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Highlights (for review)

Highlights:
e Integrated chitosan/anammox showed a good performance in removing nitrogen from
wastewater.
e At optimum performance, 90.8% of ammonia and 83.5% of nitrite were removed by
chitosan/anammox.
e Anammox attached to the surface of chitosan which was shown by microscope images.

e Adding 7 mg/L of Fe and Cu inhibited anammox activity.



Figure

Figures
Figure 1: Inoculation process of anammox bacteria in the first reactor.
Figure 2: Designed reactors in the current study.
Figure 3: A FISH image of the inoculum with Alexa Fluor 488-labelled probe EUB338mix
(green) and Alexa Fluor 555-labelled Amx368 probe (red). Anammox bacteria appear as
yellow. The scale bar represents 10 pm.
Figure 4: Performance of the first reactor: (A) Nitrogen loading and removal rates, (B) removal
efficiency, and (C) concentration.
Figure 5: Performance of the second reactor: (A) Nitrogen loading and removal rates, (B)
removal efficiency, and (C) concentration.
Figure 6: Figure 6: Attachment of anammox on chitosan.
Pink color in chitosan indicates the attached anammox bacteria
Figure 7: 3D surface plots for the removal of (A) ammonia, (B) nitrite, and (C) total nitrogen
(TN) via the first reactor.
Figure 8: 3D surface plots for the removal of (A) ammonia, (B) nitrite, and (C) total nitrogen
(TN) via the second reactor

Figure 9: Removal efficiency of the (A) first reactor and (B) second reactor.
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Abstract: Anaerobic ammonia oxidation (anammox) is an environmentally friendly, cost-
effective, and biological method for nitrogen treatment from aqueous solutions. However,
anammox activity can be affected by other contaminants such as metals. Thus, in this study,
anammox was attached to chitosan to reduce the negative impacts of contaminants on its
performance. Two reactors comprising chitosan and anammox bacteria (first reactor,
chitosan/anammox) and solely anammox (second reactor, control) were run for 73 d. The
nitrogen loading rate (NLR) varied from 2 to 14 gN/(L d), while the nitrogen concentration
varied from 80 to 700 mg/L. The chitosan/anammox reactor showed a better performance than
the sole anammox control, with respective maximum abatement values of ammonia (NH4"),
nitrite (NO2"), and total nitrogen (TN) of 90.8, 83.5, and 81.7% on days 20 to 25 under an NLR
of 8-10 kgTN/(m® d). Response surface methodology (RSM) was employed to optimize the
performance of both reactors, and a reasonable R? value showed that the RSM well optimized
the performance of the reactors. After finding the optimum performance conditions for both
reactors, Fe and Cu (0.5-7.0 mg/L) were added to the influent. The performance of both
reactors decreased to 0% following the addition of 7.0 (first reactor) and 6.5 (second reactor)
mg/L Cu and Fe, respectively. This indicated that chitosan not only enhanced nitrogen removal

by anammox but also improved the resistance of anammox to metals.

Keywords: Anammox, Chitosan, Heavy Metals, Wastewater
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1. Introduction

Nitrogen contamination (such as ammonia) has been considered a serious environmental issue
because it may cause eutrophication, a toxic problem to aquatic environments [1]. In
conventional wastewater treatment systems, aeration and organic carbon sources are required
to complete heterotrophic denitrification, which increases the treatment costs, while residual
organic matter in the effluent causes secondary contamination [2]. Anaerobic ammonia
oxidation (anammox) is a promising biological technology to remove nitrogen from aqueous
solution [3]. The principle of the anammox process comprises the application of NO2™-N as the
electron acceptor and oxidation of NH4*-N to nitrogen gas by anaerobic ammonium oxidizing
bacteria [4,5], as shown in equation 1:

NHs* + 1.32NO2 + 0.06HCOs + 0.13H" —> 1.02N; + 0.26NOs" + 0.06CH2005No.15 +
2.03H.0  (eqg.1)

Anammox is a cost-effective alternative nitrogen treatment method, which requires
approximately 60% less aeration than conventional nitrification/denitrification procedures and
does not require organic carbon [6,7]. Among the five known genera of anammox bacteria,
four are mainly found in freshwater, including: Candidatus Jettenia, Ca. Brocadia, Ca.
Anammoxoglobus, and Ca. Kuenenia [8]. In this study, we used Ca. Jettenia and Ca. Brocadia
as both genera have already been employed to treat wastewater. Indeed, Liu et al. [9] and Mojiri
et al. [10] applied Ca. Brocadia and Ca. Jettenia in a sequencing batch reactor and hybrid
reactor. The main drawbacks of anammox bacteria include a slow growth rate, reduced
anammox activity in the presence of high amounts of NO2 and ammonia, and low resistance
against other contaminants such as metals [11]. Zhang et al. reported that as a single method,

anammox removed less than 40% ammonia [12]. Moreover, heavy metals are widely found in

List of Abbreviations: Annamox, anaerobic ammonia oxidation; CCD, central composite design; FISH,
fluorescence in situ hybridization; HRT, hydraulic retention time; MLSS, mixed liquor suspended solids; NLR,
nitrogen loading rate; PVA-SA, poly (vinyl alcohol)-sodium alginate; RSM, response surface methodology; TN,
total nitrogen; USB, upflow sludge blanket;
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wastewater [13] of which some, such as iron and copper, have toxic effects on anammox
activity and inhibit nitrogen removal [14]. Therefore, researchers have attempted to improve
the growth and resistance of anammox bacteria, in terms of improving the microbial
community, by using various hybrid processes and systems. To achieve this goal, in the current
study, anammox was integrated with chitosan. Chitosan improves the microbial community
and removes pollutants via adsorption. Indeed, Yapsakli et al. employed a hybrid reactor,
which included ammonium adsorption, to obtain a stable effluent nitrogen amount and
eliminate approximately 95% of the nitrogen in wastewater [15].

Chitosan is one of the most common biopolymers and is found in the shells of crustaceans,
such as shrimp [16]. Its structure contains amino (NH2"), hydroxyl (OH"), and other reactive
functional groups [17]. Chitosan has various environmental advantages, such as non-toxicity,
biocompatibility, and biodegradability [18], and has therefore been applied in various
wastewater treatment studies. Indeed, using a chitosan-based adsorbent, Yang et al. [19]
removed copper from wastewater, while Gao and Zhang [17] removed ammonia from an
aqueous solution. Additionally, Torres et al. [20] reported that chitosan improves the microbial
communities and enhances the growth of bacteria during anaerobic treatment of wastewater.
Thus, the main goal of the study was to attach anammox bacteria to the chitosan surface to
improve the bacterial community and increase its resistance to metals. Notably, to the best of
our knowledge, no such designed technique has been reported in the literature to date.
Additionally, the treatment performance was optimized by response surface methodology

(RSM).

2. Materials and Methods

2.1. Anammox/chitosan reactor and experimental description
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Two 100 mL reactors were run for 73 d [21]. The first reactor (chitosan/anammox) was
occupied with chitosan from crab shells (small flakes) and then inoculated with anammox
bacteria (Figure 1), including Candidatus Brocadia and Ca. Jettenia caeni granules, which
were obtained from an upflow reactor in our laboratory. The DNA extraction process of the
biomass is illustrated in Table A.1 (supplementary file extracted from our previous study [10]).
After inoculation, the concentration of the mixed liquor suspended solids (MLSS) was
approximately 200 mg/L [15]. The second reactor (anammox) was inoculated with anammox
bacteria, including Ca. Brocadia and Ca. Jettenia caeni granules. Both reactors were circulated
for two days, to settle the bacteria, and operated in upflow mode. The experiment was
performed at 24 + 2 °C, and both reactors (Figure 2) were flushed with nitrogen gas. The system
running conditions are listed in Table 1. The average hydraulic retention time (HRT) was
approximately 1.2 h, based on preliminary experiments. Okamoto et al. [21] fixed the HRT at
1 h, which is similar to the HRT employed in our current study.
Figure 1: Inoculation process of anammox bacteria in the first reactor (chitosan/anammox)
Table 1: Fixed conditions during the reactor runs

Figure 2: Designed reactors in the current study

2.2. Synthetic wastewater

Wastewater was synthesized with a composition of 40-350 mg/L NH4*-N (ammonia), 40—
350 mg/L NO2 N (nitrite), 0.2 mM KH2POg, 1 g/LL KHCOs3, 1.2 mM MgS0O4:7H20, 1.2 mM
CaCl2-2H20 [10], and 1 mL of trace element solutions I and II, as explained by Awata et al.
[22]. HCI or NaOH were employed to maintain a neutral pH. To determine the effect of metals
on anammox activity, FeCls and CuCl2.2H>0 were used to attain Fe and Cu values in the range
0.5-7.0 mg/L. Wang et al. [23] studied anammox activity under Fe(l1l) supplementation and

employed FeClzto reach the Fe(l11) concentration, which is in line with the method used in the
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current study. Notably, Mak et al. [24], FeSO4 and CuSO4 were added to reach the required Fe
and Cu concentrations; however, we used FeClz and CuCl, owing to the presence of SO4 in the
employed synthetic wastewater. This is because a high amount of SO4 can reduce the anammox

activity [25].

2.3. Analytical methods

The standard method reported in the literature [26] was considered for testing the wastewater.
The pH and temperature (°C) were monitored using a Navi F-52 pH meter (Horima Co. Ltd.,
Kyoto, Japan). Ammonia, NO3z~, and NO>™ were analyzed via ion-exchange chromatography
(HPLC 20A, Shimadzu Co. Ltd., Kyoto, Japan), while Cu and Fe were analyzed with a Hach

DR2800 spectrophotometer (Hach Co. Ltd., Loveland, CO, USA).

2.4. Fluorescence in situ hybridization (FISH)

FISH images of the inoculated biomass samples were observed with an Axioimager M1
epifluorescence microscope (Carl Zeiss, Oberkochen, Germany) as described by Kindaichi et
al. [27]. In this case, EUB338mix probes labeled with Alexa Fluor 488 were employed to
observe most bacteria, while an Amx368 probe labeled with Alexa Fluor 555 was employed to

observe the anammox bacteria.

2.5. Optimization by RSM
Contaminant abatement effectiveness was estimated based on the initial and final

concentrations using equation 2:

Removal (%) = (Ci_ccﬂ (eq. 2)

where the initial and final concentrations are indicated by C; and Cs, respectively.
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Statistical analysis and optimization were performed to remove the total nitrogen (TN), nitrite
(NO2-N), and ammonia (NH4"-N) via RSM. Two independent factors, namely time and
nitrogen loading rate (NLR), over the central composite design (CCD) with three replications
of factorial points were considered. The two effectual variables were assessed at three levels:
low (—1), central (0), and high (+1). A quadratic model that also comprised the linear model
(equation 3) was applied, whereby values of “Prob > F” less than 0.05 indicated that the model
terms were significant. The desirability graphs are presented in Figures A.3 and A.4 in the
appendix.

Y = Bo+ XK B X + XK By XP + DXk, BiXiX; +e (eq.3)

where Y defines the responses; Xi and X;are variables; So represents the fixed coefficient; gj, Si,
and pij, are the interface coefficients of the linear, quadratic, and second-order terms,

respectively; k highlights the quantity of factors; and e marks the error.

2.6. Adsorption isotherm

Batch experiments for the adsorption study were run using different dosages (up to 8 g/L) of
chitosan in fixed ammonia, Fe and Cu concentration (4.0 mg/L), and adsorption time (1 h) at
neutral pH. Beakers with working volumes of 100 mL were shaken at 100 rpm for 1 h. The
adsorption capacity (mg/g) was assessed using equation 4:

_ (Co=Ceq)V
ms

de (eq. 4)

where Qe is the initial pollutant concentration; Ceq is the ammonia, Fe, or Cu concentration (mg/

L) at equilibrium; V is the solution volume (L); and ms represents the mass of the adsorbent (g).

3. Results and Discussion
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Two reactors were operated in this study. The first reactor was filled with chitosan as a fixed-
bed column and inoculated with anammox bacteria. The microbial communities are shown in
Table A.1. Approximately 41.4% of the microbial community contained the Planctomycetes
Ca. Brocadia and Ca. Jettenia. Therefore, the reactors mainly comprised these two types of
anammox bacteria. In addition, Chlorobia (13.61%) and Chloroflexi (15.56%) bacteria
occupied a significant part of the inoculated biomass. Casagrande et al. [28] reported that there
are usually some groups of bacteria that coexist with anammox bacteria; however, generally,
these do not have any significant effect on the nitrogen removal process. FISH was conducted
to verify the presence of anammox bacteria in the biomass (Figure 3), clearly revealing that
most parts of the inoculate biomass comprised anammox bacteria.

The operation of both reactors consisted of three phases, namely, (a) Phase 1: 0-24, (b) Phase
2: 25-48, and (c) Phase 3: 49-73 d. The NLR gradually increased from 2 to 14 kgTN/(m3d) in
phases 1 and 2. Subsequently, during phase 3, the nitrogen removal performance decreased,

thereby leading to a decrease in the NLR to 2-8 kg TN/(m? d).

Figure 3: Fluorescence in situ hybridization (FISH) image of the inoculum using Alexa Fluor
488 labeled EUB338 mix (green) and Alexa Fluor 555 labeled Amx368 (red) probes.

Anammox bacteria appear as yellow. Scale bar represents 10 pum.

3.1. Removal of nitrogen compounds

The nitrogen removal performances of the first and second reactors are displayed in Figures 4
and 5, respectively. In the first reactor (chitosan/anammox), the respective maximum
abatement values of ammonia and total nitrogen (TN) were 90.8 and 81.7% during day 25,
with an NLR of 10.0 kgTN/(m® d). In addition, maximum nitrite elimination (83.5%) was

observed during day 20 with an NLR of 8.0 kgTN/(m? d). Minimum elimination of ammonia
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and nitrite (64.2 and 63.8%, respectively) was observed during day 48, with an NLR of 14.0
(kgTN/(m? d), while minimum TN elimination was achieved during day 44 with an NLR of 14
kgTN/(m?3 d).

In the second reactor (solely anammox), maximum elimination of ammonia (71.0%) and TN
(63.2%) was achieved during day 20 with an NLR of 8.0 kgTN/(m® d). Maximum nitrite
removal (71.4%) was observed during day 24 with an NLR also equal to 8.0 kgTN/(m?® d). In
contrast with the maximum removal effectiveness, the minimum elimination of nitrite and TN,
were 59.3 and 51.6%, respectively, during day 48 with an NLR of 14.0 kgTN/(m?* d). Minimum
TN elimination was achieved during day 40 with an NLR of 13.5 kgTN/(m? d), while minimum

ammonia abatement (59.6%) was observed during day 44 with an NLR of 14 kgTN/(m? d).

Figure 4: Performance of the first reactor: (A) Nitrogen loading and removal rates, (B)
removal efficiency, and (C) concentration.
Figure 5: Performance of the second reactor: (A) Nitrogen loading and removal rates, (B)

removal efficiency, and (C) concentration.

Agustina et al. [29] removed approximately 74% nitrogen during optimum performance with
anammox, at temperatures in the range 25-27 °C, during day 178, in an upflow reactor. In
addition, maximum nitrogen removal (75%) by a modified partial nitrification-anammox
reactor at 35 °C was reported by Han et al. [30]. Tuyen et al. [31] removed approximately 60%
nitrogen using an anammox procedure with a poly (vinyl alcohol)-sodium alginate (PVA-SA)
gel bed. Notably, the removal performance of our second reactor approximately equaled those
reported in these three studies. Moreover, the results in our present study clearly revealed that
the removal efficiencies of ammonia, TN, and nitrite in the first reactor were significantly

higher than those observed in the second reactor. This higher removal performance was
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attributed to the attachment of anammox to chitosan (Figure 6). One reason for this is the ability
of chitosan to remove ammonia and nitrite from wastewater. Hudayah et al. [32] stated that
using chitosan could improve the microbial community and anaerobic granule quality during
simultaneous microbial adaptation and granulation. Furthermore, fast microbial aggregation
using chitosan was reported by Yang et al. [33], while the improvement of biomass and sludge
granularity in an upflow sludge blanket (USB) reactor was reported by Torres et al. [20]. Patil
et al. [34] removed more than 50% nitrate from groundwater by chitosan, while de Luna et al.
[35] reported up to 67.5% ammonia removal from an aqueous solution by chitosan. On the
other hand, the improvement of the microbial community due to the presence of chitosan might
also result in an improvement in the performance of the first reactor (chitosan/anammox) over

that of the second reactor.

Figure 6: Attachment of anammox on chitosan.

Pink color in chitosan indicates the attached anammox bacteria

Next, we employed RSM and CCD to optimize and simulate nitrogen removal via the first and
second reactors. The 3D plots for the abatement of ammonia, nitrite, and TN, based on the
RSM for the first and second reactors, are shown in Figures 7 and 8, respectively. As shown in
Tables 2 and 3, the optimum abatement values of ammonia (89.3%), nitrite (79.6%), and TN
(76.5%) were achieved at the optimal NLR of 9.6 kgTN/(m3d), after 14.5 d, for the first reactor.
On the other hand, for the second reactor, the optimum abatement values of ammonia (68.7%),
nitrite (78.3%), and TN (61.0%) were achieved at the optimal NLR of 7.7 kgTN/(m? d) after

33.8d.
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Table 2: Statistical analysis results for the response parameters in the response surface
methodology (RSM)
Figure 7: 3D surface plots for the removal of (A) ammonia, (B) nitrite, and (C) total nitrogen
(TN) via the first reactor.
Figure 8: 3D surface plots for the removal of (A) ammonia, (B) nitrite, and (C) total nitrogen
(TN) via the second reactor.

Table 3: Removal efficiencies under optimum conditions

3.2. Effects of iron and copper on the anammox activity

Heavy metals can reach different water bodies from various industrial effluents [36]. Among
the most common heavy metals, copper and iron are frequently present in industrial
wastewaters [37], whereby Cu(ll) and Fe(ll) are essential micronutrients for microorganisms
at low concentrations [38]. In this study, after determining the optimum performance of both
reactors, the Fe(I1) and Cu(ll) concentrations were slightly increased (Table 4) in both reactors
under optimum conditions.

Figure 9 illustrates the removal efficiencies of both reactors. In the first reactor, increasing Fe
and Cu to 1 mg/L improved the removal effectiveness of ammonia (96.0%), nitrite (90.7%),
and TN (87.9%). However, when the Fe and Cu concentrations were further increased from
1.5 to 5 mg/L, the abatement efficiencies decreased significantly to 50.3% (ammonia), 50.1%
(nitrite), and 51.3% (for TN). Mojiri et al. [39] reported that the anammox performance is
reduced in the presence of other contaminants, while Lotti et al. [40] reported that the
anammox performance could be decreased by up to 50% on increasing the Cu concentration to
1.9 mg/L. For the second reactor, increasing the Fe and Cu concentrations to 1 mg/L enhanced

the abatement efficiencies of ammonia (74.6%), nitrite (75.6%), and TN (69.2%). The
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abatement efficacy was dramatically decreased to 33.1% (for ammonia), 32.3% (for nitrite),
and 30.8% (for TN).
The Fe and Cu concentrations were then decreased to 1 mg/L in both reactors. With this
reduction in the Fe and Cu concentrations, the ammonia, nitrite, and TN removal efficiencies
respectively increased again to 79.2, 77.2, and, 72.7% for the first reactor and 66.8, 65.3, 62.6%
for the second reactor. These results show that the effects of Cu and Fe are reversible, since the
reduction in the Fe and Cu concentrations improved the anammox activity. This is in agreement
with the findings of Mak et al. [24] who also reported that the effects of Cu(ll) on anammox
bacteria during wastewater treatment are reversible.
With the increase in Fe and Cu concentrations to 7.0 and 6.5 mg/L, respectively, the
performances of the first and second reactors both dropped to 0%. Liu and Ni [41] stated that
a high concentration of Fe(Il) might induce biomass destruction. The resistance of anammox
bacteria against high concentrations of Fe and Cu in the first reactor was higher than that in the
second reactor. This occurs because chitosan adsorbs Fe and Cu, and increases the microbial
community. Rana et al. [42] also reported that heavy metals (such as copper and iron) can be
removed by chitosan (extracted from crab shells).

Table 4: Addition of different concentrations of Fe and Cu in the reactors

Figure 9: Removal efficiency of the (A) first reactor and (B) second reactor.

3.3. Adsorption isotherm study

Batch experiments and adsorption isotherm studies were next conducted to better understand
the functions of chitosan in ammonia, Fe, and Cu removal, since the first reactor was filled
with chitosan. Table 5 shows important data attained from the Langmuir and Freundlich
isotherm studies. These data reveal that Fe, Cu, and ammonia removal by chitosan is better

explained by the latter isotherm. Thus, based on the Freundlich isotherm, the respective R?, K,
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and n values were 0.85, 0.9, and 1.2 for Fe(ll) elimination and 0.89, 5.3, and 2.7 for Cu(ll)
elimination. For ammonia removal, R?, Kr, and n were 0.93, 16.2, and -3.1, respectively.

The adsorption capacity (Kr; 0.05) and regression (R?; 0.83) based on the Freundlich isotherm
reported during Fe(ll) removal via chitosan by Reiad et al. [43] are similar to those reported
in our current study. Moreover, this group reported an R? value of 0.78 and b value of 0.35
during Fe(ll) elimination using chitosan, based on the Langmuir isotherm [43], which are in
line with the data from our current study. In a study on Cu removal by chitosan, Kr (13.2), n
(2.1), and R? (0.83) were reported based on the Freundlich isotherm, and R? (0.84) was reported

in terms of the Langmuir isotherm [18]. This approaches the findings of our current study.

Table 5: Langmuir and Freundlich isotherm studies for ammonia, Fe, and Cu removal by

chitosan

4. Conclusions

Anammox activity can be reduced in the presence of other pollutants, such as metals. Therefore,
in this study, we investigated chitosan/anammox integration. Two reactors, namely a first
reactor comprising chitosan/anammox and a second reactor comprising anammaox, were run
for 73 d. After determining the optimum conditions to reach the maximum performance of the
reactor, Fe and Cu were added to monitor the anammox activity in the presence of metals. The
key findings of this study are as follows:

(1) The maximum abatement of ammonia, nitrite, and TN was 90.8, 83.5, and 81.7%,
respectively, in the presence of chitosan/anammox.

(2) The maximum abatement of ammonia, nitrite, and TN was 71.0, 71.4, and 63.2%,

respectively, in the sole presence of anammox.
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(3) Optimization by RSM revealed that the optimum removal of ammonia (89.3%), nitrite
(79.6%), and TN (76.5%) is reached at an optimal NLR of 9.6 kgTN/(m? d)] after 14.5 d for
the chitosan/anammox reactor.

(4) Under optimum performance conditions, Fe and Cu were added into the influent to
investigate the performance of the reactors in the presence of metals. Nitrogen abatement
almost stopped after the addition of 7.0 mg/L Fe and Cu in the chitosan/anammox combination
(first reactor) and after adding 6.5 mg/L Fe and Cu in the second reactor.

(5) Microscope images of the chitosan surface indicated that anammox bacteria were attached

to the chitosan surface.
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Tables:
Table 1: Table 1: Fixed conditions during the reactor runs

Table 2: Statistical analysis results for the response parameters in the response surface
methodology (RSM)

Table 3: Removal efficiencies under optimum conditions
Table 4: Addition of different concentrations of Fe and Cu in the reactors

Table 5: Langmuir and Freundlich isotherm studies for ammonia, Fe, and Cu removal by chitosan



Table 1:

Phases Period Temperature Influent ammonia Influent N loading rate
(day) (oC) (mg/L) nitrite (kg/TN/m?/day)
(mg/)
1 0-24 24+2 40— 150 40 - 150 2-10
2 25-48 24+2 150 - 350 150 - 350 10-14
3 49-73 24+2 100 - 250 100 - 250 2-8

Average of hydraulic retention time was 1.2 h




Table 2:

Reactors Responses Optimization with RSM Final equation in terms
R> | Adj. | Adec.P. | SD of actual factor
RZ
Reactor-1 | TN 085 |0.80 |12.16 2.64 | 58.50 +0.22B — 0.24A2
Ammonia 081 |0.78 |7.08 5.26 | 68.72+0.19B — 0.59AB
Nitrite 091 |0.89 |18.74 1.63 | 66.50 + 0.5B — 0.22A2
Reactor-2 | TN 091 |0.88 |18.60 1.65 | 36.40 —0.19A?
Ammonia 0.86 |0.82 |15.86 1.98 | 44.62-0.17A?
Nitrite 086 |0.82 |15.71 2.12 | 42.61—0.19A2

*R2: Coefficient of determination; Adj. R% Adjusted R?; Adec. P.: Adequate precision; SD: Standard deviation; and
MSE: mean squared errors

A: time (day); B: nitrogen loading rate (kgTN/m3/day)



Table 3:

NLR Time TN removal Ammonia Nitrite removal
Reactors | (kgTN/m?/day) (day) (%) removal (%) (%)
1 9.6 14,5 76.5 89.3 79.6
2 7.7 33.8 61.0 68.7 68.3




Table 4:

Runs Metals concentrations
(mg/L)
1 0.5
2 1.0
3 15
4 2.0
5 2.5
6 3.0
7 35
8 4.0
9 4.5
10 5.0
11 1.0
12 1.0
13 5.5
14 6.0
15 6.5
16 7.0




Table 5:

Parameters Langmuir Isotherm Freundlich Isotherm
Qo b R? K 1/n R?
(mg/g) (mg/g(L/mg)*")
Ammonia 0.28 0.19 0.83 16.2 0.06 0.93
Fe 0.11 0.21 0.81 0.9 0.83 0.85
Cu 0.21 0.23 0.84 5.3 0.37 0.89
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