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ABSTRACT 

The" aim" of this study is to use the natural adsorbents which consist of gum arabic as 

absorbents for plant products to remove heavy metals from industrial wastewater and 

standard aqueous solutions with a prepackaged bed column (PBC) technique based on a Box-

Wilson design". The gum arabic was modified into carbonated gum by oven maville at 300°C. 

The influence of were studied: pH value, contact time, and removal efficiency estimation using 

a packed layer column which gives the best" heavy metal removal" performance."The study 

showed the removal efficiency tests of charred gum arabic absorbers that the best removal 

from industrial wastewater were: 80%, 68.75% and 90.7% for lead (Pb), cobalt (Co) and 

cadmium (Cd) respectively, at pH 5-6.5 and contact time. 0.25 - 4.30 hours. While from the 

standard aqueous solutions, they were: 82.5%, 71.4% and 91% for Pb, Co and Cd 

respectively, at pH 5 - 6.5 and contact time 0.25 - 4.30 hours. In addition, other pollutants of 

charred gum arabic such as total dissolved solids (TDS) and electrical conductivity (E.C) have 

been reduced in industrial wastewater. The carburizing degumming efficiency showed 

significant differences between removal of heavy metals at (p≤ 0.05). 

Keywords: carbonized, industrial wastewater, adsorption, Co, Pb, Cd. 
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 تقييم كفاءة الصمغ العربي في إزالة المعادن الثقيلة من مياه الصرف الملوثة
 ماجد رشيد مجيد                                هالة محمد شالخ 

 باحث                                       أستاذ مساعد    
 جامعة بغداد -كلية العلوم  -قسم التقنيات الاحيائية 

 المستخلص 
الطبيعية، والتي تتكون من الصمغ العربي كمواد ماصة للمنتجات النباتية لإزالة  الهدف من هذه الدراسة هو استخدام الممتزات

-Box (PBC) المعادن الثقيلة من مياه الصرف الصناعي والمحاليل المائية القياسية باستخدام تقنية عمود السرير المعبأ
Wilson.  تمت  على أساس تصميم جة مئويةدر  300عند  فرن مانفيلتم تعديل الصمغ العربي إلى صمغ مكربن بواسطة

قيمة الرقم الهيدروجيني ووقت التلامس وتقدير كفاءة الإزالة باستخدام عمود طبقة معبأة يعطي أفضل أداء  كل مندراسة تأثير 
لإزالة المعادن الثقيلة.  أظهرت الدراسة اختبارات كفاءة الإزالة لممتصات الصمغ العربي المتفحم أن أفضل إزالة من مياه 

الكادميوم على التوالي عند الأس و  وبالت٪ للرصاص )الرصاص(، الك90.7٪ و68.75٪، 80الصرف الصناعي كانت: 
٪ 71.4٪، 82.5ساعة. بينما كانت من المحاليل المائية المعيارية:  4.30-0.25ووقت الاتصال.   6.5-5الهيدروجيني 

 الكلية الكلية للصمغ العربي المتفحم مثل المواد الصلبة الذائبة إلى ذلك، تم تقليل الملوثات الأخرى بالإضافة، ٪ للرصاص91و
في مياه الصرف الصناعي.  أظهرت كفاءة إزالة الصمغ الكربنة اختلافات معنوية بين إزالة المعادن الثقيلة  (E.C) الكهربائي

(p ≤0.05).. 
 الامتزاز، رصاص، كوبلت، كادميوم.: الصمغ العربي المتفحّم، مياه الصرف الصناعي، المفتاحيةالكلمات 
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INTRODUCTION 

The sources of wastewater are many, some of 

them are domestic and some are industrial and 

agricultural. For example, it may be difficult to 

treat industrial wastewater, while household 

wastewater is relatively easy to treat (although 

household waste is increasingly difficult to 

treat). The reason is the increase in the 

quantities of medicines and personal care 

products that are discarded in domestic 

wastewater (20). There are industries that pose 

a threat, especially to health and the 

environment, such as industries that use heavy 

metals, such as the manufacture of electric 

batteries, the manufacture of electrical and 

electronic devices and the leather industry, as 

these industries emit various pollutants in large 

quantities such as toxic dyes or heavy metals 

that pose a danger when they enter the food 

chain and accumulate in Tissue organisms 

through the processes of biological 

concentration and their effects on human 

health (24). The treatment plant utilizes a 

series of stages to treat and clean water that 

could be safely released into a lake, river, or 

waterway. This treatment usually consists of 

three main steps, (3). In these stages, different 

techniques are employed to take off heavy 

metals" from polluted water," for instance;" 

Ion exchange, chemical precipitation, Reverse 

Osmosis (RO) and membrane separation (23)." 

All of these technologies are fairly expensive 

and not effective enough to allow recovery of 

the highly dilute heavy metals that are founded 

in the effluents and are not appropriate for 

small industries [8]. In the obscurity of 

chemical, physical or" costly treatment 

methods for wastewater, other approaches, 

such as the use of successful biological 

systems will be needed with an adsorption 

process to remove toxic metals from 

wastewater (1)". As plant waste materials 

available in large quantities in many 

operations at no cost as successful alternative 

absorbents (7), such as fruit peels, peanut skin, 

tree bark and plant gum, they can be used as 

raw materials or as modified materials that 

reduce various heavy metal ions from polluted 

water (6). Heavy metals are the elements that 

have more than five times the specific gravity 

than that water. (23) The toxicity of heavy 

metals are affected by several factors such as 

chemicals firm and its presence in the 

ecosystem. (24) Heavy toxic elements are 

faound in water and concentrated as result of 

human activities. (25) This research aims to 

use charred gum arabic as a natural absorbent 

to eliminate heavy metals from industrial 

wastewater using fixed filter technology. 

MATERIALS" AND METHODS"======= 

Samples of industrial waste water were taken 

from the main basin of the treatment unit in 

General State" Battery manufacturing" 

Company (Babel Factories), in Baghdad. 

Three waste water samples, (each sample of 5 

Liters), were collected using pre-sterilized 

glass bottles for the period lied between 4th 

and 20th of September 2019 during the 

treatment unit operation. Each sample 

measured for determination of the highest ratio 

of heavy metals (Pb, Co and Cd),  A measured 

by a device atomic absorbyion Total dissolved 

solids (TDS) A measured by TDS meter, pH, 

and electrical conductivity (E.C) A measured 

by E.C meter, and then chooses the sample 

that containing the highest proportion of heavy 

metals and pollutants for study. 

Preparation of standard solutions 

Heavy metals standard solutions" (single ion 

system): The following equation was used to 

present heavy metal standard solutions based 

on the atomic and molecular weight of the 

element (22). 

Cobalt standard solution 

The 50 mg/l Cobalt adsorbate standard 

solution was made by dissolving 0.2 mg of 

Co(NO3)2 in 1000 ml de-ionized distilled 

water (DDW). The solution was passed 

through a 0.45m membrane filter to block 

unsolvable particles from passing through and 

was used as the standard solution for 

experimental tests. Efficiency of Removal ER 

% =    
𝐶𝑜−𝐶𝑓

𝐶𝑜
 × 100”==========This is a 

difference in Alti, which were taken to heavily 

heavily heavily in heavy metals, which are 

mainly different in their salts 

Lead “standard solution 

The adsorbate standard solution of 50 mg/l of 

Lead was obtained by adding 0.09 mg of Pb 

(CH3COO) 2.3H2O in 1000 ml of DDW. The 

whole solution was then passed through a 

0.45m filter membrane and used as the 

standard solution for the experimental studies. 
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Cadmium “standard solution”====== 

The 50 mg/l Cadmium adsorbate standard 

solution was made by dissolving 0.08 mg of 

CdCl2 in 1000 ml of DDW. The mixture was 

passed via a 0.45m filter membrane and used 

as the experimental standard solution. 

Adsorbent preparation 

Arabic gum collected from the local market 

and then prepared as carbonized adsorbent 

(charcoal). The samples of raw Arabic gum 

(500gm) were carbonized at 300C for 3h. in 

muffle furnace in order to carbonize Arabic 

gum (fig.1). The resulting samples (450 gm) 

was stored in plastic container and kept” air 

tight to evade absorption of moisture from the 

atmosphere”. These prepped adsorbents 

(carbonized Arabic gum) were used in 

experiment (14). 

 
Figure 1. Arabic gum, (A) Raw gum, (B) Carbonized gum 

Parameters affecting adsorption process 

and experimental design 

The pH value and contact time (the period of 

survival of the wastewater with Arabic gum 

column) (fluidized bed reactor) (retenation 

time) (semi-continious) were the central 

examined parameters which may affect toxic 

metals adsorption. The research methodology 

followed the Box Wilson method, with waste 

water pH ranging from 5-8 and contact time 

ranging from 0.25 to 5 hours (3). 

Experimental studies of adsorption  
The adsorption steps were carried out in a 

clear glass column with an internal diameter of 

2.0 cm and a height of 30 cm, figure 2. The 

adsorbents (Arabic gum carbonized) were 

limited in the column by a fine Teflon (PTFE) 

filter (No.1) at the lower end of the column 

and a glass bed layer at the top of the column 

(Fig.2).   

 
Figure 2. Schematic of experimental column 

Before the adsorption trials, the column was 

overwhelmed with de-ionized vapor. It was 

filled with prepared Arabic gum carbonized 

samples and industrial waste water or regular 

solution samples in order to assess and 

estimate the efficiency of the adsorbent for 

treatment of industrial waste water using the 

Box-Wilson design (pH values and Contact 

time) [10]. All waste water samples were taken 

after treatment with adsorbents and analyzed 
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for estimating certain variables such as Ph, 

EC, and TDS that were isolated using standard 

methods (2) and toxic metals (Co, pb, and Cd) 

content using atomic absorption spectroscopy 

in the research lab 

Calculations of removal efficiency  

The efficiency of the adsorption process was 

calculated using the equations below 

(Efficiency of removal) (11) 

Efficiency of Removal ER % =    
𝐶𝑜−𝐶𝑓

𝐶𝑜
 × 

100”=====Where:  

Co = the initial metal concentration (mg/l)”  

Cf = the final concentration (mg/l)  

Statistical Analysis”===== 

All data were statistically investigated by 

ANOVA test. 

RESULTS AND DISCUSSION 

Physiochemical “analysis of industrial waste 

water: Table 1 displays the values of 

temperature, pH, EC, TDS, cadmium, lead and 

cobalt ions concentrations of investigated 

industrial” waste water samples from 

treatment unit of” General State Battery 

manufacturing Company before treatment. The 

results observed for temperature, pH, EC and 

TDS were: 14 C, 9.1, 80000 µS/cm, 14000 

mg/L respectively. as for the heavy metal 

“contents of these samples, the results” 

showed” that the level” of Cd, Pb and Co were 

1.5, 5, 0.8 ppm (mg/l) respectively. according 

to the data, it seems obvious that all variables 

are very high comparing to the standard 

limitations that internationally and locally 

permitted values and this could” be due to the 

additive chemicals” participated and the “type 

of treatment that” anticipated.     

Table 1. Physiochemical and pollutant values of industrial waste water before treatment 
Physical and chemical measurements Unit Physical and chemical properties 

before treatment 

Temp ℃ 14 

PH --- 9.1 

E.C. µS/cm 80000 

T.D.S Mg/L 14000 

Cd PPm 1.5 

Pb PPm 5 

Co PPm 0.8 

Experimental studies of adsorption 

Removing of heavy metals from industrial 

waste water by carbonized Arabic gum: The 

research investigations of adsorption for heavy 

metals removal from wastewaters by 

carbonized gum that were carried out by 

different experimental column are shown in 

Table 2.  And (Fig. 3). The findings showed 

that gum carbonized has the potential to 

eliminate and reduce the amount of heavy 

metals in wastewaters. Table 2 displays the 

important differences in adsorbent percentage 

removal for removing heavy metals as 

calculated by a one-way Anova (Post hoc) test 

with the F and p value at the level of 

likelihood p ≤ 0.05.  

 
Figure 3. Column filled with prepared carbonized Arabic gum samples and waste water 
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The results of adsorption process by 

carbonized gum showed higher adsorption 

capacities for heavy metals of industrial waste 

water at pH 6.5 and contact time 0.25 hr. for 

pb that was 1ppm after treatment, and for Co 

was 0.25 ppm at pH 5.4 and contact time 4.30 

hr., while was 0.14 ppm for Cd ions at pH 5 

and 8 with contact time 2.62 hr.(table 2). In 

same time, the removal efficiency giving ion 

concentrations at 1ppm, 0.14 ppm and 0.25 

ppm were 80%, 68.75% and 90.7% 

respectively. otherwise, the” lowest adsorption 

efficiency was” documented in case of pb that 

was about 2.5 ppm after treatment (Table 2) 

with” pH 5.4 and contact time 0.94 hr. and for 

Co was 0. 5 ppm at pH 7.5 and contact time 

0.94 hr., while was 1.4 ppm for Cd ions at pH 

5.4 and 8 with contact time 0.94 hr. also. 

Moreover, the removal efficiency for these 

same values were 50%, 37. 50% and 56.6% 

respectively. The pH of the adsorption system 

is an important controlling parameter in toxic 

elements adsorption protocol (5). This 

parameter is specifically related to the rivalry 

of hydrogen ions with metal ions at active sites 

on the adsorbent surface [16]. Generally, 

optimum pH for heavy metals adsorption " 

between 5 and 6 in case of using plant wastes" 

and plant products (25). as such these 

adsorbents were created to be different in the 

adsorption of heavy metal ions such as pb 

ions, Co ions and Cd ions that gave highest 

efficiency of heavy metals removal was found 

in the case of Cd ions, while the lowest in case 

of Co ions (Tables 2). 

Table 2. Removal efficiency of carbonized gum adsorbent for heavy metals removal in 

industrial wastewater 
 

Exp.No. 

 

Variables 

 

Concentration(ppm) Concentration (%) 

pH 

 

T(hr) Pb 

(5 ppm) 

Co 

(0.8 ppm) 

Cd 

(1.5 ppm) 

Pb Co Cd 

1. 5.439 0.946 2.5 0.3 1.4 50 62.5 56.6 

2. 5.439 4.304 1.7 0.25 0.17 66 68.75 88.7 

3. 7.561 4.304 1.2 0.4 0.15 76 50 90 

4. 7.561 0.946 1.2 0.5 0.19 76 37.5 87.4 

5. 5 2.625 1.8 0.4 0.14 64 50 90.7 

6. 8 2.625 1.2 0.3 0.14 76 62.9 90.7 

7. 6.5 0.25 1 0.4 0.16 80 50 89.4 

8. 6.5 5 2 0.3 0.15 60 62.5 90 

9. 6.5 2.625 2 0.3 0.15 60 62.5 90 

10. 6.5 2.625 2 0.3 0.15 60 62.5 90 

11. 6.5 2.625 2 0.3 0.15 60 62.5 90 

12. 6.5 2.625 2 0.3 0.15 60 62.5 90 

13. 6.5 2.625 2 0.3 0.15 60 62.5 90 

In this study, Anova test was used to detect the 

critical effects of parameters on the adsorption 

process and heavy metals removal. The 

significance value in all ANOVA statistical 

analyses is p ≤ 0.05, implying that the measure 

is statistically meaningful (21). as shown in 

(Table 3), F-value was 66.353 and p- value 

was 0.000 at the level of probability (p ≤ 0.05). 

These data indicate to exist a significant effect 

of pH values and contact times on adsorption 

process and removing of heavy metals. Also, 

these data refers to exist significant differences 

among heavy metals removal depending on 

type of metal. 

Table 3. ANOVA statistical tests for removing of heavy metals from industrial wastewater 
Heavy metal Mean Standard Deviation F-value P-value 

Pb 1.62222 0.50194 66.353 0.000 

Co 0.35 0.07905   

Cd 0.15444 0.01666   

P≤0.05 

On the other hand, Table (4) shows 

Physiochemical values of industrial waste 

water after treatment by carbonized Arabic 

gum. All values variables (pH, E.C. and 

T.D.S.) were reduced to the lowest values that 

were 7.8, 1100 and 554 for pH, E.C. and 

T.D.S. respectively. These values were chosen 

based on the best values in table 2 and 3 at pH 

value 8 and contact time 2.62 hr.  
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Table 4. Physiochemical values of industrial waste water after treatment 
Physical and chemical 

measurements 

Unit Physical and chemical properties before 

treatment 

PH --- 7.8 

E.C. µS/cm 1100 

T.D.S mg/L 554 

Removing of heavy metals from standard 

solutions by carbonized Arabic gum  

The results of removing process by carbonized 

gum showed higher removal for heavy metals 

of standard solutions at pH 6.5 and contact 

time 0.25 hr. for pb that was 8.75 ppm after 

treatment, and for Co was 14.3 ppm at pH 5.4 

and contact time 4.30 hr., while was 4.5 ppm 

for Cd ions at pH 5 and 8 with contact time 

2.62 hr. (table 5). In same time, the removal 

efficiency giving ion concentrations at 8.75 

ppm, 14.3 ppm and 4.5 ppm were 82.5%, 

71.4% and 91% respectively (Table 5). On the 

other vein, the lowest adsorption efficiency 

was registered in case of pb that was about 

22.5 ppm after treatment (Table 5) with pH 5.4 

and contact time 0.94 hr. and for Co was 26. 5 

ppm at pH 7.5 and contact time 0.94 hr., while 

was 6.25 ppm for Cd ions at pH 7.5 and 

contact time 0.94 hr. Moreover, the removal 

efficiency for these same values were 55%, 

47% and 87.8% respectively. The pH of the 

adsorption process is a key controlling 

parameter in toxic metals adsorption (5). This 

parameter is immediately linked to the rivalry 

of hydrogen ions with metal ions at sensitive 

sites on the adsorbent surface (16). 

Furthermore, one of the most critical 

parameters for successful adsorption 

application is contact time. Conclude, there 

have been three critical rate steps in the 

adsorption of materials from solution by plant 

wastes in a given contact time. The very first 

step is transport of the adsorbate through such 

a surface layer to the exterior of the adsorbent 

(film diffusion); the step two is diffusion of the 

adsorbate inside the pores of the adsorbent 

(pore diffusion); and the final step is 

adsorption of solute on the internal surfaces 

bounding pore and capillary spaces. Transport 

of the adsorbate through the surface layer or 

boundary layer is rate-limiting for most 

Operational conditions, but if enough 

turbulence is given, transport of the adsorbate 

even within porous adsorbents will regulate 

the rate of uptake (15). The contact time 

expected by all types of adsorbents for me, 

according to (13). 

Table 5. Removal efficiency of carbonized gum adsorbent for heavy metals removal in 

industrial wastewater 
 

Exp.No. 

 

Variables 

 

Concentration (ppm) Concentration (%) 

pH 

 

T(hr) Pb 

(5 ppm) 

Co 

(0.8 ppm) 

Cd 

(1.5 ppm) 

Pb Co Cd 

1 5.439 0.946 22.5 17.8 4.6 55 64.4 90.8 

2 5.439 4.304 12.5 14.8 5.5 75 71.4 98 

3 7.561 4.304 11.25 21.5 5 77.5 57 90 

4 7.561 0.946 11.25 26.5 6.25 70 47 87.5 

5 5 2.625 15 21 4.5 77.5 58 91 

6 8 2.625 11.25 17.8 4.5 82.5 64.4 91 

7 6.5 0.25 8.75 21 5.3 62.5 58 89.4 

8 6.5 5 18.75 16 5 62.5 68 90 

9 6.5 2.625 18.75 16 5 62.5 68 90 

10 6.5 2.625 18.75 16 5 62.5 68 90 

11 6.5 2.625 18.75 16 5 62.5 68 90 

12 6.5 2.625 18.75 16 5 62.5 68 90 

13 6.5 2.625 18.75 16 5 62.5 68 90 

Additionally, according to (Table 6), F-value 

was 38.69 and P- value was 0.000 at the level 

of probability (p ≤ 0.05). These data indicate 

to exist a significant effect of pH values and 

contact times on adsorption process and 

removing of heavy metals. Also, these data 

refer to exist significant differences among 

heavy metals removal depending on type of 

metal. Furthermore, a nova test showed 

significant differences between treatment of 

industrial waste water and aqueous standard 

solutions by carbonized gum at the level of 

probability (p ≤ 0.05) where the F- value was 

20.13 and P- value was 0.000, and found that 
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the removal efficiency and adsorption process 

are enhanced when heavy metal concentration 

was increased up to certain values in the 

solutions. Therefore, the removal efficiency of 

carbonized gum towards aqueous standard 

solutions was better than towards industrial 

waste water, this difference belongs to the 

heavy metal concentration (9, 17)
 
explained 

that increasing of metal concentration caused a 

clear enhancement in the reaction extent of 

heavy metals adsorption from aqueous 

solution (Figure 4). 

Table 6. ANOVA statistical tests for removing of heavy metals from standard solutions 
Heavy metal Mean Standard Deviation F-value P-value 

Pb 14.4 4.59 38.690 0.000 

Co 19.1 3.76   

Cd 5.07 0.56   

P≤0.05 

 
Figure 4. Comparison between the removal efficiency of carbonized gum towards industrial 

waste water and standard aqueous solutions 

We conclude from the results of present study, 

all “Chemical and physical” values “of 

industrial waste” water before treating by 

carbonized Arabic gum such as: pH value, 

TDS, E.C and heavy metals (pb, Co and Cd) 

had a higher value than what is permissible 

internationally and locally. Carbonized Arabic 

gum (charcoal gum) has a high removal 

efficiency and adsorption activity for 

removing and reducing the pollutants from 

industrial waste water and aqueous standard 

solutions. In same time, removal efficiency of 

carbonized Arabic gum showed significant 

differences and significant effect in removing 

and adsorption process of heavy metals. 

Therefore, carbonized Arabic gum could 

consider successful and suitable natural 

adsorbent from plant source for waste water 

treatment.  
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