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Table 1 Basic physical and chemical properties of soil and

phosphogypsum
Bt 155 HLBEAEOH)  REMEBEAE (WIH)
pH 6.63 4.82 1.86
FR/(mg/kg)  31.89 96.90 1667.10
BB/(mg/kg)  1021.44 4353.94 20581.31
BE/(mg/kg) 7 094.82 359.49 3862.19
BMA/(mg/ke)  1548.13 50.00 100.00
Pb/(mg/kg) 29.99 472 9.55
Cr/(mg/kg) 70.74 14.15 21.61
Ni/(mg/kg) 37.03 3.52 481
Cu/(mg/kg) 28.97 1.23 3.68
Zn/(mg/kg) 108.95 7.64 18.69
As/(mg/kg) 70.42 25.08 35.62
Cd/(mg/kg) 0.63 0.03 0.07

1.2 TAEMEs

AR S8R PR R e R 2 KB i
HIFRIE . ELALERINT 858 A HLAR 150 mmi) A HL
DA A I — 2B K W e R 2 T (e £
BB ATTRA N HE W E S T 2
BSELFE o FERG o200 mm . SEE R £ 25 8 kot
T REHA BB, A 55 R SN A I AR B K

FFBESE , Bl 000~1 400 mm . FET I, SCI0 A b IA
BE K17 L, 43300 A Tibk g . AR RIRIE
Asf [) [T B A 10K, Ik E 540,55 L, BRUR kg AT, DA+ 4F
e D)2 HHER WA BUK i, AR R E
WA EAARUE W . JFTE S IRAIE T XX s R T
TAMIB0RI TR, AN, SR I T OA R R B
FUS I e R A (322, AR R A 3K
FIEEAR T B R IR IR0 em W R T 42
HURE . SRAESI R 2 v R TR A B | Bt I 1T %
FEI5] . WHES I - HEREASE i 60 H 5 I 11 T 43, LA
W PR — B0t . e K L 0 5 1 3R AR
F-20 CHMLEIASE T, LA G 2L Hr i

R TELEFBETHRNE
Table 2 Addition of phosphogypsum in different treatments %

b B FCHEE RS
CK 100 0 0
JHI 75 25 0
JH2 50 50 0
JH

JH3 25 75 0
JH4 0 100 0

WIHI 75 0 25

WIH2 50 0 50

WIH

WIH3 25 0 75

WIH4 0 0 100

1.3 H@mawAE

SR FH P 0T8T ATV R 4 B P R R TR 45 VKT
AT I ARAL B 2] AT Y S b i
A 5 230 3 R B A5 S AR R SR (ICP-
OES)SKHEATAY S, A, A v B & 45 B TR Y
(ICP-MS) X H B4 (Cd) B (As) 5 (Pb) il (Cu) |
B (Cr) BL(ND) FVEE (Zn) 55 T4 R S A TS B I 5 -

- HERE i 0 pHIE i H AR AT, o - e
IKEY HBI AR oA 1 2 5. b S A A 8 05 i
Bl - BB LA YO BE - T A2 AT . o T BRI
T R O, SR BRI SR AR i 2 R A AL
JCE Y (Elementar-vario MACRO) %t -+ 3584E i 1)
BASRITIES
14 HIELER S

I B HMicrosoft Excel 2020 SPSS 2743k
1785504 , & HlOriginLab Origin 2023b% {422l &1
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2 ZR5vhHe
2.1 FBEAEMRXEIMFEEpHE SN SIE SRR
FEARTRGE T, FoAT T S A5 0 S I VTN T B
Bl R R ER S AR, PRI AT TR 0
pH KR53 F B T A3 A R AiE o 1L L7 BT 1 R /s T 9
AVBR I Ep HAN B /K R R U8 RN . SE B TR
0~20 cm -+ JZ Y - 496 5 7K F2 B 2 Wl A T S o L 461 1 4
i, 2R BT 24.2%38 2£49.3%. F#
SETHARIWIHALL FRZE T, 7K 325G e B2 43 531 e 38
131.7%H1155.3% . X UESE T # A E HAT H Ear ok bk
fig, AERS B P m H MR K BE S . 7E20~40 cm+ )2
o BRI AR 35X B CK A 25 AR .
B E AL PSR I R A B KR BRSO IR B K
1, 3 AT RE AR AR PR AT B A0 4 YO 0l 4 7 e
RACSE , HIERAE LB N, R XK BA
KWL T, B0 T v ) — S L K oA S B VR
I KRR K S B BE A LR R Y

B Sy i R  AEH TC A RO MOK 4y, S BOK 4y
Bz B B R RS Y R s ) S KR T
FEIXF 7K 53 B R MSCRIAR

A pHEITAN A8 T iy — A gtk bR, &
HIEXRB IR PR ICRIES AR K&
IR R AR RS T R S s AR A K
agl29] b sk ] 4E0~20 em b2 | B B A
WL E R, HIEpHE I R . BiACkAE JH
Ab PR+ 3 pHAY T4.30~6.04 2 0], 5%F IR CKAH EL
TR T 8.9%~35.1% ; 1 WIHAL B A4 1 5 p H I 7£
3.54~4.642 8] , F L CKR#AIK 730.0%~46.6%, iX—%5
R, 2830 Ve A A B0 kA 8 X6 3 p HL 52 1) L X
BN A A BB U 38 p HA A KR, 53X 5
ABWREpHE VA . LB A8 pH e T AL
BEAE , H A pHAY B0 BAT — @ G2 vh ik . FEAR
[ A RIS A5 1, A Bl A 8 XIS 2 - 8 p HI 52 i 48
AN AR B A B TR pH, fE 10 T B S E A

AR INE TR 25 57 1 3 (P<0.05)
1 BEG BI04 pH R S5 7K SR T8 5377 A5 0

Fig.1 Effect of phosphogypsum addition rate on the profile distribution of soil pH and water content
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SRS )2 H e pH

T pHX YA K B R 2 B Y A i R
ol B A P MELLIE R AR K . A, - EpHIA
USR5y U R 1AL S5 AN FEpHAR TS, 16 1k Bk
(Fe) FIER (AL P93 INv] Be B AR 5 Z 455 T A
FEPEDURE , TR I rh B A 24k . pHAL T76~7
P49 Pl PR SR ol 1 150 2 A P e 59, B 0 25k 36
P, AEASZE T THIAITH2 40 3 Y + S pH AL T
5.73~6.29Z 8] , I 3 8k (Fe) 45 (Al) (5 (Ca)
Yo 14 [ R A A 55, Ko A R M /N o

T A R TR R AT DL A OSOR T R B
A B H LS ) TR R R Y I mE R . AR 2
FIT7s BBOE  1E0~20 e+ 2, - 3675 R & 1= 2
B VNN PR 0 S B S S gD (R B RS I
AU, T IER pHIRARANS 7 55 )5 ] A5 S A B iy
AR B e A e, Dy — 0 BEE B R A

O, S IR AT S N L A5 3G T i A R B R R B
Bo TEJHIMWIHIA RS AF T | A 800 &t ik B &
18,43 514 85.43H1186.92 mg/kg. TEJHALFRZRZ | i
W S A B R N 2 (B AAE IEAH DG OE R FEWITH AR
PR R ) R 48 T S B S e e
1£20~40 cm+JZ 1, THAR HH A 39845 00 5 e R D g 3
Ak T AR ek DU A B 5 WITHAR 3L 4 3G 30
FLE W 5 o B B A 8 TN LA A 1S i B AE
WIHARN BT & e fey , 43 2 701.3 78111 311.59
mg/kg,

SIS B — LR W] THIAEBEAE0~20 e+ )2 A
LN TE S ) | WS 12 el O WSk A 7 L =2 BL N
W I AT B e B (R A S D T Rk
WA (WIH) AL BEAE0~40 eon+ )2 vy | 45 RO R Sl &5 1k
BIA T, 3 e A AU £ AR BEASHR = -1
i (R TREREE KB 3 1 HHERZE R 8N, 3N T ik

AR INE FREFR 25 57 1 3 (P<0.05)
12 Wl B A 0 L B %6F - A0 200l B il B e S 4 3 TR 43T

Fig.2 Profile analysis of the effect of phosphogypsum addition rate on available phosphorus and total phosphorus content of soil
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TR, o SEral e 5 e PO BT 45 A,
Jiti P A BB N - 1 A 2ol A S S 1 i IR
AU B FERIE IR B R TR B S B e
TR RO E Th I S S, 5 TR i
AE TR FE P RE RS TR BN g .
I3 AEE s  ZETS I A8 2 5, 0~20 emiRFE 1
By SRR N R, ELR A B S I L £
FREh, MR R A SRR AAE . B SR
443.9~6 436.9 mg/kg, A X EFIH45~1 490 mgkg, Y
BEATER SN TR 18 50T , VBRI U4/ 1
1140%. KT, 7E20~40 e R EE +- 388 | SRS AR &
EAIERE . BEaE P MAR SRR, ERRES T
HERAR , & SECE A S R RRAC,
F R AT R A AE AT
22 BABMRMNIESSESENZM
SEERAE R R AN R L9 il A s s -3 R

SR E AT B, TEMEHIEA B SR IS A
FNMYHE(Cd) H5(Pb) il (Cu) FE(Zn) BR(ND) 5% (Cr) Fil
i (As) %5 B 4 JR TR & i AR, BB B B i m
SN, HE A o i R B L R K (3 4)
BUCRE A RES el kil 25X e 4 g oo &,
S ETEEIN6.15~32.12 mg/kg, 8 & BTG E N
10.06~82.50 mg/kg, BRI & U o 2.37~42.78 mg/kg, 5
B &L N2.69~51.97 mg/kg , FERY & B Rl A
7.20~129.17 mg/kg, A Y &5 50 Oy 14.29~88.65 mg/kg,
BRI B FE 2~ 0.03~0.73 mg/kg.

W T A e S R T A B AR R, ek
RGH HIEE S8 S AR, fEIR A TR,
B (Pb) B (Cu) B (Zn) B (Ni) B (Cr) % E 3w 1A
BT PR B e A JH b 19835 e US4
WEGRAT)) (GB 15618—2018) P2 HILAE 1+ HETS e RS
TR, SR AR S XU B, X T4/ (Cd) Fifi (As),

P13 @A BRI A SRR (S B R 4B

Fig.3 Effect of phosphogypsum addition on total potassium and total nitrogen content of soil
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Table 3 Effect of purified phosphogypsum addition on soil heavy metal content
e MR om Pb Cr Ni Cu Zn As Cd
mg/kg
0~10 30.99 67.26 3525 28.75 107.05 69.10 0.63
10~20 29.51 64.19 34.57 28.77 106.45 71.30 0.58
cx 20~30 29.51 61.17 33.62 27.53 101.33 61.40 0.60
30~40 25.96 79.69 40.72 28.47 118.22 66.65 0.55
0~10 11.67 37.72 21.63 16.13 53.43 42.89 0.34
10~20 14.39 66.95 34.30 15.55 52.61 43.38 0.36
THI 20~30 29.29 67.75 36.27 29.57 113.36 67.32 0.54
30~40 29.01 67.62 3533 27.64 106.53 68.83 0.59
0~10 9.73 36.51 9.61 8.52 23.74 14.78 0.15
10~20 12.03 52.01 20.37 12.53 45.07 37.11 0.28
fHz 20~30 28.49 60.97 35.69 27.30 103.28 63.09 0.66
30~40 27.95 61.08 33.99 27.48 102.85 68.77 0.61
0~10 6.50 10.06 4.15 3.27 12.41 18.55 0.09
10~20 10.70 46.75 19.57 10.96 47.12 34.42 0.31
T 20~30 28.04 54.63 31.27 25.49 94.39 65.73 0.63
30~40 27.90 82.50 40.89 26.12 98.71 62.07 0.64
0~10 7.03 24.73 8.20 3.66 11.79 16.35 0.05
10~20 6.15 13.72 3.07 3.42 8.41 14.48 0.03
s 20~30 28.44 79.55 41.56 27.53 100.54 72.91 0.54
30~40 28.92 70.50 38.59 30.45 105.29 72.19 0.62
TE R PR A I ME =3,
R4 KEUBEFRNIN TEEEESEXWHSW
Table 4 Effect of unpurified phosphogypsum addition on soil heavy metal content.
e M om Pb Cr Ni Cu Zn As Cd
mg/kg

0~10 28.73 78.71 35.15 27.57 101.17 65.92 0.67
10~20 32.12 70.52 39.39 30.55 115.25 81.88 0.73
o 20~30 31.79 81.79 41.59 30.74 111.20 75.73 0.71
30~40 31.33 62.60 35.96 29.39 110.89 71.38 0.59
0~10 16.40 63.07 26.26 17.88 59.98 49.05 0.40
10~20 15.73 54.47 25.15 18.12 57.39 43.26 0.33
W 20~30 29.53 66.07 36.80 29.47 103.05 75.25 0.71
30~40 30.71 68.17 37.14 33.15 110.95 73.10 0.70
0~10 12.98 43.14 18.31 12.54 42.28 38.67 0.23
10~20 13.64 49.75 24.85 17.85 57.87 45.84 0.35

WIJH2
20~30 26.90 65.78 35.06 25.59 98.26 66.02 0.56
30~40 30.21 70.00 35.61 51.97 102.78 88.65 0.62
0~10 10.87 21.50 5.34 6.33 22.15 23.72 0.13
10~20 11.33 29.38 7.12 7.13 21.77 27.01 0.12

WIJH3
20~30 28.15 63.88 40.43 26.94 129.17 72.85 0.67
30~40 27.96 72.11 42.78 27.78 111.60 75.72 0.56
0~10 11.36 18.34 2.37 2.69 7.20 14.29 0.06
10~20 11.76 28.70 7.51 8.25 17.62 25.02 0.07

WIJH4
20~30 29.28 69.26 38.24 27.88 113.71 76.47 0.61
30~40 30.14 65.74 38.09 27.65 111.12 73.99 0.63

TR PR {8, =3
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Abstract: The management of phosphogypsum solid waste pollution and resource utilization pose key technical challenges for the
sustainable development of the phosphate chemical industry in Southwest China’s karst regions. Investigating methods for using
phosphogypsum to improve local soils has significant potential value for the large-scale disposal of phosphogypsum solid waste.
Nonetheless, the specific impacts of phosphogypsum addition on soil physical and chemical properties have not been fully elucidated. This
study conducted amendment and soil column leaching experiments on the yellow soils of karst farmlands using purified phosphogypsum
and crude phosphogypsum. The experimental results show that under the influence of phosphogypsum amendment, the pH value of the
yellow soil decreased by 0.59 to 3.09 units on average, the moisture content increased by 4.9% to 30.0%, and the total phosphorus content
significantly increased from 190 mg/kg to 5 768 mg/kg. Simultaneously, minor declines were observed in the content of total nitrogen and
total potassium in the soil. Whether purified phosphogypsum or crude phosphogypsum was added, the contents of potential toxic heavy
metals such as Pb (lead), Cr (chromium), Cd (cadmium), and As (arsenic) in the yellow soil remained below the risk control values for soil
pollution in agricultural lands. The results of the leaching experiments showed that the addition of a small amount of purified
phosphogypsum could increase the phosphorus content in loess while maintaining low phosphorus losses, while the treatment with
unpurified phosphogypsum, although more effective in fertilizer enhancement, was accompanied by higher phosphorus losses, thus
increasing the risk of "secondary pollution”. Therefore, the purified phosphogypsum used to improve karst soil has a certain application
potential in improving the water retention and nutrient content of the soil and effectively controlling the risk of heavy metal pollution.
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