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ABSTRACT

Since hexavalent chromium is one of the major pollutants released from the tanneries that have a direct
effect on man and animals. In this study reports adsorption of hexavalent chromium (Cr (V1)) ions from
tannery waste water collected from tannery industrial region using activated carbon prepared from
Groundnut plant. The sample of impregnated Groundnut stem and Groundnut (Arachis hypogaea) stem were
activated in muffle furnace at 650 -700°C respectively for 90 minutes then cooled at room temperature.
Various adsorption characteristics such as dose of the adsorbent, agitation time, initial Cr (VI) ion
concentration, pH of the solution and temperature on adsorption were studied for removal of Cr (VI) ions
from aqueous solution by batch mode. Also the equilibrium adsorption was analyzed by the Langmuir,
Freundlich, Tempkin and D-R isotherm models. The order of best describing isotherms was given based on
R? value. The pseudo second-order kinetic model best fitted with the Cr (VI) adsorption data.
Thermodynamic parameters were also determined and results suggest that the adsorption process is a

spontaneous, endothermic and proceeded with increased randomness.
Key words: Hexavalent chromium, Tannery waste water, Activated carbon, Groundnut

1. INTRODUCTION

The industrial effluents discharges in surface and groundwater is a serious environment problem. The
industrial effluent contains large amount of chemical components like chloride, phosphate, nitrate, sulphate
and heavy metal etc., which is difficult to remove from groundwater and waste water. The activated carbon
used to remove the pollutants from waste water by adsorption method. It is one of the important methods to
treat the industrial wastewater [1-5]. Exposure to hexavalent chromium can induce allergies, irritations,

eczema, and ulceration, nasal and skin irritations, perforation of eardrum, respiratory track disorders and
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lung carcinoma. Also, Cr (VI) evidences the capability of accumulating in the placenta, damaging fetal
development. Cr (VI) pollution in the environment changes the structure of soil microbial communities,
reducing microbial growth and related enzymatic activities, with a consequent persistence of organic matter
in soils and accumulation of Cr (VI). The toxic action of Cr (V1) is due to its capability to easily permeate
into cellular membranes, and cell membrane damages caused by oxidative stress induced by Cr (VI) have
been extensively reported, both in eukaryotic and prokaryotic cells. It is a very dangerous chemical form on
biological systems as it can induce mutagenic, carcinogenic and teratogenic effects. Moreover, Cr (VI) is
able to induce oxidative stress in cells, damaging its DNA. Considering the dangerous effects Cr (VI) can
cause to human health, Cr (VI) has been consisted of among the priority pollutants and listed as a class A

human carcinogen by the US Environmental Protection Agency [6-11].

These techniques have a few disadvantages, such as a particularly high amount of sludge disposal, the
development of large-sized particles, blockage of membranes by metal hydroxide formation, and high
operation costs. Hence, adsorption is considered an economical method because of its simple design, and a
wide assortment of efficient adsorbents has been accounted for [12 & 13]. Activated carbon is a remarkable
adsorbent of pollutants in water [14]. It is a black solid (homogeneous or heterogeneous surface), either
pelletized or microcrystalline, with a large surface area and high porosity [15]. Commercially available
activated carbon is extremely expensive; hence, activated carbon prepared from low cost materials (such as
groundnut shell, rice husk, sawdust, bark and stems of plants) could profoundly reduce the expense of the Cr
(V1) adsorption process [16-20].

The jack fruit peel activated carbon is used to remove the dye of malachite green from industrial waste.
The activated carbon of agricultural waste is used to remove the dye of methylene blue from waste water
[21]. The thespesiapopulnea activated carbon is used to remove the orange G dye from aqueous solution by
adsorption method. Activated carbon adsorption is one of the great potential methods for the removal of
dyes from wastewater [22-30]. The different shape of activated carbons is synthesized and used in
adsorption process such as granular activated carbon and powdered activated carbon. The adsorption was
analyzed by Freundlich’s adsorption isotherm for water and waste water treated by activated carbon due to
high rate and capacity [31-34].

In this study, waste water from leather industries which is drained into tannery industrial region located at
Ranipet taluk without treatment was collected and treated with algal extracts. Tannery effluents are
characterized as high-coloured, foul-smelling, acidic, and alkaline liquor. The disposals of these effluents
into any surface water are affecting its quality in diverse ways. The high organic content interferes with the
oxygen content of the receiving water [35 - 38]. Presence of lime, short hair, fleshing, etc., makes the water
cloudy, and the colouring substance alters the taste and odour. The various strategies (Fig 1) have been
addressed for the expulsion of Cr (VI) from contaminated water and procedures, such as precipitation,
electro-dialysis, electro de-fluoridation, membrane, filtration, ion-exchange, oxidation, coagulation and

reverse osmosis, etc., are utilized [38-46].
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2 MATERIALS AND METHODS
Activated carbon from groundnut foliage and groundnut husk is used in this experiment. The groundwater
samples were collected from bore wells located in residential areas of Cuddalore district using clean
polythene bottles and it is preserved in refrigerator. The samples were analyzed according to world health

organization and ISl standard. The double distilled water is used to prepare the all reagents [46-50].

Collection of effluent:
Tannery wastewater was collected from the canal which was nearby tanneries located areas of Ranipet taluk,

Tamil Nadu and was preserved in a refrigerator to avoid further microbial contamination.

Preparation of algal extracts:
Collected water samples were soaked in different solvents such as methanol, ethanol, water, chloroform and

benzene. Then the extracts were collected.

Phytochemical analysis:
Phytochemical analysis of extracts was done by standard methods. Treatment of effluent: 10 mL of algal
extract was added to 100 mL of effluent and was left for 5 days. After five days of treatment, concentration

of hexavalent chromium was analysed.

Estimation of Cr (VI) concentration:

Concentration of Cr (V1) was analysed by using APHA (1998)

Activated Carbon

The sample of impregnated groundnut foliage and husk were activated in muffle furnace at 650 -700°C
respectively for 90 minutes then cooled at room temperature. The cold water, acid or base used to wash the
activated sample then followed by distilled water used to remove the excess chemical agent. The washed
samples were dried in oven at 80 +£5°c for 24 hours. The air tight polyethylene bag used to keep the final

activated samples. The scanning electron microscope (SEM) used to analyze its morphology [51-53].

-
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Figure 1: Arachis Hypogaea (Groundnut)]

Adsorptions of Contaminants
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The study of adsorption equilibrium was carried out by using granular activated carbon, produced of mass 3,
5, 7and 9 g. Each mass was placed in 250 ml of Erlenmeyer flask contains 100 ml of waste water. Each flask
was shaken continuously for 3 hours. The percolation of activated carbon with effluent of waste water until
equilibrium was achieved. After 5 minutes interval the mixture was taken and filtered, the determination of
Cr (VI) content in filtrate. To achieved removal of organic compounds by varying dosages of activated
carbon as well as solid fluid phase equilibrium type. The data of equilibrium obtained, processed adsorption
of contaminated in activated carbon using Langmuir and Freundlich’s adsorption isotherm, which are

commonly used in waste water and water treatment [54].

Table 1: Classical method of prepared activated carbon

Impregnation Impregnation | Activation

1 0
Biomass Reagent Ratio Temp (°C) Time (h) Time ()
Groundnut KOH 11 690+10 2242 1
foliage and ;

3 RESULTS AND DISCUSSION

3.1 Characterization of Activated Carbon

Results of the physical characteristics of activated carbons are given in Table 2. Bulk density of groundnut
husk activated carbon is lower as compared with groundnut foliage and Groundnut (Arachis hypogaea)
because of its powdered nature. Percentage loss on ignition is higher for groundnut foliage activated carbon
indicating its high carbon content. Surface area is very high in case of groundnut husk activated carbon due
to its smaller particle size, which shows the possibility of high adsorptive nature. However compared to
GFAC and LAAC, GHAC is less adsorption capacity.

Table 2: Bulk density of Activated Carbon

S.NO TYPES OF ACTIVATED CARBON BULK DENSITY (mg/cc)
1 GFAC 0.259

2 GHAC 05

Note: GNFAC — Groundnut foliage Activated Carbon & GNHAC - Groundnut husk Activated Carbon
3.2SEM
The surface morphology of activated carbon is prepared using the groundnut foliage and husks are depicted
in figures (2, 3, 4 & 5). SEM images of adsorbents were taken to know the pores and cavities for effective
adsorption for the adsorbent. The more pores and cavities clearly showed the good possibility of Cr (VI)

content to be trapped and adsorbed into these pores in groundnut foliage than the groundnut husk.
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CEG 5 00kV 11 8mm x5 00k SE

Figure 2: GFAC SEM analysis of adsorbent before adsorption

SEM MAG: S81 x Il . | VEGA3 TESCAN
50 pm
NANO TECH,ANNA UNIVERSITY,CH

Figure 4: GHAC SEM analysis of adsorbent before adsorption
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Figure 5: GHAC SEM analysis of adsorbent after adsorption

3.3FTIR
The FTIR spectroscopy analysis of groundnut husk activated carbon was made in the range of 4800 to 415
cm™ region.
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Figure 6: FTIR Analyses of (a) GFAC and (b) GHAC
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The functional groups which represent surface functionality of the groundnut foliage and groundnut husk

activated carbons were listed in table the following table (3&4).

Table 3: FTIR Analysis of Groundnut Foliage

S.NO Wave number (cm™) Functional Group Intensity
1 3989 -OH Medium
2 3425 -OH Medium
3 1604 -C=0 Strong
4 1288 -COOH Medium
5 1095 Ether C-O Strong
6 740 PO, Strong and Sharp
7 416 N-containing bio-ligand Strong and Sharp
Table 4: FTIR Analysis of Groundnut Husk
NO | Wave number (cm™) Functional Group Intensity
1 3718 -OH Medium
2 3332 -OH Medium
3 2985 Alkaline C-H Medium
4 1689 -C=0 Strong
5 1581 -COOH Medium
5 1157 Ether C-O Strong
6 979 PO, Strong and Sharp
7 486 N-containing bio-ligand Strong and Sharp

XRD Analyses of Activated carbon GFAC and GHAC

Figure 7 (a, b) shows the XRD pattern of the lotus leaf adsorbent. The diffraction at 26 29 and 40° is
related to Calcium Carbonate and the diffraction at 20 28 and 34° is related to Potassium Chloride.

According to Debye-Scherrer equation, the average crystallite size of Lotus leaf adsorbent crystals were

determined 25.12 nm.
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Figure 7: XRD pattern of (a) GFAC and (b) GHAC

Also, the spectra in 26 0.499 and 0.998 are related to empty cavities in the adsorbent. Also, in the XRD
analysis after adsorption, spectra in 20 29 and 40° are related to Calcium Carbonate and the spectra in 26 28
and 34° are related to Potassium Chloride. According to Debye-Scherrer equation, the average crystallite
size of Lotus leaf adsorbent was determined 29.88 nm. By comparing the graphs before and after
adsorption, it can be seen that both graphs have very similar peaks which shows that the adsorbent structure
has not changed much after adsorption.

3.4 Effect of pH
The pH of groundwater is a significant factor for the adsorption of Cr (VI) on both the activated carbons,

which shows the effect of pH on adsorption.
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Figure 8: Effect of pH on Cr (VI) content removal

The extreme Cr (V1) removal was detected at pH of 6 for both the activated carbons after this pH level, the

removal percentage is decreased from 69% to 66% and 58% to 55% on activated carbon of groundnut

foliage and groundnut husk respectively. The maximum adsorption was observed for Cr (V1) content at pH 4

in activated carbon of Groundnut (Arachis hypogaea).

3.5 Effect of Contact Time

The effect of contact time on the removal of Cr (VI) content is shown in fig. 9 80% and 68% Cr (VI)
content removal takes place in 240 min for activated carbon of groundnut foliage and groundnut husk
respectively. However the Groundnut (Arachis hypogaea) takes place in 60 min to remove only 11.4% of Cr
(V1) content. The equilibrium was reached after 240min. The change in the rate of adsorption could be due
to fact that initially all the adsorbent sites are vacant and solute concentration gradient is very high. Later,
the lower adsorption rate is due to a decrease in number of empty sites of adsorbent & Cr (VI) content
concentrations. Adsorption rate decreases showed particularly, termination of the trials. This can be

attributed to the absence of available active site mandatory for the further uptake after achieving the
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equilibrium. From the data, groundnut foliage of activated carbon gives the better result than the groundnut
husk.
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Figure 9: Effect of time on Cr (VI) content removal

3.6 Effect of Adsorbent Dosage

The effect of carbon dose on the uptake of Cr (VI) content a sequence of adsorption experimentations were
approved out with different dosages varying from 0.1 g
to 0.79/50 ml at the concentration of 150 ppm. The carbon dosage for the adsorption of Cr (VI) content
through groundnut foliage and husk of activated carbon was started to increase (39% to 93% and 36% to
78% respectively) by increasing the adsorbent dose, owing to the rise of the activated site open for the
adsorption. The removal percentage increased sharply with an increase in the adsorbent concentration from
0.1g to 0.59/100 ml. However, no drastic changes in removal efficiency were observed beyond 0.5¢/100 ml
adsorbent dosage. If 0.5¢/100ml is considered, the optimal dose for other loadings. If 9g of Activated carbon
of Groundnut (Arachis hypogaea) was removed only 25% of Cr (V1) content.

80%

100 200 300 400 500 600 700 800
mg mg mg mg mg mg mg mg

Amount of Activated corbon in mg

Figure 10: Effect of adsorbent dosage on Cr (VI) content

1688
Eur. Chem. Bull. 2023,12(12), 1680-1698



REMOVAL OF HEXAVALENT CHROMIUM FROM TANNERY WASTE WATER BY ADSORPTION ON THE
ACTIVATED CARBON SYNTHESIZED FROM GROUNDNUT FOLIAGE & HUSK (ARACHIS HYPOGAEA)
Section A-Research paper

6.3.7 Adsorption Isotherm Modeling

Adsorption Isotherm Studies

In this study, two important isotherm models, the Freundlich and Langmuir models were examined to
identify the best fit model. The adsorption isotherm is helpful for representing the relationship between the
equilibrium amounts of Cr (V1) on the adsorbent surface and plays a vital role in identifying the adsorption
limit. The Freundlich model assumes that adsorption takes place on heterogeneous sites of the adsorbent
material and has a multi-layered uptake, whereas the Langmuir isotherm assumes that adsorption takes place

on homogeneous sites. A graph plot between ‘INCe’ vs. ‘INQg’(Figure6a) corresponded to a straight line

with an intercept INk and slope (1/n) in the Freundlich model, and ‘1/Qg’ vs. ‘1/C¢’ corresponded to a

straight line in the Langmuir model(Figure 6b) using GNFAC & GNHAC with same tannery waste water
samples.

Freundlich’s isotherm and Langmuir isotherm for adsorption of Cr (VI) content onto optimized activated
carbon of groundnut foliage and groundnut husk are shown in fig 6.7. The isotherm signifies the specific
relation among the concentration of Adsorbate and its degrees to addition on adsorbent surface.(Table 6.4)
It has exposed that, the values of coefficient in Freundlich’s isotherm (R? = 0.9913 and R® = 0.991) was
higher than the Langmuir isotherm (R? = 0.9672 and R? = 0.9767) on groundnut foliage and husk of
activated carbon respectively. Fig 6.7 showed that, the isotherm data better fitted in the Freundlich’s
equation than Langmuir equation™. The experimental data for adsorption of Cr (V1) content on activated
carbon have been fitted both Langumuir and Freundlich’s model. But small values of correlation co-
efficient showed that Langumuir model is less fitted current adsorption compared with Freundlich’s model
for both the activated carbon. In common, according to R? standard, Freundlich’s model fits improved for Cr
(V1) content adsorption for existing adsorption study.

Table 5: Freundlich and Langmuir adsorption isotherm equation

Adsorption Li F Graph Drawn
Models near torms between
Freundlich Model Qe = InKyg + HITI”CE‘ InC, versus InQ,
Langmuir Model E}r = ETII‘_(T -+ tlf 1/C. versus 1/Q,
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Table 6: Langmuir and Freundlich’s constant for Cr (V1) content adsorption

Activated Carbon = —====———————- ST e S
K (mglg) R InKe R
“Groundnut Foliage 50 09672 42 09913
Groundnut Husk 0.07 0.9767 5.2 0.991
N 3
(a) (b)
y = 4.0484x + 42519 y = 1.04819x + 4. 2519
R*=0.9913 R*=0.9913
z =
. .
v | y=45852x~ 52924 v y=-45852x~ 52024
S | R*=0991 5 R* = 0.991
- 1T 1
I @ GHAC © GHAC
© GFAC © GEAC
Y o 10 15 20 28 Y] :J °s 10 1 20 28 30
log ce fog ce
Figure 11: (a) Langmuir and (b) Freundlich’s isotherms for GNHAC & GNFAC
] b
270 - @) 0 8 GHAC =
] ®GHAC 6 - .
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EIJ—- 1 — & ..
30 0.0 RJ&L——*
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Figure 12: (a) Langmuir and (b) Freundlich’s isotherms for GHAC & GFAC

Table 7: Pseudo-first orders and Pseudo-second order kinetic equations

Adsorption Li E Graph Drawn
Kinetic Models tnear Torms between

Pseudo-first-order | In(Qe — Q) = InQe — Kyt | tversesIn(Qe — Q4)

Pseudo-second- o1 1 ,
order Or — Ko7 + QJ.Jf t verses ron
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Table 8: The data of Pseudo-first orders and Pseudo-second order kinetic model constant for the adsorption of |
Cr (V1) adsorption on GFAC

Adsorbate Pseudo-first order kinetic Pseudo-second order Kinetic

(GF)(mg/l) Ky (min)® | g. (mglg) R? K, (min)* | g, (mg/g) R?
100 0.036 1.87 0.893 112.3 0.0089 0.995
200 0.028 2.16 0.899 105.26 0.0095 0.991
300 0.026 231 0.896 113.6 0.0088 0.992
400 0.023 2.40 0.909 95.23 0.0105 0.963
500 0.033 2.54 0.920 113.6 0.0088 0.960

The regression coefficient of above 0.99 is considered to be important factor and from figure 6.8 and 6.9
respective coefficients were calculated and found the adsorption follows pseudo-Second-order kinetic model
which confirms the chemisorption’s of hexavalent chromium content on both the activated carbon of

groundnut foliage and husk.

Table 8: The data of Pseudo-first orders and Pseudo-second order kinetic model constant for the adsorption of |

Cr (VI) adsorption on GHAC

Adsorbate Pseudo-first order kinetic Pseudo-second order kinetic
(GF) (mg/l) | Ky (min)* 9. (mg/g) R Kz (min)* | q. (mg/g) R
100 0.032 1.88 0.873 119.87 0.0091 0.991
200 0.029 2.18 0.919 101.67 0.0098 0.934
300 0.025 2.38 0.898 117.42 0.0086 0.997
400 0.021 2.42 0.919 96.87 0.0108 0.973
500 0.037 2.58 0.928 119.2 0.0085 0.971
g (a)pseudo second order- (GNFAC) g  (b)pseudo second order (GNHAC)
.| 6 |6
S &
- 4 = 4 °
2 2
R? = 0.9802 R? = 0.9802
0 0
0 20 40 60 80 100 0 20 40 60 80 100
Time(t) Time(t)

Fig 13: Pseudo-first orders and Pseudo-second order kinetic model constant for the adsorption of | Cr (V1)
adsorption on GNFAC & GNHAC

Regeneration study on Cr (V1) ion adsorption
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Desorption study of exhausted carbon and recovery of Cr (V1) ions contribute to the economy of waste water

treatment. Desorption of Cr (VI) ions by KOH.HSO,, and distilled water are presented as bar diagram in

Figure 14. Sodium hydroxide is a better reagent for desorption of Cr (V1) ions, because 69% of adsorbed Cr

(V1) ions were removed from GHAC & GFAC. Degeneracy of Cr (VI) ion by GHAC somewhat greater
than GFAC .

Regeneration of adsorbent

The adsorption method is economical if the adsorbent is reused. Reuse of GFAC & GHAC from Cr (VI)-
loaded material is studied for sorption and desorption cycles using sodium hydroxide as a regenerating
agent. Four different desorption agents, such as tap water 0.1 M H,SO4 and 0.1 M KOH are used to remove
the adsorbed chromium ions from the GFAC & GHAC adsorbent. Cr (VI) desorption studies were
performed using 10 g of Cr (VI)-loaded adsorbent with 100mL desorption agents in 250 mL conical flasks
under a desorption agent. After reusing of regenerated adsorbent for Cr (V1) removal, the loaded adsorbent
was again regenerated by the same procedure demonstrated previously for consecutive cycles. Numerous
regenerations and the following use for the removal Cr (V1) are completed and the obtained results are
shown in Figure 14. It is decided the graph that there is a reduction in the percentage removal of Cr (VI)
with an increase the regeneration cycle, the removal percentage was still above 70%. Therefore, GHAC &
GFAC has a more re-usage potential for the Cr (V1) [54-60].

50% 48%
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|

|

|

|

|

y=-0.077x+ 0833 |
R?=09138 I
|

|

|

|

|

|

|

|

|

|

Fig 14: % Removal of Cr (VI) from the prepared (GFAC & GHAC) adsorbent and regenerated
adsorbent of several cycles.
Cost Estimation

Economic viability is a prerequisite for the decontamination of water in tannery industrial areas — Ranipet
Taluk. Tannery waste water is widely available as a bio-waste. Cost estimation was performed for the
prepared adsorbent (GFAC & GHAC), which offers a good option for Cr (V1) adsorption. The groundnut
plants were collected from local cultivation land at free of cost. The cost of the drying process and chemicals
utilized led to an approximate cost of 700 to 800 INR per kilogram of prepared adsorbent, which was lower
than that of the commercially available activated carbon generally utilized in the Cr (V1) removal treatment.
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4. CONCLUSIONS

In this work activated carbon prepared from groundnut foliage and husk as a potential adsorbent for the
removal of Cr (V1) ions from the tannery waste water. They prepared by chemical activation method with
different activating conditions (Activating agent- KOH, ZnClI2 and H;PO,4; Impregnation ratio-1:1, 1:2, 1:2;
Activation temeperture-500-700°C). Experimental results and predicted values were well fitted in the
guadratic model. The GFAC and GHAC activated carbon prepared based on optimized condition has well-
developed pore structure and functional groups which is confirmed from SEM images, XRD and FTIR
analyses respectively. The adsorption equilibrium was reached in 240 minutes with the isotherm data fitted
well in Langmuir model and Freundlich’s model indicating a chemisorptions adsorption for the activated
carbon. Equilibrium with the data with R2 higher than Langmuir isotherm data confirms that the system
follows Freundlich’s model. The data indicate that the adsorption Kkinetics follow the
pseudo-second-order rate. From the results it is very much evident that the prepared AC (GFAC and GHAC)
possess the ability the organic removal from water. Desorption studies were also carried out using various
reagents. NaOH was found to be most effective reagent for the displacement of Cr (V1) ions. This result also

favored the physisorption mechanism.
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