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Abstract: Arsenic is gigantic contaminants in disbursement water sources in world affordable territories comprising of Asian nation. Date 
Palm (DP) fibres especially DP Stem is accessible in plenty in Dera Ismail Khan. Asian nations as Associate in nursing farming waste 
which will be altered into water fix adsorbent through upgrading its partiality to wipe out anions and cations. This get some answers 
regarding assessed the suitableness of the employment of adjusted waste such as Stem as a water filtration medium to get rid of these 
contaminants. The assessment enclosed creating sense of the natural action limit, mechanics of material expulsion and therefore the 
nice acknowledgment of this material. Eco-accommodating and defrayal tantalizing adsorbents had been discovered through 
synthetically altered or treat displaced person Stem. The next adsorbents, named "mercerized Stem primarily based adsorbent" (MSA), 
were discovered in an exceedingly one-advance procedure. Right now, waste like Stems were bestowed to hydroxyl radical pre-
treatment (mercerization) the employment of caustic soda to dispense with polluting influences and create the particles leaky. Clump 
examines are crystal rectifier to make your mind up the surface assimilation of Arsenic, differing material fixations, adsorbent parts, and 
pH. Hence, the check knowledge was re-enacted utilizing customary isarithm models, comprising of the Langmuir and Freundlich 
models even as energy models. At beginning Arsenic (As) centralization of 0.1 mg/L (100 µg/), Associate in Nursing surface assimilation 
capability for Arsenic had been 0.085 mg/g (85µg/g) at hydrogen ion concentration. In light-weight of the integrity of match of a pseudo-
second request model and pseudo-first request model, the surface assimilation framework wont to be named as physiochemical surface 
assimilation. 
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1 INTRODUCTION                                                                    

Heavy metal especially Arsenic is a substance factor spoken to as (As) [9]. This heavy metal has various outcomes, for 

example, long haul attention in devouring water reason wellness results comprising of blood disease, skin surface problems, 
and lung problems; solvent inorganic heavy metal like Arsenic may quickly harmful results, for example, heaving, unsettling 
influence of blood flows, harm in the stressed framework, and in this way demise [2]. For a moment, in country like Taiwan, 
such heavy metal in consumable liquids achieved footing and legs ailment which seriously harms veins in decline appendages 
[32]. Exposure of clean drinking water is one of the unavoidable variables of the universe and necessary for all inhabitants 
residing beings alongside mankind [4]. Water is a broad piece of nourishment, wellness and vitality. The vast majority of the 
nations and districts on earth planet are confronting water shortage and exhaustion because of the nonappearance of 
perpetual estuaries, streams, lakes and almost no amount of precipitation, specifically in dry and parched areas, for example, 
southern Khyber Pakhtunkhwa of Pakistan. Water is rare and request is getting to be developing with the rapidly increment 
of the world people [11]. In addition, extended interest related to microscopic organisms, stem, growths, agrarian results, 
associations. Differentiated mode (living or dead) such as microscopic organisms, stem, growths, agrarian results, coconut 
shell, green growth, peat, greenery, chitosan, almond shells and nut shells and have been researched for bio sorption of 
overwhelming metals [6]. Water for commercial purpose, farming as well as home purposes brought about the everyday 
gathering of billions of gallons of contaminated water to spared simple water saves.  
As per United Nations insights, the net each year amount of created dirtied water is around 1500 km3 [17]. The total number 
of contamination in water, comprising of every regular and inorganic poison, is practically more than 700. While, metallic 
contamination is among the most hazardous because of the reality of their harmfulness and non-biodegradable structure. 
Along these metals which incorporate Arsenic, mercury, cadmium, antimony, platinum, lead, copper and chromium are of 
chief subject [17]. Such substantial heavy minerals may cause to create negative wellness impacts, for example, loose bowels, 
stomatitis, gastrointestinal issue, tumors, hemoglobinuria, regurgitating, ataxia, and loss of motion [1]. Arsenic is usually 
utilized in different fields of ways of life, for example, wooden protection, horticulture, gadgets, prescription and 
metallurgical methods [31].  
In this research, Date Palm Stem was examined for its suitability to remove Arsenic from water over a broad range of 
temperature, pH, Arsenic concentration and adsorbent dosage without using a catalyst. The similarity and organization of 
water having Arsenic sickness are the key components characterizing the disposal of Arsenic [3]. Bio sorption is a decision 
method to conventional metal remediation with minimal effort and promising execution including adsorption process the 
utilization of substances of natural inception, staying or dead microorganisms so as to gather solute on the outside of the 
sorbent, which is impartial of the cell phone. 
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2 MATERIAL AND METHODOLOGY 

2.1 CHEMICAL REAGENTS 

Synthetic concoctions utilized in case of practicals works are Arsenic Solution, Sodium Hydroxide (NaOH), Acetic Acid 
(CH3COOH) and HCL. The compound substances and reagents were utilized in all tests with the exception of also purging. 
All things considered and had been audited under comprehended before experimentation. 

2.2 MATERIAL AND SYNTHESIS OF ADSORBENT 

The adsorbents, for example, mercerized Stem based (MSA) were set up by surface change of DP Stems dependent on strategy 
and method announced in the writing with critical adjustments. Crude Date Palm Stems were procured from neighbourhoods 
Dera Ismail Khan. Two kilograms of crude date palm Stems was purify utilizing boiling liquid and dish washing reagent. 
Date palm Stems were then non moisture and grinded with a successful distance across of roughly (0.125 to 2) mm. This 
procedure worked out at 105 °C temperature to guarantee the total evacuation of outward dampness. Unclean crude DP Stem 
and ground DP Stems are appeared in pursue. 

2.3 PREPARATION OF ADSORBENTS 

Arsenic stock arrangement used to be having convergence of 1g/L. Arrangements of required Arsenic fixations (0.1–0.6 
mg/L) had been purchased through weakening the Arsenic stock arrangement with DI water. The Arsenic focuses had been 
estimated the utilization of an Arsenic pack (QUANTOFIX®). All the weakened arrangement had been readied utilizing mass 
parity condition. 

M1 V1 = M2 V2                               (3.1) 

2.4 STATIC EXAMINATION FOR ARSENIC REMOVAL 

Clump tests of Arsenic have been done at 28° C (room temperature) in order to think about impacts of mercerized time, pH, 
starter Arsenic consideration along adsorbent portion of MSA (0.1 - 0.6 g). The primer Arsenic mindfulness is 0.1 - 0.6 mg/L 
(100 μg/L - 600 μg/L). The group look at used to be conveyed with the guide of putting a 100 mL test in a 250 ml Erlenmeyer 
cup, and afterward the blend was mixed at 110 ± 2 ° C for 2 hours the utilization of a hatchery shaker at one hundred ten rpm. 
Each investigate was completed in triplicate to restrict trial mistake. The information got from the bunch test was utilized 
under different models for depicting the removal of Arsenic based upon MSA. The adsorption limit at the hour of immersion 
was determined by Relation 3.2. 
 

   (3.2) 

2.5 KINETIC MODELING OF ARSENIC REMOVAL 

The energy of Arsenic expulsion by MSA was examined by uncovering the adsorbent of 0.4 gram. In addition, accurately 
characterize the dynamic part of Arsenic expulsion by MSA pseudo-first-request models and pseudo-second-request models 
are utilized to depict the motor information. As indicated by [8], the pseudo first-request langrenen condition can be utilized 
as Relation 3.3, and the pseudo 2nd order request be utilized by utilizing the condition (3.4) depicted. 

 
ln (qe − qt) = lnqe − k1 t  (3.3) 

 

(3.5) 

 +                                  (3.6) 

2.6 ADSORPTION ISOTHERMS 

Here the various methods that can be utilized to think about the conduct and reasonableness of removals forms, the Langmuir 
and Freundlich methods are regularly examine the viability of removal. Relations (3.7-3.9) used in order for utilized to ponder 
the adsorption of Arsenic with the guide of MSA [3]. The Langmuir isotherm model refers to a procedure that considers single 
layer adsorption excepting sidelong collaboration. 

  (3.7) 
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Equation 3.10 was utilized to research removal information. These models consider in more grounded restricting destinations 
are involved from the outset. Direct type of this method may compose like condition 3.10.                

                        (3.10) 
In the above relation, ‘Ci’, ‘Ce’ and ‘qe’ shows start and equilibrium amount of Arsenic (mg/L) and amount of solute 
adsorbed (mg/g), relatively. Also, m is the mass (g) of adsorbent applied, Q0 shows the maximum monolayer removal 
capacity (mg/g), b is the Langmuir isotherm model coefficient, and RL is the separation factor. The constants 'Kf' and '1/n' are 
the adsorbent capability and the adsorbent intensity relatively in the Freundlich model. 
Characterization of Raw Material and Adsorbent 
Engineered characteristics of the untreated waste and treated waste are picked by strategies for a noteworthy number 
depiction method. The starting substances DP Stems have special and obfuscated properties and this is considered in the 
direction of the adsorbent. Around there, the systems stressed in the depiction of adsorbent surfaces have been discussed. To 
decide the surface region, empty spaces of sorted out waste and also width, uncommonly and extraordinary mechanized fuel 
adsorption structures. It is used to be surpassed to dispose of. Moreover, surface area analyser was once utilized in computing 
the pore degree and floor locale with the utilization of the implicit programming of the instrument.  

3 RESULTS AND DISCUSSIONS 

3.1 EFFECT OF PH 

Impact of pH on Arsenic removal via mercerized Stem based adsorbent (MSA) was analysed at scope of pH (2.0 - 9.0) at a 
portion of 0.1milligram/100 Milliliter. This influences DP Stem adsorption in light of the fact that the development of anions 
just covers charges on the modified waste. Arsenic evacuation capabilities observed such as 97, 96.4, 95, 90, 80, 78, 74, and 70 
% at pH estimations of 2, 3, 4, 5, 6, 7, 8 and 9 separately. The end of Arsenic by methods for a bio adsorbent is somewhat 
founded on the pH of the watery section. This is on the grounds that, in acidic locale, all-out cost on the bio adsorbent might 
be great (or generally positive), inciting the adversely charged Arsenic particles to tie promptly. These outcomes display that 
DP Stems adsorption happens in a wide shift in case of pH. Less Arsenic disposal affectivity once seen at range of pH cost 
containing eight likewise connected with the mechanics of Arsenic. This marvel is additionally articulated by methods for 
[10]. Conversely, powerless Arsenic removal at pH 9 was once because of troublesome antacid conditions and electrostatic 
repugnance between anions. 
 

 
Fig. 1  Effect of pH on arsenic adsorption by MSA 
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3.2 EFFECT OF INITIAL ARSENIC CONCENTRATION 

Effects related to beginning of Arsenic focuses onto Arsenic evacuation effectiveness was researched utilizing 0.4 g of 
mercerized Stem based adsorbent (MSA) at a scope of introductory Arsenic fixations (0.1 - 0.6 mg/L) or (100 - 600 µg/L) at pH 
6. Figure 3 shows that Arsenic expulsion effectiveness diminished from 80% to 71.5% when the underlying Arsenic fixation 
expanded from (100µg/L - 600µg/L) or (0.1 mg/L to 0.6mg/L). Measure of adsorbed heavy metal expanded from (0.01 to 
0.0875) milligram/gram at pH 6 underlying Arsenic fixation expanded from 100 µg/L to 500 µg/L(0.1 mg/L to 0.5mg/L) due 
to the Arsenic mass exchange that happens between the fluid and strong stages [21].  

 
Fig. 1 Effect of initial arsenic concentration (mg/litre) on arsenic adsorption capacity (mg/g) of MSA 

 
Fig. 2 Effect of initial arsenic concentration (mg/g) at pH 6 on arsenic removal by MSA 

 

 

3.3 EFFECT OF DATE PALM STEM DOSAGE 

MSA impacts measurement on Arsenic elimination was additionally researched at pH 6. True to form, Arsenic evacuation 
diminished as the dose of adsorbent diminished, yet the misfortune in Arsenic expulsion were just surprising to a dose of 
around 0.4 g (Figure 4). Albeit adsorbent portions lesser than 0.4 g likewise diminished Arsenic evacuation, so in this manner 
diminishes were slight. A comparative pattern in the impact of adsorbent measurements on anions expulsion was accounted 
for already for other synthetically adjusted biomaterials [24]. 

IJSER

http://www.ijser.org/


International Journal of Scientific & Engineering Research Volume 11, Issue 2, February-2020                                                                          982 
ISSN 2229-5518  

IJSER © 2020 

http://www.ijser.org  

 

 
Fig. 1 Arsenic removals at different dosages of MSA 

 

3.4 EFFECT OF MERCERIZED TIME 

Arsenic evacuation by MSA researched via uncovering MSA (0.4 gram) on (0.1 milligram/Liter - 0.6 mg/L) with Arsenic 
arrangement of 100 ml for different spans and estimating the amount of Arsenic expelled from arrangement at each time 
interim. As appeared in Figure 5 the most extreme pace of Arsenic adsorption happened inside the 5 minutes and arrived at a 
relentless state (at around 89% expulsion) following an hour.  

 

 
Fig. 1 Arsenic removal (%) by MSA as a function of time at pH 6 

 
Langmuir and Freundlich Isotherms Analysis for Date Palm Stem 
Langmuir Isotherm Model: Various handy to look at the behavior and uses of removal technique, the Langmuir isotherm 
methods are nearly applicable to assess the effectiveness of removal. Here, the linearized equation of the Langmuir method 
created by [6] (Equations 3.10-3.11) was once used to make ensure the removal of Arsenic via DP Stem. Also, the linear 
relation of the Langmuir isotherm model was once used to find out removal findings. 
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Fig. 2 Linearized form of Langmuir isotherm model for adsorption on MSA at pH 6 

 
 
Freundlich Isotherm Model: Linear equation of the Freundlich Isotherm Model (Equation 3.13) failed to sure the application of 

fit based on value of R2 (R2 = 0.9975) at pH numeric value of 6. Also, the values of  is between 0 and 1(  = 0.5247). So that 
parameters of Freundlich Isotherm Model, shows meduim heterogeneity and uses of multilayer removal [11]. 
 

 
Fig. 3 Linearized form Freundlich isotherm model for adsorption on MSA at pH 6 

  
 
Both Isotherms conduct information which may take out in static research for Arsenic. The ‘RL’ value obtaining from 
utilization of the Langmuir isotherm model (RL< 1) recommends Arsenic adsorption by DP Stems adsorbent occurred by 
monolayer adsorption. It is due to nomenclature of adsorption represents unsuitable, linear, favourable and irreversible 
corresponding to values of RL (RL>1, RL=1, 0 <RL<1 and RL=0 respectively) [6]. Based upon Langmuir (1918), the science of 
removal occur at specific locations without relation of adsorb ate ions. At equilibrium, the morphology of adsorbent 
represents covered with monolayers. In this research, the Langmuir correlation co-efficient was mostly near to unity for 
Arsenic removal (R2 = 0.9926) and viewed in Table 1.Based on these data, it is shown that Arsenic removal suited for 
Langmuir isotherm. 
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Fig. 4 Langmuir Freundlich isotherm model for adsorption on MSA at pH 6 

 
TABLE I 

LANGMUIR AND FREUNDLICH PARAMETERS FOR ARSENIC ADSORPTION ON MSA 

Isotherm pH Parameters Arsenic Adsorption 

Langmuir 
 

 
 
 
 

6 

Q0 (mg/g) 0.0955 

b (L/mg) 27.724 

R2 0.9926 

Freundlich Kf (mg/g) 0.2295 

1/n 0.5247 

n 1.9703 

R2 0.967 

 

3.5 KINETIC OF ARSENIC ADSORPTION ONTO MSA 

Kinetic relations of Arsenic removal on DP Stem adsorbent for the pseudo-first and second order models were obtained to be 
0.016 /min and 19.61 g/ (mg. min) at pH 6 corresponding in Table 2. The correlation constant (R2) between experimental 
information and model predictions were 0.999 and 0.741 for the pseudo-second and first order models, respectively. This 
shows pseudo-second order model revealed a good showiness of this specific Arsenic bio sorption method. Also, the pseudo 
first order model did not be considered in agreement specifically at pH value of 6 (R2 = 0.741) (Fig. 10 and 11). The qe value 
contained from the pseudo second order model was 0.0107 mg/g. usually; pseudo first order could not show the removal 
capability at equilibrium. 
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Fig. 1 Pseudo-first order model of arsenic adsorption by the MSA at pH 6 

 
Fig. 2 Pseudo-second-order model of arsenic adsorption by MSA at pH 6 

 
TABLE II 

SUMMARY OF PSEUDO-FIRST ORDER AND PSEUDO-SECOND-ORDER KINETIC MODEL PARAMETERS FOR ARSENIC ADSORPTION ON DATE 

PALM STEM

 

4 CONCLUSION 

Arsenic defilement is an across the board issue in drinking water sources in Pakistan including Dera Ismail Khan. The prime 
target of this exploration was the expulsion of Arsenic from fluid arrangement utilizing Date Palm Stems. The ability Date 

pH qe (mg/g) Pseudo First Order Model Pseudo Second Order Model 

 
6 
 

Exp. K1 (min-1) qe (mg/g) R2 K2 (g/mg-min) qe (mg/g R2 

0.0111 0.028 - 0.949 10.488 0.0121 0.996 
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Palm Stems as a    forerunner for an adsorbent in the expulsion of Arsenic has been examined in clump. The physiochemical 
properties of Date Palm like Mercerized Stem Based Adsorbent (MSA) were researched to approve the proficiency by 
characterization. The physicochemical qualities of adsorbents were resolved utilizing Surface Area Analyser.  
SAA affirmed the nearness of voids & mercerized waste is porous so particular upper region related to voids watched 
extremely little when contrasted with initiated carbon. MSA were set up by mercerizing DP Stem with NaOH. It 
demonstrated an astounding adsorption limit with respect to expelling Arsenic from fluid arrangement. Arsenic groupings of 
(0.1 mg/L - 0.6 milligram/Liter) utilized in order to produce information for Isotherms models & Kinetics parameters. 
Essential factors including pH, measurement and mercerized time learned underlying convergence about 0.1 mg/L (100µg/L) 
for Arsenic on MSA. The Arsenic adsorption on MSA lies in between pH(2 – 6) with little changes in adsorption capacity. 
Arsenic removal through adsorption on MSA ranged from (90% – 68%) respectively. Different constants relationship in the 
case of Arsenic on MSA was exceptionally high while treating demonstrating homogenization of the outside of the adsorbent. 
For Arsenic adsorption on MSA the constant of relapse for R2 was seen as 0.992 at pH 6 separately. Finding of R2 for 
Freundlich method for Arsenic removal via MSA observed as 0.967 at pH 6 separately. Henceforth, it is reasoned that the two 
models affirm the successful adsorption capacity of MSA yet Langmuir is better than Freundlich. The Arsenic adsorption limit 
on MSA was 0.085 mg/g (85µg/g) at pH 6 individually. The pseudo-second request model clarified active wonders related to 
Arsenic removal to some degree superior to anything a pseudo-first-request model. Dynamic investigation uncovered the 
take-up rate and impact of arrangement pH 6 on the energy of Arsenic on MSA. It demonstrated a sharp take-up of Arsenic 
inside 5 min and balance happened step by step for every one of the three adsorbents inside an hour. 
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