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This work evaluates the removal/degradation of lindane in water contaminated by agricultural activity. A
test to treat lindane-contaminated water was carried out using four SF-CW systems operating
simultaneously: two fed with lindane-enriched water (10 mg/L), and the other two fed with lindane-free
water as control units. The monitored parameters were: average lindane-removal efficiency (n, %), COD,
and BODs, which were determined as 63, 43, and 52%, respectively. A correlation between the increase
in dissolved oxygen (DO) concentration, and the increase in lindane degradation (10.58-0.91 mg/L) was
observed. The average phosphate concentration (2.79 £ 1.07 mg/L) in the effluent was higher than the
phosphate concentration plants can assimilate (0.5 mg/L), this lead us to believe there is an inhibition
of the removal activity due to phosphate saturation in the system.
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INTRODUCTION

Water pollution has been causing hazards to human
health, and ecosystems both in large cities and rural
areas. The major contaminants in rural area water are
pesticides, which are carried down to the rivers by rain
and soil erosion, causing the detriment of field fertility due
to the abuse of agricultural techniques.

Wetlands, commonly known as biological filters, are
an alternative to solve a wide range of environmental and
water quality issues (Greenway and Simpson, 1996;
Greenway, 1997). There are reports about the use of
wetlands to treat a variety of wastewater effluents to
remove pollutants, and reduce their possible impact on
humans and other ecosystems (Sheoran and Sheoran,
2006).

A constructed wetland system (CW) seeks to mimic
the characteristics of natural wetlands in an environment
that can be manipulated and controlled (Sheoran and
Sheoran, 2006). A CW is a waste water treatment system

*Corresponding Author E-mail: alfclemen2002@yahoo.com.mx;
Tel./Fax: + 52 22 99860189.

characterized by being shallow (pond or stream), i.e. no
more than 0.60 m depth, which in most cases contain
aquatic plants to treat wastewater. These systems have
the advantage of requiring little or no energy to operate,
compared to alternative systems.

Pesticides are used worldwide to control a variety of
pests. The intensive use of pesticides began with the
massive development of agriculture and agribusiness,
especially after World War Il (Liu et al., 2012; Poissant et
al., 2008; Leu et al.,, 2004). Like other xenobiotics,
pesticides often have mutagenic, teratogenic, and
carcinogenic effects on animals and humans. Different
pesticides may distribute into water or accumulate mainly
in sediments, with a varying degree of persistence (De la
Vega-Salazar et al., 1997; Boone and James, 2003;
Peterson et al., 1994; Zaga et al., 1998). Substantial
amounts (0.1-5%) of pesticides might be lost from the
application fields to the surface waters via runoff and
drainage (Liu et al., 2012; Poissant et al., 2008; Leu et
al., 2004), as well as volatilization (Poissant and
Koprivnjak, 1996; Garmounma and Poissant, 2004;
Aulagnier and Poissant, 2005). Of all the pesticides in the
market, between 55 and 60% are herbicides, with about
400 organic compounds developed and reported so far.
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The use of pesticide agrochemicals requires a rational
selection and management to prevent toxicities to non-
target organisms (Rose et al., 2008; Reichenberger et al.,
2007). Of the environmental compartments into which
pesticides can partition, contamination of fresh water
sources often presents the highest risk because of its
ubiquitous use by organisms, and their high potential to
direct exposure (Liu et al., 2012; Rose et al., 2008).
Organochlorine pesticides (OCPs) have been widely
used, globally, since 1940s because of their high
effectiveness in controlling pests and diseases (Kalyoncu
et al.,, 2009; Chen et al.,, 2007). OCPs were the first
synthetic organic pesticides to be used in agriculture.
DDT and gamma-hexachlorocyclohexane (y-HCH,
Lindane) are probably the best known. The production
and intensive agricultural and industrial use of OCPs
have caused the widespread contamination of the
environment (Kalyoncu et al., 2009; Ayas et al., 2007).
Organochlorine pesticides and polychlorinated biphenyls
(PCBs) are very persistent compounds, and their
persistence in the environment is measured in years. As
a result of their persistence and high capacity for
accumulation in living organisms (Liu et al., 2012;
Kalyoncu et al., 2009; Zaranko et al., 1997; Andersson et
al., 2001; Stefanelli et al., 2004; Kalyoncu et al., 2009),
the use of the majority of OCP has been banned in
developed countries.

The contamination of water bodies with agricultural
pesticides can pose a significant threat to aquatic
ecosystems, and drinking water resources (Dabrowski et
al., 2003; Reichenberger et al., 2007). However, the risk
to the aquatic community or the human health can often
be substantially reduced by appropriate measures.
Mitigation of pesticide inputs into water bodies includes
both reduction of diffuse-source (runoff and erosion,
tile drainage, spray drift, leaching to groundwater), and
of point-source inputs (mainly farmyard runoff), which in
some regions of Europe (e.g. Western Germany,
Sweden) have been shown to make a highly significant
contribution to the observed pesticide loads in
rivers (Reichenberger et al., 2007; Kreuger and Nilsson,
2001; Jaeken and Debaer, 2005; Rose et al., 2006,
2008).

Natural and artificial water bodies, such as CWs, are
highly likely to receive contaminated treated and non-
treated water resulting in detriment of quality, and thus
the decrease in native biota. In most studies with CWs, a
distinction between bioattenuation and physical/chemical
removal of contaminants cannot be established, mainly
because said removal is commonly determined based on
differences in input and output, considering wetlands as a
black box. In particular, the hydraulic retention time
(HRT) of pesticides in CWs is the main parameter to be
considered in the performance of a biological treatment.
Contrary to most plant treatments where flow rates are in
a narrow range of values, in the case of CWs, flow rates
are often close to zero within a few hours after a storm

event, while flow rates are very high during storm events,
showing lower hydraulic retention times than the time
needed for biological treatment (Braeckevelt et al., 2011;
Holvoet et al., 2007; Warren et al.,, 2003, 2002).
Therefore, both the pesticide holding time in CWs and the
close contact between pesticides and plants (and/or
microorganisms) should be improved while designing
biological removal processes. Macrophytes play a role in
biological removal processes due to their ability to extract
metals and/or organic compounds (Gregoire et al., 2009).
An appropriate hydraulic design (hydraulic retention
time), and the use of adsorbing materials may contribute
to increase the pesticides holding time, and the contact
between pesticides and biocatalysts. Pesticide fluxes can
be reduced by 50-80% when increasing the retention
time by ten times. This, in turn, leads to CW lengths that
are much longer than those for municipal wastewater
treatment plants (Gregoire et al., 2009). Thus, the
objective of this work was to evaluate the
removal/degradation of lindane present in water
contaminated by agricultural activity, using a constructed
wetland of the free surface flow type as the treatment
system.

MATERIALS AND METHODS
Field of Study

The field of study for this research was the hydrological
area of the Papaloapan Basin. This is the most important
watershed in Mexico having an extension of 51,025.52
km2, and it goes beyond three (3) Mexican states
(Oaxaca, Puebla, and Veracruz). It has fertile soil, and a
hot humid climate, which are favorable factors for the
development of agriculture, cattle raising, fishing, and the
sugar industry (sugar cane). The Papaloapan river basin
is second ranked in terms of volume in Mexico. This river
flows into the Gulf of Mexico, mainly coming out from the
cities of Tuxtepec (Oaxaca), Alvarado, Tlacotalpan, and
Cosamaloapan (in Veracruz).

Bioaccumulation Test Plant

The three herbaceous plant species selected for
the lindane bioaccumulation test were native to natural
wetlands in the field of study. Typha domingensis,
Echinochloa pyramidalis, and Sagittaria lancifolia were
collected in the region of Alvarado and Boca del Rio, in
Veracruz State. These three species are monocots of the
homorrizia type, which have a secondary root system
developing adventitious roots that provide the ability to
reproduce asexually by rhizome extension, and
generation of new outbreaks. These species are common
in freshwater wetlands.

Transplants were acclimatized to green house cond-



itions (18-34 °C) for at least one month, in a semi-
continuous regime of humidity (flooded wetland model).
For the bioaccumulation and lindane-tolerance studies,
the plant species were exposed to lindane.

The plant species were kept in contact with lindane
in contaminated soil at a concentration of 17
mg lindane/kg dry soil. The contaminated soil (5 kg)
was placed in pots, plants were planted and
subsequently transplanted (when smaller than 25 cm),
and finally flooded with water (3 cm depth). The exposure
time was 18 days. For the analysis of bioaccumulated
lindane, plant samples were removed every third day
(destructive test), separating root, stem, and leaves for
further analysis.

Dynamic Performance of a Constructed Wetland

The study system comprised: a feeding tank;
the experimental surface-flow constructed wetland
(SF-CW) unit; a treated water tank; and a

continuous aeration system (which starts operating as
of Day 7). This system utilized the plant species
selected from the bioaccumulation test. The study
model was comprised of four SF-CWs
operating simultaneously: two experimental units
(model and replicate) fed with lindane-enriched
water (10 mg/L); and two control units fed with lindane-
free water.

The SF-CWs were comprised of acrylic cells of 0.50 x
0.30 x 0.20 m (LxWxD) simulating a laboratory scale SF-
CW system. Each SF-CW was fed with influent pumped
through PVC pipes running horizontally through the SF-
CWs simulating a plug flow. The contaminated and
control SF-CWs systems were respectively packed with
the following: a primary layer (bottom) of fine-sized silica
sand (2.00 mm, # 10), 0.04 m depth; a secondary layer of
natural soil from the field of study, free of lindane, 0.03 m
depth; and a tertiary layer of intermediate sized silica
sand (4.76 mm, # 4), 0.03 m depth. The SF-CWs also
included the plant species selected to be at least 0.25 m
high (2 per SF-CW), and spaced apart by 0.15 m. The
experimental units were flooded (0.06 m flood level) with
9 L (0.009 m3) of influent as the system operating
volume, and were acclimated for 20 days, and finally
started up and operated. The feeding flow rate was 3.47
E™® /s to achieve a hydraulic retention time (HRT) of 3
days.

The sampling of water samples (500 mL) was made
every 3 days during the 62 days of operation; the plant
samples (washed and dried whole root, stem, and
leaves) were taken at the end of the 62-day period. The
following-up and analysis parameters of the SF-CWs
were: lindane, N-NO,, N-NO3, N-NH,, PO,*, COD, BODs,
DO, reported in mg/L, respectively, temperature (°C), and
pH for the water samples; and for the plant samples, mg
lindane/kg plant.
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Analysis

The lindane concentration in the plant (root, stem, and
leaves) was determined as per the method described by
Waliszewski et al., (1985), modified for microwave oven.
The plant samples (200 g) were placed in Ziploc bags,
and frozen at -40 °C in a deep freezer. The frozen
samples were dehydrated in a Thermo Savant Modulyo
D-114 Freeze-dryer for 24 hours at -49 °C, and 36x10-3
mbar. The dried samples were milled, and placed back in
the Ziploc bag for storage. The extraction was carried out
on 10 g of dry sample by placing it in a microwavable
Teflon vessel, and adding 20 mL of acetone and 20 mL of
hexane. Then microwaved in a CEM model MARSX
Microwave oven for 10 min. Then, 20 mL of hexane and
20 mL of acetone were added again to the sample in the
Teflon vessel, and filtered through a glass funnel using
filter paper No. 4 (Whatman), and collecting the filtrate in
a 250-mL flask, to separate solids. 50 ml of a 5% sodium
sulfate aqueous solution was added to the filtered extract,
and the mixture was transferred to a separatory funnel.
The mixture was extracted three times with 30 mL of
hexane. The hexane layer was filtered into a 250-mL flat-
bottom balloon flask through a 5 cm layer of sodium
sulfate (10 g activated sodium sulfate at 660 °C for 48
hours), then concentrated in a rotary evaporator (Buchi
Model R-114) to 5 mL. The extract was purified in a
separatory funnel by adding 1 mL of concentrated sulfuric
acid, and vigorously shaking for 1 minute. It was let stand
for 3 minutes until the phases separated, and the organic
phase was filtered again through a layer of sodium
sulfate. The sodium sulfate was then rinsed twice with 50
mL of hexane, and the rinses were collected into a
balloon flask, and concentrated to 1 mL. The extract was
transferred to a volumetric vial, and diluted to the final
volume of 1.5 mL with hexane. Sulfuric acid was used in
purifying the extract because it causes organic
substances to precipitate, and hydrolyzes the
endogenous organic compounds/pesticide complex. The
extract was used to quantify the pesticide by gas
chromatography.

Lindane was extracted from the effluent by following
the method described by EPA method 508 and Standard
Methods (1985), which was adapted. A 100 mL effluent
sample was measured in a graduated cylinder, and
transferred into a 250-mL separatory funnel, then 20 mL
of hexane and 5 mL of sodium sulfate saturated solution
were added, and the mixture was vigorously shaken for 3
min, and left stand until phase separation. The aqueous
phase was drained into the same graduated cylinder
used to measure the sample, and the hexane phase was
transferred into a flat-bottom balloon flask (250 mL), the
aqueous phase was transferred back to the separatory
funnel, and 10mL of hexane and 5 mL of sodium sulphate
saturated solution were added (stirring the mixture). This
procedure was repeated twice, and the hexane extracts
were collected in the flask. The organic phase was
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Figure 1. Kinetics of lindane bioaccumulation in: ¢ Typha domingensis, o Sagittaria lancifolia, A Echinochloa

pyramidalis

passed through a sodium sulfate column of 5 cm (10 g
activated sodium sulfate at 660 °C for 48 hours). The
organic phase was collected into a balloon flask, and
then concentrated to 5 mL in a rotating evaporator. The
concentrated extract was purified by adding 1 mL of
concentrated sulfuric acid, and vigorously stirred for 1
minute. It was left stand for 3 minutes to separate
phases, and then the organic phase was filtered through
a sodium sulfate layer. The sodium sulfate was rinsed
with 50 mL of hexane, and the rinses were collected in a
balloon flask, and concentrated again to 1 mL. The
concentrated extract was transferred to a graduated vial,
and diluted to a final volume of 1.5 mL with hexane. The
pesticide content of the extract was quantified by gas
chromatography.

The lindane concentration was determined using a
Trace GC Ultra, Thermo Scientific gas chromatograph
with an electron capture detector (ECD), and a capillary
column "Thermo TR-1701 (30 m x 0.32 mm ID X 0.25
pm, Thermo Scientific)”. Nitrogen was used as carrier gas
(99.99%) at a rate of 1.2 mL/min. The oven temperature
was set for the range of 60 °C (1 min) to 280 °C, at a rate
of 15 °C/min, 280 °C (1 min). The temperature of the
injector operating in splitless mode (injected volume 1 pL)
was 300 °C, and the ECD detector temperature was 350
°C.

Calculation Formulae for the Removal Efficiencies

The conventional removal efficiency (n, %) of Lindane,
Nitrites (N-NO.), Nitrates (N-NO3z), Ammonium (N-NH,),
Phosphate (PO,®), Chemical Oxygen Demand (COD),
and Biochemical Oxygen Demand (BODs) were
determined according to Eq. (1):

_|(B-P)
n_{ b 100 (1)

Where Pi = baseline contamination value in the
constructed wetland (influent), Pe = final contamination
value in the constructed wetland (effluent).

RESULTS AND DISCUSSION

The results of lindane bioaccumulation per plant species
are shown in Figure 1, whereas the average results are
shown in Table 1.

Sagittaria lancifolia presents greater lindane
bioaccumulation after 18 days of exposure, compared
with the other plant species. Furthermore, the
bioaccumulation in Sagittaria lancifolia and Typha dom-
ingensis is 6 and 12, respectively, which does notseems
to be a significant difference. Echinochloa pyramidalis



Ortega-Clemente and Luna-Pabello 61

Table 1. Lindane bioaccumulation in root, stem, and leaf per plant species.

Plant species/ (mg lindane/Kg plant) Root Stem Leaf
Typha domingensis 1.99+037 - 0.75+£0.09
Sagittaria lancifolia 222+029 0.74+0.12 0.07+0.01
Echinochloa pyramidalis 1.59 +0.35 0.89+0.16  0.09 +0.01
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Figure 2. Dynamic performance of removal of Lindane, Nitrites (N-NOy), Nitrates (N-NOs), Ammonium (N-NHa),
Phosphate (PO.®), and Dissolved Oxygen (DO) in contaminated constructed wetlands to 62 days of operation and

a HRT of 3 days.

shows a linear tendency to bioaccumulate; however, it
performs below Sagittaria lancifolia and Typha
domingensis.

The root showed higher concentration of lindane as
detected in the three plant species. The concentration of
lindane bioaccumulation in the root was 2.22 + 0.29, 1.99
+ 0.37, and 1.59 + 0.35 mg/kg plant (dry basis) in
Sagittaria  lancifolia , Typha domingensis, and
Echinochloa  pyramidalis, respectively. Lindane
bioaccumulation in the stem was slightly higher for
Echinochloa pyramidalis than for Sagittaria lancifolia
Moreover, lindane bioaccumulation in leaves was
significantly higher for Typha domingensis (Table 1).
Figure 2 shows the dynamic performance analysis of the
removal (mg/L) of lindane, nutrients (N-NO,, N-NOj, N-
NH,, PO,®), and dissolved oxygen, for 62 days of

operation of the constructed wetlands with a HRT of 3
days.

Most biochemical reactions that convert pollutants
take place in the solid-liquid interphase: such as in the
granular medium, the liquid phase, the rhizosphere, and
particularly, the biofilm. On the other hand, the set of
physical/chemical (abiotic) or microbiological (biotic)
processes that occur in a constructed wetland, show a
reduction in the number of pathogenic microorganisms,
and therefore, the constructed wetland systems show a
very good efficiency to eliminate pathogens to public
health and aquatic life, by improving the sanitary quality
of treated effluents. (Gregoire et al., 2009; Dabrowski et
al., 2003; Reichenberger et al., 2007).

The results of the dynamic performance of
the parameters under study show that the concentration
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Table 2. Average results for the study parametersto 62 days of operation, the dynamic performance of the constructed wetlands (contaminated and control), and comparison with standards
for the protection of aquatic life and for water for human use and consumption (minimum and maximum measured).

NOM-001- SEMARNAT-
1996. Protection

of aquatic life. Monthly
average. (Mexico)

NOM-127-SSA1-1994.
Water for human use
and consumption.
Permissible limits of

Directive
78/659/EEC
concerning the
quality of fresh

Current
Recommendation
on National Water

Quality Criteria.

Parameter Inf:uenl Influent Effluent Effluent quality and treatments waters needing Download in lakes
(mg/L) CW* Input CW Input CW output CW output to be applied to water  protectionto  for the protection
Contaminated Control Contaminated Control for drinking (Mexico)  be suitable for of aquatic life.
fish life Region XIII (USA)
(European
Economic
Community)
Lindane 10.58 £ 0.25 0.05 £ 0.001 424 +2.35 0.05 £ 0.001 Unspecified 0.2 Unspecified Unspecified
(10.75-10.40) (0.06-0.05) (10.58-0.91) (0.06-0.05)
N-NH4 3.00 £ 0.00 3.00 £ 0.00 0.73+0.92 0.52+0.72 Unspecified” 0.5 <1 <0.5
(3.00-0.05) (3.00-0.02)
N-NO2 3.00 £ 0.00 3.00 £ 0.00 0.64 +0.87 1.02+1.04 Unspecified 1 <0.09 <0.05
(3.00-0.10) (3.00-0.10)
N-NO3 6.00 £ 0.00 6.00 £ 0.00 2.34+£1.74 2.36 £1.77 Unspecified 10 <0.3 <0.5
(6.00-0.55) (6.00-0.50)
PO,? 5.00 £ 0.00 5.00 £ 000 2.79+£1.07 2.78 £0.99 Unspecified® Unspecified <1.5 <0.5
(5.00-1.60) (5.00-1.5)
COD 295 +0.00 295+0.00 173.48+82.51 158.04+80.15 Unspecified Unspecified <125 40
(295-55) (295-53)
BODs 140 £ 0.00 140 £ 0.00 70.28 £29.20 71.20 £ 28.59 30 Unspecified Unspecified Unspecified
(140-28) (140-25)
DO 3.00 £0.00 3.00 £0.00 452 +1.03 478 +1.05 Unspecified Unspecified 1< Unspecified
(3-6) (3-6)
Temperatu 36.00 +0.00 36.00 +0.00 29.17+ 3.04 29.17+ 3.04 <40 Unspecified 10-28 6-30
re (°C) (36-27.5) (36-27.5)
pH (unit) 7.80 £0.00 7.80 £0.00 7.29£0.29 7.27£0.24 Unspecified 6-9 6-9 6.5-9
(7.8-7.6) (7.8-7.3)

3Constructed wetlands, "The Mexican Standard specifies values for nitrogen and total nitrogen (TN), and establishes a maximum permissible limit value of 15 mg/L, °Mexican Standard
| specifies, as total phosphorus (TP), and establishes a maximum permissible limit of 5 mg/L. In domestic wastewater treated biologically, the PO, is approximately 80% of TP.



Ortega-Clemente and Luna-Pabello 63

Table 3. Average results for the removal efficiency (n, %) of the study
parameters for constructed wetlands (contaminated and control), for 62
days of operation and a HRT of 3 days.

Removal efficiencies (n, %) Contaminated Control
Lindane 62.59 + 18.38 0.00 +0.00
N-NH.4 79.26 + 26.53 86.47 + 15.93
N-NO» 82.11 £ 24.17 69.17 + 32.33
N-NO3 63.79 + 26.51 63.48+ 27.05
PO,* 46.34+ 19.79  46.39+ 17.86
COD 43.07 + 27.11 48.54 + 25.81
BODs 52.14 + 18.36 51.38 + 17.80

(mg/L) in the effluent decreased as the time of operation
increased, and in general, all the parameters follow the
same pattern. It can also be observed that an increase in
the concentration of dissolved oxygen improves the
degradation of lindane (10.58-0.91 mg/L), and the
consumption of nutrients (N-NO,, N-NOs;, N-NH,, PO,?)
is accelerated. It is noteworthy that the degree of removal
of nutrients can still be improved in these systems,
especially for nitrogen, if there were more oxygen supply
in the site of the rhizomes, thereby causing a greater
transformation of N-NH, into N-NO3, and allowing a better
nitrogen assimilation and consumption by the plant.
Furthermore, the obtained average phosphate
concentration in the effluent (2.79 + 1.07 mg/L) showed
higher values than the concentration plants can
assimilate (0.5 mg/L). This might lead to think that there
is an inhibition in the phosphate removal by the system
saturation. Most plants preferably absorb nutrients
through their roots; aquatic plants generally absorb
nutrients directly from the water column through their
stems and leaves (Sutton and Latham, 1996; Barko et al.,
1988; Moeller et al., 1988). For the 62-day operation, the
average results of nutrients and contaminant
concentrations for the input (influent) and output (effluent)
are reported in Table 2.

In relation to N-NH,, it is observed that N-NH,
concentrations in the SF-CWs were comparatively lower
than that for N-NO; (3 and 6 mg/L, respectively). This can
be explained by the action of nitrifying bacteria in the
water, said water was taken from the Jamapa river in the
municipality of Boca del Rio, Veracruz; and by the
aerobic conditions that prevailed in the SF-CWs (4.52 +
1.03 mg DO/L) due to the continuous aeration through
diffusers. On the other hand, it should be noted that
several authors point out that 2 mg/L of DO are sufficient

to efficiently carry out the nitrification process
(Sawaittayothin and Polprasert, 2007; Tanner and
Kadlec, 2003).

The average N-NO. concentration of the influent

to the SF-CWs was 3 mg/L, which is consistent with
that expected and reported for similar environments
(Burrell et al., 1998). The rapid decrease in the N-NO,

concentration could be explained by the rapid conversion
into N-NO; between days 7 and 21 of the operation
(Figure 1), under favorable environmental conditions,
such as temperature (32 °C), and the presence of
nitrifying bacteria, and dissolved oxygen. For the 62-day
treatment assessment, the removal efficiency (n, %) of N-
NO, was approximately 82% (Table 3), being the highest
removal efficiency obtained among all the study
parameters.

The COD in the influent was 295 mg O./L in the SF-
CWs (Table 2). This can be explained as a result of the
discharge of wastewater from some surrounding
industries (sugar extraction industry), which in spite of not
being too close to the study field, do carry contaminants
into the Jamapa river and into the sea through Boca del
Rio, Veracruz. This is in addition to the substantial
contaminating (pesticides) contributions made by diffuse
discharges of wastewater by farms and households, as
well as those resulting from tourism activities taking place
in the area. Based on these results, Figure 3 and Table 3
report the average efficiency of removal after 62 days of
operation. The average value for COD was 43%,
achieving the maximum efficiency level at the end of day
62, i.e. 80%. Likewise, the results for BODs removal
efficiency are slightly above the average for COD, the
average being 52% (Table 3), and 80% at day 62. After
day 49 there was no significant difference between BODs
and COD removal efficiencies (Figure 3).

The quality of water in healthy rivers and lakes as per
the international standards and the maximum values for
ammonium (N-NH,4) should be between 0.5 and 1 mg/L,
while for soluble orthophosphate (PO4*) between 0.5 and
1.5 mg/L (Beavers and Tully, 2005; EEA, 2000). For
Mexico, the Mexican Official Standard NOM-001-
SEMARNAT-1996 indicates for the protection of aquatic
life a maximum allowable limit for the monthly average
concentration of 5 mg/L, as total phosphorus, and
15 mg/L as total nitrogen, for discharges into rivers and
reservoirs (Table 2). Moreover, the Mexican Official
Standard NOM-127-SSA1-1994 for  environmental
health, water for human use and consumption, sets out a
maximum allowable limit of lindane of 0.2 mg/L.
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Figure 3. Removal efficiencies of Lindane, Nitrites

(N-NOgy), Nitrates (N-NOgz), Ammonium (N-NH,), Chemical

Oxygen Demand (COD), and Biochemical Oxygen Demand (BODs) in contaminated constructed wetlands to 62

days of operation and a HRT of 3 days.

Therefore, the use of constructed wetlands to treat
polluted rivers and lakes contaminated with pesticides is
technically an economical and environmentally feasible
system. Among the advantages of these systems
compared to conventional treatments, are the low
operating costs, and low generation of unwanted
byproducts. The treating process of this approach is
based on the interaction of its major constituents: support
medium, vascular plants, and microorganisms. The
combined activities of these three components allow the
removal of pollutants, including pesticides, by means of
physical, chemical and biological mechanisms, leading in
turn, to the establishment of an ecosystem equivalent to
a natural wetland (Beavers and Tully, 2005).

CONCLUSION

The increase in dissolved oxygen concentration
enhances the degradation of lindane (10.58-0.91 mg/L),
and accelerates the consumption of nutrients. The
average phosphate concentration in the effluent (2.8
mg/L) was higher than the concentration plants can
assimilate (0.5 mg/L), leading us to believe there is an
inhibition of the removal activity. In 62 days of treatment,
the individual average removal efficiency for lindane,
COD, and BODs were 63, 43, and 52%, respectively. On
the other hand, the N-NO. removal efficiency was
approximately 82%, which was the highest among all
other study parameters.
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