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Abstract : Cross-linked hydrogels copolymer hydroxyl propylmethyl cellulose - acrylic 

acid(HPMC-co-AA) as adsorbent for two types of bacteria (E.coli and S.aureus) in aqueous 

solutions were studied with kinetic adsorptions. The adsorption process of E.colion hydrogels 

was reached complete equilibrium within 90min., while the adsorption of S.aureus on 

hydrogels was reached equilibrium after 120 min.The maximum adsorption and the adsorption 

rate of E.colion hydrogels are much higher than that of S.aureus. The kinetics of bacteria 

adsorption has been studied in terms of pseudo-first order and pseudo-second order rate 

expression. The results indicated that adsorption process followed two models and 

demonstrated that intraparticle diffusion plays a significant role in the adsorption mechanism. 
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Introduction 

Drinking water is essential to continue life, and an enough, safe and accessible supply must be available 

to every person.  Charitable drinking water quality is a major concern worldwide in order to protect human 

health
1
. Bacteria are major pollutants in marine ground and even treated wastewater, include microbial and 

parasites causing deterioration of the surrounding medium that can present a great danger to the environment 

and human health
2
. Several studies have been undertaken on the pollution of bacteria and their impact on 

ecosystems
3
. Many methods, such as physical, chemical, and biological process of removing pollutants 

from wastewater, have been developed for treating bacteria containing wastewater 
4,5

. Biological treatment has 

been shown to be very efficient for the decrease of biological and chemical organic demand, but it is ineffective 

for the elimination of bacteria from wastewater
6
.New antibacterial treatments have been demand and studied. In 

adsorption process, adsorbates contained in a fluid phase diffuse to the surface of a solid, where they are 

chemically bound to the surface or held there by intermolecular forces
7
.The most common adsorbents used for 

pollutants removal from wastewater are activated carbons
8,9

. Hydrogels have also been investigated as potential 

industrial adsorption media
10-12

. The adsorption of bacteria on activated carbon (or single-walled carbon 

nanotube) and natural surfaces have been pointed out and much attention has been directed towards these as a 

new technique for water treatment
13-16

.Regarding the adsorption of bacteria using sulfide minerals surface, 

layered double hydroxide particles, nanostructured silicon carbide, wheat chaff and waste of molasses dates 

production have been described as adsorbents
13,17-19

. 

The aim of present work is to explore the feasibility utilizing Cross-linked hydrogels as adsorbent for 

bacteria. Equilibrium and kinetic analysis were conducted to investigate the mechanism of bacteria adsorption 

and optimization of various parameters in bacteria recovery 
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Materials and Methods 

Instruments 

 Uv-visible spectrophotometer, double beam, shimadzu.pc 1650, japan, shaker water bath, k&k 

scientific, korea, centrifuge, 6000 rpm, cl008, belgium, electronic balance, sartorius lab. l420 b, +0.0001gm, 

electric heat constant temperature incubator, triup international corp., italy, oven, triupinternational corp. italy, 

digital colony counter, k & k scientific supplier, korea, vortex, whirlimixer, laboratory fsa, england, autoclave, 

ls-bl00l, international corp, italy, hot plate with magnetic stirrer, bibbystrlintd, uk. 

Materials: 

 Agar bacteriological,Eosin methylene blue agar (EMBA), Nutrient broth, Mannitol salt agar (MSA), 

Brain heart infusion brothwere supplied by HIMEDIA. hydroxypropylmethyl cellulose, acrylic acid, N,N-

Methylene-Bisacrylamide and initier (KPS) were supplied by Fluka. 

Methodology  

Preparation of HPMC-co-AA 

 The co-polymer of HPMC co AA was prepared by solving of 0.25gm from HPMC powder to 50ml of 

distilled water with vigorous stirring at temperature range (60-70) 
°
C, then it cooled at room temperature to 

form the HPMC solution. 0.0556mol of AA was added to 20gm of HPMC solution under constant stirring in 

60
°
C for 20 min. then the Cross-linked (N,N-Methylene-Bisacrylamide) and initier (KPS) were added under 

nitrogen gas stream for 5h. The prepared co-polymer was washed by distilled water and dried at 60
°
C in oven. 

The grinding and sieving of bulky co-polymer follow that for resulting co-polymer with particle size of 150μm. 

 Hydrogels was washed with excessive amounts of distilled water, dried at 80
o
C for one hour. The 

hydrogels surface was used without further treatment. Wavelength of maximum absorbancy (λmax) for each 

bacteria were selected at 550 nm. These values were utilized for estimation of quantity of bacteria adsorbed. 

Enumeration of Bacteria in Stock Solution 

The method of standard plate count (SPC)
 13

was used to determine the number of bacteria in the stock 

solution. The stock solution of bacteria has been diluted by normal saline to 1 x 10
-8

 using a 10-fold serial 

dilution protocol. Then,0.1 mL of each dilution (1 x 10
-2

 - 1 x 10
-8

)was plated on agar plate media (Eosin 

methylene blue (EMBA) for E.coli and mannitol salt agar (MSA) for S.aureus). The dishes were incubated at 

37°Cfor 24 h.The plates were then placed on a counting device and the number of bacterial colonies was 

recorded. The number of colonies recorded in stock solution of E.coli and S.aureus was found 6.0 x 10
8
 and 1.7 

x 10
8
cfu/mL, respectively. The number of bacteria cells in the stock solution was also determined 

spectrophotometry, measured and compared with the corresponding value of McFarland standards
14

. 

Solutions of different concentrations for each bacteria were prepared by serial dilution. Absorbance 

values of these solutions were measured at the selected λmaxvalue and plotted against the concentration values. 

The calibration curves in the concentration range that falls in the region of applicability of Beer-Lambert's law 

were employed. 

Calculate the quantity adsorbed  

The quantities of bacteria adsorbed were calculated according to the following equation
(22)

:- 

Qeor                                ……………………………………… (1) 

Where:  

x : the quantity adsorbed. 

m : weight of adsorbent (g). 

Co : initial concentration (mg/L). 

Ce : equilibrium concentration (mg/ L). 
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V : volume of solution (L). 

Kinetic Studies 

 Effect of contact time was determined by adding 0.1gm of adsorbent into 10ml bacteria solution, with 

initial concentration of bacterial cells 7.3×10
7
for E.coli and 1.1×10

7
 for S.aureus, was introduced into the flask 

and mixed, under shaking. The temperature of solution was held constant at 20
o
C with a thermostatic shaker. 

After different time intervals, the solutions were centrifuged and volumes of 1ml supernatant were taken for 

spectrophotometrically measurements of bacteria content.  

Results and Discussion 

Adsorption rate constants of bacteria on hydrogels 

 To determine the equilibrium time for the maximum uptake of bacteria, the adsorption of E.coli and 

S.aureus on hydrogels was studied as a function of contact time, and the results are shown in Figures (1) and 

(2). It can be concluded that the rates of bacteria uptake on hydrogels are higher during, the initial stages and 

gradually decrease and become almost constant after a period of 90minfor E.coli and 120 min for S.aureus. 

 

 

 

 

 

 

 

 

 

Figure (1) Adsorption kinetics of E.coli - hydrogels system 

 

 

 

 

 

 

 

 

Figure (2)Adsorption kinetics of S.aureus- hydrogels system 

Several kinetic models are available to examine the controlling mechanism of the adsorption process 

and to test the experimental data. The rate constants of the bacteria removal from the solution by hydrogels 

were determined using first order and pseudo-second order equations. 

The lagergren first order rate equation was used to fit the experimental results. The linear form the 
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lagergren equation is

23
: 

……………………………………… (2) tkqqq ete 1ln)ln(   

Where qe (mg/g) is the equilibrium sorption capacity and qt (mg/g) is the amount of bacteria adsorbed at 

time t (min). Values of k1 for crystal violet-hydrogels and bacteria-hydrogels systems were obtained from the 

slope of the plot of ln(qe-qt)vs.t (Figure (3)). The adsorption kinetic parameters from Figure (3) are indicated in 

Table (1). 

The adsorption data were also analyzed in terms of a pseudo-second order mechanism
(21,22)

. The linear 

form of the equation is: 

eet q

t

qkq

t


2

2

1
……………………………………… (3) 

Where k2 (g.mg
-1

.min) is the rate constant of the pseudo – second order adsorption.  

If the initial adsorption rate is  

h = k2qe
2
 

Then equation (3) becomes. 

et q

t

hq

t


1
   ……………………………………… (4) 

by plotting t/qt versus t (Figure (4)), a straight line could be obtained and qe, k2 and h can be calculated. 

The adsorption kinetic parameters from Figure (4) are listed in Table (1). 

Table (1) Adsorption kinetic parameters of bacteria on hydrogels 

 
Pseudo-first order Pseudo-second order 

k1 

(min
-1

) 
qe 

(mg/g) 
R

2
 

K1 

(g. mg
-1

 

.min
-1

) 

qe 

(mg/g) 
R

2
 

h 

(mg. g
-1

 

.min
-1

) 

E.coli 6760.0 0.08270 678860 0.000009 3333333 1.0000 1 x 10
8
 

S.aureus 0.0265 219037.9 0.9656 0.0000003 333333.3 0.9656 33333.33 

 

 

 

 

 

 

 

Figure (0) the applicability of the first order kinetic model to a) E.coli and b) S.aureusadsorption on 

hydrogels. 

-a- -b- 
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Figure (4) the applicability of the second order kinetic model to a) E.coli and b) S.aureus adsorption on 

hydrogels. 

The applicability of the lagergren and pseudo-second order models can be examined by linear plots of 

ln(qe-qt) vs. t and t/qt vs. t, respectively as shown in Figures (3) and (4), respectively. To quantify the 

applicability of each model the correlation coefficient, R
2
, was calculated from these plots. The correlation 

coefficient, R
2
, show that the pseudo-second order model fits the experimental data slightly better than the 

pseudo-first order. This fact indicates that the intraparticle diffusion is the rate-controlling step. The diffusion of 

bacteria into adsorbent was affected by its shape and size. It is generally believed that adsorption of bacteria 

with size less than 1µm (S.aureus) is higher than that with size greater than 1µm (E.coli) 
13,24

. 

 The mechanism of bacteria adsorption on hydrogels, which may involve the following three steps: (i) 

diffusion of bacteria molecules through the solution to the surface of adsorbent; (ii) adsorption of 

bacteriamolecules on the surface of the materials through the molecular interactions; (iii) diffusion of bacteria 

molecules from the surface into the interior of the adsorbent molecules. The second step of the adsorption of 

bacteria on the materials is dependent on the nature of the bacteria molecules such as anionic or cationic 

structures
 (25)

. Due to the negatively charged characteristics of hydrogels in aqueous media, the cationic bacteria 

should be adsorbed more rapidly than anionic bacteria. The results obtained here indicate the effect of 

coulombic interactions between the adsorbent and bacteria. 

In many cases, there is a possibility that intraparticle diffusion will be the rate-limiting step, which is 

determined by using the following equation
26

: 

qe= kd t
1/2

 + C  ……………………… (5) 

Where qe(mg/g) is the amount adsorbed at time t, kd is the intraparticle rate constant (mg.min
1/2

.g
-1

) and 

C is the intercept (mg/g). 

The plot of qt versus t
1/2

 for adsorption of bacteria onto hydrogels is presented in Figure (5). The value 

of C (Table (2)) gives an idea about the thickness of the boundary layer, i.e., the larger the intercept the greater 

is the boundary layer effect
27-33

. The deviation of the straight line from the origin may be due to the difference 

in the rate of mass transfer during the initial and final stages of adsorption. 

Table (2): The intraparticle rate constant for the adsorption of bacteria onto hydrogels 

 

 

 

 

 
kd(cfu.g

-1
.min

-1/2
) Intercept R

2
 

E.coli  5984.4 4x10
6 

0.9828 

S.aureus 58191.0 -92.48 0.9646 
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Figure (5):  a) E.coli and b) S. aureus uptake by hydrogels according to the intraparticle diffusion model. 

Conclusions: 

   The hydrogels could be employed as adsorbents in wastewater treatment for the removal of 

bacteria.The process of adsorption is relatively fast and the kinetic adsorption data fitted well to the second 

order kinetic model, indicating an intraparticle diffusion mechanism. 
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