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Abstract: To explore the effects of high—temperature aerobic fermentation sludge residue (hereinafter referred to as ‘fermentation residue’)

on soil improvement and Vetiveria zizanioides growth at an e—waste dismantling site, a potting experiment was performed by adding different
dosages of fermentation residue to the soil (the ratios of fresh weight were 3% and 6% ). Parameters such as soil organic matter, nutrients,
and heavy metals fraction, accumulation, and transport in the plant were analyzed. The results showed that the application of fermentation
residue significantly increased the fluorescence index and the integral value of UV absorbance of soil dissolved organic matter in the range
of 226~400 nm, whereas the biogenic index showed the opposite trend. The fermentation residue significantly increased the soil
conductivity and the content of available phosphorus and potassium but significantly reduced the soil pH. Compared to the original soil
without remediation, all treatments increased the proportion of the stable fractions of heavy metals. Compared to the control, the application
of fermentation residue significantly increased the proportion of Cu, Pb, Zn, and Cd in stable fractions by 4.8~7.3, 7.8~9.0, 3.7~6.4 percent
points, and 1.8~4.0 percent points, respectively. The application of fermentation residue promoted the growth of Vetiveria zizanioides, and
the addition of 3% fermentation residue significantly increased the fresh weight, plant height, and chlorophyll a+b content by 8.2%, 11.9%,
and 6.6%, respectively. The fermentation residue reduced the concentrations of Cu, Cd, Zn, and Pb in the plant at rates of 10.4%~20.6%,
24.0%~52.0%, 2.5%~5.1%, and 12.4%~23.6%, respectively. Fermentation residue inhibited the transport of Cu, Zn, and Pb to the
aboveground parts of the plant, but promoted the transport of Cd. Our results indicate that the application of fermentation residue introduces

humus into the soil, improves soil properties, and promotes the stabilization of heavy metals and the growth of Vetiveria zizanioides.

Fermentation residue has potential application value for the ecological restoration of soil in contaminated sites.

Keywords:sludge fermentation residue; soil remediation; heavy metal; humus; Vetiveria zizanioides
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Table 1 Basic physicochemical properties of the soil and sludge

fermentation residue

Ve L ‘Fa%&iﬂ%i@
Property Soil Sludge fer.mentatlon
residue
pH 7.85 6.48
57K Moisture content/% = 324
12 Conductivity/(mS+-cm™) 0.38 4.87
A HLIE Organic matter/(g-kg™) 7.1 584.7
4% Total nitrogen/(g-kg™) 0.36 5.01
7550 Available phosphorus/(mg-kg™) 8.3 807.4
UK Available potassium/(mg-kg™')  52.9 1246.2
424 Total copper/(mg-kg™") 2877 497
424 Total zine/(mg-kg™) 15255 5482
4248 Total cadmium/(mg-kg™) 39.1 15
424 Total lead/(mg-kg™) 2949.8 36.5
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Table 2 Effects of sludge fermentation residue on spectral

parameters of soil dissolved organic matter

fib g YOHEE  EAEIRIEE 226~400 nm ML
Treatment FI BIX BEFRIIE Snas-a00
CK 1.67+0.02b 0.96+0.01a 3.02+0.27¢
Tl 1.86+0.01a 0.90+0.01b 6.56+0.27b
T2 1.86+0.03a 0.87+0.01c 10.08+0.22a

e RSN NG SRR A B 22 57 1 2 (P<0.05) . Il
Note: Different lowercase letters in the same column indicate
significant differences among treatments (P<0.05). The same below.
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Figure 1 3D fluorescence spectrums of the soil dissolved organic matter
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Figure 2 Effects of sludge fermentation residue on the soil pH, conductivity and nutrients
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Table 3 Effects of sludge fermentation residue on the stabilization

of soil heavy metals

G R AR E A LU AR A At (AFS)

Change on the ratio of the stable fractions of heavy metals

JOBL]

Treatment

Cu Zn Cd Pb

CK 24.7%+0.5%b  4.8%+1.8%b 4.4%+0.7%b 10.4%=2.6%b
T1 29.5%+2.0%a 11.2%+2.2%a 6.2%=*1.2%ab 19.4%=+1.8%a
T2 32.0%+2.1%a 8.5%+2.0%ab 8.4%+2.2%a 18.2%+0.9%a
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Figure 3 Effects of sludge fermentation residue on the growth of

Vetiveria zizanioides
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Table 4 Effects of sludge fermentation residue on heavy metal bioconcentrations (BC) and transfer factors (TF) of Vetiveria zizanioides

b Cu Zn Cd Ph
Treatment  BC/(mg-kg™) TF BC/(mg-kg™") BC/(mg-kg™") TF BC/(mg-kg™) TF

CK 151.74#57a  0.065:0.003a  553.6+17.1a  0.0750.004a 2.5+0.3a 0.063+0.002b  64.4+6.4a  0.054+0.001a

T1 135.9+4.1b  0.040£0.002b  539.5+15.3a  0.071+0.003a 1.9+0.1b 0.137+0.004a  49.2+7.2a  0.040+0.001b

T2 120.4+3.6c  0.025+0.00lc  525.1+19.3a  0.064+0.001b 1.2+0.1¢ 0.130+0.004a  56.4+9.1a  0.026+0.002¢
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