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Tannery effluents contain high chromium concentrations, posing a significant environmental and public health 

risk. Most electrodialysis studies for chromium removal have used synthetic solutions; therefore, this study 

investigates total chromium removal from actual tannery effluents using an electrodialysis system with titanium 

electrodes and an MA-MK-MA membrane configuration. Preliminary tests with a synthetic basic chromium 

sulfate solution (1,521 mg/L) at three voltages (12.2 V, 15 V, and 9 V) yielded reductions of 66.42%, 44.06%, 

and 32.21%, respectively. The progressive current decrease between tests, attributed to membrane fouling, 

prompted a cleaning procedure by recirculating 0.05 M HCl for 20 minutes, which restored system efficiency. 

The actual effluent (2,363 mg/L), due to its high suspended solids content, underwent preliminary coagulation-

flocculation, reducing chromium to 1,301 mg/L. The final test at 15 V for 5 hours achieved 99.79% reduction, 

yielding a final effluent of 2.64 mg/L total chromium. The results demonstrate that electrodialysis is an efficient 

alternative for treating actual tannery effluents, and that HCl cleaning effectively restores system performance. 

1. Introduction 

The leather tanning industry is among the manufacturing activities with the greatest environmental impact 

worldwide, generating effluents with chromium concentrations ranging from 10 to 1,000 mg/L (El-Gawad et al., 

2023), far exceeding international discharge limits, such as the European Union's (0.1–3.0 mg/L) (Vaiopoulou 

& Gikas, 2020). This poses a serious environmental and health risk (Luo et al., 2022), as Cr(VI) is a classified 

human carcinogen (Group 1) (Zhigalenok et al., 2025), and Cr(III), approximately 500 times less toxic, can cause 

contact dermatitis and rhinitis (Hartati et al., 2024). Between 30% and 40% of the basic chromium sulfate used 

in tanning is released into the effluent (Hossain et al., 2023), making chromium the sector's most significant 

pollutant (UNIDO, 2023). In response, various treatment strategies have been proposed, including adsorption 

(Hashem et al., 2021), electrocoagulation (Valdiviezo-Gonzales et al., 2023), electrochemical reduction (Wan 

et al., 2024), ion exchange (Kocaoba et al., 2022), chemical reduction (Lian et al., 2024), and reverse osmosis 

(Kapepula & Luis, 2024), among others. Each alternative, however, has limitations in operational complexity, 

by-products, scalability, or cost that hinder industrial implementation. Electrodialysis (ED) emerges as a 

promising alternative given these limitations. This technology applies an electric field between an anode and a 

cathode to induce selective ion transport through alternating cation exchange membranes (CEM) and anion 

exchange membranes (AEM), which allow selective passage of cations and anions, respectively (Rosentreter 

et al., 2025), separating dilute and concentrate compartments (Hopsort et al., 2024). Metal accumulation in the 

concentrate compartment enables potential reuse (Latinis et al., 2021), and its continuous operation, scalability, 

and low reagent consumption establish it as viable for treating metal-containing industrial effluents (Arana Juve 

et al., 2022). However, most previous studies used synthetic solutions, limiting their direct applicability to actual 

tannery effluents, whose complex composition and high chromium content remain little studied in such systems. 

Therefore, this study evaluates the applicability of ED with actual tannery effluent using a laboratory-scale 

module with an MA–MK–MA membrane configuration and titanium electrodes, assessing system performance 

with synthetic chromium solutions at different voltages, the effect of HCl cleaning on system recovery, and total 

chromium removal from pretreated actual effluent. 
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2. Materials and Methods 

2.1 Feed solutions 

Two tannery effluent samples were collected from the discharge tank of a tannery in Lima, Peru, during different 

production batches and stored in high-density polyethylene containers at 4 °C until analysis. The first sample, 

used for initial characterization, contained 1,393 mg/L of total chromium, whereas the second, used in the final 

test, contained 2,363 mg/L. For each of the three preliminary tests, 2,400 mL of synthetic solution was prepared 

by dissolving 13.48 g of 25% basic chromium sulfate in distilled water to match the chromium concentration of 

the characterized effluent. The solution was divided into three 800-mL portions for the dilute and concentrate 

containers and for initial chromium determination, which confirmed an actual concentration of 1,521 mg/L. 

2.2 Reagents and ion-exchange components 

A 25% basic chromium sulfate solution (Tamkron) was used to prepare the synthetic solution, while 0.5 M NaCl 

and 0.09 M Na₂SO₄ (analytical grade) were used for membrane conditioning and electrode protection, 

respectively. Coagulation-flocculation was performed using Servifloc 2256 (10,000 ppm), Servifloc 2170 (1,000 

ppm), and Servifloc 2120 (1,000 ppm), with Tecnoclean 417 for pH adjustment. Membranes were cleaned with 

0.05 M HCl (37% purity). All reagents were supplied by CIMATEC S.A.C., Lima, Peru. Two MA-41P anion 

exchange membranes and one MK-40 cation exchange membrane (Shchekinoazot, Russia) were conditioned 

in 0.5 M NaCl for 40 h before use, each with a contact area of 86.44 cm². Their characteristics are listed in Table 

1. Two titanium electrodes (10 × 5 cm, 1.5 mm thick) served as the anode and cathode. 

Table 1: Characteristics of ion-exchange membranes 

Membrane Type Thickness (mm) Electric resistance (Ω·cm²) Transport number 
MK-40 (Cationic) Heterogeneous 0.5 ± 0.03 < 10 > 0.98 

MA-41P (Anionic) Heterogeneous 0.5 ± 0.03 < 10 > 0.94 

2.3 Analytical methods 

The total chromium concentration in all samples was determined by inductively coupled plasma optical emission 

spectrometry (ICP-OES, Perkin Elmer, model AVIO 500), following EPA Method 200.7 Rev. 4.4 (United States 

Environmental Protection Agency, 1994). Results were expressed in mg/L. During the experiments, pH and 

conductivity were monitored every 30 minutes in the dilute and concentrate containers, using a pH meter (Hanna 

Instruments, model HI98107) and a conductivity meter (Hach, model HQ40D), respectively. 

2.4 Preliminary coagulation-flocculation treatment 

Due to the high suspended solids content of the actual effluent, which could foul the ion exchange membranes, 

given that organic matter and colloidal solids are recognized causes of membrane fouling in electrodialysis 

systems (Malalagama et al., 2025), a preliminary coagulation-flocculation treatment was performed before 

electrodialysis. This technique has gained broad acceptance in industrial effluent treatment for its ease of 

application and low operating cost, effectively targeting colloidal particles and organic matter, and performs 

optimally at pH values between 6.5 and 7.5 (Badawi et al., 2023). Three reagent dosage combinations were 

evaluated using jar tests in a portable flocculator at 300 rpm for 30 minutes with 100 mL of effluent per test, as 

shown in Table 2. The pH was adjusted to 6.5 using Tecnoclean 417 neutralizer, within this optimal range. 

Table 2: Reagent combinations evaluated in the jar test 

Test Servifloc 2256 (ppm / mL)    Servifloc 2170 (ppm / mL)    Servifloc 2120 (ppm / mL) 

Test 1 100 / 1 mL    20 / 2 mL    50 / 5 mL 

Test 2 100 / 1 mL    30 / 3 mL    100 / 10 mL 

Test 3 300 / 3 mL    50 / 5 mL    200 / 20 mL 

2.5 Electrodialysis system configuration 

The experimental module consisted of 3 cylindrical acrylic containers (1.24 L capacity, 800 mL effective volume) 

storing the dilute, concentrate, and electrode rinsing solutions, circulating through corresponding compartments 

separated by membranes in an MA-MK-MA configuration. Membranes were separated by two mesh-type 

spacers (0.5 cm thickness) that promoted turbulence and membrane contact while preventing mechanical 

damage, in a plate-and-frame configuration. Electrodes were housed within two 1 cm-thick perforated acrylic 

supports allowing circulation of the electrode rinsing solution, with an electrode-to-electrode distance of 3 cm, 

and connected to a DC power supply (Uni-T, model UTP-3704S, 0-32 V, 5 A). Recirculation used three peristaltic 

pumps (P1, P2, P3) of 15 W, 41 L/h, at room temperature. Figure 1 shows a schematic representation. 
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Figure 1: Electrodialysis module with an MA-MK-MA configuration 

2.6 Experimental design 

Three experimental tests were conducted using synthetic solutions containing 1,521 mg/L Cr, evaluating applied 

voltages of 12.2, 15, and 9 V and operating times of 4 and 5 h. The selected voltage range was based on 

previous electrodialysis studies under comparable conditions using the same DC power supply model (0–32 V, 

5 A), where Medina Collana et al. (2024) identified voltage as a key operational parameter and reported higher 

removal efficiency within a 7–15 V range, with the best performance near 15 V. Additionally, Arana Juve et al. 

(2022) indicated that increasing voltage improves ion transport but may increase energy consumption and 

concentration polarization. Therefore, the selected voltages allowed chromium removal performance to be 

evaluated under suitable membrane operating conditions.  Between the preliminary tests and the final test, a 

membrane cleaning procedure was performed using 0.05 M HCl, and the voltage yielding the highest current 

after cleaning was selected for the final test with pretreated actual effluent (1,301 mg/L Cr) for 5 hours. The 

parameters are summarized in Table 3. Each test was performed once (n=1). 

Table 3: Experimental design parameters 

Variable Unit Test 1 Test 2 Test 3 Final test 

Voltage V 12.2 15 9 15 

Time h 4 5 5 5 

The process efficiency was evaluated as the total chromium reduction percentage (Equation 1): 

𝑅 =
𝐶𝑖−𝐶𝑓

𝐶𝑖
· 100%                                                                                                                                                 (1) 

where R is the reduction (%), and Ci and Cf are the initial and final Cr concentrations in the dilute solution (mg/L). 

The specific energy consumption (SEC) was calculated according to Equation 2: 

𝐸 =  
𝑈 ∫ 𝐼 𝑑𝑡

𝑡

0

𝑉
                                                                                                                                                         (2) 

where E: SEC (Wh/L); U: voltage (V); ∫Idt: current-time integral (A·h); V: dilute volume (0.8 L). 

2.7 Experimental procedure 

The dilute and concentrate containers were loaded with synthetic solution (1,521 mg/L Cr) and the electrode 

rinsing container with 0.09 M Na₂SO₄ (800 mL each). Voltages of 12.2 V, 15 V, and 9 V were applied for the 

first, second, and third tests, respectively, recording pH, conductivity, voltage, and current every 30 minutes and 

extracting a dilute sample at the end of each test for total chromium determination. After the three tests, a 

progressive current decrease due to membrane fouling prompted a cleaning procedure by recirculating 0.05 M 

HCl for 20 minutes through all compartments, measuring current at 12.2 V, 15 V, and 9 V at the beginning and 

end, and selecting the highest-current voltage for the final test. For the final test, HCl was replaced by pretreated 

actual effluent (1,301 mg/L Cr) in the dilute and concentrate containers and the electrode rinsing solution was 

renewed; the system operated for 5 hours at the selected voltage, recording pH, conductivity, voltage, and 

current every 30 minutes and extracting a dilute sample at the end for total chromium determination. 

3. Results and Discussion 

3.1 Results of the preliminary coagulation-flocculation treatment 

Test 3 of the jar test, as shown in Table 2, was selected as the optimal reagent combination, achieving the 

highest solids sedimentation, as indicated by a more compact sediment and clearer supernatant compared with 

Tests 1 and 2. The reagent doses were proportionally scaled from 100 mL to 5 L, using 150 mL of Servifloc 

2256, 250 mL of Servifloc 2170, and 1,000 mL of Servifloc 2120. This pretreatment reduced chromium 

concentration from 2,363 mg/L to 1,301 mg/L (44.94%), confirming its effectiveness before electrodialysis. 
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3.2 Chromium reduction in preliminary tests 

As shown in Table 4, a directly proportional relationship between initial current and chromium removal efficiency 

was observed: Test 1 recorded the highest current (0.19 A) and removal (66.42%), followed by Test 2 (0.07 A, 

44.06%) and Test 3 (0.04 A, 32.21%), consistent with the literature where higher current density is associated 

with greater metal removal in electrodialysis (Arana Juve et al., 2022). Despite Test 2 operating at higher voltage 

(15 V) than Test 1 (12.2 V), its efficiency was lower due to cumulative membrane fouling, which increased 

electrical resistance and limited effective current and Cr³⁺ migration (Malalagama et al., 2025), as indicated by 

the progressive current decrease from 0.19 A to 0.07 A and 0.04 A. Specific energy consumption followed the 

same pattern: 10.41, 6.75, and 2.70 Wh/L for Tests 1, 2, and 3, respectively, as higher membrane resistance 

reduced effective current, ionic transfer, energy consumption, and chromium removal. 

Table 4: Summary of results from preliminary tests with synthetic solution (C₀ = 1,521 mg/L Cr) 

Test Voltage (V) Time (h) 
Current 

(A) 

Chromium 

reduction (%) 

Final dilute 

concentration (mg/L) 

Specific energy 

consumption (Wh/L) 

Test 1 12.2 4 0.19 66.42 510.6 10.41 

Test 2 15 5 0.07 44.06 850.7 6.75 

Test 3 9 5 0.04 32.21 1,031 2.70 

3.3 pH and conductivity evolution in preliminary tests 

The synthetic solution in the dilute and concentrate containers showed initial pH values of 3.40–3.89, attributable 

to Cr³⁺ hydrolysis releasing protons (Islam et al., 2023). As shown in Figure 2a, all three tests exhibited an initial 

pH decrease followed by progressive recovery: Cr³⁺ migration toward the concentrate reduced H⁺ generation in 

the dilute, most evident in Test 1, where the final dilute pH (3.54) exceeded the initial value (3.40), consistent 

with its higher removal (66.42%). In the electrode rinse container, pH decreased from 6.56–7.78 to 2.78, 2.98, 

and 3.16 in Tests 1, 2, and 3, due to H⁺ generation by water oxidation at the anode (Abdipour et al., 2024), with 

more acidic values at higher currents, consistent with higher current densities increasing H⁺ generation (Arana 

Juve et al., 2022). Regarding conductivity (Figure 2b), the concentrate showed a sustained increase confirming 

effective Cr³⁺ accumulation through the CEM, while the dilute showed a continuous decrease in Test 1 and 

stable or transiently increasing conductivity in Tests 2 and 3 due to fouling, and the electrode rinse container 

maintained stable conductivity (17.42, 14.78, and 11.53 mS/cm), confirming the protective role of Na₂SO₄. 

 

Figure 2: pH (a) and conductivity (b) evolution in dilute, concentrate, and rinse containers for preliminary tests 

3.4 System recovery after cleaning with HCl 

Due to the cumulative fouling observed in the preliminary tests, a cleaning procedure was performed by 

recirculating 0.05 M HCl for 20 minutes through all compartments, measuring the current at 9 V, 12.2 V, and 15 

V at the beginning and end of the procedure. The results are shown in Table 5. 

Table 5: Current before and after cleaning with 0.05 M HCl  

Voltage (V) Initial (A) Final (A) Increase (%) 

9 0.03 0.22 633 

12.2 0.05 0.46 820 

15 0.09 0.59 556 

The current increase (556 to 820%) after HCl cleaning indicates a notable recovery of the system, consistent 

with previous studies on acid cleaning of ion exchange membranes (Tiago et al., 2022). Although the pH of the 

dilute compartment remained below 4, considerably lower than the 5.5 operational pH limit applied by Pilco 

Núñez et al. (2018) in a similar tannery electrodialysis system to avoid chromium (III) hydroxide precipitation, a 

localized layer of chromium hydroxide may have formed at the membrane–solution interface, promoted by local 

pH changes resulting from concentration polarization at elevated current densities (Arana Juve et al., 2022). 

This could explain the high effectiveness of the observed acid cleaning, as acidic solutions are particularly 

effective at dissolving chromium hydroxide deposits and other inorganic scales. 
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3.5 Chromium removal from actual effluent 

Following membrane recovery by HCl cleaning, the final test using pretreated actual tannery effluent (1,301 

mg/L Cr) evaluated applied voltages of 9, 12.2, and 15 V. The highest current (2.50 A) was obtained at 15 V 

(Figure 3a). This current was significantly higher than that obtained with the synthetic solution, since solution 

conductivity directly influences the effective current density (Wu et al., 2025). At 15 V, the current initially 

increased and then progressively decreased over the 5 h of operation (Figure 3b), in agreement with 

concentration polarization caused by ion depletion in the dilute compartment, as reported by Arana Juve et al. 

(2022). The pH of the dilute compartment increased up to 9.25, above pH 6, the point above which Cr(OH)₃ 

becomes the predominant chromium species in solution (Kocaoba et al., 2022). Consequently, the decrease in 

chromium concentration in the dilute compartment may have resulted both from electromigratory transport 

toward the concentrate compartment and from Cr(OH)₃ precipitation. The alkaline conditions reached may also 

have favored the deposition of Cr(OH)₃ precipitates on the membrane surface, potentially contributing to system 

fouling. Since chromium was only quantified in the dilute compartment, a complete mass balance could not be 

established. Future studies should quantify chromium in the concentrate compartment, in precipitated solids, 

and in possible membrane deposits to determine the relative contribution of each removal mechanism. ICP-

OES analysis confirmed a chromium removal of 99.79% (from 1,301 to 2.64 mg/L), with an SEC of 133.87 Wh/L, 

approximately twelve times higher than the 10.8 Wh/L reported by Pilco Núñez et al. (2018). However, that 

study required 60 h to achieve a chromium removal of 98.13%, whereas the present work achieved a removal 

of 99.79% in only 5 h, evidencing the trade-off between process intensification and energy consumption when 

considering industrial scale-up. These results indicate that ED is a promising technology for treating actual 

tannery effluents with high chromium concentrations. However, industrial implementation will require further 

system optimization to improve energy efficiency, minimize membrane fouling, and validate continuous 

operation at pilot scale, which remain key challenges for large-scale ED processes (Hopsort et al., 2024). 

Furthermore, evaluating chromium recovery from the concentrate stream could promote resource recovery, 

consistent with the capability of ED to recover valuable ions through optimized operation (Latinis et al., 2021).  

 

Figure 3: Voltage selection (a), current (b), and pH (c) evolution during the final test with actual effluent 

4. Conclusions 

This work demonstrated that ED is an effective technology for total chromium removal from actual tannery 

effluents, unlike most previous studies focused on synthetic effluents. Current density was confirmed as the 

determining operational parameter, with a directly proportional relationship between initial current and removal 

efficiency (66.42%, 44.06%, and 32.21% at 0.19 A, 0.07 A, and 0.04 A, respectively). Membrane fouling during 

the preliminary tests was one of the main challenges observed, and cleaning with 0.05 M HCl proved effective 

in restoring system performance, increasing current by 556% to 820%. Preliminary coagulation-flocculation 

treatment played a key role in conducting electrodialysis with actual effluent, reducing chromium concentration 

from 2,363 mg/L to 1,301 mg/L (44.94%) and achieving a final removal efficiency of 99.79% with an SEC of 

133.87 Wh/L. The elevated pH observed during this final test points to an additional contribution of chromium 

hydroxide precipitation to the removal achieved, and raises the possibility of additional membrane fouling at this 

stage. As each test was performed once, data reproducibility could not be statistically assessed; future studies 

should incorporate replicated trials to confirm these results, quantify chromium in the concentrate compartment, 

assess membrane fouling following this test, optimize operational parameters, and evaluate industrial scalability. 

References 

Abdipour H., Kamani H., Hosseinzehi M., Seyf M., Moein H., Moradian Haft Cheshmeh Z., 2024, Elimination of 

nickel and chromium (VI) ions from industrial wastewater by electrodialysis/characteristics/impact of 

parameters, Global Nest Journal, 26(6), 1–11.   

Arana Juve J.M., Christensen F.M.S., Wang Y., Wei Z., 2022, Electrodialysis for metal removal and recovery: 

A review, Chemical Engineering Journal, 435, 134857. 

Badawi A.K., Salama R.S., Mostafa M.M., 2023, Natural-based coagulants/flocculants as sustainable market-

valued products for industrial wastewater treatment: a review of recent developments, RSC Advances, 

13(28), 19335–19355.  

287



El-Gawad H.A., Hassan G.K., Aboelghait K.M., Mahmoud W.H., Mohamed R.M., Afify A.A., 2023, Removal of 

chromium from tannery industry wastewater using iron-based electrocoagulation process: experimental; 

kinetics; isotherm and economical studies, Scientific Reports, 13(1), 19597. 

Hartati E., Hasyyati L., Permadi D.A., Djaenudin, Permana D., Putra H., 2024, Electrocoagulation process for 

chromium removal in leather tanning effluents, Journal of Ecological Engineering, 25(4), 1–13. 

Hashem M.A., Mim S., Ahsan A., Sheikh M.H.R., Bushra S.A., Rownok A., 2021, Chromium adsorption on coir 

pith charcoal from tannery wastewater, Bangladesh Journal of Science and Industrial Research, 56, 53–60. 

Hopsort G., Cacciuttolo Q., Pasquier D., 2024, Electrodialysis as a key operating unit in chemical processes: 

From lab to pilot scale of latest breakthroughs, Chemical Engineering Journal, 494(10), 153111.  

Hossain M.A., Sultana R., Moktadir M.A., Hossain M.A., 2023, A novel bio-adsorbent development from tannery 

solid waste derived biodegradable keratin for the removal of hazardous chromium: a cleaner and circular 

economy approach, Journal of Cleaner Production, 413, 137471. 

Islam M.M., Mohana A.A., Rahman M.A., Rahman M., Naidu R., Rahman M.M., 2023, A comprehensive review 

of the current progress of chromium removal methods from aqueous solution, Toxics, 11(3), 252. 

Kapepula V.L., Luis P., 2024, Removal of heavy metals from wastewater using reverse osmosis, Frontiers in 

Chemical Engineering, 6, 1334816. 

Kocaoba S., Cetin G., Akcin G., 2022, Chromium removal from tannery wastewaters with a strong cation 

exchange resin and species analysis of chromium by MINEQL+, Scientific Reports, 12(1), 9618. 

Latinis A., Papadopoulos A.I., Seferlis P., 2021, Optimal operational profiles in an electrodialysis unit for ion 

recovery, Chemical Engineering Transactions, 88, 1021–1026. 

Lian R., Liu Y., Pan Y., Ding J., Wu X., Lv M., Wu X., Chen R., Ding R., Liu J., Van der Bruggen B., 2024, 

Recovering chromium from electroplating sludge using an integrated technology of bipolar membrane 

electrodialysis and H2O2 oxidation, Chemosphere, 366, 143450. 

Luo Y., Liu Y., Shen J., Van der Bruggen B., 2022, Application of bipolar membrane electrodialysis in 

environmental protection and resource recovery: a review, Membranes, 12(9), 829. 

Malalagama T., Tian B., Rajapakse R.M.G., Gunathilake R., Feng L., Yang M., 2025, Sustainable and low-cost 

drinking water production via electrodialysis by addressing membrane fouling mechanisms to optimize 

cleaning strategies, Environmental Science: Water Research & Technology, 11(11), 2734–2746.  

Medina Collana J.T., Carrasco Venegas L.A., Ancieta Dextre C.A., Rodriguez Taranco O.J., Montaño Pisfil J.A., 

Gabriel Hurtado D., 2024, Nitrate Removal by Electrodialysis from Brackish Groundwater: Effects of Process 

Parameters, Chemical Engineering Transactions, 110, 439–444. 

Pilco Núñez A., Tinoco Angeles F., Mamani Pichihua P., Yallico Acosta G., 2018, Chromium removal from 

tannery industry effluents by electrodialysis, Industrial Data, 21(1), 27–34, (in Spanish). 

Rosentreter H., Scope C., Oddoy T., Lerch A., Meier-Haack J., 2025, Monovalent selective ion exchange 

membranes: a review on preparation processes, applications, performance criteria and sustainability 

aspects, Desalination, 599, 118412. 

Tiago G., Cristóvão M.B., Marques A.P., Huertas R., Merino-Garcia I., Pereira V.J., Crespo J.G., Velizarov S., 

2022, A study on biofouling and cleaning of anion exchange membranes for reverse electrodialysis, 

Membranes, 12(7), 697. 

UNIDO, 2023, Tannery and environment: some challenges in the treatment of tannery effluents, United Nations 

Industrial Development Organization, <leatherpanel.org/sites/default/files/publications-

attachments/challenges_in_the_treatment_of_tannery_effluents_p2.pdf> accessed 14.03.2026. 

United States Environmental Protection Agency, 1994, Method 200.7: Determination of metals and trace 

elements in water and wastes by inductively coupled plasma-atomic emission spectrometry, Revision 4.4, 

<epa.gov/sites/default/files/2015-06/documents/epa-200.7.pdf> accessed 11.03.2026. 

Vaiopoulou E., Gikas P., 2020, Regulations for chromium emissions to the aquatic environment in Europe and 

elsewhere, Chemosphere, 254, 126876. 

Valdiviezo-Gonzales L., Aguilar Mancco F., Palomino Cartolin A., Montoya Molina J., Torres C., Reynoso 

Quispe R.J., 2023, Kinetic study of electrocoagulation of tannery wastewater, Chemical Engineering 

Transactions, 98, 69–74. 

Wan J., Yu M., Bi W., Sun Y., Wang W., Hou Y., Xie S., Li T., Fan Y., 2024, Research on chromium removal 

mechanism by electrochemical method from wastewater, Journal of Water Process Engineering, 68, 

106447. 

Wu L., Yang Y., Wang Y., Wang C., Zhang Y., Xu J., Jiao Z., Peng Y., 2025, Electrochemical treatment of bio-

treated landfill leachate: influence of electrode materials, current density, and sodium chloride concentration, 

Engineering Environment, 19(6), 76. 

Zhigalenok Y., Tazhibayeva A., Kokhmetova S., Starodubtseva A., Kan T., Isbergenova D., Malchik F., 2025, 

Hexavalent chromium at the crossroads of science, environment and public health, RSC Advances, 15(27), 

21439–21464. 

288


	577Medina-Collana-PAGATO.pdf
	Chromium Removal from Tannery Effluent by Electrodialysis



  R =     C  i −   C  f    C  i · 100 %


  E =     U     ∫ 0  t  I   d t  V



