Hans Journal of Soil Science +3%#}2, 2026, 14(3), 191-202 Hans i
Published Online July 2026 in Hans. https://www.hanspub.org/journal/hjss
https://doi.org/10.12677/hjss.2026.143019

edb R ETPEX 7k 18 Bh IR S5 15
LN R

wmER, RER, & A, FTEL & B2, £ A, £ B FEAEY

Ui A B SR S TR AR, B A

21 P 27 e [ S /K 3 B CAEEARA S, 280 15 M
SHEAL T G A IR A IR AR, 2R MEdL
MHEALITVE R A Akl b, i L

ks H . 20264F5 290 A EB: 20264F6 300 KA H: 20264F7H27H

wm B

FIBVE X KB TRERFIKES RS, HEAGLBSRX KA ERBEFEETHRR. HIBPRAE
AR BEE T ARG E 7 NSRBI G X K, FBUKHEEFRN . K5 FRERSEILT X oA REENT
R X K38 R 4 3 AR O B, BFEFR R (QNK). EFEIA (WLHK) SkEH (TYK) £ 8H (QYZK).
PR (LLK) & ER(MZK). XUBF —F"(LEQK). ALEF " (ZXZK)RI# R (YZK) . SR FSMT¥#: (Standard
Measurements Testing)JU 5 13 B BE(TP). THBE(IP). FHLIBE(OP). 2k4E4 558 (Fe/Al-P)HIES
ZEDH(Ca-P)HIEE, BETHER D LIBPBENAES R . & RRE: LEPHTPHFH & EN563.33
mg-kg-1, IPETPHIEERZ(60.80%~86.38%), Ca-PH]RERIPEERE(54.11%~86.79%), ANiF
AR BB A T MM EERR. YZKIMQYZITMX Bl LBz S ey omid1.2, Xk
X B AT, ZARESIREEKR, BT 5 EARBEA KA E RS E R XK. OP
STPHFEEMRK(r = 0.67, p < 0.05), EE5HABIEARMEIIERM, HHAOPETBERIMNERMANE.
TP5 Ca-PFFEIEAESR(r = 0.70, p < 0.05), Ca-PHBERAKIEBBEAKE, HEEBENBERE SBUKE
EEFWATEE . FERBEVEXK KB BEARFE, PARRIES) . EEEAKM I EKEANR
E3), SBHGERAER BTG EIMER . TR ARIETIE X 5 5276 B &5 % R BT XK
KB EBEFRNRM T REZKIE, FNESREET S KRB HRMAE IS .

XA
BEIbF X, REVIRX KRG TR, BEARS, 2AR1IE

EHAEE .

XESIH: mEE WRE, A, FE, R/ IR, Tk, FRE. BRI X KSR G LIRS
AR T[], HI3ERL2E, 2026, 14(3): 191-202. DOI: 10.12677/hjss.2026.143019


https://www.hanspub.org/journal/hjss
https://doi.org/10.12677/hjss.2026.143019
https://doi.org/10.12677/hjss.2026.143019
https://www.hanspub.org/

N
S

Ho}

v
&

Distribution Characteristics of Phosphorus
Speciation in Soils around the Subsidence
Waterlogging Area in Coal Mining Area in
Northern Anhui Province

Fuqiang Xul, Qinhui Hong?, Zai Shil, Ziheng Li*, Hao Yu'?, Jie Ren3, Yi Ren4, Zhichun Lil.2

1School of Resources and Environmental Engineering, Suzhou University, Suzhou Anhui

ZNational Coal Mine Hazard Prevention Engineering Technology Research Center, Suzhou University, Suzhou
Anhui

3Huaibei Golden Mandarin Fish Lake Limited Company, Huaibei Anhui

4College of Life Science, Huaibei Normal University, Huaibei Anhui

Received: May 29, 2026; accepted: June 30, 2026; published: July 27, 2026

Abstract

The subsidence waterlogging area in coal mining area is a special water aquatic ecosystem, with the
surroundings soil forming important sources and sinks. Different forms of phosphrous in the soil
enter the subsidence waterlogging area in coal mining area through runoff and leaching, leading
to eutrophication of the water. This study focuses on 9 the subsidence waterlogging area in coal
mining area in the northern Anhui mining region, including Qinan Mine (QNK), WOlong Lake Mine
(WLHK), Taoyuan Mine (TYK), Qian Yingzi Mine (QYZK), Luling Mine (LLK), Meng Zhuang Mine
(MZK), Liugiao No.2 Mine (LEQK), Zhu Xianzhuang Mine (ZXZK), and Yang Zhuang Mine (YZK). Using
the Standard Measurements Testing (SMT) method to texting the contents of total phosphorus (TP),
inorganic phosphorus (IP), organic phosphorus (OP), iron-aluminum unite phosphorus (Fe/Al-P),
and calcium unite phosphorus (Ca-P) in the surrounding soil, aiming to evaluate the ecological risks
of phosphorus in the surrounding soil. The results showed that the average content of TP in the soil
was 563.33 mg-kg-1. IP was the main form of TP (60.80% to 86.38%), Ca-P likely was the main form
of IP (54.11% to 86.79%), human activities may be the primary factor driving the spatial distribu-
tion of phosphorus forms. The pollution index of YZK and QYZ had exceeded 1.2, these areas had a
high phosphorus load and were more influenced by human activities, highly polluted areas were
prone to enter water bodies through runoff, posing a risk of eutrophication in the water areas. OP
had a positive correlation with TP (r = 0.67, p < 0.05), but had a lower correlation with other forms
of phosphorus, further explanation: OP was likely dominated by exogenous inputs. There was a pos-
itive correlation between TP and Ca-P (r = 0.70, p < 0.05). Ca-P was prone to move into water with
rainwater, forming potential release source and leading to eutrophication of water. Due to the dif-
ferent geographical locations of the subsidence waterlogging area in coal mining area, and human
activities such as agricultural activities, domestic sewage and industrial sewage, these results in lo-
cal differences in pollution conditions. The findings of this study provide a scientific basis for the
subsequent management and control of eutrophication in the subsidence waterlogging area in coal
mining area, and offer theoretical support for ecological security maintenance and risk manage-
ment.
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1. 5]

KA L BAMN S8 T A b HbSR, HoCR 7 XIJE A K% LIRS RS
SER[1]e FERTEKALH XX MR B R, A S ECRTARUK,  DLEUE B BRI P KA 7 &R
4u2]. HTHIEHE BB AR RE . BEERE, BHEAKIEEE T S IR H R, ik
FE T 51 Gy I & 8 TR A AR (3] [4] 0 -3B8] R M TR X K I 7 A1 A 1R b« IRV A AR U =,
FoHhRAR N EEIRAR[S5]. FH G B BB 1) SRR R DX KRR TS, O IR BN K A4 & 8 SR i
SRR, ARV X KA L 3R RS G T A R KR8 B A 6], B
BIT R LAWK, Hiu TR ) U3 2 25 [ 7] [8] e R MRETRE DX /K I A B  A 3 iT i™ IX AR
BWEMAES RGN TR RE. hTRIESRRMERRRE AR, WA LIRS E SRR,
BEZK NI % TE A BERE R SRR A E], WK E SR TR E A F[6]. Bk, BB CRERF
IR oA, T IX AR S R A S R B L .

24 HTE N AT 7T 3 B A SMT (Standard Measurements Testing) 7 &5 7 V0 Tt BRSSO
BT KR A S R G U VAN o 38 4 I [O17E (0] = B3R 2 IR L A A0 AR HFE) R SMT i
SEPREU PR S BE(TP). EHLBE(P). A HLEE(OP). AR 45 & &k (Fe/Al-P) 45 45 & &% (Ca-P). TP #2&
FI A TEABEREM, it UK E & RS I EEARbR; P &) TR, S, (A5 Rk
FEIIMTEENIKAR ;s Fe/Al-P AR G BT, Ca-P X ARE, ANERER[10], {5552 BRI 500 LARURL
BIARHENIKIR; OP RNAEW AV BRI, H0E -394 Rl (0 B BB e SRYA 110 e 3 h R B
JoHRa e v R S BRI AR A JR R [12]. Sharply [13132 M, BRIAKAR & & 3500 A 72 A4, B R
DAL i iok e AR A A5 7 3 N KSR S o ) BT T E 3B PR T 5 A R AR SV R g, ELR
E 3P (1) 20 A0 52 B SE AR R 2R ISR, 2 2 mr B AN AR AR i [14] [15]0 SRT, XTSRRI
B DX 7K 3 ] ] L33 8 o0 R IR A TE S S AR IEE A B 2 B, DR 0 300 N KA BT 51 RS (1 R TR X
KA B SR IR BRI 7T R R N .

F T, AHIFIE AT AL SRR DX B 7006 52, S8 3 B Akt b X K 3 1 3 s A 2, SR SMT
AT A RS A B, R SR AR TR BOR PR AL T 78X K R A g ) AR, @
TEAH S TR FOK IR E & IR TE XU T 3R . AT 90 B 78 R AR R X /K Sk i i - 3l 1 A7 T 4
I ATRHIE B 5 B0 BRI XK IR B 8 TR B AR AR A, [R5 A SRR b X /K IR 2 v 2
SR EE A EESEE.

2. 55
2.1. WX

AR CAGEALH AR TN R, 2B AC R X AR eI, SRR BeE ST B, MR B,
WAL A MIAZM, HET A R B B = — . BB b e e B AR AR e
M, AFEEIL Bedb PR A, R R BRI 150 14t FIRE@EIT 5000 1 t[16], A%
BRaD R M 7R TTER . PRI RIBA W K, BRI XK AR & #iy1g . H 28R
PO X B A AAAE, I B NSRS s, JREEMERE R K. Bedbt XA E AR ma e B e . Bkl
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B BRERAT . W F RS XM AT AR DL R FERT S RO X, HL ] oA e R AT
Do TP X AROLFERLX . SHIX A X ERAEITRE DOKIBCRAT SR AR, AR SCESIIR
XTSRRI DX 7RI 120 4338 e Jo BB W7 26 22 PR R RFALE

2.2. HARERLE

AWFFT 2022 - 8~9 H Aot AL RAMEVTRA X K8 14 384T R AE, Ak 9 RN X, 23 milfs T
A BRI Bk ERESH S PR SR XM RADETT CAEMERT, S SREETIX
AEEWE 1 B, AR RMEITRE XK 8 2 et e 3, R B 500 s 7R S IR, R TK
IR, BEANAKIB R AT 15 3~5 N RAE S5, S I8 X338 KA St AT R 2 38 (0~10 em) R 4R, &
MR R RE A TIBPATHS, REM D DR S IBRERRAT SRR G BER T, FEEsL
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Figure 1. Distribution map of sampling points
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2.3.1. BESNE

WHCR A SMT VA2 IRAR(9]. W LI B N B (TP) . A HLBE(OP). THLBEAP). BREELE &
A (Fe/Al-P). B4 5805(Ca-P) [17], BEARBRIEPERWIE 2 Fix. 1R EE BFEBCEH ST 00
JEI T RO B R, B AT B A

2.3.2. BMEFRIFNTTA
KB IR TR BGA 18] [19]EAT X BE A AL S UL PP Al 158 3009
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Flgure 2. Soﬂ phosphorus forms grade and determination [20]

5,=C,/C,
X, S NI R R bR 2, s, > 1 WRES BRI E; ¢ NPT @ Sz
(mgkg™); C, NV IAF i bRiEE (mgkg ™), ABFITLL 1992 Eﬂu‘ikﬁﬁ?ﬁ%ﬁﬁ@ﬁ?ﬁ KRR 25
FEC I ARG 2 1) A 265 XU RO F TP WA FE(600 mgkg ™) [19] [21] [22]. T5 HeAREEE R | Fis.

Table 1. Class1ﬁcat10n of pollution index levels

= 1. SRERFRNS

E374 bR SR () HH
I <0.5 g
i 0.5~1.0 R
il 1.0~1.5 HhRE VS e
v >1.5 AT G

2.4. BURSHT

SEES A #85 K H Excel 2019 (Microsoft, 35 E)#EAT% 2, {1 Origin2024 (OriginLab, 3% [E)l{EF
LR FIAS [ BT A5 AR B S T AN R BT A5 Z TR AR DG PE(p < 0.05 B EF R, p<0.01 RREFHK
23E).

3. ER571e
3.1. IR TR MBS S RIFE

RIEDUE XK B ISR S#S EmE 3 i, HiEF TP SE50KE, TP S8
295.93~754.24 mg-kg ' Z [W], “FIIEEN 563.33 mgkg s IP R EE’JE%@IT 238.41~588.32 mg-kg ' 2
B, “PHEEN 41948 mgkg !, PEIE 40050, 1P & TP MRS, HHENT 60.81%~87.80%2 [7]; OP
SEATEETLE 52.72~295.60 mgkg ' Z ], FHIEEA 143.85 mgkg . fEAKAES T OP &85 TP &
1 11.12%~39.19%, TIEFH) Fe/Al-P & &N X A0 L1 A%, Ty 6.18~77.87 mg'kg ™!,
RN 28.21 mgkg !, FTA R X KIS Bl 3B 1 Fe/Al-P & &2 HH S ARG, (05 1P &&=
1) 1.05%~15.80%, 5 TP & B HAK, 7 0.92%~11.44%2 [A]; Ca-P & BALIERAE 152.06~517.52 mgkg™
18], ~PEEEN 325.18 mgkg e SRIEDIRA X /KIRH L L%t Ca-P & & SRS, &5 1P 58K
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54.13%~87.97%; 15 TP & & 39.22%~77.24%, HHGES IP &850 0w BEAHEL, A e BT DLt B R
PRETTRE X 7K 2k ] [ 143 Ca-P 2 ML 1 AR AE

T AT, QYZ. WLHK Al YZKTP & BAIX R R KM X K& [ -3 TP & 871 2%
5, WRESAFE N AIES TP A 55[23] [24]. Hr YZK I -8 TP & &, TP A=A
75424 mg'kg', TYK & TP & EEKAC, H/DEEMNN 29593 mgkg s BT YZK N LUEELE, fHE
B 5 AR5 LR B A SR R ), 4k 5 52 AR T TS AKORT Tk R K U f2m, 583830 0 S5O £ 4
IR, %Kk i 3 b ) TP & T At X3 38 TP & TYK A BRI, 1eRIEDT
M SR M I P AR, 3858 T AR A S, SRR I IR AR A KK [26], ff TYK
4b TP & 88U&. HAERMZMT, TP AROKIVBIGREL[10], & TP & & LI EA 1 S B R RIS
P, 7EJG S0 AR B, g B A o 1B FRLR IR X K s SR AR B I 2 e R T

I 1P F1 OP [0 AiHH, QYZ 4b 1P & & fk s, OP &K, IP &EEk LT OP &, %k
L LQEK. YZK 1 WLHK 4t OP & &5, P S &EBURMILGS, maed2S OP Wik A k. ¥
Frilh, QYZ HiibAk B, Ak AR /=id R vt P I B A, W RTE L3, RI3R s 7 LIETEHLBE KT, iy
T AR A E27], 23 QYZIP EEfsm: R LQEK J& Bl IA IR MIAFAE T 5 OP & & =i[28]
[29]. TYK F LLK HbusbhR B, {F2 o G EBR K IR, 350 530 2 B VEE W /K PRIV R A N R X3, {038
I T R R B30, L TP S REUR. KEWE RN, A YU ERIE T E MR N B &K [31)
PASAR B PR [32] [3315F B IRl s YZK Al WLHK SRAY 2152 Fi 0 1 AR 35 15 KR Tl B /K HERC s, itk
— G R WU R EA U RO LI R, dneeds 3 pH A HIESE K, AR R, AR T X I
IP. OP IR/ ATk, (R A FORAE IS IR R A, RS/ 48, e m i A
S KEFGFAETS, ML R R R 1] [34] 0 BE— 2B U A G B0 SRAEDTRE X K25 34 £ 38 1P
FOP AR B AL AFI M N AL OB o MR B ITRE DX KIS BN R 3 5 D8] 2 0 SRR FE [X
K8 K L A R SR B HAT KR e 3 TP B R AR HE A KA R i UK R B B R
BRI R [12], (A B S 05t oo T SR R X 7K 38 o] 22 72 75 7 A VRE R 7K Y P VR VB % ook /K R B (1 i 55 2
X SRAREGTIE X 7K IR AR & 7 T At — € DTRR[30] [35].

SRAETTRE X 7K 32k BBl 3 b Fe/AL-P & &7 WLHK BN H . WLHK KA 5 Fe/Al-P s Al fE 2 K
N B AESE N T IR e R AR, 5 BB E NG S, RIR 2 TE SR 5 505 )
N, 3t—20 28 Fe/Al-P & EIIMN36] [37], MERJELM T, Fe A 50 JE K Fe?, FE Fe/Al-
P fRES[38] [39], AR HEH AT EE N KA FEUE B 74k, Fe/Al-P WL # L IEA R B, (H
A fE 2 B R AR DAL P WY T R AR ISR 3 AR AR 3B TR AR [40]-[42] . PRI, FEAS [F) AR S SR A
T, X Fe/AL-P {5340 DL AE & BT R X /K33 8 8 TR S B A FE R . ARG BN AER 3= T Be 2= [
DR IR TLAS 1T AR I DA S B I N KR AR SRR, AR N i B A TR R R R D
SRIETTRE X KIS B TR KR (1785 2E 7 2.

MAERE (& 3(e)rT %1, LQEK T3 H) Ca-P &M, LLK 1I3EFH Ca-P S EEIL. ZA D
Mrs BRI A K PE L3 5 4 2 ik Ca-P 1IFE10[43]-[46]. Ca-P & TIEREA o rh VA R E . A5
P —FREE[10]. FEBMESRM FRUEAATE, BORE TS S0 EIR, RBBURARECN9], AT ReE R AT
B s R B, (H SR B AKCIR B NN Ca-P SRIRH D, B Y vl REBE A H R AR IR
IS BT RS M IZ M0 144301 FL7E DR B8 R 2 RS 7K 1 Rl 4D 26 A2 DARSURE 285 19 T 3k N K AR T 452 B Ay 3 K 1
B E TR RO L [35] [42], {H Ca-P 7ERBETRE X /KIS 1 L e 2 R Ve R 22 57, TR R
WSS ELRER T R b A A 25005, SRR IR M B IR DL AR B2 N NG St — 2D 5 m S S0
L2 R [47]
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Figure 3. Distribution of phosphorus content in various forms in surrounding soil
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B 4. EEH DR RSB S E

3.2. BESRRBE T

SRR X 7K ] Bl - s el 5 AR Ban 14 5 B, A6 DX SR RE IX /KI8T 2 a7 T S i ol s
FEHGE N 0.493~1.257, “FIME N 0.938, KMEULIE X /K I8 8 ] T 88 g T A2 BEys 4, oy R 2 i
FEis g BeAbl X ORI RE X K380 5 3 s e d8 3 2 9 YZK > QYZ > WLHK > LQEK > QNK >
MZK >ZXZ>LLK>TYK. " WLHK. LQEK. QYZ Ml YZK Af s S48 50k T 1, YZK Rl QYZ i)
HRFRHC ORI 1.2, {53488 KN YZK, S5 3B E . Y o AR, X e ge 50 X AF
TEACH T A K[48]-[50], fHH IR S EE S R MUR 7 @ Es, SEEREE R SR
Pk 2 AN, AT 4 TP K 1P 8y, A NTEBIsm ] o R EIRAN R 3R . HAHIF 7t 32 B LUR D TRA
X KIS 1 AR R, A R TR 2 5 PR K I R AR N KR [S] [42], P IRk IR s E
FACRIRSE . RIHRARTE . TR RIS, 2 5] R X K8 ] I S B 23 (i 2 R (51], T
HERSEGUE X SR — MR IS5 AES R, NNIESITILT, mlRessem L1 pH A LG )E 2%
AR, T2 IR 2SR AT . R, BT A NGBS R FRBE I RE X, X T 5 G
SKYGER, AR s HE[52], AR HSL RS HEREAE, DRI MERIE, b SRR AR AR R[S ], KRR
R XK S ) B A AR S R 3P A B E A .

Table 2. Phosphorus forms content in soils of partially mined subsidence areas

2. MARBTPEXIRMETSSE

AU X TP “F¥{H(mgkg ") IP P fH(mgkg ™) SR
&AE. L 72.7 / [53]
w—w 248.47 130.25 [10]
HEIR X 563.33 419.48 AT
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5. 13E TP 5 #n

33. # ERBETPEE KB EEFUEBER M

W 6 iR N DXCRIEDTRE X KT R TP S TEARE & R A CHE T4 R, TP 5 Fe/Al-P
MR ZE, 5& AR MEA BRI, 5 IP AR = 0.92, p < 0.01), ZEARFEBEIE
B LLEE HPTLE W, 1P & LI 3 BIRAETEAS, 0 R R X K8 FE L33 TP & &0
e B ES1EM: H TP 5 Ca-P FEIEAIK(r=0.70,p<0.05). [ARf, IP 55 Ca-P WL A ME(r=0.67,
p<0.05), 5 IEEBE Ca-P AIRESR IP (EZORYE, HE—B Ui Ca-P W RER A IP ARL i H ) 2 2
K2, HXF TP /A K. 1 OP B 175 TP BA IEF K@ = 0.67, p < 0.05) 2 4h5 H AW ABE 1A
KRR, U OP nl R EERAMNER N NE[39]. fE—E &M T, SBEEZ MM EELS TP & &
A —E M, T OP F Ca-P X} TP & &4 EEMTTMR[24] [54] [55], X RIEDTRE X /KI5 F F + 3% TP & &
TR .

|
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Figure 6. Correlation heatmap of soil phosphorus forms
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TR BEEAS TP 5CR, 7T LU R SRR ORI E B2 A S B R T 5. 22 ErdT, 1P XY
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