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Abstract: Taking phosphogypsum from a tailings reservoir in Guizhou as the research object, a comparison
with planting soil standards revealed problems such as strong acidity, severe salinization, and poor fertility.
Improvement experiments were conducted using quicklime, straw biochar, earthworm manure, and nutrient soil to
obtain the optimal improvement scheme. Based on the improved phosphogypsum, studies on phytoremediation and
microbial remediation were carried out to screen plants with strong stress resistance and the best fluoride pollution
enrichment capacity, as well as to cultivate microorganisms with the best phosphorus pollution fixation and
transformation effects. According to the experimental results, plant—microbial combined remediation experiments
were conducted to compare the enrichment capacity of plants and microorganisms for pollutants, the adaptability of
plant growth capacity, and the improvement effect on the physicochemical properties of phosphogypsum, so as to
clarify the synergistic effect between plants and microorganisms. Finally, a plant—microbial combined remediation
scheme for in—situ control of phosphogypsum pollution and ecological remediation is proposed. The results showed
that when quicklime, straw biochar, vermicompost, and nutrient soil are added at concentrations of 1.0%, 1.0%,
10.0%, and 10.0%, respectively, the pH of phosphogypsum increases from 2.16 to 4.75, organic matter content
increases by 5.3 times, and electrical conductivity decreases to 56.4%. Phytoremediation experimental studies found
that ryegrass had the optimal stress resistance and pollutant enrichment effect; microbial remediation experiments
revealed that the five strains isolated and screened from phosphogypsum all have the ability to fix and convert
phosphorus. After identification, they were identified as the chitinophaga sp., Pseudomonas sp., Xanthomonas sp.,
Variovorax paradoxus sp., and Delfiia sp.. The optimal inoculation amount was 5x10” CFU/300 g, which could
reduce the phosphorus concentration of phosphogypsum leachate to 23.3%. Plant-microbial combined remediation
experiments found that the addition of microorganisms had a growth—promoting effect on plants. The total phosphorus
and maximum fluoride adsorption increased by 39.9% and 78.1% respectively; furthermore, the phosphorus—
fixation ability of microorganisms increased by 123.2%.
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Tab.1 Test results of physical and chemical properties of phosphogypsum

BEALE FEEFR bR A LG ESR (CJ/T 340—2016) B
IK A/ (mg kg™) 22.9 40~200
B/ (mg-kg™) 399.0 60~300
ﬂm j] ﬂm jj 3% e
R0 (mg - keg™") 149.7 5~60 %
LT/ (g kg™) 434 12~80
T pH 2.16 5.0~8.0 T
e HL 5%/ (mS - em™) 6.21 0.15~0.9 e
BRI (mg-kg™) 561.7 <440 ~ -
A RGP
KIHERALY (mg kg™ 7.0 <s T
B/ (mg-kg™) 1 683.0 <590
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Tab.2 Design of the single factor test

R R A /%

EXEVR 0.2 0.4 0.6 0.8 1.0
F&FT A=Wy ¢ 0.5 1.0 1.5 2.0 2.5

iz 1A 10.0 15.0 20.0 25.0 5.0

HERL 10.0 15.0 20.0 25.0 5.0
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LB 15 35 56 . 2 1K 10.00 g, BEEEKY 5.00 g, NaCl
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Tab.3 Orthogonal test scheme

S A R %

AR REREYR ML [SELES
1 0.25 0.5 5.0 10.0
2 0.25 1.0 10.0 15.0
3 0.25 L5 15.0 20.0
4 0.50 0.5 10.0 20.0
5 0.50 1.0 15.0 10.0
6 0.50 L5 5.0 15.0
7 0.75 0.5 15.0 15.0
8 0.75 1.0 5.0 20.0
9 0.75 L5 10.0 10.0

10.00 g, Bifig 18.00 g, pH & 7.20~7.40, ZE 17K 1 L.
NBRIP 1% 5% 3 . % % B¥ 10.00 g, Ca,(PO,), 5.00 g, 5
L 5E 5.00 o, B2 0.25 g, B R 4% 0.10 g, AL B0
0.20 g, 7&{f7K 1 L,pH 4 7.00.
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Fig.1 Isolation and cultivation process of phosphate—
solubilizing microorganisms
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Fig.2 Single factor test results
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Tab.4 Results of the orthogonal test
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LR/ A
ETR pH AU SR/ (g kg) » o,
(mS+cm™) (T m™)
1 3.69 13.33 5.07 3.21
2 4.25 15.93 4.83 5.17
3 4.52 20.46 4.40 7.14
4 4.59 18.53 4.59 6.00
5 4.47 13.55 4.22 491
6 4.31 18.53 4.43 5.27
7 4.80 16.27 3.75 5.74
8 4.68 17.74 3.82 6.10
9 4.63 15.25 4.08 5.02
5.0
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Fig.3 Effect of each improver on the physical and chemical properties and improver cost of phosphogypsum
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Tab.5 Results of plant remediation test

i=£7] H i /d RHHI% I 1% FH bk /em LW (g kg ™) AL E R
AR 4 90.0 89.0 58.0 7.81 0.0114
LRI 5 66.7 89.0 56.4 7.52 0.008 5
SR =2 6 36.7 79.0 54.0 3.16 0.010 5
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Tab.6 Effects of different treatments on plant

enrichment ability

. ) AL
BEFB WY kY eE(gke)
BHERE

GER7N 35 A — 7.81 0.0114
Al 8.45 0.020 3

o B9 8.95 0.0177
HeO =t R C12 10.37 0.013 8

BABE ] '

E5 9.76 0.0197

G1 10.93 0.0172
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Tab.7 Effects of different treatments on plant growth

characteristics

AT B8 S AT (X

BEFE MY N N
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EEE  BEE S — 4 90.0  89.0 58.0
Al 833 960 579
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YIRS BE
E5 90.0 1000  62.2
Gl 850 960  53.9
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Tab.8 Effects of plant growth on the physical and chemical

properties of phosphogypsum under different treatments

BEFB MY ME pH A2/ (mS em™)
RAR 5.95 2.48
HyesE LIE RN — 5.78 2.62
[E=2 5.44 2.80
Al 6.08 231
B9 6.08 2.42
R A C12 6.04 242
AEBE
E5 6.16 232
Gl 5.94 2.35
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