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Abstract: Phosphogypsum production in China is highly concentrated in the Yangtze River Basin, primarily in Hubei, Yunnan, and
Guizhou provinces, which are rich in phosphate ore resources and serve as central hubs for the phosphorus chemical industry. The main
pollutants in phosphogypsum include fluoride and total phosphorus, making its management and utilization crucial to the high-quality
development of the Yangtze River Economic Belt. This paper offers a comprehensive overview of the current status of phosphogypsum
production, utilization, and associated pollution in China, with a particular focus on the pollution characteristics, utilization practices, and
management status in Yunnan, Guizhou, and Hubei provinces. Based on these analyses, targeted recommendations are proposed. Overall,
since 2015, China’s annual production of phosphogypsum remains steady at approximately 75 million tons. The primary utilization
pathways of phosphogypsum in China include cement retardants, gypsum-based building materials, and mine backfilling and remediation,

with the utilization rate steadily increasing each year. Meanwhile, national and local policies have progressively clarified the large-scale
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consumption routes for phosphogypsum. In Hubei Province, where water transportation is convenient, phosphogypsum is predominately
utilized as cement set retarders and gypsum-based building materials, with utilization rates of 39.6% and 38.7%, respectively in 2022. In
contrast, Yunnan and Guizhou provinces, located in the mountainous southwestern region, focus on the comprehensive utilization of
phosphogypsum for mine backfilling and reclamation, with utilization rates exceeding 50% in both provinces in 2022. However, the
industry still faces multiple challenges. The lack of technical standards for pollution control hinders the diversification of phosphogypsum
utilization. The weak market competitiveness of phosphogypsum products limits further increases in the utilization rates. Furthermore, the
long-term high accumulation of phosphogypsum and the nearing end of service life for phosphogypsum warehouse pose significant
constraints on the sustainable development of the industry. In response, the following recommendations are proposed: improving the
institutional system for phosphogypsum utilization and disposal to promote diversified uses; enhancing supportive policies for

phosphogypsum utilization to foster the competitiveness of related products; advancing the harmless disposal of phosphogypsum and

establishing temporary storage sites for phosphogypsum resources.

Keywords: phosphogypsum; pollution characteristics; comprehensive utilization; environmental management
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Fig.2 Phosphogypsum production and discharge and comprehensive utilization in Hubei, Yunnan and Guizhou

provinces during 2018-2021
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Table 1 Chemical composition of phosphogypsum in Hubei, Yunnan and Guizhou provinces

/%
(R ST ;
Ca0 SO; Si0, P05 Fe,03 ALO;3 F
T 29.36 38.02 15.60 0.93 0.38 0.47 0.76
FEdh2 37.69 47.80 9.21 1.08 0.58 1.62 0.41
L2529 B3 36.52 40.83 2.13 5.25 1.05 5.02 0.52
Heih4 31.56 35.04 7.25 1.88 0.48 1.23 0.72
FEi#S 45.30 40.82 9.51 1.01 0.90 0.80 0.70
FHH 36.09 40.50 8.74 2.03 0.68 1.83 0.62
EAT 25.80 35.17 11.74 0.35 0.15 0.08 0.16
FEdh2 35.10 48.71 13.13 1.13 0.18 0.81 0.33
ZHE B2 B3 29.36 39.36 9.45 1.71 0.08 0.13 0.26
Heih4 25.80 35.17 12.92 0.95 0.15 0.08 0.19
FHE 29.02 39.61 11.81 1.04 0.14 0.28 0.24
FEdh1 28.98 41.36 3.08 2.45 3.15 0.45 0.36
B2 29.23 39.75 426 0.83 1.43 2.95 0.44
A6 FEdh3 33.20 30.88 428 0.82 0.70 0 0.39
Fdha 34.52 47.30 3.21 1.10 0.31 1.09 0.20
FEihs 29.60 30.21 5.18 0.08 0.20 0.13 0.29
A 31.11 37.90 4.00 1.06 1.16 0.92 0.34
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Table 2 Phosphorus fertilizer enterprises phosphogypsum leaching toxicity results in Hubei, Yunnan and Guizhou provinces

) o =/ (mg/L)
FEMOR IR — - — — — — —
pH il H B % ki i1 s i K NEs "AAR BB W
LB A 0.040  0.050  0.150 — — 0.019 — — 1940  209.0  570.0
WdtEB 271 0160 0.150 0330 0.030 — — 0.030  0.054 — — 453 2830  779.0
“HAEA 0.027 0259 0.467 0.006 0.008 0.066 0.082 — 0.003  0.006 1151 2135 85.8
ZHEHB 0.029 0278 0.48 0.006 0.008 0.066 0.078 — 0.004 0006 1152 2127 85.6
“MAC 0.027 0259 0.467 0.006 0.008 0.066 0.082 — 0.003  0.006 11.51 2135 86.0
SNEA 274 0.140 — 0.020  0.020 — — 0.030 0.140 0.080  0.016 1.13 1450 85.2
FMAB 257 1.020 — 0.010 — — — — 0290  0.240 — 0.67 35.6 48.9
FMEC 326 0.010 0.003 0.008 0.003 — — — 0.006 — 0.007 524 152.0 113.0
GB 8978—1996

o 6~9 0.5 1.0 2.0 15 0.1 0.005 1.0 0.5 0.05 0.5 15 0.5 10
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Table 3 Policies related to phosphogypsum promulgated at the national level
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Table 4 Policies related to phosphogypsum promulgated in Hubei, Yunnan and Guizhou provinces
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