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Abstract  
The objective of this study is to treatment of sewage water in  Burgha'a  Puncture which is located in the middle of Baqubah City, 
using local Attapulgite clays before disposing them into the environment. This study includes the use of Attapulgite clays to decrease 
the proportions of heavy elements; (Ag, Pb, Mn, Cd, Ni), and the proportions of Suspended Solids (SS) in sewage water. Besides 
recycling the sewage water after treatment and to minimize the environmental risks of this contaminated water and creating new 
industrial uses for Iraqi clays. To achieve this goal, experiments were conducted on sewage water to determine the lowest 
concentration and best time for processing to state the efficiency of clay in the sewage water treatment which consists of high 
contents of heavy metals and SS.  

Laboratory tests proved the efficiency of local Attapulgite clays in treating sewage water from contaminants. Those clays were so 
affective in this treatment and in decreasing the concentration of heavy elements , under study, to less proportions from those 
existing before the treatment. It is noticed that the concentration of Silver (Ag) decreased from 0.32 ppm before the treatment to 
0.009 ppm after treatment. Besides, the decrease of the concentration of  Lead (Pb) from 1.28 ppm before the treatment to 0.061 
ppm. While the concentration of Manganes (Mn) decreased from 1.81ppm before treatment to 0.001ppm. Whereas the 
concentration of Cadmium (Cd) decreased from 0.29ppm before treatment to 0.003 ppm. In addition, the concentration of Nickel 
(Ni) which decreased from 1.46ppm before treatment to 0.0001 ppm. The present experiments proved the efficiency of the local 
Attapulgite   clays in sewage water treatment.   
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INTRODUCTION                         
Sewage water is a waste water essentially consisting of wastes 
removed from domestic, industrial, commercial, and 
wholesome institutions, together with underground water, 
surface water, and rain water as may be present. It is more 
than 99.9% pure water and is characterized by its volume or 
rates of flow, its physical condition, chemical constituents, and 
the bacteriological organisms that it contains. [1] 

Heavy metals are one of the toxic materials that exist 
essentially in industrial wastewater. These ions come from 
different industrial activities such as mining, plating, dyeing,   
electrochemical metal processing, battery storage, and human 
activities.[2,3]. sewage water may contain oxygen-demanding 
materials, grease, oil, scum, pathogenic bacteria, viruses, 
pesticides, refractory organic compounds, and heavy metals 
.[4]                                                                                                                                       

The presence of various heavy metals in water can be the main 
reason of environmental problems as these ions contains toxic 
impacts upon both public health and environment. [5]  

Attapulgite or palygorskite has their characteristic features 
that make them  available for use for many years in different 
industrial applications. Attapulgite is used in oil industry such 
as oil well drilling muds, oil base and water base foundry sand 
binder, and adhesive viscosity control. Also used in 
pharmaceutical thickener and gelling agent, liquid suspension 
fertilizer, wax emulsion stabilizer, catalyst carrier, drying of 
oils, petroleum refining, desulfurization, and deodorizing… etc. 
[6] 

There is confusion between attapulgite or palygorskite and 
montmorillonite because the chemical composition and some 

of its properties were similar enough to montmorillonite. The 
structure and shape of them were illustrated by electron 
microscopy in 1940.[7]. Attapulgite consists of twofold chain 
of silica tetrahedral run parallel to the fiber axis. They are 
connected byaluminum and magnesium in octahedral 
coordination to produce a streak similar in structure to the 
three layer minerals. These three layers are connected at the 
corners by (Si ـــ Oــــ Si) bonds into a structure alike a 
checkerboard to go across with free channels of about 3.7A° by 
6.0A° in cross-section running length of the needles. Channels 
of attapulgite can collapse when it is dehydrated, for the open-
channel structure is stabilized by the water of composition 
which completes the edges of the octahedral streak. The 
collapse of the channels on dehydration is the probable cause 
of the sudden decrease in surface area from about 190 to 
125m2/gm, since nitrogen molecules are incapable of entering 
the collapsed channels. [8] 

Baqubah city lies to the northeast from Baghdad with distance 
about 60Km.[1]. Its population around has one Puncture 
treatment of sewage water called Burgha'a Puncture in the Al-
Tahreer area east of Baqubah city in Diyala. Burgha'a Puncture 
collects the sewage water of Baqubah and released it to the 
environment without any purification. The aim of this study to 
treat the sewage water from heavy metals(Ag, Pb, Mn, Cd and 
Ni) and recycle it after treatment by using locally attapulgite 
clays.In order to , decrease the environmental risks of polluted 
water and find industrial appliance of attapulgite clays .To 
achieve this, experiments had done on sewage water to 
determine the efficiency of clays in the treatment of sewage 
water of station with high content of heavy metals and 
suspended solids(SS). 
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MATERIALS AND METHODS 
Attapulgite clays: 
Attapulgite clay used in the present study was obtained from 
in the Iraq Geological Survey (GEOSURV) which can be found 
in Al- Najaf area SW of Baghdad City.It has been grounded to 
the size of (75µm) in the Iraq Geological Survey. 

1-Mineralogical Analysis: The mineralogical analysis of clays 
has been done at the Iraq Geological Survey (GEOSURV)  using 
XRD technique, Fig. 1 illustrate the result of mineralogical 
analysis. 

 
 

 
 

Fig 1: The mineral analysis of attapulgite clays 
 
2-Chemical Composition: Chemical analysis to determine the chemical composition of Attapulgite clays was done using work 
procedures at the Iraq Geological Survey (GEOSURV) as show in Table 1. 

 
Table (1): The chemical composition of attapulgite clays 

 

The Chemical 
Composition of 
attapulgite clays 

The Percentage of oxides 
(%) 

SiO2 41.54 

Fe2O3 5.44 

Al2O3 10.52 

TiO2 0.49 

CaO 15.45 

MgO 4.06 

SO3 0.17 

Na2O 0.93 

K2O 0.43 

Cl 0.70 

L.O.I 20.04 

Total 99.77 

 
3-Heavy metals analysis:      
The treated solutions were analyzed in the service laboratory 
at Baghdad University-Science College-Chemistry Dept. using 
Atomic Absorption Spectrophotometer (AAS) technique, to 
determine the concentrations of (Ag, Pb, Mn, Cd and Ni) in 
sewage water before and after treatment with attapulgite 
clays. the concentrations of  heavy metals ions in sewage water 
was appointed by (AAS) before the treatment process. The 
concentrations of heavy metals before and after treatment are 
shown in Table 4. 
 
RESULTS AND DISCUSSION 
The results showed high concentration of heavy metals in the 
sewage water before treatment. The results illustrated that 
The concentration of Silver, lead,Manganes, and cadmium 
were found in sewage water with (0.32, 1.28, 1.81,0.29) ppm 
respectively. While nickel recorded (1.46)ppm.  The efficiency 
of attapulgite clays increase in precipitation and purification of 
sewage water with increasing the amount of clays used in 
treatment process. In addition, time required to precipitate 

suspended solids (SS) decrease with increasing the amount of 
clays as shown in Fig 2. 

By mixing the attapulgite clays with sewage water, they stuck 
with impurities and precipitated them in the bottom of beaker 
due to the gravity. The behavior of (SS) in sewage water where 
these (SS) remain stuck in the water and didn't precipitate for 
(72h) without using attapulgite clays. In contrast, samples of 
sewage water that treated with attapulgite clays need less time 
around (24h) to precipitate (SS) to the bottom of the beaker. 
Also, the rate of precipitation depends on the size of particles 
of the raw materials used in the treatment whenever, the 
smaller size of clay decreases the rate of precipitation .As 
shown in Table (2) weight of (ss) in treated and untreated 
sewage was (0.7gm) at time (zero) and the weight of them 
became (0.15gm) in water treated with attapulgite clays after 
(6h) when its weight was (0.17gm) in untreated sewage. The 
decline continued slowly in weight of (ss) from (0.16gm) in 
sewage to (0.13gm) in treated water when they left in contact 
with clays for (24h). 
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Fig. (2): Decline in time required for settlement process 

 
Table (2): (SS) in untreated and treated waste water in different times 

          

 

 

 

 

 

Effect of mixing time on treatment of sewage water using 
attapulgite clays: 
Mixing time of treatment of sewage water using attapulgite 
clays has been studied to determine  the optimal time that 
required for the best treatment as shown in Table 3.A steady 
concentration 5gm/L of attapulgite clays mixed with sewage 

water for different time (1,3,6,9,12 and 15)hours in order to 
increase the contact time between sewage water and 
attapulgite clays.The results of mixing time were oscillated 
have not shown gradual decline for the concentration of heavy 
metals with increasing in mixing time compared with the 
increasing in the concentration of attapulgite clays. 

 
 

 
 

Fig. (3): Decreasing weight of (SS) with increasing time 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Table 3: concentration of heavy metals in sewage water  treated with attapulgite at different time 
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The efficiency of attapulgite clays in the treatment of 
sewage water: 
The use of attapulgite clays in this research reduces the 
concentration of heavy metals existing in sewage compared 
with their concentration in sewage treated with clays. We can 
show in Table 4. that the concentration of Silver and Lead 
decreased from 0.32 and 1.28 ppm respectively after their 
concentrations were 0.009 and 0.061ppm. In addition, the 

significant decline in the concentration of Manganes, 
cadmium,and nickel from 1.81, 0.29,and 1.46 ppm to 0.001, 
0.003, and 0.0001 ppm respectively after being treated with 
clays 

The ability of attapulgite clays to adsorb and reduce the 
concentration of heavy metals from treated sewage water due 
to the crystal replacements in the eightfold layer as well as, the 
channels in this ore could be an effective absorption sites[9] 

Table 4:  Concentration of heavy metals in sewage water before and after treatment with Attapulgite clays 

 

 

 
 
 
 
 
 
 
 
 
 
From the results mentioned, the attapulgite clays have high 
efficiency on scavenge the heavy metals (Ag,Pb,Mn,Cd and Ni) 
from wastewater and reduce their concentration to less than 
environmental allowed concentration. Also, from the results 
can notice follows: 

1. Decreased the concentration of heavy metals under 
study when low concentration of clays (5gm/L) is used 
because the adsorption capability of clays increased  
 

2. with decreasing the concentration of sorbent due to the 
abundance of presence the effective sites of absorption 
[10]. 

3. These results were achieved when using 5gm/L of clays 
mixed with wastewater and stirred for 3h. 

The figures from 3-7 illustrate the effect of attapulgite clays on 
heavy metals under study. 

 
 
 

 

Fig. 3: Concentration of Ag in sewage water after treatment 
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 concentration of heavy metals after treatment with attapulgite in different time(ppm)  

 
 
 Heavy 
metals 
 

 
15h 

 
12h 

 
9h 

 
6h 

 
3h 

 
1h 

 

0.0065 0.007 0.0083 0.007 0.009 0.0074 Ag 

0.058 0.054 0.069 0.065 0.061 0.0616 Pb 

0.001 0.0012 0.0014 0.0022 0.001 0.002 Mn 

0.0022 0.0032 0.002 0.005 0.003 0.004 Cd 

0.0001 0.00013 0.00012 0.0002 0.0001 0.0003 Ni 

The 
concentration of heavy 
metals after treatment 
with clays (ppm) 

The concentration of 
heavy metals before 
treatment with clays 
(ppm) 

 
 
The heavy 
metals 
 

  0.009 0.32 Ag 

0.061 1.28 Pb 

0.001 1.81 Mn 

0.003 0.29 Cd 

0.0001 1.46 Ni 
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Fig. 4: Concentration of Pb in sewage water after treatment 

 

 

Fig.5: Concentration of Mn in sewage water after treatment 

 

Fig.6: Concentration of Cd in sewage water after treatment 

 

 

Fig.7: Concentration of Ni in sewage water after treatment 

CONCLUSION 
Heavy metal ions in wastewater come from human 
wastewater, industrial wastes, and water used in laundry. 
Locally attapulgite clays accelerate the settlement and the 
precipitation of solid planktons with the used clays, The 
reduction of the concentration of heavy metal ions in the 
sewage by using attapulgite clays. The concentration of heavy 

metals ions (Ag, Pb,Mn , Cd, Ni) in wastewater decreased from 
(0.32, 1.28, 1.81, 0.29, 1.46)ppm respectively to (0.009, 0.061, 
0.001, 0.003, 0.0001)ppm respectively after treatment, The 
optimum conditions for treatment of wastewater as follow: 

1. The particle size of clays 75µm. 
2. The concentration of clays 5gm/L at 3h of mixing time. 
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