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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 Ele“ric?;ﬁfr‘;‘)i“‘:ﬁv“y 901
Total Nitrogen (%) 0.10 7.32
pH 7.55
Electrical conductivity 410 Lead (mg/L) <0.10

(ds/cm)
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Table 2 . Analysis of variance of the samples of the drainage water taken out of the pot

Mean Square

degree Sodium
Sources of Nitrogen Phosphorus Potassium Solution Iron
changes of EC (sp/em) pH Content(mg/L)  Content(mg/L)  Content(mg/L) content TH(mg/L) Content(mg/L) Lead(mg/L)
freedom
(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 - 1.75 2.02 1.35 7.65 2.82 3.34 2.92 12.19 31.25
Variation

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 nit(n:ltg(;geatment Nitrogen content(%) Phoscpol:lotl;llst (%) Potassium content(%) Caif)i:tr:n(t%)
Witness 4.020 + 0.065ab 0.576 £ 0.007b 7.360 + 0.096a 1.163 £ 0.027¢

100 4.397 +0.08a 0.656 + 0.08a 7.633 £0.032a 2.183+0.110b

200 3.830+0.126b 0.671 £0.011a 7.490 + 0.384a 2.657 £ 0.109a

300 3.730+0.182a 0.709 + 0.004a 7.250 £ 0.086a 2.740 £ 0.170a

Lead nizﬁfge/]ir)eatment Magnesium content (%) Sodium content (%) Iron content(%) Lead content (ppm)

Witness 0.523 £ 0.020a 1.703 £ 0.041¢c 0.386 £ 0.003b 3911 £0.038a

100 0.480 + 0.006b 2.277+0.021a 0.305 £ 0.003¢c 1.988 £ 0.012d

200 0.410 £ 0.006¢ 1.987 £ 0.107b 0.402 £ 0.005a 2.754 £ 0.033¢

300 0.400 £ 0.006¢ 1.753 £ 0.065¢ 0.407 £ 0.003a 2.911 £0.042b
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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

Element
trel;:sl‘l:tit(l:lfge/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

Element
trel;::rli:tit(:itgiL) Nitrogen Phosphorus Potassium 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 84.30 913.33 133.33 340.20 187.64
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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 degree Leaf Stem Leaf fresh Stem fresh Leaf dry Stem Leaf area
changes of length length weight (g) weight (g) weight (g) dry (cm?)
freedom (cm) (cm) weight
Treatment 3 47.824 182.978 2.053 4232 0.001 0.025 2060.585
Error 16 50.160 169.364 1.115 2.326 0.001 0.029 2877.224
Coefficient - 15.30 17.56 31.48 16.86 23.75 18.778 24.68
of

ns, * and ** are non-significant and significant at the 5% and 1% probability levels, respectively.
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Investigation of the Role of Fern in the Removal of Heavy Metal
Lead from Aquatic Environments Using the Phytoremediation
Process

Abstract
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 lead 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.

Keywords: Ferns, Lead; Phytoremediation; Water and wastewater treatment



