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ABSTRACT 
       Cadmium and lead effluents had been treated with a (1:1) mixture of low grade ninivite 
(N) and Kaolin (K). Before use, the mixture is treated only with a 10% brine solution and 
found to be effective for the removal of 85% Cd ( at a maximum concentration of 200mg/ℓ) 
at a pH of 11.5 and 90% Pb (at a maximum concentration of 1000 mg/ℓ) at a pH 7.0. The 
results were compared using Dowex-50X, as a typical cation exchanger and activated 
carbon (charcoal), as an ideal adsorbent and found to be satisfactory.  
 
Keywords:  ninivite and kaolin; S(N+K), cadmium and lead removal; effluents. 
 ــــــــــــــــــــــــــــــــــــــــــــــــــــ

 الجديد في إمكانية استخدام مزيج من النينافايت والكاؤلين

  إزالة الكادميوم والرصاص من مطروحا تهما: الجزء الثاني

  
  الملخص

من النينافايت ذي النقاوة الواطئة ) 1:1(لكادميوم والرصاص مع مزيج من عولجت مطروحات ا       

من % 85ووجد انه فعال في إزالة ، قبل الاستخدام% 10كما عومل مزيج المادتين بمحلول ملحي . والكاؤلين

من الرصاص % 90وكذلك إزالة ، 11,5لتر وعند دالة حامضية /ملغم  200الكادميوم عند أعلى تركيز له 

-Dowex(قورنت النتائج مع راتنج موجب مثالي . 7لتر عند دالة حامضية /ملغم 1000 أعلى تركيز له عند

50X (ةقنعوالفحم الفعال كمادة ممدصة ولقد كانت النتائج م.  

  .المطروحات ،إزالة الكادميوم والرصاص ،N+K(S( ،النينافايت والكاؤلين: دالةالكلمات ال

  ــــــــــــــــــــــــــــــــــــــــــــــــــــ
INTRODUCTION 

        Cadmium is a highly toxic non-essential metal. Artificially, the source of cadmium 
includes different industrial uses, recently in corrosion prevention, polymer stabilization, 
electronics and pigment applications (WHO, 1997). Cadmium concentrations of 0.1 to 1.0 
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mg/ℓ, are typical in discharges of chemicals, allied products, leather products, electric, gas 
and sanitary industries, (Allen  et al., 1998). Cadmium concentration discharges above 1 
mg/ℓ are typical of the fabricated metal products, electronic and electric equipments 
(Stanitski  et al., 2000).  Also (Stanitski et al., 2000), has stated that Cd should not exceed 
0.005 mg/ℓ in drinking water. Lead is also a highly toxic heavy metal. Its accumulation in 
man body may reach a vital dosage. Lead has a wide uses where it can be found 
everywhere; it is a cumulative poison, and most of its salts are sparingly soluble, (Alloway 
and Ayres,1997; Wang and Tessier, 2002;  Muni, 2001). Sources of lead can be both natural 
(Abdul-Al-Noor, 2000),  and artificial (Lide, 1997-1998). It could be assumed as the most 
toxic metal distributed in nature in comparison with cadmium and other heavy metals, due 
to the wide application and uses but it is less toxic than mercury (Lindeburg, 2001). Lead 
levels in cities are ten times than those found in the countryside (Al-Asad  and Foza, 2000). 
Maximum concentration level in drinking water should never exceed 0.015mg/ℓ and the 
target is to be zero. EPA has established a maximum contaminant level goal of zero, even 
though lead is not a carcinogen (Lindeburg, 2001).  
       Certain clays have the ability to hold heavy metals (Al-Mallah, 1999). Accordingly, 
local raw materials are examined and used for the removal of both cadmium and lead and 
these are ninivite (N a silica rich rock, taken from Humeira south Mosul city), and kaolin 
(K, from Duekhla location, Ga'ara, depression western desert of Iraq). Both materials have 
shown the ability to hold heavy metals from their effluents by any means of adsorption, 
absorption and/or ion exchange (Al-Naqib and Mustafa, 1998; Mustafa, 2005). Chemical 
compositions of the materials used are given in Table  1. 
 
 Table 1: Chemical composition* of ninivite and kaolin. 
    

Components,% Ninivite Kaolin 
SiO2 56.50 47.93 
TiO2 N.D N.D 
Al2O3 1.11 35.78 
Fe2O3 0.89 1.04 
CaO 15.79 1.13 
MgO 0.12 3.04 
Na2O N.D 0.01 
K2O N.D 0.02 
P2O5 N.D 0.03 
SO3

-2 17.30 0.25 
Cl- N.D 0.51 

Loss on ignition 8.25 10.43 
Cd+2 N.D N.D 
Pb+2 N.D N.D 
Hg+2 N.D N.D 

                           *Performed as described in Jeffery and Hutchison (1981), N.D. = not detected. 
 
        The aim of the present work is to examine the capability of a mixture of ninivite and 
kaolin to remove cadmium and lead from their effluents. In the meantime, ninivite has an 
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immense surface area (800 m2/g) and other useful physical properties of porosity (70.5%) 
and a permeability of 6.8 x 10-5 cm/sec (Al-Naqib and Mustafa, 1998; Al-Najjar, 2000; Al-
Ubaidy, 2004). 

 
EXPERIMENTAL 

Reagents 
   Chemicals and solutions: Chemicals used are of the highest purity available.   
   Ninivite and kaolin: ninivite and kaolin are crushed to 0.3-1.2 mm (35-150 mesh), which 
has been confirmed by the D10 test (Kiley, 1997). Before use, they are dried at 103-105oC.  
   Dowex-50 X: This is a strong cation exchange resin (Dow chemical company), 
regenerated by treatment with 4% sodium chloride (Merck) solution. This was followed by 
washing several times with distilled water until chloride-free effluent is obtained. The 
regenerated resin is then air-dried and kept in a sealed pocket.  
Activated carbon (charcoal): this is used as supplied by (B.D.H) and kept in oven at 
103oC. 
Cadmium stock solution (1000 mg/ℓ):  This solution is prepared by dissolving 2.1031 g of 
cadmium nitrate (B.D.H) in distilled water and diluting the volume to 1ℓ in a 1000-ml 
volumetric flask. This solution is then transferred to a polyethylene bottle, (APHA, AWWA 
and WPCF, 1985). Standard solutions are prepared by diluting stock solution to 1000ml 
with distilled water in a volumetric flask. Less concentrated solutions are prepared by 
appropriate dilution of the standard cadmium solution.  
Lead stock solution (1000 mg/ℓ):  Such solution is prepared by dissolving 1.5985 g of lead 
nitrate (B.D.H) in distilled water and diluting the volume in a 1000-ml volumetric flask. 
This solution is then transferred to a polyethylene bottle, (APHA. AWWA. WPCF 1985). 
Working solutions (100 ml) are prepared by diluting 100 ml volume of the above stock 
solution to1000 ml with distilled water in a 1000-ml volumetric flask. Less concentrated 
solutions are prepared by appropriate dilution of the standard lead solution. "Needless to say 
that the stock solution has been used later directly for the high concentrations of 1000 
mg/ℓ". 
Saturated lime solution: This solution is prepared by dissolving uncounted quantity of 
lime (quick lime), with distilled water, shaked several times and left for clarification then 
filtered to be used as a clear saturated solution of lime. Actually water dissolves only 
normally burned calcium oxide (CaO); this solution is prepared weekly. Lime solution 
should be clear, filtration is necessary when it is turbid.  
Brine solution 10%: A 100 g of sodium chloride (B.D.H) in 1ℓ.     
Cadmium and lead determination: Both cadmium and lead experiments and 
determination had been run using atomic absorption which are mentioned in the apparatus 
used in this work.  
 Apparatus 

The following apparatuses are used in the present work: 1. Shaker, 2. Electric Muffle 
Furnace, 3.  pH meter, 4.  PYE Unicam SP9 atomic absorption spectrophotometer. 
Note: Calibrations were performed by measuring the absorption signal at 228.8 nm for (Cd) 
and 217 nm for (Pb). 
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 Raw materials and its processing 
        Processing of ninivite and kaolin (1:1) by weight is carried out by salting (S) using 
10%brine solution and by heating to 600oC (A), in order to activate ion exchange and/or 
adsorption phenomena by forming or inducing some functional group prior for exchanging 
purposes which seem to be very important. New forms are [(N+K), A(N+K), S(N+K), 
AS(N+K)]. The removing efficiency of these mixtures was compared with Dowex-50 X, as 
a strong cationic exchange resin, and activated carbon (charcoal) as an ideal adsorbent. 
According to (Crear, 2001), lead forms hydroxo complexes as turbidity at pH 6.0 to 7.0, 
while cadmium formed turbid cloudy precipitate at a pH of 10.5-11.5, using lime solution 
for pH adjustment, (Al-Asad and Foza, 2000; Dyer et al., 1997; Masschelein, 1992). Lead 
and cadmium colloid may precipitate and/or adsorb on the surface of the mineral raw 
materials (Boynton, 1980). 
 

RESULTS AND DISCUSSION 
 

        In the preliminary experiments, cadmium and lead solutions were treated with 
saturated lime solution to remove as much as possible of these pollutants since point sources 
pollution are taken into consideration, which they reflect the high concentrations of the 
intended pollutants. Also, in the early investigation, experiments were performed at room 
temperature since the parameter is considered economic and previous studies (Mustafa, 
2005) confirms that, which is logical from the adsorption point of view. Other parameters 
put into consideration in the present work are pH, time, temperature and quantity of 
treatment raw materials (Al-Mallah, 1999; Dyer et al., 1997; Reddy and Reddy, 2003; 
Sullivan et al., 2000; Rashed, 2003; Liu  et al., 2001; Krishnan and Anirudhan, 2003; 
Nagata et al., 2001). The pHs were already fixed on 7.0 and 11.5 for lead and cadmium, 
respectively due to turbidity formation at these values by lime solution. From economic 
point of view, room temperature was chosen. So time and amount of treatment materials 
should be examined. It is worthy to mention that experimentally it was found that 
300cycle/minute is useful for complete mixing, also particle size was 0.3-1.2 mm were used 
equivalent to ion exchange resins size, later on a size of  ≤ 0.3 mm were considered, due to 
the fact of using the treated materials on fluid face, actually it is failed to work in column as 
a polisher. Finally, 50 ml had been used for all samples, filtered after treatments prior to be 
determined by atomic absorption. 
Evaluation of different amount of (N+K) for the removal of Cd and Pb 
       To 50 ml of both element nitrate solutions, different amounts of (N+K) had to be 
evaluated for its removal efficiency.  Table (2) show the removal of 20 mg Cd/ℓ, at a pH 11-
11.5, and 100 mg Pb/ℓ at a pH 7.0 were chosen as a beginning.  

Table 2:  Evaluation of different amounts of (N+K) for the removal of 20 mg Cd/ℓ at 11.0-   
11.5 pH, and 100 mg Pb/ℓ at 7.0 pH. 

 
weight of (N+K) mixture, g 0.25 0.50 0.75 1.00 1.50 2.00

Residual concentration of Cd (II) ions, mg/ℓ N.D. N.D 1.0 1.2 1.5 3.0 
Residual concentration of Pb (II) ions, mg/ℓ 15 - 13 13 13 13 
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   Particle size=0.3-1.2mm, at room temperature 20-25 oC, time= 1hr and mixing speed of   300 
cycle/minute. 
 

It can be seen that the most efficient removal takes place at lower amounts of the 
mixed raw materials and this is attributed to the high surface area of the processed material. 
However, when the amounts become above 0.5g, the efficiency slightly decreases and this 
may be attributed to agglomeration of the raw material. A weight of 0.25 g of mixed raw 
material is selected to use in the subsequent investigations. 

 
Effect of shaking time 

          A (15-120)-minute shaking time has been tried for maximal removal of cadmium and 
lead ions from their solution. The time in the above interval was not critical (Table 3) and 
therefore any time between 15 and 90 minutes can be selected. The effect of shaking time of 
sample solutions of cadmium and lead ions with (N+K) are shown in Table  3 . 

 
Table 3:    Removal efficiency of (N+K)* at different mixing times treating 20 mg Cd/ℓ at    

11.0-11.5  pH, and 100 mg Pb/ℓ at 7.0  pH. 
 

Time in minutes 15 30 45 90 120 
Residual conc. of Cd (II) ions, mg/ℓ 1.0 2.0 2.5 1.7 2.0 
Residual conc. of Pb (II) ions, mg/ℓ 15 14.5 15 14.5 25 

      * 0.25 g amount of (N+K); pH of Cd (II) ions (20mg/ℓ) = 11-11.5, pH of Pb (100mg Pb/ℓ)=7.0, 
particle size=0.3-1.2mm, at room temperature 20-25 oC and mixing speed of 300 
cycle/minute. 

 
For conveniences, a 15-minute interval shaking time is chosen for further studies. The 

lower efficiency for Pb (II) removal at longer shaking time is assigned to desorption 
probably.  

High concentrations of lead nitrate solution (Al-Mallah, 1999) could be used (100 to 
500 mg Pb/ℓ), with two different types of mixtures in order to evaluate the holding capacity 
of both of them. Table (4) shows the differences between (N+K) and A(N+K). 

  
Table 4: Removal efficiency of (N+K) and A(N+K). 
 

 
 
 
 
 
 
 
 

 
The wt of treatment materials = 0.25g, mixing time =15 min., pH=7.0, room 

temperature,20-25 oC 
mixing speed 300 cycle/minute , particle size of treatment materials is 0.3-1.2 mm. 

Residual concentration of Pb 
(II) ions  mg/ℓ  after 

treatment 

Initial Concentration 
of Pb (II) ions  mg/ℓ 

(N+K) A(N+K) 

100 45.0 60.0 
300 70.0 95.0 
500 90.0 100.0 
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The results in Table (4) show clearly that the mixture of (N+K) gives better results 

than A(N+K), and both are capable of removing high concentrations of lead. Another range 
of concentration of lead nitrate solution could be used ( 200 to 1000 Pb mg/ℓ), with 0.25 g 
of treatment materials, 15 minutes time, and room temperature shown in Table. 
Impact of processed (N+K) 

Running a new experiment using high concentrations of both Cd and Pb considering 
the optimum conditions found in the previous experiments. Also the application of 
processed (N+K) mixtures which are A(N+K), S(N+K), and AS(N+K) to find out their 
removal efficiencies, which are shown in Table (5). 
 
Table 5:  Effect of processed (N+K)* and standard materials on the removal efficiency of 

both Cd (II) and Pb(II)  ions. 
 

Residual Cd  and Pb (II) ions concentrations, mg/ℓ Initial 
concentration 

mg/ℓ 
AS(N+K) S(N+K) A(N+K) (N+K) Charcoal Dowex-

50X 
Cd Pb Cd Pb Cd Pb Cd Pb Cd Pb Cd Pb Cd Pb 

40 200 13 46 12 11 12 23 8 18 40 115 40 123 
80 400 14 78 13 14 12 25 11 27 80 165 80 165 
120 600 44 95 17 15 14 30 12 51 120 225 120 158 
160 800 25 220 21 13 12.5 31 11 170 160 318 160 180 
200 1000 46 460 21 21 13 38 12 360 200 365 200 170 

*   A  0.25 g amount of (N+K), its particle size=0.3-1.2mm,Cd (II) ions pH is 11-11.5, pH of Pb (II)      
ions is 7.0, room temperature 20-25 oC, time= 15 minutes  and mixing speed of 300 
cycle/minute. 

 
The results in Table (5) show that (N+K) mixed raw mineral material gives the highest 

removal efficiency for Cd while for Pb solutions, better removal is by using S(K+L).  
Application of the above facts on a chromatographic column (to be used as a polishing 

filter in water treatment plant) has not been possible due to the following observations: 
- A bit of swelling has been noticed due to the ability of ninivite to absorb water 
molecules (it may exceed 100%).  
- No filtration has been possible, when column filled only with one of  the mixtures 
(N+K), A(N+K), S(N+K), or AS(N+K). 

Due to the above facts, (N+K) and its processed materials were milled to pass 0.3 mm 
to be used as a coagulant. Instead of using it as a bed in column.   

The new condition of a particle size <0.3mm accompanied with increasing the surface 
area which needs a further investigations. Table (6) show treatment materials weight 
evaluation. 

 
 
 
 
 



The Novel Use of Processed ………… Part 2  
 

97

 
Table 6: The removal efficiency using different weights of (N+K) material of a particle    

size passing 0.3 mm sieve and a concentration of 100 mg/ℓ, for both Cd and Pb. 
  
 
 
 

 
Particle size passing 0.3, at room temperature 20-25oC, time= 15 minute, mixing speed of 300 
cycle/minute,  pH of 100mg/ℓ Cd(II) ions =11-11.5, pH of 100mg/ℓ  Pb (II) ions = 7.0. 

 
        The above table reflects clearly that the weight 0.1g gives similar results compared 
with higher amounts and it could be considered as optimum amount. 
 
Effect of shaking time on removal efficiency 
     The effect of mixing time of (N+K) mineral raw material with the solutions of both Cd 
(II) ions and Pb (II) ions (100 mg/ℓ) have been re-examined. The experimental data are 
shown in Table (7).  
  

                Table 7: The Removal efficiency of using 0.1g (K+L) mixture. 
 
 
 
 

 
 

pH of 100 mg/ℓ Cd  (II) ions = 11-11.5, and pH of 100 mg/ℓ, Pb=7.0 particle size passing   0.3,  at 
room temperature20-25oC, mixing speed of 300 cycle/minute,. 
 

Table (7) clearly shows that 10 minute mixing time has proven optimum. Furthermore, 
the effect of processed (N+K) raw material on their removal efficiency of Cd and Pb (II) 
ions from their solutions has been examined. The experimental data are given in Table (8). 
 

Removal efficiency using processed mixed (N+K) 
        The new optimal conditions of the removal efficiency clearly shown in Table (8) 
results for both cadmium and lead considering: 1.weight of 0.1g treatment material, 2.10- 
minute mixing time, 3. using different processed mixed (N+K), 4. particle size passing 
through 0.3mm, 5. room temperature, 6. pH=7.0 for Pb and 11.5 for Cd, 7. mixing speed of 
300cycle/minute.  These conditions are applied to considered for both cadmium and lead 
nitrate solutions of concentrations (40-200) mg Cd/ℓ and (200-1000) mg Pb/ℓ, and as 
follows: 

g, weight of (N+K) 0.05 0.10 0.15 0.20 0.25 0.50 
Residual conc. of Cd (II) ions mg/ℓ 95 31 32 30 30 29 
Residual conc. of Pb  (II) ions mg/ℓ 14 7.2 7.0 7.0 7.5 6.9 

Time, minute 5 10 15 30 
Residual conc. of Cd (II) ions mg/ℓ 70 15 15 15 
Residual conc. of Pb (II) ions mg/ℓ 16 7.0 7.2 7.0 



Moath  H.  Mustafa et al.  
 

98

Table 8: Removal efficiency of different mixtures, and standard materials considering the   
new conditions. 

Residual Cd and Pb (II) ions concentration mg/ℓ after treatment Initial 
concentration 

mg/ℓ 
AS(N+K) S(N+K) A(N+K) (N+K) Charcoal Dowex-

50X 
Cd Pb Cd Pb Cd Pb Cd Pb Cd Pb Cd Pb Cd Pb 

40 200 9 26 7 5 11 15 9 10 40 105 40 215 
80 400 12 52 10 6 13 14 15 13 80 176 80 315 
120 600 25 93 20 7 20 16 22 27 120 235 120 415 
160 800 36 133 28 8 30 18 35 40 160 335 160 550 
200 1000 56 150 39 9 55 18 63 50 200 450 200 645 

 
The above results in Table (8) show that S(K+L) mixture gives the highest removal 

efficiency. It reflects clearly that the weight of 0.1 g more or less gives similar results 
compared with others and it could be considered as optimum amount. It is also shown that 
lower amounts of S(N+K) are more efficient. This might be explained as the extent of 
adsorption of the semi-colloidal compounds of both cadmium and lead (II) ions will 
increase, as compared with the less available surfaces at higher amounts of (N+K), probably 
due to agglomeration. For the subsequent experiments, 0.25 g of the mixed (N+K) is used. 

An additional advantages of the above treatment mainly at high pH are suppression of 
hardness (Al-Najjar, 2000) , eliminate odor, taste and color, due to organic load elimination 
(Al-Naqib and Mustafa, 1998), this in addition to adsorption and/or absorption of 
halogenated hydrocarbons (Al-Naqib and Mustafa, 1998). Also, it aids in the formation of 
surfaces capable of adsorption ( Crear, 2001). 
        The mixture of S(N+K) displays clearly that the removal efficiency of cadmium 
(>85%) and for lead (>95%) weight of 0.1 g S(N+K)/50 ml of heavy metal samples for each 
heavy metal solutions which is equivalent to 2g/ℓ (2kg/m3). 
Field work applications 

Samplings from different channels within Mosul city had been done. Unfortunately, a 
direct reading of cadmium and lead (after sample filtration) couldn't be done due to non 
significant readings. To increase the sensitivity, samples were digested with HNO3 (500 ml 
sample +10 ml concentrated HNO3) was necessary for, Cd and Pb detection according to 
(Meeravali and Kumar, 2000). The removal efficiency in different channels is shown in 
Table (9). 
Table 9: Results of cadmium concentration in mg/ℓ from different channels within Mosul   

City. 
Residual Cd and Pb mg/ℓ 

Al-Khosar Aqaba Al-Seeb Danfillyb 
Treatments of Cd and Pb 

field samples 
Cd Pb Cd Pb Cd Pb Cd Pb 

Raw sample 5 22 8 12 3 30 8 18 
pH adjustment by lime 2 17 3 9 1 16 3 8 

Liming and (N+K) N.D 13 N.D 6 N.D 14 N.D 5 
Liming and A(N+K) N.D 11 N.D 4 N.D 11 N.D 4 
Liming and S(N+K) N.D 6 N.D 3 N.D 7 N.D 3 

Liming and AS(N+K) N.D 8 N.D 4 N.D 9 N.D 2 
a = Serving the right bank industrial zone, b = Serving the left bank industrial zone. 
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       The results in the above table show clearly that liming was fair enough to remove 
cadmium, followed with any type of treatment mentioned in the above table, while lead 
couldn't be eliminated completely even with any treatment materials after liming. Lead is 
also not necessarily to be found in contact with industrialized zone disposals. This reflects 
the wide spreading of lead uses, where the concentration of lead (II) ions in Al-Khosar river 
and Al-Seeb channels effluents show higher than Aqab and Danfilly channels effluents. The 
latter are passing through industrialized areas in both sides of Mosul city. Actually, Al-
Khosar catchments areas are more than 700 km2, receiving 2/3 the waste water of the left 
bank of Mosul city, (Mustafa, 2009), while Al-Seeb is affected by a cumulative of lead 
coming from the consumptions of lead acetate, which had been used in sugar analyses at 
Mosul sugar factory, since 1959 (Mustafa, 2002) , Fig. 1. 
 

 

 

 
 



Moath  H.  Mustafa et al.  
 

100

 
Comparison of methods  

         The present work has been compared with related recent studies and the data are shown 
in Table (10). 

 
Table 10: Comparison between different heavy metals removal processes. 
 

Experimental conditions Metal 
(II)  
ions 

Removal by  Removal 
mechanism pH Time Temp.,o

C 
Qt/ℓ 

% 
Removal 

Reference 

 Pb(1)  >6.0 30 
min 

5 >50 

Cd(1)  

Magnesium oxide 
coated with poly- 

meric media 

Adsorption 
 
 10 5 hr 

Out door 
temp. 

5 >90 

Liu 2001  
 

 Cd(1)  S(K+L) Ion exchange 
& adsorption 

11.5 10 
min 

20-25 2 >85 

 Pb(1) S(K+L) Adsorption & 
ion exchange 

7.0 10 
min 

20-25 2 >90 

Present  
work 

 Cd(1) Clay mineral & 
amorphous 

aluminosilicates 

Adsorption & 
ion exchange 

6-6.5 24hr 25 5 Not 
mentione

d 

Sullivan et 
al., 2000  

 Cd(2) Sulfurized carbon 
activated by 

steam  (3)  

Adsorption 5-9 
 

5hr 30-60 2 90 Krishnan & 
Anirudhan2

003 
Cd 
Pb 

 

ZrPO4 grafted in 
silica gel surface  

Adsorption 4.5 15min 20-25 4 Not 
mentione

d  

Nagata et 
al.,2001 

7.0 5 hr 40 99.4 Pb 
 

Stones of peach & 
apricot 

 

Adsorption 
 6.5 24 hr 

1-5 hr 

20-25 
10 99.4 

99.2 

Rashed 
2003 

 
Pb Karnikite Adsorption 7.0 48 hr 20-40 10 99.0 Al-Mallah 

1999 
 Pb(4) 
 Cd(5) 

 

Polystyrene-
supported 

chelating polymer 
resin  

Ion exchange 
chelating or 

adsorption or 
both 

10 
6 
 

1 hr 
1hr 

 

25-30 
 

27-
133 

50-60 Reddy & 
Reddy 2003 

Pb (6) 
Cd (7) 

Zeolite (8) Ion exchange 5.0 1hr 20-25 1 96.4 Dyer et al., 
1997 

1.mainly as nitrate, 2.initial concentration = 0.50-4.0 mg Cd/ℓ, 3.processed from sugar cane bagasse 
pith which may work by any means of adsorbent, absorbent or ion exchange), adsorbent dose 20 to 
100mg/ℓ, also it is an endothermic reaction process of 18.28 KJ/mol., 4. dose = 10-13 mg/g, 5. dose 
= 2-5 mg/g, 6.concentration = 97mg/ℓ, 7. concentration = 77mg/ℓ., 8. Zeolite are prepared from fly 
ashes which mainly aluminosilicate. 
 

From the data in Table (10), the following conclusions can be drawn: 
1. The pH of the medium of effluent ranges from 6-11, i.e., neutral to alkaline. In the 
present work, a pH of 7-11.5 has been found optimal for maximum removal. This pH 
adjustment can simply be accomplished using the cheap and available lime solution in 
contrast to the more cost-effective sodium hydroxide solution (Dyer, 1999). 
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2. The shortest time (in minute) for performing heavy metals removal has been in the 
present work as compared to the much longer periods 5, 24 and 48 hrs in other studies 
(Mustafa, 2009). The exception of (Nagata et al., 2001), 15-minute time is that it needs 
twice the weight of treatment material, which is costly to prepare ZrPO4 grafted in silica gel. 
3. Most processes including the present work considered room temperature which is 
beneficial from the economic point of view. 
4. The local availability of the present mineral raw materials and also the relatively 
small amount used is a prime target. 
5. The removal efficiency gained in the present work rivals the highest when compared 
with others, in spite of using high concentration of heavy metals. This in addition to the 
following: 
- treatment materials are found locally in huge quantity and are cheap,  easy to handle 
and transport. 
- it may need some sort of processing which is easy to practice and not costly, (i.e. 
milling, salting, heating, liming and carbonation), in a country where the construction 
equipment are  working and available, with plenty of salt, limestone and fuel for lime 
production all are cheap and available. In the meantime lime kilns are working in both 
private and governorate sectors.  
        The above distinguished characteristics of the present process for the removal of heavy 
metals from their effluents will promote it for a pilot-plant design. 

 
CONCLUSION 

       The effect of various parameters related to the holding capacity of the mixed raw 
mineral (N+K) materials has been tested. The experimental investigations have shown that 
the holding capacity of the mixed (N+K) is a function of many variables such as; amount of 
treatment material, pH, temperature, time of mixing and processing pattern. The efficiency 
removal of S(N+K) has been applied to the removal of cadmium and lead from channels 
and tributaries which are used as sewerage systems. All types of effluents are ended to 
Tigris river, including industrial, agricultural, runoff effluents discharges, assuming the river 
as a big sink. The ultimate results verified the promotion of the above mentioned raw 
materials to the status of most promising rivals. 

RECOMMENDATION 
1. Heavy metals discharge to environment should be absolutely stopped, so its removal   

from their effluents is a MUST. 
2. Ninivite and kaolin is a promising local raw materials, which can be used for heavy 

metals removals, alone or after processing. 
3. Further types of processing are necessary and trials to remove different type of heavy 

metals are necessary too. 
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