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Table 1. Analysis of variance for the effect of adsorbent type and application rate on the residual

concentrations of Zn and Cd heavy metals.

Mean of Squares Sl o . Sls

REBIECSE

i
Cadmium p a8 Zinc s, Degree of Freedom Source of variance
112.2° 1063.9" 3 Adsorbent (A) 3l ¢ 5
39.2" 190.1" 4 Application rate (B) b= O 2 Ol e
18.7 51.1° 12 AxB
0.24 1.13 40 Error Ua>

* significant at the 5% level of probability.
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Figure 1. The adsorption percentage of zinc (a) and cadmium (b) at different application rates of organic and

Nano adsorbents including palm fiber, wheat straw, titanium nano oxide and iron nano oxide. Similar letters
indicate no significant differences in the adsorption of each heavy metal.
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Table 2. Analysis of variance for the effect of time on the residual concentration of heavy metals due to the

application of wheat straw.

Mean of Squares lx o - Sle

é"j s R pe

Cadmium poe2lS Zinc 3, Degree of Freedom Source of variance
597.4" 1259.8™ 10 Time ol
2.04 1.25 22 Error Ua~

** significant at the 1% level of probability.
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Table 3. Analysis of variance for the effect of time on the residual concentration of heavy metals due to the

application of palm fiber.

Mean of Squares lx o . Sle

EESRES R pe

Cadmium p ;.08 Zinc s, Degree of Freedom Source of variance
768.5"" 2119.1" 8 Time ol
2.64 2.18 18 Error >

** significant at the 1% level of probability.
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Table 4. Analysis of variance for the effect of time on the residual concentration of heavy metals due to the

application of titanium nano oxide.

Mean of Squares lx o ke

é"j oy R pe

Cadmium poelS Zinc s, Degree of Freedom Source of variance
16.8" 753" 7 Time ol
1.14 1.07 16 Error U

** significant at the 1% level of probability.
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Table 5. Analysis of variance for the effect of time on the residual concentration of heavy metals due to the

application of iron nano oxide.

Mean of Squares lx o - Sle

5T am s

Cadmium o538 Zinc <, Degree of Freedom Source of variance
597.4" 1259.8" 7 Time ol
1.09 1.81 16 Error Ua~

** significant at the 1% level of probability.
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Figure 2. Effect of time on the adsorption of zinc and cadmium by wheat straw (a), palm fiber (b), titanium
nano oxide (¢) and iron nano oxide (d). For each absorbent, similar upper and lower case letters indicate no
significant difference among respectively Zn and Cd adsorption at different times.
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Table 6. Analysis of variance for the effect of adsorbent type and pollution source on the absorption of heavy metals.

Mean of Squares lx o . Sle

5T 4y

o
Cadmium ¢ FWHLY Zinc s, Degree of Freedom Source of variance
51.6" 91.7" 3 Adsorbent (A) <3 ¢ 5
4682.5" 7491.3" 2 Contaminant Conc. (B) o VT c.lals
51.8° 122.9" 6 AxB
2.1 7.4 16 Error U

* significant at the 5% level of probability.
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Figure 3. Mean comparison among the adsorption of zinc (a) and cadmium (b) by wheat straw (Ws), palm
fiber (PF), titanium nano oxide (Ti) and iron nano oxide (Fe) at different levels of pollution. Similar letters
indicate no significant differences in the adsorption of each heavy metal.
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Table 7. Analysis of variance for the effect of adsorbent type and pH on the absorption of heavy metals.

Mean of Squares lx o - Sle

@bl s S e
Cadmium p ;.08 Zinc s, Degree of Freedom Source of variance
628.6" 657.5" 3 Adsorbent (A) 3 ¢ 5
546.0" 283.5" 3 pH
384.2" 587.4" 9 AxpH
4.70 4.01 32 Error U

** significant at the 1% level of probability.
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Figure 4. Effect of pH on the adsorption of zinc (a) and cadmium (b) by different adsorbents. Similar letters
indicate no significant differences in the adsorption of each heavy metal.
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Abstract

Background and Objectives: Nowadays, due to limited water resources, the use of unconventional
water sources such as wastewater has been given special attention in the world. The presence of
some heavy metals in wastewater particularly in the industrial wastewater limits its application. This
study was carried out in order to investigate the efficiency of some organic and nano oxide
adsorbents in the removal of zinc (Zn) and cadmium (Cd) from industrial wastewater.

Materials and Methods: The study was done at four steps including studying the effects of
1) adsorbent mass, 2) exposure time, 3) concentration of heavy metals, and 4) pH on the removal of
Zn and Cd from wastewater. At first, an artificial wastewater was created based on 40 mg 1" Zn and
25 mg 1" Cd. Four adsorbents including wheat straw and palm fiber as organic adsorbents and
titanium nano oxide and iron nano oxide as nano adsorbents each at five doses (0.2, 0.5, 1, 1.5 and
2 g I'") were applied. Different time durations were implemented in order to assess time effect in
addition to the equilibrium time. In addition, the influence of pH at different levels of 3 to 6 on the
efficiency of adsorbents was examined. Moreover, in order to study the effect of different
concentrations of Zn and Cd on the efficiency of adsorbents, three levels of pollution concentrations
were generated by the combinations of 40, 80 and 120 mg 1"' Zn and 25, 50 and 75 mg 1"' Cd.

Results: The result showed that the adsorption of heavy metals increased with increasing the dose of
each adsorbent in the wastewater. As the application rate of palm fiber, wheat straw, titanium nano
oxide and iron nano oxide increased from 0.2 to 2 g 1", the adsorption of Zn increased by 49.4%,
17.1%, 13.1% and 11.4 %, and the adsorption of Cd increased by 41.1%, 3.8%, 18.0% and 1.5%,
respectively. Overall, palm fiber with the optimal level of 1.5 g I exhibited the best efficiency in the
removal of Zn (87.2%) and Cd (46.2%). The equilibrium time for the adsorption of both Zn and Cd
using wheat straw, palm fiber, titanium nano oxide and iron nano oxide was 300, 120, 30 and 30
minutes, respectively. In fact, the nano adsorbents reached the equilibrium conditions faster than the
organic adsorbents. The applied organic adsorbents at pH 6 and the nano oxide adsorbents at pH 4
had the highest efficiency in Zn adsorption. In the case of Cd adsorption, wheat straw at pH 5, date
fibers at pH values of 6 and 3, iron nano oxide at pH values of 4 and 5, and titanium nano oxide at
pH values of 4 and 3 showed the highest efficiency. The organic adsorbents at lower and the nano
adsorbents at higher concentrations of pollution found to be more effective in removing the heavy
metals from the wastewater.

Conclusion: The findings of this study revealed that during the removal process of Zn and Cd from
wastewater, the organic adsorbents had higher adsorption, whereas the nano adsorbents reached the

equilibrium conditions sooner.
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