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Abstract
Removal of heavy metals from industrial effluents is one of the most important issues in 
environmental research. This study was done to investigate the adsorption effect of multiwall carbon 
nanotubes (MWNTs) and nano zinc oxide (ZnO) on the decrease of chromium (Cr) and cadmium 
(Cd) concentration in wheat that was inoculated with Piriformospora indica and irrigated with 
plating industry wastewater. Treatments consisted of applying MWCNs (0 and 0.5% (W/W)) and 
nano ZnO (0 and 1.5% (W/W)) in the soil irrigated with the plating industry wastewater under the 
cultivation of wheat inoculated with P. indica. This study was done as a factorial experiment in a 
completely randomized block design in three replications. After 90 days, plants were harvested and 
the concentration of Cd and Cr in the plant was measured using atomic absorption spectroscopy. The 
use of MWCNs had a significant effect on the increase of cation exchangeable capacity of the soil. 
The application of 0.5% (W/W) MWCNs in the soil irrigated with wastewater significantly decreased 
the soil Cd concentration by 11.7%, while the plant biomass was increased by 13.4%. In addition, 
applying nano ZnO (1.5% (W/W)) significantly decreased the negative effect of heavy metal toxicity 
that can be related to the role of nano ZnO in improving soil sorption properties. However, the 
interaction effect of Zn and Cd cannot be ignored. The results of this study showed that applying 
MWCNs and nano ZnO has a significant effect on the decrease of phytoremediation efficiency in 
soil irrigated with plating industry wastewater. However, the type and the amount of heavy metals in 
wastewater cannot be ignored. 
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1. Introduction
Water is one of the most vital components in today’s 

world and plays a key role in the proper functioning of 
the Earth’s ecosystem. Unfortunately, the wastewater and 
toxic materials such as heavy metals enter the available 
freshwater with the development of new civilization 
and industrialization of societies, as well as agricultural 
and geological activities (1,2). As the societies are 
industrialized, the production, disposal, and recycling 
of industrial effluents become major concerns of these 
countries due to the existence of heavy metals in them. The 
effluents contain low to medium levels of heavy metals, 
which are often caused by metal plating activities, mining 
industries, making fertilizers, battery manufacturing 
factories, dye production, drug manufacturing, and so on 
(3,4).

The severe increase in the production and consumption 
of heavy metals over the past few decades has caused large 
amounts of these materials to enter the water in the form 

of cations. Due to their non-degradable property and 
resistance to biological changes, heavy metals can remain 
stable for a long time and continue their life cycle after 
entering the environment. Most of these ions are toxic 
to living organisms. Some of them have accumulation 
property and accumulate in tissues of living organisms. 
Finally, their concentration in the tissues reaches a level 
that causes several physiological disorders. Of these 
disorders, we can refer to carcinogenicity and the effect 
on the nervous system, skin, hematopoietic system, 
cardiovascular system, and renal damage (5,6). Therefore, 
the detection and control of their availability in water 
and soil are of paramount importance. The mortality and 
morbidity after heavy metal poisoning have been widely 
reported. Therefore, broad research has been conducted 
on the recycling and sanitation of the resulting effluents, 
and methods such as sedimentation, cation exchange, 
flocculation, flotation, membrane filtration, biological 
process, electrochemical process, and chemical reactions 
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have been used to remove these metals. The application 
of each of the above-mentioned methods is accompanied 
by some advantages and limitations in addition to 
low efficiency. Considering that they mainly cause 
environmental damage and life degradation, researchers 
are looking for more effective and cheaper methods with 
higher efficiency (7-10).

The adsorption process is an appropriate technique 
for the removal of organic and inorganic pollutants from 
effluents due to its important advantages such as low 
cost, accessibility, profitability, and ease of operation. 
Additionally, it is more efficient than other methods 
(11,12). The retention and adsorption of these metals by 
multiwall carbon nanotubes (MWNTs) and nano zinc 
oxide (ZnO) can be very useful owing to their particular 
crystalline structure. Considering the advantages of these 
compounds compared to other natural adsorbents, they 
can be very effective in recycling chemical and industrial 
effluents due to their porous and resistant structure, lower 
cost, ease of processing, and easy access (13,14). Nowadays, 
MWCNs have gained significant attention because of 
their large surface area, outstanding structural properties, 
and surface-related characteristics (15) which introduce 
them as suitable components to adsorb different heavy 
metal ions. In recent years, nanotechnology has offered 
new solutions for the use of ecofriendly and efficient 
adsorbents for wastewater treatment (16). Furthermore, 
ZnO nanoparticles have importance due to their vast 
area of applications such as gas sensor, drug delivery, 
cosmetics, and solar cells (17). Due to easy fabrication, 
non-toxic synthesis procedure, and environmentally 
friendly properties, ZnO nanoparticles have also been 
applied as adsorbent to pick up heavy metal ions (18). 
Wang et al have prepared modified porous ZnO hollow 
microspheres with high surface activity, high specific 
surface area, and high stability against aggregation 
through modification of hydrothermal method. ZnO 
hollow microspheres with exposed porous nano-sheets 
surface indicated more adsorption capacities as compared 
to the commercial ZnO nano-powders (19). 

Sharififard et al studied the removal of cadmium (Cd) 
from wastewater using nano-clay/TiO2 composite and 
concluded that using these composites has a significant 
effect on the removal of heavy metals from wastewaters. 
In addition, they mentioned that the modified nano-clay 
has a significant effect on the reduction of heavy metals 
in aqueous solution. However, their results are limited to 
laboratory conditions (20).  

It is important to note that conducting such research 
in the soil environment can have different results, as the 
adsorption conditions of heavy metals change and the 
findings of these studies can play an important role in the 
phytoremediation studies. On the other hand, the use of 
methods that can reduce the availability of heavy metals 
in plants can play an important role in growing plants 
in contaminated soils. Among them, root endophytic 

fungus Piriformospora indica can improve plant growth in 
contaminated soils. However, the increase in plant growth 
depends on the type and amount of heavy metal and plant 
physiology. In addition, the symbiotic association of 
plants with arbuscular mycorrhizal fungi or P. indica can 
also play an important role in the plant defense system 
as it can effectively restrict and alleviate heavy metals in 
the soil (21). Shahabivand et al reported that P. indica can 
affect the plant growth, Cd partitioning, and chlorophyll 
fluorescence of sunflower under Cd stress (22). However, 
they did not consider the simultaneous effect of heavy 
metals, which could play an important role in plant 
growth in heavy metal contaminated soils. Therefore, this 
study was conducted to evaluate the effect of MWCNs 
and nano ZnO on the decrease of chromium (Cr) and Cd 
concentration in wheat that was inoculated with P. indica 
and irrigated with plating industry wastewater.

2. Materials and Methods
To reuse plating industry wastewater for soil irrigation 

of agricultural land, a factorial experiment (23) in the 
layout of randomized completely block design in three 
replications (as a greenhouse experiment) was used. 
Treatments (N=48) included the application of MWCNs 
( 0 and 0.5% (W/W)) and nano ZnO ( 0 and 1.5% (W/W)) 
in the soil irrigated with the plating industry wastewater 
(with the different pollution levels of Cd (0 and 20 mg 
L-1) and Cr (0, 50 and 100 mg L-1) under cultivation of 
wheat (Pishtaz Cv.) that was inoculated with P. indica. 
This study was performed in three replications. The 
MWCNs and nano ZnO used with a purity of 90 to 95% 
in this study were purchased from the Research Institute 
of Iranian Petroleum Industry. To investigate the effects 
of MWCNs and nano ZnO on the decrease of the heavy 
metals pollution entering the soil via irrigation with Cd 
and Cr polluted plating industry wastewater, a soil with a 
low organic carbon content and low salinity was selected. 
Selected soil physico-chemical characteristics measured 
in this study are shown in Table 1.

The soil was amended with MWCNs and nano ZnO at 
concentrations of 0.5 and 1.5% (W/W), respectively and 

Table 1. Some Selected Physicio-chemical Characteristics Measured in This 
Study

Property Unit Value

Soil texture - Loam

pH - 7.3

EC dS m-1 0.6

Organic carbon % 0.4

CaCo3 % 7

Pb availability mg kg-1 ND

Cd availability mg kg-1 ND

Cr availability mg kg-1 ND

Ni availability mg kg-1 ND

Cation exchange capacity meq/100 g soil 10.2
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incubated for two weeks to reach equilibrium. The fungal 
strain of P. indica used in this study was obtained from 
Water and Soil Research Institute.  The inoculum for the 
experiments was prepared in the Soil Biology Laboratory 
of Isfahan University of Technology according to the 
methods used by Zamani et al (24). The kernel of the 
wheat plant (Pishtaz Cv.) was sterilized in 70% ethanol 
solution for 5 minutes followed by NaClO solution for 
8 minutes (0.75% Cl), and then washed with deionized 
water . Afterwards, the seeds were germinated for 2 days 
on an agar medium in closed Petri dishes at 25ºC. Then, 
two uniform sets of seedlings with radicles of about 1 cm 
length were chosen to continue the experiment. Then, half 
of the seeds were inoculated with P. indica by immersion 
in inoculums (= 2×106) under gentle shaking for 3 hours. 
The other half of the seedlings were dipped in sterilized 
distilled water containing Tween 0.02%. Thereafter, the 
experimental pots (5 kg) were filled with the treated soils. 
The inoculated or non-inoculated seedlings (5 seeds) 
were cultivated at a  depth of 1 cm in uncontaminated 
top soil layer in each pot and watered with the different 
contaminated plating industry wastewater. The water 
needed for the plant was evaluated based on the moisture 
curve (25). Finally, the wheat plants (Rushan Cv.) were 
harvested at grain maturity (90 days). Soil and above-
ground parts of the plant in each pot were separated and 
transferred to the lab. The availability of Cd and Zn in 
the soil was measured according to the Lindsay method 
(26). Plant samples under study were first digested using 
wet digestion method. Briefly, approximately 0.2 g of the 
sample was taken in a 100-mL volumetric flask and about 
4 mL of HNO3 was added. The solution was allowed to 
stand for few hours. Then, it was carefully heated over 
a water bath until red fumes coming from the flask 
completely ceased. The flask was allowed to cool at room 
temperature and then about 4 mL of perchloric acid was 
added. Then, the flask was heated again over a water bath 
to evaporate until a small portion remained, which was 
then filtered through filter paper No.42 and the volume 
was made up to 100 mL with distilled water. Cd and Cr 
concentration of plant was also measured using AAS (27).    

Statistical analyses of the data were done using the 
ANOVA procedure in SAS software. The least significant 
difference test was used to determine the differences 
between the means. In addition, the significant difference 
between the means was determined using the probability 
value of 95% (P = 0.05).

3. Results and Discussion 
The addition of MWCNs and nano ZnO had a significant 

effect on soil Cd concentration (Table 2).The results of 
this study showed that using 1.5% (W/W) MWCNs and 
nano ZnO significantly decreased the concentration of 
Cd that enters the soil through irrigation with plating 
industry wastewater by 3.8 and 4.9%, respectively, which 
may be related to the effect of organic nano-materials on 
soil cation exchange capacity (CEC). Based on the results 
of our study, significant increases (9.8% and 11.3%) were 
observed in soil CEC (Fig. 1) when the studied soil was 
amended with 0.5% (W/W) MWCNs and 1.5% (W/W) 
nano ZnO, respectively. 

In addition, soil amended with these organic 
amendments had additive effect. Accordingly, the 
simultaneous use of MWCNs and nano ZnO had also a 
significant effect on soil CEC that is a positive point in 
the removal of heavy metals from soils. The important 
point in this research is that the application of zinc nano-
oxide played an important role in increasing the soil 
Zn availability (Table 3) that can help to decrease Cd 
availability in soil. The competitive effects of Zn and Cd 
are mentioned by many researchers (28,29). The greater 
decrease in soil Cd availability due to the application of 
nano-Zn oxide confirms our results clearly. 

Soil pollution with Cr had also a significant effect on 
soil Cd concentration (Table 2). For instance, increasing 
Cd concentration in the wastewater added to the soil (0 
to 20 mg/L) significantly decreased Cr concentration 
in the soil by 5.8%, which can be related to the greater 
solubility of Cd compared to Cr. Jahanbakhshi et al 
investigated the comparison effect of phytoremediation 
in Cd and Cr contaminated soil in Spinacia oleracea and 
concluded that increasing soil pollution with Cd caused 

Table 2. The Effect of MWCNs, Nano ZnO, and the Presence of Piriformospora indica on Cd Availability (mg/kg) in the Soil Irrigated With the Plating Industry 
Wastewater

Nano ZnO (%)
Multi-Walled Carbon 

Nanotubes 
Cd Concentration

(mg/L)

+P. indica -P. indica

Cr Concentration (mg/L) Cr Concentration (mg/L)

0 50 100 0 50 100

0

0
0

ND** ND ND ND ND ND

0.5 ND ND ND ND ND ND

0
20

18.39a* 18.18c 18.00d 18.33a 18.11c 18.07d

0.5 18.19c 17.79f 17.28h 18.11c 17.73f 17.24h

1.5

0
0

ND ND ND ND ND ND

0.5 ND ND ND ND ND ND

0
20

18.22b 18.11c 17.88e 18.20b 18.13c 17.81e

0.5 18.00d 17.65g 17.11j 18.07d 17.60g 17.15j

* Different letters show the significant differences (P = 0.05), **ND: not detectable by AAS.
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a significant decrease in Cr concentration of the plant 
which was related to the greater solubility of Cd compared 
to Cr. In addition, they mentioned that plant type had 
also a significant effect on heavy metals uptake. However, 
they did not mention the role of the chemical properties 
of soil in soil heavy metal availability (30). Based on the 
results of this study, the highest Cr concentration of the 
soil belonged to soil without any pollution with Cd, while 
the lowest was measured in the soil with the highest level 
of Cd. 

Cr concentration in the root (Table 4) was significantly 

affected by soil Cd concentration (Table 2). Based on 
the results of this study, increasing soil pollution with 
Cd significantly decreased the Cr concentration in 
the plant. However, the Cd concentration of the plant 
showed a significant increase, which can be related to 
the competitive effect of Cd and Cr on the sorption by 
plants. In addition, the greater solubility of Cd compared 
to Cr cannot be ignored. Nojabaee et al investigated the 
concentration of Pb and Cr in leaves of cress and parsley 
in soils irrigated with contaminated water and reported 
the competitive effect of heavy metals on the sorption by 
plants (31). 

The addition of MWCNs and nano ZnO had a 
significant effect on the decrease of Cd (Table 5) and Cr 
concentrations in the plant root. Based on the results 
of this study, adding 1.5% (W/W) MWCNs and nano 
ZnO caused a significant decrease in Cd concentration 
of the root by 9.6% and 12.4%, respectively. The Cr 
concentration in the plant root also decreased by 7.2% 
and 9.4% that can be related to the effect of applying 
organic amendments with high specific surface area, 
thereby increasing the soil CEC. The decrease of heavy 
metal concentration in the plant due to applying soil 
organic amendments has been mentioned by researchers. 
Generally, organics increase surface charge and area and 

Fig. 1. Effect of Applying MWCNs and Nano ZnO on Soil CEC

Table 3. The Effect of MWCNs, Nano ZnO, and the Presence of Piriformospora indica on Zn Availability (mg/kg) in the Soil Irrigated With the Plating Industry 
Wastewater

Nano ZnO (%)
Multi-Walled Carbon 

Nanotubes 
Cd Concentration

(mg/L)

+P. indica -P. indica

Cr Concentration (mg/L) Cr Concentration (mg/L)

0 50 100 0 50 100

0

0
0

1.11j* 1.03k 0.93l 1.15j 1.07k 0.99l

0.5 1.45g 1.31h 1.24i 1.41g 1.37h 1.29i

0
20

1.22i 1.11j 1.03k 1.27i 1.16j 1.08k

0.5 1.36h 1.27i 1.17j 1.32h 1.22i 1.13j

1.5

0
0

3.00b 2.73c 2.55e 3.08b 2.79c 2.58e

0.5 3.12a 3.04b 2.72c 3.10a 3.09b 2.78c

0
20

2.61d 2.52e 2.41f 2.65d 2.55e 2.48f

0.5 2.78c 2.69d 2.54e 2.74c 2.63d 2.50e

* Different letters show the significant differences (P = 0.05).

Table 4. The Effect of MWCNs, Nano ZnO, and the Presence of Piriformospora indica on Cr Availability (mg/kg) in the Root Grown in the Soil Irrigated With the 
Plating Industry Wastewater

Nano ZnO (%)
Multi-Walled Carbon 

Nanotubes 
Cd Concentration

(mg/L)

+P. indica -P. indica

Cr Concentration (mg/L) Cr Concentration (mg/L)

0 50 100 0 50 100

0

0
0

ND** 54.2j* 115.8a ND 52.2k 113.9c

0.5 ND 49.3n 114.9b ND 48.1o 107.2g

0
20

ND 51.3l 115.1a ND 48.5o 111.3d

0.5 ND 45.7q 112.9c ND 44.2r 108.1f

1.5

0
0

ND 50.5m 115.3a ND 48.3o 112.7c

0.5 ND 47.1p 112.9c ND 45.2q 106.9h

0
20

ND 47.4p 112.4c ND 44.3r 108.9f

0.5 ND 44.8r 110.6e ND 43.1s 105.9i

* Different letters show the significant differences (P = 0.05), **ND: not detectable by AAS
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number of exchange sites in the soil, thereby reducing 
metal mobility by surface adsorption (32) and stable 
complexation (33). Carbon compounds are the main 
constituents of organic amendments which are involved 
in metal precipitation and their conversion to stable forms 
(34). Xiong et al investigated the effect of nano-zeolite on 
chemical fractions of Cd in soil and its uptake by cabbage 
and concluded that the plant biomass was significantly 
increased by Nano zeolite. In addition, they mentioned 
that applying nano-zeolite significantly improved the 
sorption properties of the soil, thereby decreasing the 
Cd uptake by plant (35), which is similar to our results. 
However, they did not consider the simultaneous effect 
of heavy metals in soil. Based on the results of our study, 
the additive effect of applying MWCNs and nano ZnO 
significantly increased the soil CEC, thereby decreasing 
the heavy metal uptake by plant. 

Wheat plants inoculated with P. indica showed 
significantly increased Cd and Cr concentrations in 
the root. Based on the results of this study, significant 
increases (12.8% and 14.3%, respectively) in Cr and Cd 
concentrations were observed in the root when the plants 
were inoculated with P. indica. However, inoculation 
with P. indica can protect against the negative effects of 
plant stresses. Khalvandi et al investigated the effects of 

symbiotic fungus P. indica on the quantity of essential 
oil and some physiological parameters of peppermint in 
saline conditions and concluded that plant inoculation 
with P. indica can diminish the negative effects of abiotic 
stress such as salinity (36). Shahabivand et al mentioned 
that inoculation with P. indica can affect growth, Cd 
partitioning, and chlorophyll fluorescence of sunflower 
under Cd toxicity. In addition, the results of their study 
showed that plant inoculation with P. indica can increase 
and decrease heavy metal concentration in plant root and 
shoot, respectively (22), which confirm our results clearly. 

The highest Cr concentration in plant shoot (Table 6) 
belonged to the plants without any inoculation which 
were cultivated in the non-Cd polluted soil, while the 
lowest was measured in the plants that was inoculated 
with P. indica and grown in the soil highly polluted with 
Cd and non-polluted with Cr. Increasing soil pollution 
with Cr significantly increased the Cr concentration in 
plant shoot, which can be related to the increase of Cr 
availability in the soil. However, plant inoculation with P. 
indica significantly decreased the translocation of Cr from 
root to shoot that is a positive point in environmental 
studies. Dianat Maharluei et al investigated the effect of 
the presence of P. indica on corn yield in Zn-contaminated 
soil and concluded that plant inoculation with P. indica 

Table 5. The Effect of MWCNs, Nano ZnO and the Presence of Piriformospora indica on Cd availability (mg/kg) in the Root Grown in the Soil Irrigated With the 
Plating Industry Wastewater

Nano ZnO (%)
Multi-Walled Carbon 

Nanotubes 
Cd Concentration

(mg/L)

+P. indica -P. indica

Cr Concentration (mg/L) Cr Concentration (mg/L)

0 50 100 0 50 100

0

0
0

ND** ND ND ND ND ND**

0.5 ND ND ND ND ND ND

0
20

20.4a* 19.8e 19.7f 20.2b 19.7f 19.6g

0.5 20.1c 20.0d 19.6g 19.8e 19.7f 19.5h

1.5

0
0

ND ND ND ND ND ND**

0.5 ND ND ND ND ND ND

0
20

20.0d 19.8e 19.3j 19.8e 19.7f 19.5h

0.5 19.8e 19.6g 19.1k 19.6g 19.4i 19.3j

* Different letters show the significant differences (P = 0.05), **ND: not detectable by AAS

Table 6. The Effect of MWCNs, Nano ZnO, and the Presence of Piriformospora indica on Cr Availability (mg/kg) in the Shoot Grown in the Soil Irrigated With 
the Plating Industry Wastewater

Nano ZnO (%)
Multi-Walled Carbon 

Nanotubes 
Cd Concentration

(mg/L)

+P. indica -P. indica

Cr Concentration (mg/L) Cr Concentration (mg/L)

0 50 100 0 50 100

0

0
0

ND** 38.2i* 75.2a ND 36.2k 72.1d

0.5 ND 37.8j 74.2b ND 35.4l 70.5e

0
20

ND 37.5j 73.6c ND 35.1l 69.3f

0.5 ND 36.7k 72.7d ND 35.0l 67.2g

1.5

0
0

ND 37.2j 74.3b ND 35.5l 70.1e

0.5 ND 36.3k 72.6d ND 34.1m 67.3g

0
20

ND 35.1l 72.1d ND 33.2n 67.2g

0.5 ND 34.7m 70.1e ND 32.1o 65.2h

* Different letters show the significant differences (P = 0.05), **ND: not detectable by AAS.
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can increase the plant biomass and this increase occurred 
due to the provision of the nutritional needs of the plant 
and plant inoculation (37). However, storing heavy metals 
in fungal hyphae in the root and preventing them from 
being transferred to the aerial parts of the plant should not 
be overlooked. In addition, the results obtained by some 
researchers suggest that changes in pH in the rhizosphere 
of the plant due to inoculation of the plant with fungi 
can also be an effective factor in the availability of heavy 
metals in soil and plants (38,39).

Inoculation with P. indica can improve the uptake 
of nutrient such as P, thereby decreasing the heavy 
metal uptake by plants. Baghaie et al reported that 
soil indigenous arbuscular mycorrhizal fungi can alter 
chemical properties of the soil,  thereby decreasing the 
heavy metal uptake by wheat (40). It should be noted 
that inoculation of the plant cultivated in soil that was 
contaminated with different types of heavy metals can 
also reduce the sorption of heavy metals by the aerial 
parts, but the type and amount of heavy metals uptake by 
plant depend on the chemical properties of the soil (40). 
Based on the results of our study, increasing soil pollution 
with Cd significantly decreased the Cr concentration of 
the shoot due to its greater solubility compared to Cr. 
However, Cd uptake showed similar conditions as Cr. 

Adding MWCNs and nano ZnO had a significant effect 
on the decrease of heavy metal concentration of the shoot. 
Based on the results of this study, the highest Cd (Table 7) 
and Cr concentration of the shoot belonged to the non-
inoculated plants cultivated in the soil polluted with the 
greatest level of Cd and Cr (without receiving MWCNs 
and nano ZnO), respectively. However, the lowest Cd 
and Cr concentration of the shoot was observed in the 
inoculated plant grown in the soil with the lowest Cd and 
Cr concentration, respectively, which received the greatest 
level of MWCNs and nano ZnO. Adding 1.5% (W/W) 
nano ZnO and 0.5% (W/W) MWCNs significantly 
decreased the Cr concentration of the shoot by 11.3% and 
10.2%, respectively, while for Cd (Table 7), it decreased 
by 13.1% and 11.8%, respectively. This can be related to 
the role of organic amendments in increasing sorption 
properties of the soil such as soil CEC, thereby decreasing 
heavy metal availability in the soil and consequently 
decreasing heavy metal uptake by the plant. However, 
the simultaneous effect of applying MWCNs and nano 
ZnO has additive effects on the decrease of heavy metal 
availability in the shoot. 

The highest plant biomass (Table 8) belonged to the 
plants that were inoculated with P. indica and cultivated 
in the soil that was not polluted with heavy metals, while 

Table 7. The Effect of MWCNs, Nano ZnO, and the Presence of Piriformospora indica on Cd Availability (mg/kg) in the Shoot Grown in the Soil Irrigated With 
the Plating Industry Wastewater

Nano ZnO (%)
Multi-Walled Carbon 

Nanotubes 
Cd Concentration

(mg/L)

+P. indica -P. indica

Cr Concentration (mg/L) Cr Concentration (mg/L)

0 50 100 0 50 100

0

0
0

ND** ND ND ND ND ND

0.5 ND ND ND ND ND ND

0
20

11.7b* 10.8g 10.3k 11.9a 11.0f 10.5i

0.5 11.5c 10.5i 10.1m 11.7b 10.8g 10.2l

1.5

0
0

ND ND ND ND ND ND

0.5 ND ND ND ND ND ND

0
20

11.2d 10.3k 10.1m 11.5c 10.5i 10.3k

0.5 11.1e 10.2l 9.7o 10.7h 10.4j 10.0n

* Different letters show the significant differences (P = 0.05), **ND: not detectable by AAS.

Table 8. The Effect of MWCNs, Nano ZnO, and the Presence of Piriformospora indica on Dry Biomass (g) of the Plant Grown in the Soil Irrigated With the Plating 
Industry Wastewater

Nano ZnO (%)
Multi-Walled Carbon 

Nanotubes 
Cd Concentration

(mg/L)

+P. indica -P. indica

Cr Concentration (mg/L) Cr Concentration (mg/L)

0 50 100 0 50 100

0

0
0

4.90f* 4.80n 4.75q 4.82l 4.71s 4.62v

0.5 4.90f 4.8j5 4.80n 4.85j 4.80n 4.72r

0
20

4.80n 4.82l 4.75q 4.72r 4.70t 4.65u

0.5 4.85j 4.83k 4.80n 4.80n 4.78o 4.75q

1.5

0
0

4.95b 4.91e 4.88g 4.91e 4.88g 4.81m

0.5 4.98a 4.93c 4.90f 4.93c 4.91e 4.88g

0
20

4.92d 4.87h 4.83k 4.88g 4.85j 4.80n

0.5 4.90f 4.87h 4.83k 4.86i 4.80n 4.77p

* Different letters show the significant differences (P = 0.05). 
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the lowest was recorded in the plants grown in the soil 
polluted with the highest level of Cd and Cr and without 
receiving MWCNs and nano ZnO. The addition of 
1.5% (W/W) nano ZnO and 0.5 % (W/W) MWCNs in 
a soil polluted with the highest level of Cr significantly 
decreased the plant biomass by 13.3% and 12.1%, 
respectively, which can be related to the role of adding 
organic amendments in decreasing Cd concentration of 
the plant, thereby increasing plant biomass. However, 
the increase in plant biomass due to the increase of Zn 
concentration of the plant and consequently the decrease 
of Cd concentration in the plant cannot be ignored. The 
competitive effect of Cd and Zn has been mentioned 
by researchers (41,42). Furthermore, for Cd polluted 
soil, applying 1.5% (W/W) nano ZnO and 0.5% (W/W) 
MWCNs significantly increased the plant biomass by 
11.1% and 9.8%, respectively. Based on this, we can 
conclude that the effect of applying MWCNs and nano 
ZnO on the increase of plant biomass are more effective 
in soil polluted with Cr compared to Cd, which may be 
attributed to the higher solubility of Cd compared to Cr.

Plant inoculation with P. indica had a significant effect 
on the increase of plant biomass (Table 8). Based on the 
results of our study, the highest and lowest plant biomass 
belonged to the inoculated and non-inoculated plant, 
respectively. The inoculation of the plant (with P. indica) 
which was cultivated in the soil polluted with Cd (20 mg/
kg) and Cr (50 mg/kg) significantly increased the plant 
biomass by 14.3% and 15.7%, respectively, which can be 
related to the effect of P. indica on the prevention of the 
heavy metal translocation to the aerial part of the plant 
or reducing the availability of heavy metals. Mohd et 
al studied the role of P. indica in translocation of heavy 
metals to the aerial parts of the plant and concluded that 
P. indica can protect the plant against arsenic toxicity by 
three different mechanisms via reducing the availability of 
free arsenic in the plant environment, bio-transformation 
of toxic arsenic salts into insoluble particulate matter, 
and modulating the antioxidative system of the host cell 
(43). In addition, they mentioned that the induced heavy 
metal tolerance imparted by the fungus is due to selective 
clearance of arsenic by the extraradical hyphae of the 
fungus from the media and this is why root receives a 
large amount of arsenic, while a small fraction of it can 
translocate  to the shoot (43), which clearly confirms 
our results. However, the additive effect of soil pollution 
with Cd and Cr had negative effects on plant growth 
processing.

4. Conclusion
According to the results of this study, using nano-clays 
can play an important role in the treatment of the plating 
industry wastewater. Accordingly, the application of 
MWCNs and nano ZnO has played a more important 
role in reducing the pollution adsorbed by wheat plants 
in the soil irrigated with industrial wastewater. However, 

Nano ZnO showed a greater efficiency in removing heavy 
metals compared to MWCNs that can be related to the 
interaction role of Zn and Cd in heavy metal sorption 
by plant. It is necessary to mention that the amount and 
type of metal have also played an important role in the 
efficiency of nanoparticles in removing heavy metals. On 
the other hand, inoculation of the plant with P. indica 
has also been able to improve resistance of the plant to 
abiotic stress such as heavy metal toxicity. Due to the fact 
that the effluent of industrial plants can be contaminated 
with several heavy metals, it is necessary to investigate 
the simultaneous effect of heavy metals. In addition, the 
economic aspect of using treated wastewater and its role 
in phytoremediation efficiency in these studies cannot be 
ignored. 
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