTIFIED IN SAMPLES OF WATER, SEDIMENT AND CRAYFISH;
EXTRACTED FROM THE URBAN AND AGRICULTURAL ZONES OF APATLACO AND CUEMANCO
CHANNELS, IN XOCHIMILCO, MEXICO CITY.

Cuemanco Apatlaco
Agricultural Urban Agricultural Urban
Water Sediment Crayfish Water Sediment Water Sediment Water Sediment
Aeromonas Aeromonas Salmonella Pasteurella Aeromonas Aeromonas Aeromonas  Aeromona Escherichia
caviae  hydrophila  pullorum sp hydrophila ~ caviae, hydrophila  hydropila coli
Aeromonas Hafnia alvei Pseudomonas Escherichia Aeromonas Escherichia Salmonella sp Pseudomonas
hydrophila Serratia sp putida coli hydrophila coli Enterobacter diminuta
Aeromonas Serratia  Pseudomonas Enterobacter aerogenes  Pseudomonas
sobria marcences cepacia cloacae Pseudomonas sp aeruginosa
Vibrio Pseudomonas Pseudomonas Vibrio Vibrio
fluvialis diminuta sp parahaemolyticus alginolyticus
Aeromonas Agrobacter
hydrophila radiobacter
Aeromonas
sobria
Aeromonas
caviae
Vibrio
cholerae
El Tor
Vibrio
fluvialis

Acinetobacter
haemolyticus

According to Madigan,” the presence of Salmonella
sp and E. aerogenesin water, indicates that the contami-
nation proceeds from residual water discharges, this is
what happens in the urban zone of Apatlaco, because
it has human settlements which release drainage
directly into the channel and generate an infectious
focus. In this zone, presence of V. parahaemolyticus was
recorded, pathogen of fish and humans.*

Another aspect to be taken into consideration in
the Xochimilco channels, is the presence of heavy
metals; nevertheless, in the sample zone registries, the
maximum allowable limits by the Mexican Official
Norm (NOM-004) of the Department of Environment

que no existen diferencias significativas en cuanto a
la cantidad de ufc/mL aisladas en peces extraidos de
zonas contaminadas con alto contenido bacteriano,
en comparacion con peces extraidos de sistemas con-
trolados y con bajo contenido bacteriano, en virtud
de que estudios especificos revelan que diversidad de
bacterias pueblan la superficie de las branquias.*'®
A pesar de tener importante carga bacteriana y
diversidad de especies registradas en acocil, éstas no
se han registrado como patégenos para el C. montezu-
mae, posiblemente debido a que éste posee un sistema
de inmunidad natural contra bacterias de las familias
Aeromonadaceae, Pseudomonadaceae, Vibrionaceae
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Cuadro 4
METALES PESADOS BIODISPONIBLES REGISTRADOS EN SEDIMENTO EXTRAIDO
DE LAS ZONAS URBANA Y AGRICOLA DE LOS CANALES APATLACO Y CUEMANCO,
EN XOCHIMILCO, CIUDAD DE MEXICO
BIO-AVAILABLE HEAVY METALS RECORDED IN SEDIMENT EXTRACTED
FROM THE URBAN AND AGRICULTURAL ZONES OF THE APATLACO AND
CUEMANCO CHANNELS, IN XOCHIMILCO, MEXICO CITY

Maximum allowable limits

Bio-available Cuemanco Cuemanco Apatlaco Apatlaco *NOM-127-SSA1-1994
metal mg/kg Agricultural Urban Agricultural Urban ** NOM-004-SEMARNAT-2002

Al 4.39226 3.34904 8.54290 8.84673 0.20*

A% 0.29969 0.83630 0.72265 1.20648

Cr 0.04315 0.01387 0.05011 0.07079 1200-3000%*

Fe 151.92645 189.26761 28.83922 222.04117 0.30*

Co 0.08864 0.16839 0.03636 0.33197

Ni 0.63728 0.96477 0.19637 1.07673 420-420%*

Cu 0.02583 0.01977 0.04432 1500-4300**

Zn 0.21830 5.89342 0.92643 7.83831 2800-7500%**

Ag <0.01477 <0.01477 <0.01477 <0.01477

Cd <0.02758 <0.02758 <0.02758 <0.02758 39%*

Ba 8.71966 8.23230 2.77046 5.75583 0.70*

Pb 0.03024 0.07715 0.03314 0.08975 300-840**

Hg 0.04223 0.02975 0.07963 0.09213 17-57%%*

and Natural Resources were not exceeded®® for Cr?,
Ni*', Cu*, Zn*, Cd*, Pb*" and Hg*'. Low concen-
trations of these metals are due to sulfate reducing
bacteria, that by generating sulfur hydrogen, cause
precipitation of soluble and insoluble bio-available
metals and transform them in usable compounds;**
therefore, they are no more available in the sediment.
Another important factor was the pH, since if this is
greater than 6.0 and there is a high level of organic
matter and clay, low activity of metal ions in solution
is kept.* Besides, no toxicity problems are present by
the increment in the availability of metals, since they
are almost totally absorbed, fixated or precipitated to
the sediment.”

The Ba* and Fe*' exceeded the maximum allow-
able limits in all sampling zones |(NOM-12714), but
due to the activity of sulfate reducing bacteria, these,
by producing hydrogen sulfide, provoke its precipita-
tion dissolving them as metal sulfides, for which its
bio-availability is reduced."*

Even when heavy metals exist in crayfish, these
count with diverse metabolic mechanisms through
which they incorporate and store heavy metals in the
exoskeleton (Pb**, Cd*", Cu®, Zn?"), which utilize and
later, when saturated they are expelled.*"*
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y Enterobacteriaceae.””® La presencia de Pasteurellasp
en muestras de agua, en la zona urbana de Cuemanco
, o significa ningun riesgo para el acocil ni para su
consumidor, debido a que estas bacterias forman parte
de la flora normal del tracto respiratorio y gastrointes-
tinal de muchos organismos acudticos.”

El hecho de aislar en el canal de Cuemanco E.
coli, enterobacteria oportunista con patogenicidad
potencial,” indicé el desagiie de aguas residuales de
uso doméstico y pecuario, por lo que ese canal recibe
mayor descarga de contaminantes por productos de
desecho antropogénico.'****

La actividad agropecuaria que se desarrolla en la
zona agricola de Apatlaco Agricola, propicia la conta-
minacién fecal del agua, indicada por la presencia de
las cepas Agrobacter radiobactery Enterobacter cloacae, que
pertenecen al grupo de las coliformes.™

Segun Madigan,™ la presencia de Salmonellla sp y
E. aerogenes en agua indica que la contaminacién pro-
viene de descargas de aguas residuales, esto ocurre en
la zona urbana de Apatlaco , pues tiene cerca asenta-
mientos humanos que liberan desagtes directamente
al canal y con ello generan un foco de infeccion. En
esta zona se registré presencia de V. parahaemolyticus,
patégeno de peces 'y de humanos.”



Cuadro 5
METALES PESADOS TOTALES OBTENIDOS DE LOS C. Montezumae EXTRAIDOS DEL
CANAL DE CUEMANCO EN LA ZONA AGRICOLA DE XOCHIMILCO, CIUDAD DE MEXICO
HEAVY METAL TOTALS OBTAINED FROM C. Montezumae EXTRACTED FROM
THE CUEMANCO AGRICULTURAL ZONE OF XOCHIMILCO, MEXICO CITY.

Total heavy metals in crayfish Cambarellus Montezumae (Saussure, 1857)

Al A\ Cr Fe Co Ni

255330 126 0.680 126 0.411 4893  50.385

Zn Ag Cd Ba Pb Hg

75 1717 0.042 33222  0.644 0.025

Cuadro 6
CALIDAD NUTRIMENTAL DEL ACOCIL C. Montezumae, COMPLETO, INCLUYENDO
EXOESQUELETO, HEPATOPANCREAS Y CABEZA, EXTRAIDO DEL CANAL DE CUEMANCO,
ZONA AGRICOLA DE XOCHIMILCO, CIUDAD DE MEXICO
NUTRIMENTAL QUALITY OF CRAYFISH C. Montezumae, COMPLETE, INCLUDING
SKELETON, HEPATOPANCREAS AND HEAD EXTRACTED FROM THE CUEMANCO CHANNEL,
AGRICULTURAL ZONE OF XOCHIMILCO, MEXICO CITY.

Dry base
Nutriment % Crayfish
Protein 62.12
Fat 6.27
Ashes 16.93
Fiber 7.90

Due to the size and body characteristics of the C.
montezumae extracted from reduced environments,
this can be totally ingested, including the exoskeleton,
for that motive the protein content was determined in
the whole organism, this was recorded at higher level
with a difference of 45.12%, in contrast with the level
of proteins recorded in muscle of crayfish cultured
in aquariums (17%)," besides, this difference could
be due to the fact that crayfish that live in reduced
environment feed on organic matter and other inver-
tebrates that are a protein source.

Even though the reduced environment studied
exceeded the maximum allowable limits of bacterial
charge and Fe? and Ba? heavy metals, it can be used
for C. montezumae production, since the crayfish did
not exceed the heavy metal allowable limits that could
have made it toxic; even when this contains diverse
bacterial species; some of pathogenic importance,
they are not considered threatening for human health,
since among the uses and customs of the region com-
munity, main consumers of this product, these organ-
isms before being commercialized or consumed, are
subjected to two disinfectant processes: boiled and

Otro aspecto a considerar en los canales de Xochi-
milco es la presencia de metales pesados; sin embargo,
en los registros de las zonas de muestreo no se rebasa-
ron los limites mdximos permisibles establecidos por la
Norma Oficial Mexicana (NOM-004) de la Secretaria
del Medio Ambiente y Recursos Naturales,” para Cr*’,
Ni**, Cu*, Zn*, Cd*, Pb"" y Hg®". Las bajas concen-
traciones de estos metales se deben a que las bacterias
sulfato-reductoras, al generar sulfuro de hidrégeno,
causan la precipitaciéon de los metales solubles e inso-
lubles biodisponibles y los trasforman en compuestos
utilizables,”” por lo que ya no se encuentran dispo-
nibles en el sedimento. Otro factor importante fue el
pH, ya que si éste es mayor de 6.0 y existe un alto nivel
de materia orgdnica y arcilla, se conserva baja activi-
dad de los iones de los metales en solucién.? Ademas,
no se presentan problemas de toxicidad por un incre-
mento en la disponibilidad de los metales, ya que son
casi totalmente adsorbidos, fijados o precipitados al
sedimento.?

El Ba*" y Fe** excedieron los limites maximos per-
misibles en todas las zonas de muestreo (NOM-12714),
pero debido a la actividad de las bacterias sulfato-
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roasted, means by which this product loses the risk of
these microorganisms; besides, crayfish is an excellent
source of protein, fiber and fat for human consump-
tion.
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