Vol 15, No. 2, Summer 2025

University of Tehran Press

Journal of Water and Irrigation Management oniine ISSN: 2382-9931

Homepage: https://jwim.ut.ac.ir/

Investigation of the Role of Fern in the Removal of Heavy Metal Lead
from Aquatic Environments Using the Phytoremediation Process

Farzad Hashemzadeh™

| Farshad Hashemzadeh?

| Mahsa Jabbari*"' [Samira Darvish*

1. Corresponding Author, Water and Wastewater Research Center, Water Research Institute, Tehran, Iran. E- mail:

farzad. hashemzadeh@srbiau.ac.ir

2. Department of Health, Safety and Environmental Engineering, Faculty of Energy and Environmental Engineering,
Saveh Institute of Higher Energy Education, Saveh, Iran. E-mail: farshad.h59@gmail.com
3. Environment Department, Hydraulics and Water Structures Research Institute, Water Research Institute, Tehran,

Iran. E-mail: mahsa.jababri@ut.ac.ir

4. Department of Health, Safety and Environmental Engineering, Faculty of Energy and Environmental Engineering,
Saveh Institute of Higher Energy Education, Saveh, Iran. E-mail: samira.darvish88@gmail.com

Article Info

ABSTRACT

Article type:
Research Article

Article history:

Received 14 April 2025

Received in revised form

13 May 2025

Accepted 8 June 2025

Published online 11 October 2025

Keywords:

Ferns

Lead

Phytoremediation

Water and wastewater treatment

This study aimed to explore the potential of phytoremediation for removing
lead, a heavy metal, using fern plants. The experiment was designed as a
completely randomized trial with five replications under greenhouse
conditions. The treatment levels comprised four concentrations of lead in
water: 0, 100, 200, and 300 mg/L. Data analysis was performed using SPSS
V21, and mean comparisons were conducted with Duncan's test at a
significance level of 0.05, while graphs were generated using Excel
software. The results from the variance analysis indicated that lead treatment
significantly influenced electrical conductivity, nitrogen, phosphorus,
potassium, soluble sodium, and total hardness at the 1% significance level,
as well as pH and iron content at the 5% level. However, the effect of lead
concentration on the lead content in various drainage treatments was not
statistically significant. Overall, the findings suggest that the Ilead
concentrations tested in this study did not adversely affect the growth of fern
plants. This conclusion is further supported by the transfer and
bioaccumulation factors observed. Therefore, it can be inferred that fern
plants exhibited resistance to lead concentrations in water, indicating that
levels up to 300 mg/L had no significant impact on the length and weight of
leaves and stems.
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Figure 1. A view of preparing research samples
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Table 1. Physico-chemical properties of irrigation water used in fern cultivation

Water Water

Feature Value Feature Value
Organic Carbon (%) 1.79 Total Nitrogen (mg/L) 3.68
Lead (ppm) 11.12 Phosphor (mg/L) 0.07
Iron (%) 1.96 Potassium (mg/L) 2.13
Magnesium (mg/L) 25.30 Iron (mg/L) 3.60
Calcium (mg/L) 13.55 Sodium Solution (mg/L) 75.40
Phosphor (mg/L) 15.12 Total Hardness (mg/L) 292.51
Potassium (mg/L) 642 Electrical Conductivity (sp/cm) 901
Total Nitrogen (%) 0.10 7.32
pH 7.55
Electrical conductivity (ds/cm) 4.10 Lead (mg/L) <0.10
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Table 2. Analysis of variance of the samples of the drainage water taken out of the pot

Mean Square

Sg:;;;se;)f df EC pH Nitrogen content Phosphorus content F ium content Sodium Solution content TH Iron content Lead
(sp/cm) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L)
Treatment 3 34421568™  0.082™ 36140 0.0612" 196184™ 51233" 6825621™ 9.38" 0.000008"
Error 8 1320 0.0313 6.16 0.0033 91.30 50.30 6126 0.036 0.0000007
Coefficient of Variation (%) 1.75 2.02 1.35 7.65 2.82 3.34 2.92 12.19 31.25

ns, * and ** are non-significant and significant at the 5% and 1% probability levels, respectively.
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Table 3. Results of the comparison of the average effect of lead treatment on the concentration of elements in fern leaves under
water conditions

Lead nitrate treatment (mg/L) Nitrogen content (%) Phosphorus content (%)  Potassium content (%)  Calcium content (%)
Witness 0.065ab * 4.020 0.007b * 0.576 0.096a £ 7.360 0.027¢ £ 1.163
100 0.08a * 4.397 0.08a X 0.656 0.032a £ 7.633 0.110b £ 2.183
200 0.126b * 3.830 0.011a £ 0.671 0.384a £ 7.490 0.109a £ 2.657
300 0.182a £ 3.730 0.004a % 0.709 0.086a £ 7.250 0.170a £ 2.740
Lead nitrate treatment (mg/L)  Magnesium content (%) Sodium content (%) Iron content (%) Lead content (ppm)
Witness 0.020a £ 0.523 0.041c £ 1.703 0.003b * 0.386 0.038a + 3911
100 0.006b + 0.480 0.021a  2.277 0.003¢ £ 0.305 0.012d + 1.988
200 0.006¢c £ 0.410 0.107b * 1.987 0.005a £ 0.402 0.033c £ 2.754
300 0.006¢ £ 0.400 0.065¢ £ 1.753 0.003a £ 0.407 0.042b * 2911
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Figure 2. Results of the comparison of the average effect of lead treatment on the concentration of elements in the fern stem under
water conditions
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Table 4. Values of Elemental Transfer Factor in Fern Plants under Aquatic Conditions

Lead nitrate Element
treatment (mg/L) Nitrogen Phosphorus Potassium Calcium Magnesium Iron Lead
Witness 1.27 1.12 0.87 2.38 0.75 0.06 0.40
100 1.11 1.00 0.78 1.24 0.51 0.22 1.09
200 1.25 1.03 0.88 1.01 0.55 0.17 0.71
300 1.23 1.11 0.99 0.85 0.47 0.16 0.64
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Table 5. Bioconcentration Factor for the stem under aqueous conditions

Lead nitrate Element
treatment (mg/L) Nitrogen Phosphorus Potassi Calcium Magnesium Iron Lead
Witness 22.33 191.89 93.19 581.67 130.83 314.30 198.21
100 22.36 218.78 88.60 727.78 160.00 326.25 201.19
200 25.93 223.78 85.11 1328.33 205.00 361.26 154.16
300 18.52 354.50 84.30 913.33 13333 340.20 187.64
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Table 6. Results of analysis of variance of the impact of lead on the vegetative characteristics of fern in water conditions

Mean Square

Sources of

changes df  Leaflength Stem length Leaf fresh Stem fresh Leaf dry Stem dry Leaf area
(cm) (cm) weight (g) weight (g) weight (g) weight (g) (cm?)

Treatment 3 47.824" 182.978" 2.053" 4.232" 0.001" 0.025 2060.585"

Error 16 50.160 169.364 1.115 2.326 0.001 0.029 2877.224
Coefficient of Variation (%) 15.30 17.56 31.48 16.86 23.75 18.778 24.68

ns, * and **: are non-significant and significant at the 5% and 1% probability levels, respectively.
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1. Per- and polyfluoroalkyl substances (PFAS)
2. Calorimetry
3. Graphite Furnace Atomic Spectroscopy (GFAAS)
4. Transfer Factor (TF)
5. Bioconcentration Factor (BCF)
6. Duncan’s Multiple range test
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