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Abstract

The adsorption efficiency of different Ag/ZnO heterostructures was investigated for

the removal of multidrug-resistant Enterococcus faecium (MDR_EF) harboring multiple

resistance genes from tap-water. The concentration of the precursors influences the

microstructures of the adsorbents; however, it did not significantly affect the adsorp-

tion efficiency. The maximum adsorption capacity, qe, (34.11 CFU/g), was obtained

for Ag1Zn3.5. The kinetic studies revealed that Ag1Zn1 and Ag1Zn2 adsorbents agreed

to the pseudo-first-order kinetic equation and adsorbents Ag2Zn1, Ag3.5Zn1 and

Ag1Zn3.5 agreed to the pseudo-second-order kinetic equation. Initial tap-water pH

range was beneficial for the adsorption and the pH of the treated tap-water was

within the WHO tap water recommendation (6.5–8.5), whereas the effect of ionic

strength, anionic and cationic interference was insignificant in the adsorption of

MDR_EF onto the different heterostructure. Interestingly, the MDR_EF could retain

its cell membrane integrity and resistance genes, suggesting that surface adsorption

was the primary mechanism for the removal.
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1 | INTRODUCTION

The ease of distributing multidrug-resistant bacteria (MDRB) and its

impact on global socioeconomic proceedings have shifted attention

toward its complete elimination from drinking water because this

class of bacteria renders antibiotics ineffective in the fight against

bacteria infection.1 Drinking water represents the most vital route in

which humans are exposed to MDRB.2 Thus, the United Nations

have been making tremendous efforts to reduce the number of

deaths and illnesses associated with bacteria contamination through

improved access to safe water.3 However, recent reports have rev-

ealed that the conventional drinking water treatment plants (DWTP)

are inadequate to eliminate MDRB from drinking water, and this has

been attributed to the prevalence of MDRB in treated drinking

water.4

The United Nations Children's Fund estimated that over

800 children die daily due to unclean water consumption (UNICEF,

2019). Pathogenic infection caused by the intake of contaminated

drinking water is not only limited to low-budget countries. Among

the common pathogens, Enterococcus is clinically essential. It per-

sists in the environment,5 and its presence in water is an indication

of microbial pollution.6 The presence of Enterococci is not permis-

sible in drinking water in the European Union.7 MDR Enterococcus

faecium is considered the leading cause of healthcare-associated

infection in the USA8 and Germany.9 The infection associated with

E. faecium is vast and challenging to treat because this species is
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more antibiotic-resistant than Enterococcus faecalis. Thus, many

E. faecium infected patients require intensive care.10

In other to reduce the infection caused by E. faecium, it is neces-

sary to disinfect drinking water. The reactive species-based Advanced

Water Treatment Technology (AWTT) has been considered one of the

ultimate tools to tackle MDRB in the aqueous system, but the success

is limited by incomplete disinfection. For example, Giannakis et al.11

reported that streptomycin-resistant Escherichia coli regrowth after

AWTT. Similarly, reactive radicals attack the cell membrane of MDRB

and released the intracellular and extracellular genes that may expose

resistance on bacteria cells.12 In addition, the infrastructural setup has

been one of the major setbacks for the implementation of AWTT,

especially in low budget countries and rural communities. In place of

this, Oladoja13 proposed a decentralized onsite water treatment

option for the attenuation of contaminated water in low-budget

communities.

Adsorption-based approaches are among the decentralized

methods that have been investigated to remove microbial contami-

nants in drinking water14 because this technology restricts hori-

zontal gene transfer associated with reactive species-based

disinfection.15 In lieu, graphene oxide was used to exclude Staphy-

lococcus aureus in water,16 BiOCl microspheres showed strong

binding toward MDRB,17 and dichalcogenides caused irreparable

cell damage.18 Meanwhile, adsorbents rich in silver and zinc have

received tremendous attention.19,20 In the dark, ZnO function by

attaching to the bacteria cell wall without causing cell lysis.21

Silver, a Lewis acid, have affinity for the sulfur and phosphorous,

which are the significant components of cell wall/membrane22;

thus, it also functions by physical contact with the bacteria, caus-

ing morphological changes23 and bacteria inactivation.24 However,

gram-positive bacteria have shown resistance toward mechano-

bactericidal action of nanostructures.25

The use of Ag/ZnO in water treatment has been gaining atten-

tion, especially as photocatalyst.26,27 Ag/ZnO as photocatalyst have

been used for the oxidation of phenolic compounds,28 and dye

stuffs.29 Ag/ZnO decorated on carbon nanofibers was used for the

oxidation of E. coli.30

This study reports the adsorption efficiency of different

Ag/ZnO heterostructures, synthesized via the self-propagation

combustion reaction, toward the gram-positive MDR E. faecium,

harboring tetracycline and macrolides resistance genes. The

thicker peptidoglycan layer (20–80 nm) would limit cell membrane

breakage31 due to the adsorbent mechanical mixing and subse-

quent adhesion with the MDR E. faecium harboring multiply resis-

tance genes. The precursors were selected due to their bactericidal

and bacteriostatic activities32,33 and due to the significant differ-

ence in the ionic radii: Zn2+ (74 pm) and Ag0 (144 pm)34 to form a

thermodynamically stable composite. The ratio of the precursors

was also selected to gain an insight into how different dosage pre-

cursors induce the morphological assemblage of the resulting com-

posite. The study focuses on removing MDR E. faecium from tap

water, the determination of the influence of physicochemical prop-

erties of tap water on the removal efficiency, and the evaluation of

the bacteria genetic integrities of resuscitated MDR E. faecium on

adsorption.

2 | EXPERIMENTAL

2.1 | Materials and Methods

2.2 | Methods

2.2.1 | Synthesis of Ag/ZnO heterostructure

The Ag/ZnO were prepared via the self-propagating combustion pro-

tocol.35 Briefly, different molar ratios (1:1, 2:1, 1:2, 3.5:1 and 1: 3.5) of

AgNO3 and Zn(NO3)2�6H2O were dissolved in the presence of fixed

molar concentration of urea, the solutions were calcined separately at

550�C for 30 min in a muffle furnace at an heating rate of 45�C/min,

and labeled as Ag1Zn1, Ag2Zn1, Ag1Zn2, Ag3.5Zn1, Ag1Zn3.5, respec-

tively. In this technique, NH3 and NO/NO2/O2 were generated in situ

and used as fuel and oxidant, respectively. The details of the adsorp-

tion experiment can be found in the Appendix S1. The reaction pro-

ceeds according to Equations (1–5):

2AgNO3 solð Þ !2Ag sð Þ þO2 gð Þ þ2NO2 gð Þ ð1Þ

Zn NO3ð Þ2:6H2O solð Þ !ZnO sð Þ þNO2 gð Þ þNO gð Þ þO2þ6H2O gð Þ ð2Þ

NH2�CO�NH2 solð Þ !NH3 gð Þ þHNCO gð Þ ð3Þ

HNCO gð Þ þH2O gð Þ !NH3 gð Þ þCO2 gð Þ ð4Þ

Ag solð Þ þZnO solð Þ ! Ag�ZnOð Þs ð5Þ

3 | RESULT AND DISCUSSION

3.1 | XRD analysis of Ag/ZnO heterostructure

The XRD patterns are presented in Figure 1. The XRD pattern showed

distinct and sharp peaks, suggesting a highly crystalline composite. The

diffraction peaks in all the composites can be attributed to a mixed phase

of Ag0 (JCPDS 00-004-0783) and ZnO (JCPDS 00-036-1451). Using the

Scherrer equation,36 the average crystallinity size of the composites

Ag1Zn1, Ag2Zn1, Ag1Zn2, Ag3.5Zn1, Ag1Zn3.5 were calculated to be 91.78,

29.84, 29.50, 26.54 and 29.64 nm, respectively.

3.2 | Point zero charge value

The results obtained for the point zero charge (PZC) are presented in

Figure 2. The PZC is the pH in which the net charge on the surface of
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the adsorbent is equal to zero. Below the pHPZC, the adsorbent sur-

face is predominantly positively charged and above, it is predomi-

nantly negatively charged. The value of the PZC of Ag1Zn1, Ag2Zn1,

Ag1Zn2, Ag3.5Zn1, Ag1Zn3.5 are 6.6, 6.3, 7.3 6.2, 7.1, respectively. The

PZC of all the adsorbents followed a pattern. At higher Ag+ ions dos-

age, the PZC was below pH 6.3, at higher Zn2+ ion dosage, the PZC

was above pH 7.3, while at even precursors dosage, the PZC lies at

pH 6.6. This implies that the amount of precursor in the synthesized

adsorbents, affects the positive and negative charge distribution on

the surface of the adsorbent.

3.3 | FTIR of Ag/ZnO heterostructures

The synthesized Ag/ZnO heterostructures were analyzed using FTIR

in the range 4000–400 cm�1. The results are presented in Figure 3.

The analysis showed a minor peak at 3740 cm�1, which is attributed

to O H stretching37 or could also be likened to Ag O H; this peak

is peculiar to Ag3.5Zn1 and Ag2Zn1, it was absent in Ag1Zn3.5 and

Ag1Zn2 as the dosage of Zn2+ precursor increased. All other peaks

were displayed in the fingerprint region of the IR, suggesting a highly

pure sample. The peak at 418 cm�1 is characterized by Ag,38 and

505 cm�1 are attributed to ZnO.39 The medium-weak broad-band at

687 cm�1 is due to the changes arising from the microstructure of

Ag/ZnO.

3.4 | SEM analysis

The SEM images of the synthesized Ag/ZnO are presented in Figure 4.

The result showed that the initial concentration of the precursors dic-

tates the morphology and shape of the synthesized Ag/ZnO hetero-

structures. At ratio 1:1, the surficial morphology revealed mixed

nanowire and nanoflakes. Fixing Ag content while increasing the Zn

content revealed irregular rough edge nanoflakes. Similarly, fixing the

Zn content, while increasing the Ag content showed interwoven nano-

wire with decreasing average diameter of the interwoven nanowire

from ±4.72 to ±3.81 nm. The diameter was calculated using ImageJ™.40

3.5 | TEM and EDX analysis

The EDX analysis is presented in Figure 5. The result showed that

obtained heterostructures are highly pure. The principal elements are

Zn, Ag, and O. The overlapping of Cl was attributed to the machine.

The TEM image of sample Ag1/Zn2 is presented in Figure 6. The

result showed that ZnO could diffuse into the lattice structure of Ag0.

The Ag atoms formed a spherical ring around ZnO, trapping the ZnO

molecules, forming a shell. In addition, the TEM image also showed

near-regular spherical shaped ZnO attached and covered by Ag0.

3.6 | Batch Adsorption kinetics

The time-concentration profiles of MDR E. faecium removal as a

function of initial MDR E. faecium concentration that ranged

between 3.3 x 104 and 1.16 x 105 are presented in Figure 7. The
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assessment of the time-concentration profiles of the five adsorbents

(Ag1Zn1, Ag2Zn1, Ag1Zn2, Ag3.5Zn1, Ag1Zn3.5) showed that the

removal of MDR E. faecium from tap water was initial concentration

and time-dependent; thus, the adsorption rate and time of attain-

ment of equilibrium varied. The reaction was almost instantaneous

for all the adsorbents, as suggested by the sharp curves, especially

at lower MDR E. faecium concentration. At higher MDR E. faecium

initial concentrations, equilibrium was also achieved fast with higher

removal magnitude (qt). In this study, it is essential to note that

adsorption equilibrium refers to the inabilities of MDR E. faecium to

regrow. Therefore, the equilibrium that was achieved at less than

80 min was characterized by MDR E. faecium regrowth after 3 days.

At time t greater than 90 min, no MDR E. faecium regrowth was

observed even after 7 days.

To estimate the adsorption rate of Ag1Zn1, Ag2Zn1, Ag1Zn2,

Ag3.5Zn1, Ag1Zn3.5 and other kinetic parameters, the time-concentration

F IGURE 4 SEM micrographs of Ag1Zn1, Ag2Zn1, Ag1Zn2, Ag3.5Zn1, and Ag1Zn3.5

F IGURE 5 EDX analysis of the synthesized adsorbents

4 of 11 ANTHONY ET AL.
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profiles obtained at different initial concentrations (3.3 x 104, 5.55 x

104, 8.55 x 104, 1.16 x 105) were fitted into the non-linearized pseudo-

first-order41 (Equation 6) and pseudo-second-order (Equation 7), where qt

and qe (mg/g) are the amounts of MDR E. faecium uptake per mass of the

adsorbents at equilibrium and at any time (minutes), respectively; k1

(1/min) and k2 (g/mg x min) are the rate constants. The fitness of the

equations was observed using the Chi-square test (χ2), where qt* is the

calculated equilibrium at time t. A small value of χ2 implies that the exper-

imental data is similar to the calculated data.

qt ¼ qe 1�e�k1t
� � ð6Þ

qt ¼
q2ek2t

1þk2qet
ð7Þ

χ2 ¼
X qt�qt�ð Þ2

qt�
ð8Þ

The obtained data (Table 1) showed that adsorbents Ag1Zn1

and Ag1Zn2 were better fitted into the pseudo-first-order kinetic

equation. The pseudo-first-order kinetic equation assumes that

the adsorption of one ion (MDR E. faecium) occurs at one unoccupied

adsorption site on the Ag1Zn1 and Ag1Zn2 adsorbents.42 Whereas

adsorbents Ag2Zn1, Ag3.5Zn1 and Ag1Zn3.5 followed the pseudo-sec-

ond-order kinetic equation. The pseudo-second-order kinetic assumed

that the rate-limiting step is chemosorption and depends on the

adsorption capacity. The adsorption capacity followed similar trend

for both kinetic equations. The adsorption capacity qe increased with

increasing concentration, the maximum qe was 32.44 and 34.11 mg/g,

for pseudo-first order and pseudo-second order, respectively.

3.7 | Electrical conductivity measurement

In order to gain an insight into the release of ions during batch adsorp-

tion kinetics, the electrical conductivity of the adsorbent/bacteria

solution was monitored. The result was presented in Figure 8. This is

important because, during bacteria membrane lysis, lipid peroxidation

and K+ release alter the ionic balance of the medium, thus, the con-

ductivity determination. The results showed that the change in con-

ductivity was minimal and ceased before 70 min. The highest change

in conductivity was obtained with Ag3.5Zn1 (187 μS/cm), while the

lowest was obtained using Ag1Zn1 adsorbent (161 μS/m). The physical

contact between nanomaterial and bacteria is an essential mechanism

for bacteria disinfection in water.43 The slight change in the conduc-

tivity was attributed to the thick cell membrane of gram-positive bac-

teria. Gram-negative bacteria are susceptible to cell membrane

rupture on mechanical mixing with adsorbents.25 This is an indication

that disinfection of the tap water may have been controlled by surface

adsorption.

F IGURE 6 TEM image analysis of Ag1Zn2

F IGURE 7 Adsorption kinetics characteristic curve of Ag1Zn1, Ag2Zn1, Ag1Zn2, Ag3.5Zn1, Ag1Zn3.5 adsorbents at different concentration
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3.8 | Operating parameters

3.8.1 | Effect of operating pH

The result obtained for the effect of operating pH on the removal of

MDR E. faecium is presented in Figure 9. The initial pH of the bacteria

solution was adjusted to 5.2, 7.5 and 9.1. Gram positive bacteria are

characterized by overall negative charge due to the phosphate group

presence in teichoic acids attached to the peptidoglycan or to the under-

lying plasma membrane.44 However, on E. faecium resistance acquisition,

TABLE 1 The obtained adsorption kinetic parameters for the removal of MDR Enterococcus faecium

Conc. (CFU/ml)
Pseudo first order Pseudo second order

Ag1Zn1 K1 qe1 χ2 k2 qe2 χ2

3.3 x 104 0.0932 7.9619 0.0073 0.0209 8.5191 0.0001

5.55 x 104 0.1102 13.1049 0.0094 0.0164 13.8879 0.0008

8.55 x104 0.0634 21.0106 0.0065 0.0042 23.2239 0.0184

1.16 x 105 0.0172 32.4495 0.0762 0.0003 44.7168 0.0941

Ag2Zn1

3.3 x 104 0.1177 8.0543 0.007 0.0316 8.4670 0.001

5.55 x 104 0.1128 9.3498 0.0082 0.0208 14.2090 0.0013

8.55 x 104 0.1018 20.8628 0.0056 0.0094 22.1474 0.001

1.16 x 105 1.2408 28.1422 0.1426 0.0031 30.9153 0.0171

Ag1Zn2

3.3 x 104 0.0891 7.8191 0.035 0.0181 8.4720 0.0124

5.55 x 104 0.1221 13.3004 0.0178 0.0181 14.0674 0.0053

8.55 x104 0.0340 21.8331 0.0133 0.0015 25.9174 0.028

1.16 x 105 0.4000 29.1753 0.0001 1.6115 29.1796 0.0001

Ag3.5Zn1

3.3 x 104 0.1346 8.0586 0.0071 0.0399 8.4094 0.0013

5.55 x 104 0.1234 55.0047 0.9679 0.0373 14.0215 0.0011

8.55 x 104 0.1328 21.0373 0.0022 0.0163 21.8616 0.0001

1.16 x 105 1.0538 26.7882 0.0542 0.0064 29.8287 0.005

Ag1Zn3.5

3.3 x 104 0.0966 8.1601 0.0047 0.0233 8.6541 0.003

5.55 x 104 0.1070 13.3247 0.0123 0.0151 14.1677 0.0018

8.55 x 104 0.0477 21.0285 0.0021 0.0027 23.9618 0.0082

1.16 x 105 1.7583 24.3596 0.3189 0.0014 34.1126 0.0276
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it is typified by positive charge.45 The result showed that for all the

absorbents (Ag1Zn1, Ag2Zn1, Ag1Zn2, Ag3.5Zn1, Ag1Zn3.5), increasing

initial pH solution toward alkalinity was beneficial for the removal of

MDR E. faecium. This is an indication of innersphere complexation.46

This is attributed to the abundance of positively charge ions on the

surface of the adsorbents at solution pH (5.2), which is less than the

PZC, thereby causing repulsion between the gram-positive MDR

E. faecium and the adsorbents. Above the initial solution pH (7.5 and

9.1) greater than the PZC, the adsorbents' surface is covered with a

significant amount of negatively charged ions which attracts the

gram-positive MDR E. faecium to the surface of the adsorbents. The

trend of removal followed Ag3.5Zn1 > Ag1Zn3.5 > Ag2Zn1 >

Ag1Zn2 > Ag1Zn1. In general, the adsorbents used in this study cau-

sed solution equilibrium pH to approach neutral. The final pH was

≈6.9, 7.0 and 7.2 for all the adsorbents.

3.8.2 | Ionic strength

The effect of the ionic strength on the removal of E. faecium from

tap-water is presented in Figure 10. The bonding of non-

specifically adsorbed molecules is sensitive to change in ionic

strength than specifically bonded molecules because electrolytes

tend to form outer-sphere with the adsorbent.47 The result

showed that changes in ionic strength of the solution do not

impact on the adsorption of MDR E. faecium, suggesting that the

adsorption of MDR E. faecium was caused by inner sphere com-

plexation. That is, the portion of MDR E. faecium in the out-

ersphere is insignificant.

3.8.3 | Effect of anionic interference

The effect of anionic (carbonate and sulfate) interference on the

removal of E. faecium from tap water is presented in Figure 11.

The result showed that the removal of E. faecium from tap water

increased with increase in anionic species concentration for all the

adsorbents. The addition of the anions (sulfate and carbonate) cau-

sed the initial pH of the solution to increase from 6.0 to 7.8, 8.5

and 8.9 for 10 mg/L, 50 mg/L and 100 mg/L CO2�
3 , respectively. A

similar trend in change in the initial solution pH was also observed

with SO2�
4 . In aqueous solution, stimulated using Hydra/Medusa™,

dissolved carbonate predominates as H2CO3 at pH <6.4, as CO2�
3 at

pH > 10.5, and as HCO�
3 between pH range between 6.5 and 10.4,

while SO2�
4 predominate as HSO�

4 at pH <2.1 and SO2�
4 at pH >2.1.

Therefore, the reacting media contain abundant anions (HCO�
3 ,SO

2�
4 ,

and OH�) that favors the adsorption of the MDR E. faecium. The

increase in adsorption capacity was attributed to the cumulative nega-

tive cloud created on the adsorbents by the anions opposing the

MDR E. faecium surface charge at the operating pH.

3.8.4 | Effect of cationic interference

The result obtained for the effect of cationic interference on the

removal of MDR E. faecium from tap-water is presented in Figure 12.

The result showed that the effect of Ca2+ ions on the removal of

MDR E. faecium was beneficial for all the adsorbents except Ag1Zn1,

while the addition of Mg2+ was unbeneficial for Ag1Zn1, Ag1Zn2,

Ag1Zn3.5. Overall, the addition of the Ca2+ and Mg2+ ions did not alter

the solution pH significantly; the initial solution pH after the addition

of the cations at different concentration, was approximately 6.1.

Therefore, the competitive effect for adsorption site caused by the

cations during the adsorption of MDR E. faecium onto Ag1Zn1,

Ag1Zn2, Ag1Zn3.5 adsorbents was significant, leading to lower adsorp-

tion capacity.

0 0.0085 0.0342 0.17
12

13

 Ag1Zn1

 Ag2Zn1

 Ag2Zn1

 Ag3.5Zn1

 Ag1Zn3.5

Ionic strenght [mol/L]

q e
 [C

FU
/g

]

F IGURE 10 Effect of ionic strength on the removal of
Enterococcus faecium from tap water

F IGURE 11 Effect of anionic
interference (carbonate and sulfate)
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3.9 | Resuscitated cell integrity and antibiotic
susceptibility test

The adsorbent used in this study possess bacteriostatic and bacteri-

cidal properties. The mechanism of action of these metals includes

surface adsorption of bacteria on the adsorbent and poisoning of cell

membrane via diffusion of the metal ions into the bacteria mem-

branes, which may ultimately lead to DNA leakage and breakage. Gel

electrophoresis is a powerful tool that can be employed to detect

DNA breakage.48 The breakage in DNA may be correlated with the

change in the DNA size.49 The image of the Gel electrophoresis of the

resuscitated MDR E. faecium is presented in Figure 13. The result

showed no change in MDR E. faecium DNA size of samples collected

at 70 min. The sample time was chosen because this is the maximum

time in which bacteria could regrow for all the adsorbents, at constant

conductivity values. This result affirmed that the interaction of the

adsorbents with MDR E. faecium did not cause irreparable damage to

the genomic DNA at 70 mins reaction time and the resistance genes

cassettes (ermB and tetM) are retained. This suggests that adsorption

played primary role in the removal of the MDR E. faecium from the

tap water.

3.10 | Reaction mechanism

The image obtained from the gel-electrophoresis showed that the size

of the genomic DNA obtained for the standard, untreated and treated

MDR E. faecium at time t = 70 min, were equal. The treated MDR

E. faecium at time t = 70 min also retained its resistance genes. This is

a strong indication that the removal of MDR E. faecium from the tap

water was primary caused by the uptake of the MDR E. faecium onto

the adsorbent and the adsorbent did not cause irreparable membrane

damage. This agreed with our kinetic results.

The FTIR spectra of the MDR E. faecium laden adsorbents Ag1Zn1,

Ag2Zn1, Ag1Zn2, Ag3.5Zn1, Ag1Zn3.5 were recorded between the range

4000 and 400 cm�1, (Figure 14). The results showed a sharp, intense

peak at 488 cm�1 representatives of all the adsorbents, likened to the

peak at 418 cm�1 (Figure 3). The reduction in the functional group

may cause shifting toward higher frequency in the IR spectrum; this

may occur after adsorption of MDR E. faecium on the adsorbents. The

new broad peak at 853 cm�1 which is peculiar to adsorbents Ag1Zn1,

F IGURE 12 Effect of cationic
interference Ca2+ and Mg2+

F IGURE 13 Gel electrophoresis image showing the presence of MDR Enterococcus faecium after 70 min treatments with the adsorbents,
where C, EFS and EFX are the control, standard (DSM 20478) and isolated MDR E. faecium, respectively. The MDR E. faecium harbors resistance
genes (ermB and tetM)
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F IGURE 14 FTIR of MRD Enterococcus faecium laden adsorbents
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Ag1Zn2, and Ag3.5Zn1, was attributed to the adsorption site at the

microstructural changes. The peak at 3777 cm�1 was slightly

enhanced, suggesting an adsorption site at OH group on the surface

of the Ag/ZnO adsorbents. This suggests multiply sites of adsorption

for the removal of MDR E. faecium from tap water.

The speciation diagram of the adsorbents constitutes showed

that Ag0 and Zn2+ predominant at the equilibrium pH as Ag+ and,

Zn2+, ZnOH+ and Zn(OH)2, respectively. This would limit the coordi-

nation of Ag0 to innersphere due to the lack of σ donor, whereas, the

bonding with Zn2+ may coordinate via both inner and outersphere

complexation (Figure 15). The more electronegative atom (oxygen) in

the adsorbents would withdraw electron density, suggesting that the

synthesized adsorbents would be available as [AgZn]+[OH]� in the

aqueous solution. The surface constituent of MDR E. faecium respon-

sible for chemical bonding includes amino acids, sugar, and

oligopeptides.

Therefore, the negatively charged OH reactive site on the

adsorbent is viable for the adsorption of the surface constituents

(amino acids, sugar, oligopeptides) MDR E. faecium via innersphere

complexation. This site is further enhanced in at pH greater than PZC.

This supports our previous results in section 3.8.1.

4 | CONCLUSION

Different Ag/ZnO heterostructures, synthesized using the self-

propagation combustion reaction, can be employed for the

removal of MDR E. faecium from tap water. The concentration of

the precursors dictates the microstructure of the adsorbents.

However, no significant relationship was observed for the all the

adsorbents with respect to the concentration of the precursors in

the removal of MDR E. faecium from tap-water. The results

showed that the removal of the MDR E. faecium was caused by

surface adsorption onto the adsorbents and cell rupture was not

observed up to 70 min reaction time. The maximum qe

(34.11 CFU/g) was obtained for Ag1Zn3.5. No significant relation-

ship was observed for the all the adsorbents with respect to the

concentration of the precursors in the removal of MDR E. faecium

from tap-water. The adsorption of the MDR E. faecium onto the

Ag/ZnO adsorbents was caused by inner-sphere complexation and

initial solution pH and anionic interference affects the adsorption

process.

Our results showed that the concentration of individual precursor

greatly influenced the shape and morphology of the resulting Ag/ZnO

composite. The morphology of the resulting composite has little

impact on the removal of MDR E. faecium. However, the adsorption

did not compromise the size of the extracellular genes of the MDR

E. faecium, suggesting surface adsorption as the controlling

mechanism.
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