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Table 1- Summary of the research history regarding the previous works and their achievements.

No. Authors Subject Results
Inalezakis ~ Removal of lead from aqueous In laboratory conditions, bentonite is more effective than zeolite for
1 %t al solutions using clino tilcglite and lead removal, and nano zeolite particles are much more effective than
(2007‘) bentonite b gbatch epx eriment granular zeolite. Also, the amount of lead absorption increases with
y P increasing acidity of the solution.
The maximum adsorption capacity of zeolite occurred in lead, zinc,
Batjargal Removal of cadmium, copper, lead copper, and cadmium, respectively. The adsorption capacity depends
2 etal. and zinc using Mongolian natural on the cation exchange capacity and pH of the solution, and
zeolite by column and batch tests. ongolian zeolite can be used as a suitable adsorbent in aqueous
2011 lite by col d batch M li li b d itable adsorbent i
solutions.
Taamneh Absorption of cadmium and copper using zeolite was evaluated under
and Removal of heavy metals (cadmium the influence of concentration, contact time and different adsorbent
3 Sharadaah and copper) using Jordanian natural masses in the removal of heavy metals. The results showed that
zeolite with a batch metho ordanian natural zeolite is a suitable adsorbent for the removal o
(201% lite with a batch method Jord tural zeolit table adsorbent for th | of
ionic metals cadmium and copper.
Rﬁ rc?r?vr?ilcok];r te)avg;ir:gt?illsotl:ﬁcej nvvll:? ' By reducing the size of zeolite particles, the absorption efficiency
El-Azim batcr; absor tiz)/n metﬁo d (effect of increased and the absorption was done in the first 120 minutes. The
4 & Mourad contact timep arameters. amount of highest removal efficiency was related to iron, cadmium and nickel
- : ions, respectively, and it was found that natural zeolites have a grea
(2018) adsorbent aftlcle size éffect of pH tivel dit found that natural zeolites h t
and ini tia‘I Fr)netal ion cc;ncentratio?\) potential to remove cationic heavy metals from industrial wastewater.
Adsorption of copper cations usin Wastewater from some industrial activities contains dangerous
Pandova cIi?m tiloli te?r? wastewater 9 metals. The results showed that although natural zeolites have a lower
5 etal. treatmer?t usina batch adsorption absorption rate than synthetic ones, they are much cheaper and
(2018) g P available. Adsorption of copper cations by clinoptilolite in the Slovak
system ; g
region was very promising and has a good effect.
Using Iranian clinoptilolite modified The use of modified clinoptilolite to remove cadmium and lead in the
6 Aghel et by hydrochloride to remove column test at ambient temperature, when the concentration of heavy

al. (2019) cadmium and lead from the effluent
of Kermanshah oil refinery.

metals and adsorbent dose increase and the flow rate decreases, the

highest level of cadmium and lead removal is achieved.

To check the adsorption capacity, different concentrations of zinc and

Removal of zinc and cadmium metal
ions from wastewater using
clinoptilolite in batch absorption
system

Galletti et

Tl (2020)

cadmium and different amounts of adsorbent were used. Due to the
different adsorption mechanism in the presence of a metal ion, zeolite
showed a greater tendency to absorb cadmium and in the
simultaneous presence of two metals, it showed a greater tendency to

absorb zinc metal ion.
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Figure 1 - Geological map of the Varamin study area (taken from the 1:100,000 map of Varamin, Iran's Geological
and Mineral Exploration Organization).
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Table 2- Concentration of heavy metals (ppb) in sampling wells of ground water resources of Varamin plain in 2018-

2019.

Code Station ~ UTM x UTMy Zn Cd Co Cu Mn Pb Cr Fe
wl 555254 3925761 3.93 2.16 7.94 3.34 1.65 5.16 2.09 21.72
w2 547660 3913324 6.91 1.79 37.60 7.23 36.83 2212 6.39 106.40
w3 556756 3912437 3.20 5.81 0.00 1.02 0.00 0.00 3.99 15.79
wi 564931 3905456 2.16 8.00 0.00 2.15 6.18 0.00 1.03 43.07
wb 552049 3897205 8.27 0.36 90.54 5.63 16.07  28.74 8.83 149.87
w6 561951 3894072 6.38 0.06 0.32 5.04 0.00 0.00 9.67 103.94
w7 552480 3892412 4.47 1.00 51.17 3.15 12.71 22.03 2.53 76.45
w8 555352 3889575 11.13 0.34 19.74 3.81 88.16  35.54 2.30 185.94
w9 550050 3915500 31.92 454 452 3.66 0.00 4.77 0.83 32.75
w10 552315 3901202 17.82 0.03 181.6 9.82 2839 6236 2040  236.09

Limit of heavy metals (ppb) 3000 3 50 2000 500 10 50 300
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Figure 2- The location of sampling points from exploitation wells in Varamin aquifer.
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Figure 3- Types of crushing devices (rod crusher, ball crusher and stone crusher) and laboratory sieves.
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Figure 4- Zeolite particles with sizes of 0.42-0.84 mm and smaller than 0.42 mm
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Table 3- Physical characteristics of zeolite (clinoptilolite).

Physical Properties Value
Apparent Bulk Density 0.8 g/lcm?
Particle density 1.42 g/cm®
color Green-cream and gray
Cation (CEC) Exchange Capacity 2.56 meqg/g
Porosity 45%
Al/Si Ratio 5.9
Hardness 4 - 5 mohs
Particle Size 0.42 mm

Surface area

32.9 m?/g (BET)

Sample Surface area

42.46 m?/g (Langmuir)

Total pore volume p/p=0.813

0.205 cm®/g
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Figure 5 Schematic image of the column test and column made in this research.
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Table 4- The concentration of heavy metals (ppm) in the well water used in the column test.

Zinc Cadmium Cobalt Copper Manganese Lead Chromium Iron Nickle
0.154 0.124 0.064 0.017 0.049 0.19 Nd 1.35 0.136
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Figure 6 - Breakthrough curves for lead, cadmium and cobalt metal ions based on laboratory data.
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Table 5- Breakthrough curve parameters in the absorption of lead, cadmium and cobalt ions using clinoptilolite in
the column test.

Metal heBIZ?'I t Co Q ttotal Vet to te t Vb
| . . . . .

ons H(cm) (mg/L) (mL/min) min mL min min min mL
Pb 40 32.45 1.65 600 990 170 530 350 281
Co 40 19.24 1.65 600 990 140 450 285 231
Cd 40 25.35 1.65 600 990 150 470 310 248
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Figure 7- Typical breakthrough absorption curve in laboratory column (Yagub, et al., 2015).
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Figure 8- Diagram of the progress curve with the movement of mass transfer zone (Yakout, et al., 2019).
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Table 6- Breakthrough curve parameters in the absorption of lead, cadmium and cobalt ions using clinoptilolite in
the column test.

Metal Ve Cefr Qtotal Mitotal MTZ EBCT HB
| At) R%
ons mL mg/L mg mg Cm min Cm
Pb 875 31.10 348.56 18.663 32.13 58.1 27.17 304.5 11.33
Co 743 18.32 288.87 9.170 19.05 48.1 27.56 304.5 9.33
Cd 776 24.20 305.76 12.789 25.10 51.0 27.23 304.5 10.00
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Figure 9- Absorption breakthrough curves of lead, cadmium and cobalt ions based on Thomas® mathematical model.
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Yoon-Nelson model
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Figure 10 - Drawing of absorption breakthrough curves of lead, cadmium, and cobalt ions based on the Yoon-Nelson
mathematical model.
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Table 7- Parameters of mathematical and laboratory models for the absorption of lead, cadmium and cobalt by

clinoptilolite.
Metal  Height Experimental data Thomas model Yoon-Nelson model
lons  (cm) do T '?6‘3" qth RZ  RSME Kyn T RZ RSME
Pb 40 19.26 348.56 131 1831 0.987 0.558 0.0176 331.30 0.989 0.533
Co 40 11.48 305.76 205 1095 0.983 0.671 0.0185 297.22 0.985 0.625
Cd 40 11.23 288.87 1.79 1337 0975 0.691 0.0189 291.47 0.977 0.677




1P oY Glisl o ojlods qpididr JLw (65909959 y0ud
Hydrogeology, Volume 8, No. 1, Summer 2023

Lead Breakthrough Curve (A)
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Figures 11-A, B, C Compare the breakthrough curves predicted by Thomas model and laboratory data for lead,

cobalt and cadmium ions.
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