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Impact of Planting Density on the Effectiveness of Laboratory-Scale Artificial Wetlands Planted with Limonium
Perezzi for Tannery Wastewater Treatment

Abstract

The impact of the planting density of Limonium perezzi on the effectiveness of
laboratory-scale artificial wetlands for the soaking stage wastewater treatment in
tanneries was analyzed. The planting densities were 10.27 plants/m? (HAP4) and
15.4 plants/m? (HAPG). The hydraulic retention time in each wetland was 4.5 days,
and the experiments were conducted for 32 days, when the plants began to wither
and water samples were taken for the respective analysis. The wetlands were
operated for 8 weeks to observe their deterioration with respect to time. The
stabilization period of the wetlands varied between 7 and 10 days until the
concentration of the effluent was little variable. The statistical analysis of the results
indicates that the planting density influences the effectiveness of the wetland in
terms of percentage of concentration decrease, the wetlands planted with 15.4
plants/m? were more efficient, which was determined with the Student's T test
(p<0.05). The percentages of decrease in the chemical demand for oxygen,
chlorides, and Total Dissolved Solids (TDS) for the highest planting density were
81%, 54%, and 55%, respectively. As in previous studies, it was observed that the
planted species has the ability to absorb salt and release it through leaves and
stems, as observed from the seventh day of operation.

Keywords: artificial wetland; chemical oxygen demand; chlorides; halophyte plants;

Limonium Perezzi; soaking; tanneries; total dissolved solids.

Impacto de la densidad de plantacion en la eficacia de humedales artificiales
a escala de laboratorio plantados con Limonium Perezzi para el tratamiento
de aguas residuales de curtiembres

Resumen

Se analiz6 el efecto de la densidad de plantacion de la especie Limonium perezzi

sobre la efectividad de humedales artificiales a escala de laboratorio para el

tratamiento de aguas residuales de la etapa de remojo en curtiembres. La densidad

de plantacion fue de 10.27 plantas/m? (HAP4) y 15.4 plantas/m? (HAP6), el tiempo

de retencion hidraulica en cada humedal fue de 4.5 dias y los experimentos fueron
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realizados por 32 dias, tiempo en el que las plantas comenzaron a marchitarse,
dentro de los cuales fueron tomadas muestras de agua para el respectivo analisis.
Los humedales fueron operados por 8 semanas a fin de observar el deterioro de
estas con respecto al tiempo. El periodo de estabilizacién de los humedales varié
entre 7 y 10 dias hasta que la concentracion del efluente fue poco variable. El
analisis estadistico de los resultados indica que la densidad de plantacién influye
sobre la efectividad del humedal en términos de porcentaje de disminucion de
concentracion, los humedales plantados con 15.4 plantas/m? fueron mas eficientes,
lo cual se determiné a partir de la prueba T de Student (p < 0.05). Los porcentajes
de disminucion de la demanda quimica de oxigeno, cloruros y solidos disueltos
totales para la mayor densidad de plantacién fueron de 81 %, 54 % y 55 %
respectivamente. Al igual que en estudios previos, se observé que la especie
plantada tiene la habilidad de tomar sal y liberarla a través de hojas y tallos, hecho
gue se pudo apreciar a partir del séptimo dia de operacion.

Palabras clave: cloruros; curtiembres; demanda quimica de oxigeno; humedal

artificial; Limonium Perezzi; plantas halofitas; remojo; solidos disueltos totales.

Impacto da densidade de plantio na eficacia de areas Umidas artificiais em
escala de laboratério plantadas com Limonium Perezzi para tratamento de
aguas residuais de curtume

Resumo

Foi analisado o efeito da densidade de plantio da espécie Limonium perezzi na
eficacia de areas Umidas artificiais em escala laboratorial para o tratamento de
efluentes da fase de imersdo em curtumes. A densidade de plantio foi de 10,27
plantas/m2 (HAP4) e 15,4 plantas/m2 (HAP6), o tempo de retencéo hidraulica em
cada pantanal foi de 4,5 dias e os experimentos foram conduzidos por 32 dias,
tempo em que as plantas comegaram a murchar, dentro de quais amostras de agua
foram retiradas para a respectiva analise. As zonas humidas foram operadas
durante 8 semanas para observar a sua deterioracdo em relacdo ao tempo. O
periodo de estabilizacdo das areas umidas variou entre 7 e 10 dias até que a
concentracéo do efluente fosse pouco variavel. A andlise estatistica dos resultados
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indica que a densidade de plantio influencia a eficidcia do pantanal em termos de
porcentagem de diminuicdo da concentracdo, os pantanais plantados com 15,4
plantas/m2 foram mais eficientes, o que foi determinado a partir do teste T de
Student (p < 0,05). Os percentuais de diminuicdo da demanda quimica de oxigénio,
cloretos e sdlidos totais dissolvidos para a maior densidade de plantio foram de
81%, 54% e 55%, respectivamente. Assim como em estudos anteriores, observou-
se que a espécie plantada possui a capacidade de captar o sal e libera-lo através
das folhas e caules, fato que pode ser constatado a partir do sétimo dia de operacéo.
Palavras-chave: cloretos; curtumes; demanda de oxigénio quimico; péantano

construido; Limonium Perezzi; plantas haldéfitas; imersao; Solidos dissolvidos totais.
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|. INTRODUCTION

The tanning sector takes advantage of a residue from the meat industry, i.e., animal
skin, and transform it into leather through different operations and unit processes;
then, it is used to manufacture a wide variety of products. The consumption of
chemical inputs, energy, and water by the leather tanning sector is considerable, as
is the amount of solid and liquid waste [1]. The pollutant load of wastewater is
extensive and contains high loads of organic and inorganic substances [2]. Some of
the contaminants present in it are sulphides, ammonium salts, chlorides, dyes,
chromium, and formic acid [3]. The high contaminant loads of this wastewater, as
well as the diversity of substances present in it, have led to explore different
treatment techniques to decontaminate them and carry out discharges with a lower
environmental impact on the receiving body of water. Some of the techniques used
to treat wastewater from the tanning sector are electrocoagulation [4], aerobic
biological treatment [5], anaerobic biological treatment [6], clarification by
coagulation, flocculation, and sedimentation [7], advanced oxidation processes [8],
biomembrane reactors [9], and artificial wetlands [10].

The development of artificial wetlands as biological treatment systems to
decontaminate wastewater not only is an excellent alternative to significantly reduce
pollution levels in water bodies, but also an affordable alternative for these small
industries, which do not have sufficient economic flow to acquire conventional
wastewater treatment systems. In an artificial wetland, gravel, sand, soil, plants, and
microorganisms present in the environment are used to decontaminate wastewater
[11]. Constructed wetlands are mainly characterized by the presence of water on the
surface — or below the surface of the support material or plant substrate — and by
the direction of flow, horizontal or vertical [12]. A key aspect for the proper functioning
of wetlands is the selection of plants, the difference between the ability to resist or
adapt to residual water conditions influences the efficiency of the wetland in terms
of contaminant removal [13]. In this work, an artificial wetland with horizontal and
subsurface flow was analyzed at a laboratory scale for the wastewater treatment
from the soaking process in tanneries. The main objective is to analyze the various
effects of the plantation density of the species Limonium Perezzi on the removal of
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organic matter in terms of Chemical Oxygen Demand (COD), dissolved solids, and
chlorides, which are the main contaminants present in that wastewater.

The salinity of wastewater produced in tanneries can hinder the correct development
of plants that function as a means of phytoremediation. Halophytic plants can be
used to solve this since they have salt glands, i.e., structures that store and secrete
ions to regulate the salt content on the plant. These glands are epidermal and are
found mainly on the leaves of plants that grow in coastal areas, saline soils, salt
marshes, and mangroves; therefore, they can be considered specialized trichomes
[14]. Salt moves from the xylem to the parenchyma in an apoplastic manner and
then to the cells that support the salt glands, which are found at the base [14]. From
these cells the salt moves easily through plasmodesmata to the storage cells where
they accumulate in the vacuole. When the gland disintegrates, the salt is released,
thus forming a white residue on the surface of the plant. Salt does not return to the
plant from the gland because the cell walls are cutinized [15]. Functionally, these
plants have two types of glands: those that secrete salt to the outside of the plant
and those that store it in specialized cell vacuoles. Considering their organization,
they are classified into four types: i) Saline vesicle (a large cell that accumulates
salt); ii) multicellular (from 4 to 40 cells with collector and secretory cells covered
with cuticle); iii) two-celled (threadlike structures with one basal and one apical cell);
and iv) unicellular (vacuolar or filiform secretory cells) [16].

Limonium perezzi is selected for planting artificial wetlands because it is described
as a halophytic plant, that is, a species adapted both morphologically and
physiologically to grow in saline ecosystems. These plants capture salt and make it
part of their metabolism; subsequently, they secrete it through buds and stems [17],
which represents a significant advantage for their use in the soaking wastewater
from tanneries. Moreover, this project aims to continue a previous study that
analyzed the capacity of Limonium perezzi for tannery soaking process wastewater
treatment. It should be noted that the use of artificial wetlands for wastewater
treatment is related to the fulfillment of the Sustainable Development Goals,
specifically 2, 3, 6, 12, 13, 14, and 15 [11].
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Il. METHODOLOGY
To build the wetlands, 0.95 m wide, 0.41 m long, and 0.3 m deep plastic containers
were used; the surface area of each wetland was 0.3895 m?. Figure 1 is a

representation of one of the wetlands used to conduct the project.
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Fig. 1. Constructed Wetlands. Laboratory Scale Dimensions.

A total of 6 wetlands were used, three of them planted with 4 Limonium perezzi

plants

plants (HAP4) for a planting density of 10.27 ; and three more planted with 6

lants
4 bDoants 14

plants (HAP®6), 15. . At the time of planting, the plants’ height varied between

0.18 m and 0.25 m, they were weighed and the mass planted in each wetland was
doublechecked to verify it was the same according to the number of plants.

The planting density was determined with the following equation:

Number of plants
(1)

Planting Density =k, = oo o
Each wetland was filled as follows from bottom to surface: 0.05 m of stone, 0.05 m
of gravel, 0.05 m of sand, and 0.1 m of soil. The average diameters of the stone,
gravel, and sand material were 0.01 m, 0.0075 m, and 0.005 m, respectively. Each
wetland was filled with water with peristaltic pumps, the feed flow rate to each
wetland was 5.26 mL/min and the residual water outlet was at the bottom of each
wetland using a siphon system to maintain a constant liquid height. Limonium
perezzi plants were sown on the surface, soil was the support medium for the plants.

The average porosity of the bed was 35%, this data was used to adjust the flow rate
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in such a way that the retention time in the wetlands was 4.5 days. The retention

time in wetlands (1) was determined as follows:

= filter porosity+ fill material volume (2)
- flow affluent

The wetlands were in a space with ventilation and natural light in Bogota, Colombia
(2630 masl; average temperature, 14°C). The Limonium perezzi used in this study
can be found in the Cundinamarca region and can survive between 1,000 and 2,620
masl.

Samples of influent and effluent water were taken every 1.5 days, the quality

variables monitored were pH, COD (COD in mgLOZ), TDS (%) and chlorides (mchr)_

The analysis of each parameter was performed based on the procedures described
in the Standard Methods for the Examination of Water and Wastewater [18].
Wastewater from the soaking stage was supplied by a tannery located in Chingacio
village, municipality of Choconta, Cundinamarca. The wetlands were identified as
HAP4, the artificial wetland with 4 plants; and HAPG, the artificial wetland with 6
plants. The statistical analysis of data to determine whether there is a difference
between the effectiveness of HAP4 and HAP6 was done through the Student’'s T
test (p<0.05) [19].

[Il. RESULTS AND DISCUSSION

This study allowed us to determine that the plants used in wetlands managed to
survive for a period of 32 days, during this time, wastewater from soaking was treated
and a maximum removal of COD and chlorides of 86.22% and 47.12%, respectively,
were achieved [20].

The initial measured parameters of interest in the wastewater from the tanneries’

soaking process are presented in Table 1.

Table 1. Initial characteristics of wastewater from the soaking process in tanneries.

Variable Units Value
pH 9,57
COD mg 0, 736
L
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Variable Units Value
Chlorides mg Cl™ 1405,3
L
TDS mg 4390
L

The Table 1 shows that the pH of wastewater is relatively alkaline due to the
disinfecting agents, NaOH, and biocides used in the soaking process. The pH of the
water was not modified to subject the wetlands to real conditions. Figure 2
corresponds to the variation of pH in the effluent water of the wetlands with respect
to the time the tests were conducted.

o 2 4 6 8 10 12 14 18 18 20 22 24
Time (days)

——HAP4 ——HAPS

Fig. 2. Variation of pH in the effluent of wetlands.

Throughout the testing period, it is observed that the pH of water decreases,
probably due to the neutralization of alkaline substances by the CO2 formed in the
mineralization of organic matter in wastewater. This can be confirmed by the
decrease in the concentration of COD. The pH is much lower in the HAP6 wetland,
which suggests a greater decrease in the concentration of COD in it and agrees with
the mentioned above. Figure 3 shows the variation of the COD concentration at the

wetlands outlet and its removal percentage throughout the test time.
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Fig. 3. Variation of COD in the wetland effluent. (a) COD, (b) percentage of COD removal.

Approximately after day 14, the concentration of COD and the removal percentage
do not present significant variations; this indicates that the plants and
microorganisms adhered to the fill material of the wetland have adapted to the
substrate contained in the affluent. That is, the maximum decrease in COD
concentration has been reached, as can be seen in Figure 3. In the HAP4 wetland,
small variations of the concentration can be noted in the mentioned period, this may
be due to the lower number of plants in it and the affectation of salinity that
deteriorates the planted species. It can also be noted that the stabilization period of
the operating conditions of the wetland is relatively short. The rate of decline of COD
in the HAPG is considerably higher than in the HAP4, and the stabilization time for
this wetland occurs approximately after day 10 of operation. This is attributed to the
greater number of plants in the HAP6. The analysis of the kinetic trend of the COD
concentration data against time, presented in Figure 3, acceptably fits a first-order
model with an R? of 0.981, and a slope corresponding to the kinetic coefficient equal
to 0.2227 days™. Equation 3 allows calculating the wetland effluent COD with respect
to retention time.
CODefriuent = CODggpiyent * €~ (02227d2y5711) (3)

where t is the water retention time in the wetland in days. Figure 4 represents the

mg

average chloride concentration data (T) with respect to the operation time of the

wetland for the two types used in the tests.
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Fig. 4. Variation of chloride concentration in the wetland effluent. (a) Chlorides, (b) Percentage of

chloride removal.

The difference between the concentration of chlorides in the effluents of the wetlands
IS much more noticeable than in the case of COD. Moreover, the stabilization time
of the chloride concentration in the effluent of each wetland is close to 9 days. From
that moment on, their variation is minimal, which confirms that the plants have
adapted to the saline environment they are subjected to, and this may be the reason
why the removal of COD reaches its stability after plants adapt to the chloride
concentration in water. From day 10, the presence of crystals was observed on the
surface of the leaves and stems of the plants in the HAP4 wetland, and from day 14
in the plants from the HAP6. The difference in the secretion times of NaCl crystals
can be due to the difference in the number of plants in each wetland, i.e., the
distribution of the chloride load in the plants. As for COD, the kinetic trend of chloride
concentration in the wetland effluent was analyzed, in this case R? reached a value
of 0.985 for a first order kinetic model, the kinetic coefficient presented a value of
0.0397 days™. Equation 4 corresponds to the concentration of chlorides in the
wetland effluent with respect to the retention time.
[ Tefnuent = [C1 Taauent * e~(203974a757541) (4)

where t is the retention time in the wetland in days™. The concentration of TDS in
the water was measured to have an additional parameter to analyze the removal or
retention of salinity by the plants. Figure 5 shows the average results of the TDS

concentration in the wetland effluent.
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Fig. 5. Variation of TDS concentration in the wetland effluent. (a) TDS, (b) percentage of TDS

removal.

As with the previously analyzed variables, the HAP6 wetland allows reaching a lower
TDS concentration value in the effluent with respect to the HAP4. This is attributed
to the planting density, i.e., the retention in each wetland is higher due to the greater
number of plants, the load of chlorides, and other solids dissolved in the water. It is
also observed that TDS presents a greater decrease in terms of concentration, this
is because halophytic plants retain chlorides and sodium, which are then expelled
as NaCl crystals. Figure 5 shows that the removal of TDS in the HAP6 wetland
exceeds 50%, and that the stability in the concentration of TDS in the effluent follows
the same trend that the chloride concentration.

Figure 6 contains photographs of the HAP4 wetland. It is possible to observe the

change in the appearance of the plants with respect to the wetland’s operation time.

Fig. 6. HAP4 photographic record. (a) onset, (b) after 4 weeks of operation, (c) after 8 weeks of

operation.
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Figure 6 (a) shows the state of the plants on the day the wetland operation begins
and the natural green color of the leaves and stems. After 4 weeks of operation (b)
discoloration in some of the leaves and stems and NaCl crystals on their surfaces
can be observed. In (c), it is noted that there are still leaves in good condition, but
the amount of discolored and dry leaves on the plant is higher, as well as the amount
of NaCl crystals on the surface of the leaves and stem. A possible cause of the
discoloration of the leaves can be the lack of nitrogen; in this case, the nitrogen for
the sustenance of the plants is found in the soil supporting the plantation and in the
wastewater that contains animal blood; thus, it contains proteins that can provide
nitrogen for plants survival. The deterioration of plants may be due to the competition
of Na+ and CI- ions with nutrients such as K*, Ca?*, and NO3- [21]. In other words,
increased salinity in water increases osmotic pressure, reduces nutrient uptake, and
can expose plant tissues to toxic ions [22].

Figure 7 shows photographs of the HAP6 wetland at various system operation times.

Fig. 7. HAP6 photographic record. (a) onset, (b) after 4 weeks of operation, (c) after 8 weeks of

operation.

As for the HAP6 wetland, Figure 7 (a) shows the state of the plants at the onset of
the process, and illustration 6 (b) after 4 weeks of operation. It is noticeable that
some of the leaves of the plants present discoloration and NaCl crystals on the
surface after 8 weeks of operation, the concentration of the effluent after 4 weeks is
already in a stable state. In Figure 7 (c), the number of discolored leaves and the
amount of NaCl crystals on the leaf surface is higher, but the portion of affected
plants is smaller than the HAP4 wetland.
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To determine if there is a difference in the performance of the wetlands in terms of
the concentration of pollutants in the effluent, the comparison of means — t test
(p<0.05) [12] — was conducted with the results obtained in the HAP4 and HAP6
wetlands. Figure 8 presents the results of the comparison test for the comparison
among the average concentrations of COD, chlorides, and TDS in the effluent of

each wetland.

a [ 4 4]
Half 622670807 77.639752 Half 23,0679508 45,726626
varance 591,542201 171.17098 variance 724860831 22489515
Observations 14 14 Observations 14 14
Pooled variance 381,356592 Pooled vaniance 148690616
Hypothetical difference of the means 0 Hypothetical difference of the means 0
Degrees of freedom 26 Deg?els of freedom 26
t statistic -2.08272878 { stanstic -4.91633822
P(T<=t) one tail 0,02362717 P(T<=1) one tail ‘ 2.0954E-05
Crifical value of t (one tail) 170561792 Critical value of t (one tall) 170561792
Critical value of t (two tailed) 2.05552944 sitical value of t (two tailed) 205552944
(a) (b)
o 0

Half 46070615  32.424341

variance 36.9833753 39922256

Observations 14 14

Pooled variance 384528158

Hypothetical difference of the means 0

Degrees of freedom 26

t statistic -2,71089957

P(T<=t) one tail 0,00586402

Critical value of t (one tai) 1.70561792

P(T=<=t) two tails 0.01172804

Critical value of t (two tailed) 2.05552944

(©)

Fig. 8. Student’s T test results for comparison of average concentrations in the wetland effluent. (a)
COD, (b) chlorides, and (c) TDS.

According to the test results, the p value was in all cases lower than 0.05. The results
of the T test show significant differences between the concentrations of the
parameters analyzed in the effluent of the HA4P and HAG6P wetlands, with a
confidence level of 95%. This difference can be explained because increasing the
number of plants also increases the consumption of organic matter, absorption of
chlorides, and dissolved solids by the plant material. Additionally, a greater number
of halophytic plants distributes the pollutant load and the toxic effect on plant tissues

caused by toxic ions and reduces the dose in each plant in the wetland.
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Hence, by increasing the plantation density, it is possible to increase the removal of
the parameters of interest and extend the life time of the plants due to the greater
distribution of doses of contaminants in this species, as shown in the illustrations. It
IS necessary to determine the maximum planting density to ensure the removal of
contaminants and the life of the plants. It is convenient to explore alternatives that
allow automated removal of NaCl crystals from the surface of leaves and stems and
prevent them from falling into the water, in this way NaCl can be recovered to be
used in other activities, such as pickling prior to tanning. It is also convenient to
determine the effect of removing NaCl crystals on the functionality and survival of

plants and thus the integrity and functionality of the wetland.

IV. CONCLUSIONS

Artificial wetlands planted with Limonium perezzi enable reducing the concentration
of COD, chlorides, and TDS in wastewater from the soaking stage in tanneries. It
was confirmed that the Limonium perezzi species can develop in saline
environments and meet the objective of decontaminating water with a high
concentration of chlorides and TDS.

The results and the statistical analysis show significant differences between the
concentrations of the effluent of the wetlands when the planting density varies. In
other words, increasing the number of plants increases the purifying capacity of the
wetland. Additionally, the plant survival becomes higher due to the distribution of the
salt load in a greater number of plants.

The hydraulic retention time in each wetland was 4.5 days and the stabilization time
of was approximately 14 days, this suggests that the adaptation capacity of the
planted species is high. Moreover, the deterioration of the plants is observed from
week 4 of operation, but the system continues in normal operation and in stable
conditions in terms of concentration of pollutants in the effluent. It is convenient to
have banks of Limonium perezzi plants to replace the ones that perish.

To confirm that planting density affects the affectivity of wetlands, it is necessary to
explore what is the maximum planting density that can be implemented so that the
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plants can reach their development and avoid competition with the others present in
the wetland.

The use of artificial wetlands planted with a halophytic species such as Limonium
perezzi constitutes a treatment alternative that allows water to be decontaminated
and simultaneously contributes to Sustainable Development Goals 2, 3, 6, 12, 13,
14, and 15 in aspects such as health and well-being, the guarantee of clean and
healthy water, responsible production and consumption, and the guarantee of a
healthy environment. Additional research is required to determine variables such as
the maximum salinity that the plants can withstand without significantly affecting the
effectiveness of the wetlands and the integrity of the plants, the optimal hydraulic
retention time, the nutrient retention capacity, and the characteristics of the
community of microorganisms that develop in the fill material of each wetland. It is
also convenient to study the effect of inoculating microorganisms tolerant to high

concentrations of salinity and to evaluate the effect on the wetlands performance.

AUTHORS’ CONTRIBUTION

Lina-Marcela Saenz-Reyes: Investigation, Methodology, Witing-review & editing,
Funding acquisition.

Rafael-Nikolay Agudelo-Valencia: Investigation, Methodology, Witing-review &
editing, Supervision.

Stivenzo-Rafael Ortiz-de-la-Hoz: Formal analysis.

Siby-Inés Garcés-Polo: Formal analysis, Supervision.

REFERENCES

[1] M. K. Marichamy, A. Kumaraguru, N. Jonna, “Particle size distribution modeling and kinetic study for
coagulation treatment of tannery industry wastewater at response surface optimized condition,” Journal of
Cleaner Production, vol. 297, e126657, 2021. https://doi.org/10.1016/].jclepro.2021.126657

[2] S. Garcia-Segura, J. D. Ocon, M. N. Chong, “Electrochemical oxidation remediation of real wastewater
effluents — A review,” Process Safety and Environmental Protection, vol. 113, pp. 48-67, 2018.
https://doi.org/10.1016/j.psep.2017.09.014

[3] S. Tamersit, K. E. Bouhidel, “Treatment of tannery unhairing wastewater using carbon dioxide and zinc

cations for greenhouse gas capture, pollution removal and water recycling,” Journal of Water Process
Engineering, vol. 34, €101120, 2020. https://doi.org/10.1016/j.jwpe.2019.101120
[4] A.D. Villalobos-Lara, F. Alvarez, Z. Gamifio-Arroyo, R. Navarro, J. M. Peralta-Hernandez, R. Fuentes, T.

Pérez, “Electrocoagulation treatment of industrial tannery wastewater employing a modified rotating
cylinder electrode reactor,” Chemosphere, vol. 264, el28491, 2021.
https://doi.org/10.1016/j.chemosphere.2020.128491

Revista Facultad de Ingenieria (Rev. Fac. Ing.) Vol. 31 (60), e13850. May-June 2022. Tunja-Boyaca,
Colombia. L-ISSN: 0121-1129, e-ISSN: 2357-5328.
DOI: https://doi.org/10.19053/01211129.v31.n60.2022.13850



https://doi.org/10.19053/01211129.v31.n60.2022.13850
https://doi.org/10.1016/j.jclepro.2021.126657
https://doi.org/10.1016/j.psep.2017.09.014
https://doi.org/10.1016/j.jwpe.2019.101120
https://doi.org/10.1016/j.chemosphere.2020.128491

(5]

(6]

(7]

(8]

(10]

(11]

(12]

(13]

(14]

(15]

(16]

(17]
(18]

(19]

Lina-Marcela Saenz-Reyes; Rafael-Nikolay Agudelo-Valencia; Stivenzo-Rafael Ortiz-de-la-Hoz; Siby-Inés
Garcés-Polo

V. Sodhi, A. Bansal, M. K. Jha, “Investigation of activated sludge characteristics and their influence on
simultaneous sludge minimization and nitrogen removal from an advanced biological treatment for tannery
wastewater,” Environmental  Technology &  Innovation.,  vol. 24, 102013, 2021.
https://doi.org/10.1016/j.eti.2021.102013

A. B. Mpofu, O. O. Oyekola, P. J. Welz, “Anaerobic treatment of tannery wastewater in the context of a
circular bioeconomy for developing countries,” Journal of Cleaner Production, vol. 296, e126490, 2021.
https://doi.org/10.1016/j.jclepro.2021.126490

T. Tran, D. A. Le, N. Hong Hai, T. Phi Hung, N. Cong Danh, L. Van Tan, V. T. Dieu Hien, X.-T. Bui, “Study
on optimal conditions of poly ferric chloride (PFC) dosage treating tannery wastewater,” Materials Today:
Proceedings, vol. 38, pp. 2981-2987, 2020. https://doi.org/10.1016/j.matpr.2020.09.320

K. Sivagami, K. P. Sakthivel, I. M. Nambi, “Advanced oxidation processes for the treatment of tannery
wastewater,” Journal of environmental chemical engineering, vol. 6, no. 3, pp. 3656-3663, 2018.
https://doi.org/10.1016/].jece.2017.06.004

T.D. H. Vo, X.-T. Bui, B.-T. Dang, T.-T. Nguyen, V.-T. Nguyen, D. P. H. Tran, P.-T. Nguyen, M. Bollera,
K.-Y. Andrew Lin, S. Varjani, P. L. Show, “Influence of organic loading rates on treatment performance of

membrane bioreactor treating tannery wastewater,” Environmental Technology & Innovation, vol. 24,
e101810, 2021. https://doi.org/10.1016/j.eti.2021.101810

Q. Wang, G. Zhou, Y. Qin, R. Wang, H. Li, F. Xu, Y. Du, C. Zhao, H. Zhang, Q. Kong, “Sulfate removal
performance and co-occurrence patterns of microbial community in constructed wetlands treating saline

wastewater,” Journal of Water Process Engineering, vol. 43, 102266, 2021.
https://doi.org/10.1016/j.jwpe.2021.102266

F. Younas, N. Khan Niazi, I. Bibi, M. Afzal, K. Hussain, M. Shahid, Z. Aslam, S. Bashir, M. M. Hussain, J.
Bundschuh, “Constructed wetlands as a sustainable technology for wastewater treatment with emphasis

on chromium-rich tannery wastewater,” Journal of Hazardous Materials, vol. 422, 126926, 2022.
https://doi.org/10.1016/j.jhazmat.2021.126926

R. Bakhshoodeh, N. Alavi, C. Oldham, R. M. Santos, A. A. Babaei, J. Vymazal, P. Paydary, “Constructed
wetlands for landfill leachate treatment: A review,” Ecological Engineering, vol. 146, e105725, 2020.
https://doi.org/10.1016/j.ecoleng.2020.105725

J. Du, Q. Li, R. Zhao, J. Yang, S. Zhou, C. Chen, M. Zhang, D. Zhao, S. An, “Effect of influent salinity on
the selection of macrophyte species in floating constructed wetlands,” Journal of Environmental
Management, vol. 282, 111947, 2021. https://doi.org/10.1016/j.jenvman.2021.111947

M. Dassanayake, J. C. Larkin, “Making plants break a sweat: The structure, function, and evolution of plant
salt glands,” Frontiers in Plant Science, vol. 8, e406, 2017. https://doi.org/10.3389/FPLS.2017.00406

E. Medina, A. M. Francisco, R. Windfield, O. L. Casafias, “Halofitismo en plantas de la costa caribe de

Venezuela: haldfitas y halotolerantes,” Acta Botanica Venezuelica, vol. 31, no. 1, pp. 49-80, 2008.

A. R. F. Hotterer, G. Hertenberger, J. Polania, “Sobre la ecofisiologia de plantas halofitas y desérticas,”
Acta Bioldgica Colombiana, vol. 2, no. 6, pp. 9-21, 1990.

J. Chen, Variety comparison and modelling flowering of limon. 2005.

American Public Health Association, Standard Methods for the Examination of Water and Wastewater.
Washington: American Public Health Association, 1995.

C. S. C. Calheiros, P. V. B. Quitério, G. Silva, L. F. C. Crispim, H. Brix, S. C. Moura, P. M. L. Castro, “Use
of constructed wetland systems with Arundo and Sarcocornia for polishing high salinity tannery

Revista Facultad de Ingenieria (Rev. Fac. Ing.) Vol. 31 (60), e13850. May-June 2022. Tunja-Boyaca,
Colombia. L-ISSN: 0121-1129, e-ISSN: 2357-5328.
DOI: https://doi.org/10.19053/01211129.v31.n60.2022.13850



https://doi.org/10.19053/01211129.v31.n60.2022.13850
https://doi.org/10.1016/j.eti.2021.102013
https://doi.org/10.1016/j.jclepro.2021.126490
https://doi.org/10.1016/j.matpr.2020.09.320
https://doi.org/10.1016/j.jece.2017.06.004
https://doi.org/10.1016/j.eti.2021.101810
https://doi.org/10.1016/j.jwpe.2021.102266
https://doi.org/10.1016/j.jhazmat.2021.126926
https://doi.org/10.1016/j.ecoleng.2020.105725
https://doi.org/10.1016/j.jenvman.2021.111947
https://doi.org/10.3389/FPLS.2017.00406

Impact of Planting Density on the Effectiveness of Laboratory-Scale Artificial Wetlands Planted with Limonium
Perezzi for Tannery Wastewater Treatment

(20]

(21]

(22]

wastewater,” Journal of environmental management, vol. 95, no. 1, pp. 66-71, 2012.
https://doi.org/10.1016/j.jenvman.2011.10.003
M. F. Castillo-Castafieda, R. N. Agudelo-Valencia, “Artificial wetland planted with Limonium Perezzi, for the

treatment of wastewater from tanning: Humedal artificial plantado con Limonium Perezzi, para el
tratamiento de aguas residuales provenientes del curtido,” Revista Facultad de Ingenieria Universidad de
Antioquia, no. 97, pp. 103-108, 2020. https://doi.org/10.17533/udea.redin.20200263

Y. Liang, H. Zhu, G. Bafiuelos, B. Yan, Q. Zhou, X. Yu, X. Cheng, “Constructed wetlands for saline

wastewater treatment: A review,” Ecological Engineering, vol. 98, pp. 275-285, 2017.
https://doi.org/10.1016/j.ecoleng.2016.11.005
J. M. Chyan, S. C. Huang, C. J. Lin, “Impacts of salinity on degradation of pollutions in hybrid constructed

wetlands,” International Biodeterioration & Biodegradation, vol. 124, pp. 176-187, 2017.
https://doi.org/10.1016/].ibiod.2017.05.018

Revista Facultad de Ingenieria (Rev. Fac. Ing.) Vol. 31 (60), e13850. May-June 2022. Tunja-Boyaca,
Colombia. L-ISSN: 0121-1129, e-ISSN: 2357-5328.
DOI: https://doi.org/10.19053/01211129.v31.n60.2022.13850



https://doi.org/10.19053/01211129.v31.n60.2022.13850
https://doi.org/10.1016/j.jenvman.2011.10.003
https://doi.org/10.17533/udea.redin.20200263
https://doi.org/10.1016/j.ecoleng.2016.11.005
https://doi.org/10.1016/j.ibiod.2017.05.018

