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Abstract

increasing the availability of Pb and Zn in soil.

Keywords: Soil, Lead, Zinc, Helianthus, Brassica napus

Background: The soil heavy metal pollution caused by human activities is one of the main environmental problems. Therefore, it
is necessary to use appropriate methods to remediate such soils.

Objectives: The current study aimed at investigating the effect of Hydroxyl Ethylene Diamine Tetra Acetic Acid (HEDTA), Trans-1,2-
Cyclohexylene Dinitrilo Tetra Acetic Acid (CDTA), and Ethylene Glycol-bis (3-Aminoethyl Ether)-N,N,N’,N"-Tetra Acetic Acid (EGTA)
chelates on Pb and Zn removal efficiency in a Pb and Zn contaminated soil.

Methods: This research was performed as a factorial experiment in a randomized complete block design with four levels of chelate
applicationrate(0,1.5,3,and 4.5 mM/kg soil), two levels of chelates application times (one or two weeks before harvesting), and plant
types (sunflower or canola). At the end of the experiment, Pb and Zn concentrations in the soil and plant samples were measured
and the least significant difference (LSD) test was employed to determine the differences between the means.

Results: The effectiveness of studied chelates on the availability of Zn and Pb in soil was in the descending order as HEDTA > CDTA
> EGTA. Application of 4.5 mM/kg soil of CDTA chelate under sunflower and canola cultivation caused a significant increase in the
availability of Zn and Pb in soil compared to 1.5 mM/kg by 12.2% and 13.3%, respectively. Plant type also had a significant effect on

Conclusions: Plant type, application rate, and chelates type are important factors on remediation of heavy metals in contaminated
soil. However, the role of physicochemical properties of soil on its heavy metal availability cannot be ignored.

1. Background

Soil contamination with heavy metals is a major envi-
ronmental problem that can threaten human health and
ecosystems (1). Soil contamination with heavy metals is
controversial, since heavy metals cannot be decomposed.
Conventional methods are used to reduce soil contamina-
tion with heavy metals such as physical separation, chelate
application, and electrochemical processes (2). Extraction
and phytoremediation of soil heavy metals are considered
as useful strategies due to their low cost and high effi-
ciency; although the role of soil physicochemical proper-
ties on soil remediation cannot be ignored. Lead (Pb) and
zinc (Zn) are toxic heavy metals that their accumulation
in environment can damage human health (3). Thus find-
ing suitable methods to remediate soil contaminated with
heavy metals seems necessary.

Phytoremediation is an approach for heavy metals re-
mediation that can extract heavy metals from soil and
transfer them to the plant biomass (4). In this regard, it is
necessary to select the plants with high biomass that can
accumulate high amounts of heavy metals in their areal
parts (5, 6). On the other hand, chelate application can in-
crease heavy metal availability by forming complex with
heavy metals. Jian et al.,, suggested that application of
EDTA chelates may be an effective strategy for phytoreme-
diation with two Arundinaria bamboos in Pb-contaminated
soil (7). However, the type and amount of chelates play an
important role on increasing heavy metal concentration.
Banaaraghi et al. also showed the role of EDTA (ethylene
diamine tetra acetic acid) and EDDS (ethylene diamine-N,
N’-disuccinic acid) chelate for enhanced corn phytoextrac-
tion of heavy metals from a contaminated soil (8). Thus, it
is necessary to investigate the role of different chelates on
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increasing heavy metal concentration in different plants
constantly.

2. Objectives

The current study aimed at investigating the effect of
type, time, and application rate of chelates on Pb and Zn
uptake by canola and sunflower in a heavy-metal-polluted
soil near Bama Pb and Zn Mine in the Southwest of Isfahan,
Iran.

3. Methods

3.1. Treatments

The current study was conducted to investigate the
effect of HEDTA (hydroxyl ethylene diamine tetra acetic
acid), CDTA (trans-1,2-cyclohexylene dinitrilo tetra acetic
acid), and EGTA (ethylene glycol-bis (8-aminoethyl ether)-
N,N,N’,N’-tetra acetic acid) chelate on Pb and Zn removal ef-
ficiency in a Pb and Zn contaminated soil near the Bama
Pb and Zn Mine located in the Southwest of Isfahan. Treat-
ments (48 treatments in three replication)included the ap-
plication of 0 (My), 1.5 (M;5), 3 (M3), and 4.5 (M,5) mM/kg
soil of HEDTA, CDTA, and EGTA chelates (9) twice (one (T;) or
two (T,) weeks before harvesting the plant) (10). The plants
used in the current study were sunflower and canola.

3.2. Soil and Plant Analysis

Soil samples were taken from the fields around the
Bama Mine (located in the 20 km of Southwest of Isfahan)
and their physicochemical properties were analyzed (Table
1) (11). Then 5 kg pots were filled with soil, and canola (Bras-
sica napus L.) and sunflower (Helianthus annuus L.) seeds
were planted. Chelates were added to the soil at the men-
tioned rate 7 - 8 weeks after planting. At the end of the
experiment, the available concentrations of Pb and Zn in
soil were measured according to the method described by
Lindsay and Norvell (12). The Pb and Zn concentrations
in plants were measured using atomic absorption spec-
troscopy (AAS) model 3030 after extraction with 3 mL of hot
14.4 M nitric acid (13). Soil pH and EC were measured in a 1:5
(W/V) solution. The organic carbon (OC) was measured ac-
cording to the Walkley and Black method (14). The particle
size analysis was also performed (15).

3.3. Translocation Factor
The translocation factor (TF) was calculated using the

following formula (Equation 1) (16):

Cshoot

CToot

where, Cgpoot and Cyoo; are heavy metal concentrations
in the shoot and root of the plant, respectively.

TF = (1)

Table 1. Selected Some Physico-Chemical Properties of Studied Soil

Characteristic Unit Amount USEPA 503
Soil texture Loamy

Sand % 40

Silt % 40

Clay % 20

pH 7.6

EC ds/m 1.6

Soil porosity % 39

(o] % 0.2

Total Pb mg/kg 124 300
Total Zn mg/kg 755 500

3.4. Statistical Analysis

The current study was conducted as a factorial experi-
ment in the layout of randomized complete block design.
The ANOVA was used for the statistical analysis of data. The
leastsignificantdifference (LSD) test was also utilized to de-
termine the differences between the means.

4. Results

Application of organic chelates had no significant ef-
fect on soil pH (Figure 1). The effectiveness of different
chelates on the availability of Pb and Zn in soil was in the
descending order as HEDTA > CDTA > EGTA. Application
of 4.5 mM/kg of soil HEDTA relative to EGTA chelate under
sunflower cultivation (two weeks before plant harvest) re-
sulted in increased availability of Pb and Zn in soil by 8%
and 12.2%, respectively (Table 2). It should also be noted that
therole of plant type on changing the availability of Pb and
Zn in soil should not be ignored, since the application of
4.5 mM/kg of soil HEDTA chelate (two weeks before plant-
ing) in soil under the cultivation of sunflower caused a sig-
nificant increase in the availability of Pb and Zn in soil in
comparison with those of canola by 8.3% and 11.1%, respec-
tively.

Regardless of the chelate type, chelate application rate
was also effective in changing the availability of Pb and Zn
in soil; therefore, application of 4.5 mM/kg of soil CDTA
chelate could significantly increase the availability of Pb
and Zn in the soil under cultivation of sunflower and
canola compared to those of 1.5 mM/kg by 12.2% and 13.4%
per kg of soil, respectively. In addition, application of the
same amount of CDTA chelate resulted in increasing the
availability of Pb and Zn in soil by 8.4% and 10.8%, respec-
tively. According to the results of the current study, chelate
application time had no significant effect on the availabil-
ity of Zn and Pb in soil.
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Table 2. Effect of Plant Type and Amount, Type, and Application Time of Chelate on the Availability of Pb and Zn in Soil

Plant Type Type of Element MoTy MoTy My5Ty My5T2 M3Ty M3T My5Ty My 5Ty
Chelate
HEDTA Pb 47.6" 49.4Y 90.5° 912"° 12.6° 114.7°¢ 116.92P 8.4
Zn 7619 7534 132.88h 134.418 142.9P¢ 144.5P 152.7% 150.4%
sunfl - Pb 498" 487" 853P 83.7P4 109.5f 107280 13.6° 210de
unflower
Zn 76.89 7629 127.91 1267 139,34 7.8d¢ 142.9¢ 145.1P
e Pb 49.64 5004 7287 7457 995K 102K 104.9M 107.478h
Zn 7779 7574 173M0 n9.3Im 127.47 130.2M 1403¢d g2de
HEDTA Pb 451¥ 442" 83.2P4 8169 108218 106.68" 100.73¢f 2264
Zn 632" 622" 123K 125K 13458 132580 140.4%4 142.45¢
canol o Pb 434" 426" 64.7° 65.4° 08.3! 1005k 100.3F 10768
anola
Zn 62.97 617" 113.8° 153" 128,611 1266/ 17.89¢ 13616
s Pb 42.4Y 449" 563 589" 95.4M 93.4MN 102,61 100314
Zn 642" 61.4" 109.8P 107.8P 12126 135K 128511 1303M

Data with the same letters in each parameter are not significant (P = 0.05).

7.7 <
a
a

= 7.65
[
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HEDTA CDTA EGTA
Treatment

Figure 1. Effect of chelate application on soil pH. Columns with the similar letters
are not significant (P=0.05)

According to Tables 3 and 4, the type and amount of
applied chelates had a significant effect on root Pb and Zn
concentration. The highest root Pb and Zn concentration
belonged to the plants grown on the soil treated with 4.5
mM]/kg of soil HEDTA chelate two weeks before harvesting,
while the lowest was related to the plants cultivated in the
soil without receiving chelate.

The application rate of HEDTA chelate had a significant
effect on root Pb and Zn concentration; therefore, the use
of 3 mM/kg of soil HEDTA chelate two weeks before har-
vesting resulted in an increase in root Pb and Zn concen-
trations compared to those of 1.5 mM/kg by 9% and 4%, re-
spectively. The effect of chelate type on root Pb and Zn con-
centration was also significant; therefore, the highest and
the lowest root Pb and Zn concentrations were observed
when HEDTA and EGTA applied, respectively. The effect of
chelate application time on root Pb and Zn concentrations
was also significant (Table 3).

Regardless of chelate type and its application time,
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plant type played a pivotal role in root and shoot Pb and
Zn concentrations; so that the highest and lowest plant Pb
and Zn concentrations belonged to sunflower and canola.
The highest shoot Zn and Pb concentrations were observed
in plants grown on the soil receiving 4.5 mg/kg of soil
HEDTA chelate two weeks before plant harvesting (Tables
3 and 4), while the lowest values were in the soil without
receiving chelate. The highest and lowest effects of the
chelate type on shoot Pb and Zn concentrations were re-
lated to the use of HEDTA and EGTA chelate, respectively.

The highest Pb translocation factor (TF) value was ob-
served in the soil treated with 4.5 mM/kg of soil HEDTA
chelate two weeks before sunflower harvest (Table 5), while
the lowest of that belonged to the soil without receiving
any chelate. The Pb TF value was greater in the soil under
cultivation of sunflower than canola. Based on the results
of the current study, the time factor had no significant ef-
fect on Pb TF value. The same trend was observed for Zn TF
value in the current study.

5. Discussion

Based on the results of the current study, chelate ap-
plication can play an important role in increasing the
availability of heavy metal in soil and, subsequently, up-
take them by plant. However, the type and the amount
of chelate application are important factors in changing
the availability of heavy metal in soil; although, the role
of soil physicochemical properties on the availability of
soil heavy metals should not be ignored. The bond be-
tween organic compounds and heavy metals can prevent
heavy metal precipitation and increase the solubility of
that in the soil by the formation of organic complexes;
although the increase of heavy metals absorption by the
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Table 3. Effect of Plant Type and Amount, Type, and Application Time of Chelate on Plant Pb Concentration

Plant Type Type of Plant Part MoTy MoTz Mp5Ty My 5T M3Ty M3T, My5Ty My 5T
Chelate
Root mad 1259 3325K 330K 370.5°d¢ 372.4P¢ 38242 380.6%"
HEDTA
Shoot 355% 337 242,708 2310k 296.4 207.6¢ 34412 334.9%
a Root 319 110.64 3205 322.4! 364187 363,580 373.8° 374.2°
Sunflower CDTA
Shoot 373° 343° 2083! 206.3! 265,880 26178 299.0P¢ 303.1¢
Root 169 11249 3013™ 300.9™ 35371 3547 370.9%4 369.39¢
EGTA
Shoot 33.4° 382° 156.6"° 159.4" 220.0K 234110k 2781d¢ 280.64
Root 93.9" 952" 220.6" 2273" 363.480 36150 3725P¢ 370.20de
HEDTA
Shoot 19.7° 20.8¢ 144.6°P 138.6P 268.99¢f 26028 309.° 303.5°
. Root 931" 943" 2093° 210.4° 355.81 353.41 367.8¢ 365.918
Canola CDTA
Shoot 18.6" 207 10.99 1579 245.5N 2403Miik 272.1¢f 278.09¢
Root 947" 95.4" 185.5P 1873P 34050 3425 35451 355.61
EGTA
Shoot a7t 20.0" 797 842 190.6™ 184.9™ 244.6M 252,480

" Data with the same letters in each parameter are not significant (P = 0.05).

Table 4. Effect of Plant Type and Amount, Type, and Application Time of Chelate on Plant Zn Concentration

Plant Type Type of Plant Part MoTy Mo T, My 5Ty My5T2 M3Ty M3T My 5Ty My 5T
Chelate
Root 616" 6243" 1016.59 102034 1045 100.3¢ 197.4% 1200.4%
HEDTA
Shoot 3943" 3933" 145354 1438.6d¢ 1656.7° 165047 1843.9% 1872.6%
Root 6210 618.9" 922.6K1 9213 967.48 970.48 11235° 1203
Sunflower CDTA
Shoot 409.8" 4022" 120860 n88.4" 1315.68 1310.08 1572.9¢ 1590.8
Root 62255 625.4" 890.1P9 893.7°P 94647 945.8M 9973¢ 1000.4°
EGTA
Shoot 398.4" 381.4" 1085.9K! 107241 730 119171 1316.48 1300.58
Root 3204 320.44 908.2MN 9103™ 942.41 9as3h 1004.1¢ 10003¢
HEDTA
Shoot 137.7° 135.0° 1207.9M 1192.4M 1366.4" 6121 1415.7° 1420.4¢
Root 32414 32744 884.69" 88137 930.7K 9323/ 984! 9823
Canola CDTA
Shoot 142.6° 147.19° 1105.7¢ 1092881 1219.20 1211.9M 1328.68 1316.28
Root 323,94 32154 8413° 838.1° 8985 900.11° 950.4M 951.4"
EGTA
Shoot 145.7° 135.0° 9927™ 980.5™ 1087.4 109811 1216.5" 1208.2M

"Data with the same letters in each parameter are not significant (P=0.05).

Table 5. Effect of Plant Type and Amount, Type, and Application Time of Chelate on Pb and Zn TF Values

Plant Type Type of Element MoTy MoTy My5Ty¢ My 5Ty M3Ty M3T, My 5Ty Mg 5Ty
Chelate
- Pb 032" 030" o0.730ef o8 082> 0.80P¢ 0.90% 0.88%"
Zn 0.64" 0.63" 143¢de 1aref 1500 1500 1548 156%
sunl ot Pb 033" 031" 0.65N1k 0.6aNk o0.730ef 0.720¢fg 0.80° o0.81P
unflower
Zn 0.66" 0.65" 1304 129!mn 1368 13580 1400 142def
- Pb 030" 034" 052! 0.53! 0.65"k 0.66M1 0.759¢ 0.76cd
Zn 0.64" 061" 122" 120% 12497 126°P4 132k 130kml
EDTA Pb 0.21° 0.23° 0.63% 0.61¢ 0.7ad¢ 0.720ef8 0.83° 0.82P
Zn 043V 0.4tV 1330 130K 1.45¢ 1.44d 1.4t 1apdef
Canola oA Pb 0.20° 0.22° 053! 0.55' 0.60'8N 0.688M 0.744¢ 0764
Zn 0.44W 0.45% 125P4 1.249° 130K 130km! 13580 1348M
_— Pb 023° 0.21° 0.43™ 0.45™ 056! 054! 0.6018" 071°f8
Zn 0.45W 0.42% 118 174 1218 122" 1.28MN0 127"°P

Data with the same letters in each parameter are not significant (P = 0.05).

plant may reduce the plant biomass (17, 18). Thus, select-  tion processes (19, 20). Fatahi Kiasari et al., investigated the
ing plants that produce high biomass and are capable of  effectof sulfuric acid and EDTA chelate on shoot Pb concen-
heavy metal uptake is a useful method in phytoremedia-  tration of sunflower and corn and concluded that using
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EDTA chelate had an important role in increasing plant Pb
concentration and can remediate Pb-polluted soil that con-
firm the current study results clearly. They also reported
that plant biomass significantly decreased with increas-
ing shoot heavy metal concentration (21) that is similar
to the current study results (data not shown). Mehmood
et al. reported the similar results that were in agreement
with those of the current study (22). Baghaie investigated
the effect of EDDS chelate on increasing Cd phytoremedi-
ation efficiency by corn (Maxima Cv) in a soil treated with
municipal waste compost and concluded that applying
EDDS chelate had significant effect on remediation of Cd-
polluted soil. However, the role of soil physicochemical
properties in the available concentration of heavy metals
was not investigated (17). The study by Abbas and Abdel-
hafez reported that using chelate had a significant rela-
tionship with increasing the concentration of heavy met-
als in the biomass of the aerial parts of corn plant (23).

It is noteworthy that adding chelate to the soil may in-
crease the solubility of heavy metal and, thereby, transfer-
ring it to the groundwater (24, 25). Thereby, the role of
chelate application on increasing heavy metal concentra-
tion in soil should be constantly investigated; although the
concentration of heavy metals in soil is highly dependent
on the soil physicochemical properties and the type and
amount of contaminating element. As mentioned earlier,
the highest and the lowest soil Pb and Zn availability and
subsequent uptake by plant were related to the HEDTA and
EGTA chelate, respectively, which is related to the strength
of thebond between chelate and heavy metal. On the other
hand, free chelate can enter the root and, subsequently,
form metal complexes, which enhance metal transport to
shoots (26, 27). Chelating agents are a group of compo-
nents thataccelerate the release of heavy metals bonded to
the solid parts of the soil and are not in the form that can be
absorbed by plants due to the disruption of the solid and
liquid soil phases’ equilibrium and can increase the avail-
ability of heavy metals by forming bonds with heavy met-
als. Thereby, uptake of heavy metals by plants increases (28-
30).

Although the type, the time, and the rate of chelate ap-
plication to the soil may affect soil heavy metal availability,
the results of the current study showed that the applica-
tion time of chelate had no significant effect on the avail-
ability of heavy metal; perhaps it needs more time that re-
quires further investigation.

In addition to the chelate chemical characteristics,
plant physiological properties also played an important
role in making changes in the TF value of heavy metals;
therefore, the Pb and Zn TF values were greater in sun-
flower compared to canola. Plant root exudates are impor-
tant sources of amino acids (AA) in soil solution. The con-
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centration of AA in the soil solution is often much higher
than those of heavy metals. Therefore, AA can also form sta-
ble complexes with metal cations via their carboxylic and
amine groups, and increase the solubility of heavy metals
in soil (31).

It should be noted that in the studied treatments, the
Pb TF values were < 1, indicating that the Pb accumula-
tion was higher in the root (32). Although using chelate
can help toremediate contaminated soil by increasing the
availability of soil heavy metals and TF value, the type and
the amount of chelate play an important role in Zn TF
value, since the highest and lowest Zn TF values were re-
lated to HEDTA chelate and EGTA chelate, respectively. Ja-
hanbakhshi et al. reported that plant root exudate can in-
crease availability of heavy metal in soil and, thereby, in-
crease phytoremediation efficiency (33). Askari et al. also
reported similar results (34).

Since using HEDTA chelate had the greatest role in in-
creasing the availability of Zn in soil, it can be concluded
that chelate application can establish a strong bond with
Zn to form a soluble complex that helps remediation of Zn-
polluted soil. According to Table 5, the TF value of Zn is > 1
suggesting that Zn was readily transported from roots to
shoots. In this regard, Nikseresht et al. reported similar re-
sults that confirmed the current study findings clearly (35).
Adesodun et al. assessed the phytoremediation potential
of sunflowers for metal in Zn-contaminated soil and con-
cluded that sunflower is a suitable plant to remediate Zn-
polluted soil due to its high TF value (36). Choram and Al-
izadeh investigated the effect of EDTA chelate on increas-
ing the phytoremediation efficiency and concluded that
high application of chelate can increase the TF value of
heavy metal (37) that was similar to the current study re-
sults.

5.1. Conclusions

Based on the current study results, using HEDTA, CDTA,
and EGTA chelate in the soil significantly increased the
availability of Pb and Zn in soil. The greatest soil and plant
Pb concentration was found with applying 4.5 mM/kg of
soil HEDTA chelate. In addition, the chelate application
caused a significant increase in Pb and Zn value. However,
the TF value of Pb was < 1. According to the results of the
current study, chelate application time had no significant
effect on Pb and Zn TF values. It is necessary to consider
the soil physicochemical properties due to theirimportant
roles in the concentration of heavy metal in soil in future
studies. In addition, the effect of temperature and season
on phytoremediation efficiency should be investigated in
the field studies.
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