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A B S T R A C T 
Increasing concentrations of antibiotics including tetracycline chloride in surface and groundwater are a major environmental concern in 
recent years. In this research, the potential of electric arc furnace dust for efficient removal of tetracycline chloride residue from aqueous 

solutions was investigated. For this purpose, electric arc furnace dust was characterized by XRD, surface area and TEM techniques. Effect 

of various parameters such as contact time, adsorbent dosage, initial concentration of tetracycline chloride and temperature on adsorption of 
tetracycline chloride on electric arc furnace dust was investigated. The results showed that the best condition for removal of tetracycline 

chloride was exhibited at contact time 120 min and adsorbent dosage 1g/L. the removal of tetracycline chloride decreased with the increase 

of initial concentration. Langmuir and Freundlich isotherm models were applied to the equilibrium data. Results indicate the potential of 
electric arc furnace dust for removal of tetracycline chloride from aqueous solutions. 
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INTRODUCTION 

 

In recent years, the emergence of antibiotics in the environment has received increasing attention. A large 

number of antibiotic residues are detected in the aquatic ecosystem due to the extensive production and use of 

antibiotics, and some reports even pointed out that the antibiotic residues were also detected in tap water. The 

presence of antibiotics in water not only affects the water quality, but also causes potential adverse effects on 

humans and ecological systems. Although the concentration of antibiotics is very low in the environment (nano 

g L
-1

 or micro g L
-1

) the antibiotics are hard to be degraded by microorganism due to the complex structure and 

the antibacterial nature. Hence, antibiotics are gradually enriched in the environment resulting in antibiotic 

pollution. When long-term exposure to any antibiotic-polluted environment, human health would be affected 

even at very low concentrations. Among all of the antibiotics, tetracycline (TC) is wildly used in human and 

veterinary medicine. TC has been detected in sewage water, surface water, groundwater, drinking water, and 

sludge due to its ineffective removal by conventional water treatment processes. [1] 

 

Tetracycline, sold under the brand name Sumycin among others, is an antibiotic used to treat a number 

of bacterial infections. This includes acne, cholera, malaria, brucellosis, plague,and syphilis.It is taken by 

mouth. Common  negative effects include vomiting, diarrhea, rash, and loss of appetite.other negative effects 

include poor tooth development if used by children less than eight years old, kidney problems, and sun 

burning easily. Use during pregnancy may harm the baby. Tetracycline is in the tetracycline family of 

medications. It works by blocking the bacteria's ability to make protein [2]. 
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Structure of tetracycline: 

 

 
 

Tetracycline hydrochloride (TC), a well-known class of antibiotics, has been used in animal treatment 

against infectious diseases, as an additive to animal feeds (poultry, cattle, and swine) in aquaculture, and to 

inhibit fungal growth in fruit trees as a veterinary medicine. In recent years, concerns have been raised regarding 

the impact of TC occurrence in theaquatic environment to public health. In a U.S. study, the concentrations of 

TC residues were found in the influent and effluent of wastewater [3]. 

 The removal of tetracycline hydrochloride by an electrochemical oxidation on Pb /PbO2 electrode and the 

feasibility of coupling anodic oxidation-activated sludge culture were examined. The effect of the operating 

parameters showed that tetracycline hydrochloride (TC) degradation was enhanced for increasing current 

density and decreasing dye concentrations [4]. 

Electric arc furnace dust (EAFD) is a solid waste produced during process of steel in steel scrap recycling 

facilities. It consists mainly of the contaminants of steel and its main components are zinc oxides (ZnO), lead 

oxide (PbO), and zinc ferrite (ZnFe2O4). Manganese oxide (MnO) and magnesium oxide (MgO), are contained 

in smaller amounts as well [5].  

Electric arc furnace bag house dust (EAFD), a waste by-product of the steel making process, contains the 

elements that are volatilized from the charge during the melting (Cr, Pb, Zn, Cu and Cd). The results of leaching 

tests show that the concentration of these elements exceed the regulatory limits [6]. 

 

Experimental:  

Chemical and Reagents: 

All chemicals used in experiment were of analytical grade. Preparation of tetracycline chloride 1 g L
-1

 

.EAFD side product and using 1g L
-1

. 

 

Apparatus:  
SEM spectra were recorded by JSM-6380LA scanning electronX-ray diffraction spectra were recorded by 

microscope (Jeol) Altima 4 X-Ray diffraction (Rigaco). 

 

Characterization of electric arc furnace dust: 

Using the same characterizing instruments, the SEM image of EAFD adsorbent (Fig. 1) is, to some extent, 

similar to that of the CKD one, both of them has the irregular structure and the spongy appearance that raise the 

surface area and free adsorbing sites. The BET of EAFD equals 1.019 m/g. The XRD patterns of EAFD are 

shown in Fig. 2. The diffraction peaks are observed at º2θ = 31.54, 32.42, 33.34, 34.74, 41.10, 59.82, 60.30 and 

76.50 which are characteristic for EAFD (7). The amorphous nature of the adsorbent is clear from the sharp 

peaks, and the small diffraction peaks (5º - 10º) of XRD is used to study the structure of mesoporous adsorbent.  

The EDAX composition analysis of EAFD is shown in Table (1). The main ingredient or the major 

components of EAFD are iron, calcium, oxygen, and carbon. Also, the alkalinity nature of the adsorbent, which 

raises the solution pH, gives it a good neutralizing ability for acidic media 

 

 
 

Fig. 1: SEM for Electric Arc Furnace Dust 
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Fig. 2: X ray diffraction for electric furnace dust 

 
Table 1: EDAX ZAF QUANTIFICATION   STANDARDLESS SEC TABLE : DEFAUL 

At% Wt% Element 
25.20 12.19 Ck 
37.95 24.46 Ok 
1.90 1.86 Mgk 
2.96 3.21 Alk 
3.43 3.88 Sik 
15.46 24.9 Cak 
1.24 2.74 Mnk 

11.87 26.71 Fek 

 

Batch experiments: 

The batch experiments were carried out in 250 ml Erlenmeyer containing 100 ml of aqueous solution. The 

suspension was shaken in temperature-controlled shaker at 200 rpm.  The residual concentration of TC in 

supernatant was analyzed by HACH UV-spectrophotometer at λ max value of tetracycline chloride (569 nm 

wavelength). Effects of adsorbent dosage (0.1-0.3 g/L), contact time (10-120 min), initial TC concentration 

(100–400 mg/L) and temperature (30 C
0
-70 C

0
) on adsorption of tetracycline chloride by electric arc furnace 

dust were investigated. The adsorption capacity qe (mg/g) of the adsorbent was calculated from 

The following equation  

 

qe= (Ci−Ce) V /W;                                        (1) 

 

Removal efficiency% = (Ci−Ce) 100/ Ci            (2) 

 

Where Ce is the residual concentration reached at equilibrium state, Ci is initial tetracycline chloride 

concentration and V is the volume of solution (L) and W is the weight of adsorbent (g). 

 

RESULTS AND DISCUSSION 

 

Effect of contact time in present UV only on tetracycline chloride: 
During direct photolysis, photon absorption gives rise to compounds in excited electronic states that are 

susceptible to chemical transformation. In UV direct photolysis, the contaminant to be destroyed absorbs the 

incident radiation and undergoes degradation starting from its excited state [8]. UV irradiation would attack and 

decompose some organic molecules by bond cleavage and free radical generation, but usually at very low rates 

[9].  

In the presence of UV radiation only, the rate of removal is high for tetracycline in the beginning indicating 

that degradation for antibiotics is fast during the first period. The removal reached its maximum value at about 

120 min for tetracycline (55%). The percent of removal is high for tetracycline chloride in the beginning due to 

a large surface area of the adsorbent being available for the adsorption of the antibiotic. The equilibrium time for 

this antibiotic was about 120 min. The removal percent at equilibrium was 97% tetracycline chloride in present 

UV and electric arc furnace dust.  In presence electric arc furnace only reached removal percent to 96%. The 

two stages sorption mechanism with the first rapid and quantitatively predominant and the second slower and 

quantitatively insignificant, has been extensively reported in literature [10]. A photochemical reaction is 

characterized by an activation related to the absorption of at least one photon by a molecule. The range of 

wavelengths generally used in photochemistry is in the UV/visible region (wavelength 200 to 700 nm). 

However, this is not always sufficient for suitable pollutant remediation. Thus, oxidants such as O3, H2O2 and/or 

a catalyst are often used.  

The mechanism of nanoTiO2 photo catalysis is concluded as follows: TiO2 absorbs UV light to generate 

electron (e
−
) and hole (h

+
). The holes combine with H2O on the surface of TiO2 to form H

+
 and ·OH free 

radicals. H
+
 and electron react to yield •H. The •H and •OH free radicals attack the organic molecule, and then 
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produce some intermediate products. The mechanism of photo catalytic degradation under UV light irradiation 

is described by [11]: 

 

TiO2+ hν → e− + h+                 (4) 

h
+
 + H2O → H

+
 + •OH                (5) 

e
−
 + H

+
→ •H                             (6) 

 

•OH (•H) →→ antibiotic → oxidative products → end product. 

When the antibiotic solutions exposed to the UV radiation in the presence of different nano particles under 

investigation shown in Fig (3) 

 

 
 

Fig. 3: Effect of time on the percent of tetracycline adsorption in presence of electric arc furnace dust 
 

Effect of different doses from electric furnace dust tetracycline chloride: 

Fig.4. illustrates the effect of different amounts of electric arc furnace dust (0. 1 to 0.3 g per 100 ml) on the 

removal of tetracycline chloride it is observed that the efficiency of removal increased from 94% at 10 min but 

reach removal% to 81% at 120 min at used 0.1 g  ERFD. at use 0.2g of EAFD reach removal% for tetracycline 

to 97% at 10 min and reach to equilibrium state the removal% to 96%. Another state when using 0.3 g of EAFD 

the removal% of tetracycline reached to 98% at 10.  

 

 
 

Fig. 4: Effect of different doses of electric furnace dust on tetracycline removal. 

 

Effect of Initial antibiotic Concentration on antibiotic Uptake: 

The antibiotic uptake mechanism is particularly dependent on the initial antibiotic concentration: at low 

concentrations, antibiotics are adsorbed by specific sites, while with increasing antibiotics concentrations the 

specific sites are saturated, and the exchange sites are filled. It is observed that with increasing initial 

concentrations, the adsorption capacity increases while the percent antibiotic removal decreases. Though an 
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increase in antibiotic uptake was observed, the decrease in percentage adsorption may be attributed to lack of 

sufficient surface area to accommodate much more antibiotics available in the solution. At lower concentrations, 

the antibiotic present in solution could interact with the binding sites and thus the percentage adsorption was 

higher [12]. The general shapes of the isotherms are similar for different biomasses. However, the adsorption 

capacities and affinities are significantly different. 

In the same time, literature showed that adsorption is independent of the contaminant concentration, and in 

some cases, the rate is lowered with increased initial concentration [13]. Different explanations were proposed, 

all of which rely on the adsorption of contaminant molecules on the solid surface. One explanation assumed that 

at higher contaminant concentration, the contaminant molecules may compete with the adsorbed intermediates 

and inhibit degradation [14]. 

 

Effect of antibiotic concentration removal by electric arc furnace dust in present of UV lamp: 

The effect of initial antibiotic concentration on the rate of antibiotic uptake onto electric arc furnace dust 

was studied using batch agitation in 250 ml beakers containing antibiotic solutions of initial concentrations 

ranging from 100 to 300 mg L
-1

, agitated at 250 rpm and at room temperature (25±1°C) without any change in 

the initial pH of the test solution. The equilibrium concentration was evaluated after 120 min of contact time. 

The photo degradation for tetracycline is presented in Fig. (5) Indicating that the percentage removal of 

tetracycline chloride decreases with increase in initial tetracycline chloride concentration. to reach removal% up 

to 96% at concentration 0.1g of tetracycline chloride. 

 
Fig. 5: Effect of different concentration of tetracycline chloride in present mercury lamp. 

Effect of pH on photo degradation of tetracycline chloride: 
Effect of pH on photo degradation of tetracycline chloride on surface of electric arc furnace dust are 

variable and give maximum  degradation to reach removal percent  97%  at natural PH =4.5 as shown in fig(6) 

 

 
 

Fig. 6: Effect of pH on removal tetracycline chloride by using electric arc furnace dust 
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Effect of stirring on tetracycline chloride by electric furnace dust: 
The stirring effect on removal efficiency for tetracycline chloride during photo adsorption processes was 

examined by varying the stirring rate from 100 to 500 rpm. The remaining concentration of antibiotic was 

measured after 120 min of continuous stirring at 100, 200, 300, 400 and 500 rpm. Adsorption for tetracycline 

chloride increased by increasing stirring and reached to 94%. But in present UV lamp the removal percentage 

reach to 98 % at 500 rpm. in fig (7).  

 

 
 

Fig. 7: Effect  of  stirring on removal of  tetracycline chloride by using electric arc furance dust 

 

Effect of temperature on removal  tetracycline chloride in present UV lamp: 

The temperature of the medium could be important for energy-dependent mechanisms in the removal 

efficiency by different materials. The reason of this effect is thought to be the fact that temperature is an 

important factor affecting the adsorption and photo catalysis. In the case of photo catalytic process, the photo 

catalytic degradation rate increases with increasing temperature. In other words, higher temperature provides 

higher electron transfers in valance bond to higher energy levels and hence facilitating the electron-hole 

production that could be utilized in initiating oxidation and reduction reactions [15]. The species photon-

generated holes, and electrons, and hydroxyl radicals (•OH) can thus degrade organic pollutant to intermediates, 

and then the intermediates are further degraded to CO2 and H2O. 

In general, the activated energy of photo catalytic reaction is slightly affected by the temperature, but 

consecutive redox reaction may be significantly influenced by temperature which affects both collision 

frequency of molecules and adsorption equilibrium [16]. So, the overall effect on the photo catalytic 

performance will depend on the relative importance of these phenomena. It was observed that the percentage 

removal tetracycline chloride decrease by increase temperature at 25
o
c  when percentage removal was 99%  and 

then decreased to 93% at 70
o
c. while the removal percentage was increased with used UV lamp to 93% at 30

o
c 

and 97% at 70
o
c. 

 

 
 

Fig. 9: Effect of temperature on removal of tetracycline chloride by using electric arc furance dust 
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In order to evaluate the thermodynamic feasibility of the removal process and to confirm the nature of the 

adsorption process, thermodynamic parameters (∆G
o
, ∆H

o
 and ∆S

o
) were calculated from the following 

equations [17, 18]: 

   
   

  
                  (6) 

                                      (7) 

       
  

  
  

  

 
              (8) 

where KD is the equilibrium constant, CAd (mg/L) is the concentration of the tetracycline chloride adsorbed 

on solid at equilibrium, Ce (mg/L) is the equilibrium concentration of tetracycline in the solution, R is the 

universal gas constant, 8.314 J/mol
-1

/K, T is the absolute temperature in K, and the value of KD in can be 

obtained from the adsorption percent at equilibrium. The values of ∆H and ∆S can be obtained from the slope 

and intercept of a van’t Hoff plot of ln KD versus 1/T as seen in Fig 10. the thermodynamic parameters need for 

adsorption of tetracycline chloride in electric arc furnace dust are listed in Tables 3. 

 

 
 

Fig. 10: Effect of temperature on removal tetracycline chloride by using electric arc furnace dust 

 

 
Table2: Effect of temperature on removal for tetracycline chloride 

T 1/T Removal% KD ln  KD R2=0.954 

303 3.30x10-3 99 0.16 -1.83  

313 3.195x10-3 98 0.16 -1.83 intercept =18.4 

323 3.096x10-3 97 0.50 -0.69  

slope =-6077 333 3.003x10-3 96 0.66 -0.415 

343 2.90x10-3 92 1.16 0.148  

353 2.83x10-3 90 1.60 0.470  

 

Table 3: Thermodynamic parameters for tetracycline chloride 

∆H 

kJ/mol 

∆S 

J/mol 

∆G kJ/mol  

303 k 313 k 323 k 333 k 343 

-50532 -153 -4.610 -1.795 -1.122 -0.390 0.280 

 

Adsorption may take place through a multi-step mechanism comprising: (i) external film diffusion; (ii) 

intraparticle diffusion and (iii) interaction between adsorbate and active site. To define the rate determining step, 

the uptake/time data was treated according to the Fickian diffusion law [19] where qt is the uptake value at time 

(t), kd if is intraparticle diffusion rate constant (mmol/g min-0.5) and Xi is the intercept of the straight line 

which is proportional to the boundary layer thickness. Figure 11 
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Fig. 11: Relationship between qt and t ½  for tetracycline chloride 

 

Adsorption Isotherms: 

The adsorption isotherm indicated how the adsorption molecules distribute between the liquid phase and the 

solid phase when the adsorption process reaches an equilibrium state. The analysis of the isotherm data by 

fitting them to different isotherm models is an important step to find the suitable model that can be used for 

design purpose. The isotherm data were fitted to the Langmuir and Freundlich isotherms. 

 

The Langmuir Model: 

The Langmuir adsorption isotherm has been successfully applied to many pollutants adsorption processes 

and has been the most widely used sorption isotherm for the sorption of a solute from a liquid solution [20]. The 

saturated monolayer isotherm can be represented as: 

    
     

     
                          (8) 

The above equation can be rearranged to the common linear form: 
  

  
 

 

   
 

  

       
                    (9) 

Where Ce is the equilibrium concentration (mg/L); qe is the amount of antibiotic adsorbed per unit mass of 

adsorbent (mg/g); Q0 is qe for a complete monolayer (mg/g), a constant related to sorption capacity; and b is a 

constant related to the affinity of the binding sites and energy of adsorption (L/mg). A high b value indicates a 

high affinity.  The values of Q0 and b were for all adsorbents determined respectively from intercept and slopes 

of the linear plots of Ce/qe vs. Ce.   

The essential characteristics of Langmuir isotherm can be expressed by a dimensionless constant called 

equilibrium parameter RL, defined by [21]: 

        
 

 
               (10) 

The value of RL indicates the type of the isotherm to be either unfavorable (RL> 1), linear (RL = 1), 

favorable (0 <RL<1) or irreversible (RL = 0). 

 

Langmuir Adsorption Isotherm for Electric Arc Furnace Dust: 
The different adsorption parameters for adsorption of tetracycline chloride are collected in Table4. These 

parameters are C0, Ce, lnCe, qe, lnqe and Ce/qe. The plot of Ce vs. Ce/qe gave straight lines for all antibiotics Fig. 

(11), from their slopes and intercepts, the values of Q0 and b could be evaluated, respectively. 

 
Table 4: Adsorption parameters of antibiotics on EAFD. 

Antibiotic C0 Ce lnCe qe lnqe Ce /qe 

Tetracycline Chloride 1 

2 

3 
4 

0.4 

0.8 

1.6 
3.0 

-1.66 

-1.60 

-0.916 
-.3566 

0.8 

1.2 

1.5 
2 

-2.3 

0.18 

0.4 
0.69 

 

0.5 

0.66 

1.067 
1.5 
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Fig. 11: Langmuir isotherm for tetracycline chloride with electric arc furnace dust 

 

The data obtained for slope, intercept, Q0 and b are shown in Table 5. The applicability of the model was 

examined by evaluating the correlation coefficient (R). The higher the values of R, the more applicable the 

model for the antibiotic examined. 

 
Table 5: Langmuir equation parameters for EAFD 

Antibiotics Slope Intercept Q0 b R2 

Tetracycline chloride 0.779 0.15 1.013 5 0.992 

 

The Freundlich Model: 

On the other hand, the Freundlich isotherm assumes that the adsorption occurs on heterogeneous surface at 

sites with different energy of adsorption and with non-identical adsorption sites that are not always available. 

Mathematically it is characterized by the heterogeneity factor “1/n” [22]. Freundlich model can be represented 

by the linear form as follows: 

          
 

 
               (11) 

Where KF is the Freundlich constant (mg/g)/(L/mg)
n 

and n is the heterogeneity factor. The KF value is 

related to the adsorption capacity; while 1/n value is related to the adsorption intensity. A plot of lnqe versus 

lnCe, gives a straight line with KF and 1/n determined from the intercept and the slope, respectively. 

 

Freundlich adsorption Isotherm for EARF.: 

The adsorption isotherm was applied for adsorption tetracycline chloride by drawing the relation between 

lnCe and lnqe Fig. (12) The slope of the resulting straight line is equals to 1/n, while the intercept equals to lnKF. 

The data obtained for Freundlich isotherm model for tetracycline chloride are collected in Table 4. The 

calculated Freundlich isotherm constants and the corresponding coefficient of correlation values are shown in 

Table6. The coefficient of correlation was high (R
2
 values are 0.997) indicating a good linearity. The results 

show that the values of n are greater than unity (n) indicating that antibiotic is favorably adsorbed on 

tetracycline chloride. Of Freundlich constants indicate easy uptake of antibiotic from aqueous solution. 

 

 
Fig. 12: Freundlich isotherm for tetracycline chloride with EAFD 
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Table 6: Freundlich equation parameters for EAFD 

Antibiotics Slope Intercept KF n R2 

Tetracycline chloride 1.22 0.10 0.40 0.775 0.997 

 

Kinetic Studies: 

The pseudo-first order equation is generally expressed as follows [23]: 

                  
  

     
                (12) 

Where qe and qtare the sorption capacities at equilibrium and at time t, respectively (mg g
−1

) and k1 (min
−1

) 

is the rate constant. The equation applicable to experimental results generally differs from a true first order 

equation in two ways: (i) the parameter log (qe−qt) does not represent the number of available sites and (ii) the 

parameter log (qe) is an adjustable parameter and often it is found not equal to the intercept of a plot of log 

(qe−qt) against t, whereas in a true first order log (qe) should be equal to the intercept of a plot of log (qe−qt) 

against t. In order to fit the pseudo-first order equation to experimental data, the equilibrium capacity, qe must be 

known. 

On the other hand, if the rate of degradation is a second-order mechanism, the pseudo-second order kinetic 

rate equation is expressed as: 
 

  
 

 

    
  

 

  
                       (13) 

Where qe and qtare the sorption capacities at equilibrium and at time t, respectively (mg g
−1

) and k is the 

rate constant of pseudo-second order reaction (g mg
−1

 min
−1

).  

If pseudo-second-order kinetics are applicable, the plot of t/qt against t should give a linear relationship, 

from which qe and k2can be determined from the slope and intercept of the plot.   
 

Table 7: Photodegardation parameters of tetracycline chloride on electric arc furnace dust 

Antibiotic Log (qe-qt) T (min) 

Tetracycline 

 

 

-0.55 
-0.69 

-1 

-1 

   
 

15 
30 

45 

60 

 

 

 
 

Fig. 13: The pseudo-first order for tetracycline chloride on EAFD 

 

Conclusion: 

Heterogeneous photo catalysis using electric furnace dust as photo catalyst was proven to be an effective 

method for the degradation of tetracycline chloride in its aqueous solution. The experimental results 

demonstrated that increasing the substrate concentration, light exposure period, and electric arc furnace dust 

dosage in an appropriate range contributed to the photo catalytic degradation of tetracycline. The removal of the 

antibiotic by adsorption on electric arc furnace dust was found to follow fresundlich and Langmuir isotherm 
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models. The rate of photo degradation follows pseudo first order with a rate constant -0.16 min
-1 

for tetracycline 

chloride  
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