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Table 1. Some characteristics of sewage sludge and tailings dam soil of Moteh gold mine

Sewage sludge Soil
Property Unit o Permissible limit
Value Permissible limit Value (SEPAC, 1995)

EC dsS m? 6.9 - 13.1 -

pH - 6.5 - 8.01 -
Organic matter % 47.1 - 1.03 -

N % 4.02 - 0.04 -

P (Available) mg kg - - 20.56 -

K (Available) mg kg - - 120.56 -

P % 3.16 - - -

K % 0.51 - - -

CCE % - - 12 -
Total Pb mg kg* 3.21 300 100 300
Total Cd mg kg* 0.41 34 4.4 3.9
Total Ni mg kg* 5.25 420 63 50

Al e Jolre pandS @l S 5 (S i8Il colan eolils s 5 CCE 4 EC

EC and CCE are electrical cunductivity and carbonate calcium equilibrium respectively
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Table 2. Analysis of variance for the effect of different levels of sewage sludge on concentration, uptake and
bioconcentration and translocation factor of Pb in three quinoa cultivars

Mean Square

Degree

Sources of of
variation freedom Root Pb Shoot Pb Total Pb  Bioconcentration  Translocation

Concentration ~ Concentration  uptake on factor factor
Cultivar (C) 2 727 1413™ 45832™" 0.56™" 2.026™"
Sewage * . . -
sludge (SS) 2 134 162 6801 0.066 0.862
CxSS 4 75.7" 499" 8794 0.203™" 0.963™"
Error 18 23.6 13.9 4404 0.006 0.033
CV(%) 29.54 45.7 53.2 45.83 60.27

KW AN R I Y [PCES P A KON S P S S

*, ** and *** are respectively significant at the probability level of 5, 1 and 0.1%
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Figure 1. Effect of different levels of sewage sludge (SS) on the root (a) and shoot (b) Pb concentrations of
three quinoa cultivars
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Means with at least one similar letter are not significantly different, accordind to the Duncan test at 5% probability level.
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Figure 2. Comparison of total Pb uptake by three quinoa cultivars
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Figure 3. Effect of different levels of sewage sludge (SS) on Pb bioconcentration factor (a) and translocation
factor (b) by three quinoa cultivars
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Table 3. Analysis of variance for the effect of different levels of sewage sludge on concentration, uptake and
bioconcentration and translocation factor of Cd in three quinoa cultivars

Mean Square

Sources  of Degree of - - -
variation freedom Root Cd Shoot Cd Total Cd  Bioconcentration  Translocation
concentration  concentration  uptake factor factor
Cultivar (C) 2 0.130 5.4 106 1.35™ 1.547"
Sewage -
sludge(Ss) 2 3.49 0.261 123 0.063 0.974
CxSS 0.98" 0.37 29 0.092 0.256
Error 18 0.32 0.314 50.4 0.08 0.221
CV (%) 30.42 25.25 41.98 25.2 44.73
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*, ** and *** are respectively significant at the probability level of 5, 1 and 0.1%
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Figure 4. Effect of different levels of sewage sludge (SS) on the root Cd concentration of three quinoa

cultivars

035505 2 y0 B Jlel bans [ (g lo sime glis SSls g03] elusl oS e B S JBlos b sl Slee
Means with at least one similar letter are not significantly different, accordind to the Duncan test at 5% probability level.
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Table 4. The effect of quinoa cultivar and different levels of sewage sludge on the concentration and
bioconcentration and translocation factor of Cd

Shoot Cd concentration

Treatment

Bioconcentration  Translocation

(mg kg ') factor factor

Quinoa cultivar ng. 244" 1.93¢ L.70°
type Red carina 3.7 1.22 0.92b
Titicaca 3.862 1.852 1.532

Sewage sludge 0 3.142 1.562 1.73
level 20 3.397 1.732 1.35%
(ton ha't) 40 3.47° 1.692 1.07°
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Means with at least one similar letter are not significantly different, accordind to the Duncan test at 5% probability level.
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Table 5. Analysis of variance for the effect of different levels of sewage sludge on concentration, uptake,
bioconcentration and translocation factor of Ni in three quinoa cultivars

Mean square

. Degree of  Root Ni Shoot Ni Total Ni  Bioconcentration  Translocation

Sources of variation . .

freedom concentration concentration  uptake factor factor
Cultivar (C) 2 258" 8.00 770 0.009 0.56™*
Sewage sludge(SS) 2 81.8™" 46.4™" 4704 0.051™ 0.149"
CxSS 4 55.2"* 20.3" 644 0.023 0.096
Error 18 4,04 7.22 386 0.008 0.046
CV (%) 38.95 27.7 39.63 27.7 39.44
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*, ** and *** are respectively significant at the probability level of 5, 1 and 0.1%
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Figure 5. Effect of different levels of sewage sludge (SS) on the root (a) and shoot (b) Ni concentrations of
three quinoa cultivars
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Means with at least one similar letter are not significantly different, accordind to the Duncan test at 5% probability level.
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Table 6. The effect of quinoa cultivar type and different levels of wastewater sludge on total uptake and
bioconcentration and translocation factor of Ni

Total Ni uptake

Bioconcentration factor Translocation factor

Treatment -1
(ug pot

Q29 68.69° 0.459° 1.228°

Quinoa cultivar type R?d 80.942 0.4592 0.849P

carina

Titicaca  62.80° 0.408" 0.612°

0 47 24° 0.336° 0.803°

Sewage sludge level 20 72.29b 0.4612 0.842%

(ton ha) 40 92.89° 0.417° 1.043°
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Means with at least one similar letter are not significantly different, accordind to the Duncan test at 5% probability level.
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Effect of sewage sludge on the phytoremediation of Muteh gold factory
tailings by quinoa (Chenopodium quinoa L.)
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Abstract

The purpose of this study was to investigate the effect of sewage sludge on the uptake of some heavy
metals by Quinoa (Chenopodium quinoa L.) from the tailings of Mouteh Gold Mine. For this
purpose, the effects of 0, 20 and 40 ton ha-1 sewage sludge on the concentration, uptake,
bioconcentration and translocation factor of Pb, Cd and Ni in the three cultivars of Quinoa (Q29, Red
carina and Titicaca) were investigated. According to the results, the effect of Quinoa cultivar,
different levels of sewage sludge and the interaction effects of treatments on the Pb and Ni
concentration of roots and shoots, root Cd concentration and bioconcentration and translocation
factor of Pb were significant. In the Titicaca cultivar, application of 40 ton ha-1 of sewage sludge
significantly increased root and shoot Ni concentration and root Cd concentration, and significantly
decreased shoot Pb concentration and bioconcentration and translocation factor o Pb. In the Red
carina cultivar, the concentration of root and shoot Pb, biological accumulation factor of Pb, root Cd
concentration and shoot Ni concentration of plants treated with 40 ton ha-1 of sewage sludge were
significantly higher than control treatment. Also, application of sewage sludge significantly reduced
translocation factor of Cd and increased total uptake and biological accumulation factor of Ni. In
general, the highest shoot Pb concentration, total Pb uptake, biological accumulation factor of Cd,
and translocation factor of Cd and Ni were observed in cultivar Q29. Whereas, shoot Cd and root Ni
concentrations of the Red carina and Titicaca cultivars were significantly higher than the Q29
cultivar. Based on the results, Q29 cultivar has good accumulation ability for the studied heavy
metals and can be a suitable species for the remediation of contaminated soils.
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