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Impact of Regional Water Chemistry on the Phosphorus Isothermal Adsorption

of the Sediments in Three Subsidence Waters of the Huainan Mine Areas

YI Qi-tao, SUN Peng-fei, XIE Kai, QU Xi-jie, WANG Ting-ting

(School of Earth and Environment, Anhui University of Science and Technology, Huainan 232001, China)

Abstract: Three research sites of subsidence waters, including Panji (PJ), Guqiao (GQ) and Xieqgiao (XQ) located in the Huainan
“Panxie” Mine Area have been selected to address their phosphorus (P) adsorption behavior in the sediments considering the site-
specific regional water chemistry. The P isothermal adsorption was measured in pure water and four different types of ion solutions,
prepared through additions of sodium chloride (NaCl) , calcium chloride (CaCl, ), sodium bicarbonate (NaHCO, ), and a mixture of
sodium bicarbonate and calcium chloride (NaHCO, + CaCl,). The first four settings were studied to analyze the individual impact of
each solution on P adsorption while the last one was to study their combined effect. In general, Ca>* could enhance P adsorption on
sediment surfaces while weakly alkaline conditions caused by bicarbonates were unfavorable for its adsorption. As a comprehensive
effect, the positive effect of the former was greater than the negative effect of the latter. The zero equilibrium phosphorus concentrations
(EPC,) in the three sites were 0. 059, 0. 032 and 0. 040 mg-L ™", respectively, showing trends of P releasing to the overlying water
column. The site of PJ showed greater P releasing potential than those at the GQ and XQ sites, probably due to its higher nutrient
level. Overall, P releasing risks in the researched sediments are weaker than those in eutrophic lakes, while they are very similar to
lakes with lower trophic levels, because of their unique sedimentary environments from inundated agricultural soils.
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®2 3 PWRMAKUFRIRGE T ER/ meq L~

Table 2 lon statistics of water chemistry in the three studied sites/meq- L !

Ul i i) HCO; cl- S0;~ K* Ca®* Mg?* > >
PJ FoKH 3.0420.05 3.67+0.19 1.910.05 4.19+0.11 0.12+0.00 1.71 £0.07 1.71 =0.05 8.62 7.74
FkH 2.38+£0.05 0.98+0.39 0.43+0.14 1.37+0.50 0.05+0.01 1.17+0.19 0.70 0. 14 3.79 3.29
GQ FoKH] 3.24+0.02 1.44£0.02 0.93+0.03 2.34+0.02 0.07+0.01 1.93+0.04 1.41=0.02 5.61 5.76
FAKH  3.06+£0.06 1.69+0.02 0.74+0.03 2.35+0.02 0.08+0.00 1.51+0.03 1.45=0.01 5.50 5.39
X0 kW] 3.89+0.08 3.42+0.05 4.01 £0.03 5.07+0.13 0.16+0.01 2.52+0.18 1.98 +0.03 11.3 9.72
FAkH  2.80+0.03 3.12+0.02 2.71£0.26 4.44+0.26 0.18+0.01 1.48+0.27 1.69 0.02 8.63 7.79
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Fig. 5 P adsorption isotherms for the five solution groups in the sediments from different sites of PJ waters
®3 FRREFREZRT PJ iR &RESTIRY P ZIR WM & RAHES H ST
Table 3 Parameters for P adsorption isotherms within the different groups in the sediments of the PJ sites
e . K b EPC,
PRI VR W 4H KA =Ke, +b 2 P
BRI W2 ) Kb y =Ke, kg /mg-kg! R JmgeL-!
PJ-1 y =68. 982 6x —34. 523 69.0 -34.5 0. 46 0.139 0.50
PJ-3 y =139.493x -47.717 139.5 -47.7 0.51 0.111 0.34
sk PJ-5 y =122.208x - 33. 828 122.2 -33.8 0.80 0.003 " " 0.28
i PJ-7 y =124.461x - 28. 589 124.5 -28.6 0.83 0.012" 0.23
PJ-9 y=137.779x —36. 511 137.8 -36.5 0.70 0.009 ** 0.26
AR PJ y=118.6x-36.2 118.6 -36.2 0.32
PJ-1 y =75.566 5x - 15. 000 75.6 -15.0 0.79 0.003 " " 0.20
PJ-3 y =265. 041x —36. 477 265.0 -36.5 0.99 0.000 " * 0.14
NaCl PJ-5 y =172.891x —24. 827 172.9 -24.8 0.85 0.001** 0.14
PJ-7 y =185. 344x - 20. 765 185.3 -20.8 0.84 0.001 " 0.11
PJ-9 y =66. 286 9x - 10. 271 66.3 -10.3 0.29 0.274 0.15
SARSE PJ y=153.0x -21.5 153.0 -21.5 0.15
PJ-1 y =60.8543x-9.9717 60.9 -10.0 0. 85 0.001 " 0.16
PJ-3 y =60. 253 5x - 14. 637 60. 3 -14.6 0. 81 0.015" 0.24
NaHCO), PJ-5 y=72.707 9x - 12. 772 72.7 -12.8 0.93 0. 002 0.18
PJ-7 y=71.4293x-8.0159 71.4 -8.0 0.95 0.000** 0.11
PJ-9 y=60.289 0x —9.834 8 60.3 -9.8 0.81 0.002 " 0.16
MAYE PJ y=65.1x-11.0 65. 1 -11.0 0.17
PJ-1 y =305. 795x — 16. 388 305. 8 -16.4 0.95 0.000 " * 0.05
PJ-3 y =339. 488x — 16. 188 339.5 -16.2 0.90 0.001** 0.05
CaCl PJ-5 y =229.860x - 11. 916 229.9 -11.9 0.97 0.000 " * 0.05
: PJ-7 y =481.913x - 20. 477 481.9 -20.5 0. 87 0.002" " 0.04
PJ-9 y =309. 904x — 17. 932 309.9 -17.9 0.98 0.000** 0. 06
BREE PJ y=333.4x-16.6 333.4 -16.6 0.05
PJ-1 y =235.603x - 12. 997 235.6 -13.0 0. 81 0.002" " 0.06
PJ-3 y =204. 526x — 13. 931 204.5 -13.9 0.89 0.000 " * 0.07
NaHCO, + CaCl, PJ-5 y =199. 084x —11. 253 199.1 -11.3 0. 84 0. 001 0. 06
PJ-7 y=129.639x -5.569 5 129. 6 -5.6 0.85 0.003 " " 0. 04
PJ-9 y=163.117x - 11. 776 163. 1 -11.8 0.74 0.006 " * 0.07
AR P] y=186.4x -11.1 186. 4 -11.1 0. 06

1) # 2R P <0.05 KT FREHIC, * * FRR P<0.01 AT BEFEMHX, T
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Fig. 6 P adsorption isotherms for the five solution groups in the sediments from different sites of GQ waters

WARZ P W BE 1T < CaCl, 4 > NaHCO, +
CaCl, 41 > NaCl 41, 4fi7K4H > NaHCO, 4.
2.2.3  XQ BFgus sk

T Ca™ RBE VSR R h TR P i I B A
AR & T H A 4l 50, K A EPC, BRI 1E 43 1k
1056.4 Lekg ™' #10.03 mg-L~' (% 4), i NaHCO,
M UL Y P AE 7 W B RE ) e 55, K S (E AL

WNIEN7 Bz, XQ B 5 A RAE R PRy

1 1 R N i
110.2 mg-kg ™' ,EPC, Wik 0. 19 mg-L~". W [FE7ESZ B FIREE W i b ot 90 0] 0 1 24 5 IR
20 20 20
15 .7 « 15 « 15 ¥
[ 10 |- v - ¥ e
LS Tax et SE - s—j §o:'
I N - 0F v, . ® %o 0 &%«
D5k w0 . R A S
£ 10 ] ° Hk 10 o g0 o © 10
S0 o NaHCO; -10 - 8.8 101
-15 - v CaCl 15 |- -15
-20 - v NaHCO;+ CaCl, -20 - -20 -
-25 | XQ-2 x NaCl -25 - XQ-3 -25 |- XQ-5
_30 1 1 | 1 1 _30 | 1 1 1 1 _30 1 | | | |
0 005 010 015 020 025 030 0 005 010 015 020 025 030 0 005 010 015 020 025 030
20 20 — 20 —
57 15 . . 15 9w
o Towox - v x o 10F, Y
T v x T % *, © Ty, el 0g @
@ 0§y & (U e A4 0 [ S o * %o
- v x Wk X ¢ o - o
oSk oxdge AN ERE 5k % & o
a—lﬂ — —10 $ o 10 g:)g
-15 =15 ~ =15
-20 -20 - -20 -
-25 - XQ-6 25 [~ XQ-7 25 XQ&
=30 1 1 | 1 1 =30 | 1 1 1 1 =30 1 | | | |
0 005 010 015 020 025 030 0 005 010 015 020 025 030 0 005 010 015 020 025 030
co/mg-L7! eo/mg-L7! eo/mg-L7!

E7 XQ ihSRITUERY P %R IR B #h 2%

Fig. 7 P adsorption isotherms for the five solution groups in the sediments from different sites of XQ waters
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Table 4  Parameters for P adsorption isotherms within the different groups in the sediments of the GQ sites
IREEVR AL ) SRFE y=Ke, +b /Lfg,l /me b ke R P mfso |
GQ-1 y =261. 5455 —27. 339 261.5 -27.3 0.85  0.003** 0. 10
GQ-3 y =285.421x —29. 129 285.4 -29.1 0.65  0.016** 0. 10
ik GQ-5 y = 158. 482x — 14. 066 158.5 -14.1 0.81  0.002%* 0. 09
GQ-7 y =218.928x —37. 994 218.9 -38.0 0.78  0.004** 0.17
GQ-9 y =254. 404x —37. 493 254.4 -31.5 0.64  0.017*" 0.15
AR GQ y=235.8x-29.2 235.8 -29.2 0.12
GQ-1 y =348.917x -20. 873 348.9 -20.9 0.95  0.000** 0. 06
GQ-3 y =221. 648x — 10. 703 221.6 -10.7 0.91  0.000** 0. 05
NaCl GQ-5 y =295. 149x — 17. 485 295. 1 -17.5 0.89  0.001** 0. 06
GQ-7 y =218. 828x —22. 495 218.8 -22.5 0.92  0.000** 0. 10
GQ-9 y =142.765x — 19. 435 142.8 -19.4 0.91  0.000** 0. 14
SARSE GQ y=245.5x - 18.2 245.5 -18.2 0.08
GQ-1 y=79.758 5x — 12. 447 79.8 -12.4 0.80  0.003** 0. 16
GQ-3 y =142. 882x — 16. 274 142.9 -16.3 0.94  0.000** 0.11
NaHCO, GQ-5 y =153.217x - 18. 657 153.2 -18.7 0.91  0.001** 0.12
GQ-7 y =60. 498 8x — 19. 354 60. 5 -19.4 0.49  0.079 0.32
GQ-9 y =114, 869x —29. 943 114.9 -29.9 0.86  0.001** 0.26
MK GQ y=110.2x-19.3 110.2 -19.3 0.19
GQ-1 y =869. 289x — 16. 771 869.3 -16.8 0.56  0.034 0. 02
GQ-3 y =1424.23x -34. 291 1424.2 -34.3 0.83  0.002*" 0.02
CaCl, GQ-5 y =1214. 00x —32. 800 1214.0 -32.8 0.44  0.073 0.03
GQ-7 y=1389. 12x - 50. 684 1389. 1 -50.7 0.53  0.063 0.04
GQ-9 y =385. 186x —20. 191 385.2 -20.2 0.61  0.022°* 0. 05
SREE GQ y=1056.4x -30.9 1056. 4 -30.9 0.03
GQ-1 y =492.317x - 12. 497 492.3 -12.5 0.81  0.006** 0.03
GQ-3 y =937.811x —21. 425 937.8 -21.4 0.90  0.000** 0.02
NaHCO, + CaCl, GQ-5 y=701.711x - 11. 610 701.7 -11.6 0.91  0.000** 0.02
GQ-7 y =646. 868x —21. 201 646. 9 -21.2 0.54  0.096 0.03
GQ-9 y =287.220x - 18. 117 287.2 -18.1 0.88  0.001%* 0. 06
SR GQ y=613.2x-17.0 613.2 -17.0 0.03
1 GQ Bl i B 22 AN K. 3 W
I GQ 35—k, CaCl, 2 (K = 642.3 mg-kg~' v
1 EPC, =0. 03 mg-L™") &% NaHCO, + CaCl, 41 (K = FEAS FIKARTTRM “ K-TTRR Y™ FLimi P A7 A bk

567.2 L-kg ™' #l EPC, =0.04 mg-L™") 41 ¥F 85 1%
W P WL A RE T ok, oA 3 ARG (R S).
HAFE I IR, Ca® FRAEMI IR R — SR A
ML I BoR Geit2% by BB AH M, X
FEIEH TAEPO; ™ -PHE i 1 A v B2 T W A 3t W
N N4 G o i o B N 11 i s o |
Ca’ " fETEIREE VW X P 2R whBE 1 1 i 3 it
YER. Z5 1k, 3 AR5k s b, P sl S Ui P
W B 355, GQ 1 XQ S TTUERS) P I Rk R AR X
R RFR T Ca B TS| AR i35 5 iR TR
P I FHALBE (5 K ELAMIR EPC, {ED) | T HCO;
AFITUOR P oYW B, SE PRk A5 Ak &
Ca’* YIESRAVE LR T HCO, MFfiERT, Bk I
FIHZIT CaCl, 4.

g “UURIAR iAW P IIRAFIE A | IR
AL RSS2 B 2 A, SCPR b, < OKART (3
IR EALBR K ) Fir Ak 1) 5 TR A 35 118 7K Al 2 S A 44 22 ]
AEXT P, Fe % A=W 3% 1k OC K e %5 5 8 A0 2 AR
FHUSE AT I SR K IR R AR T R
A S IRBERFE (R TR 20 43 R B g s 1410
FIREIA L By 1 ac e | W BRI | R DTOTE SR AR AT
M AL RS W DU RS P P R IiE R
PERE.

YT Ca®* XTURRY) P WY B S5 | RS
R X GQ i S R Y Ca Fl Mg YR B HEA T
TIE(FK6). FTLLER, 4dikd Ca® | Mg® " ¥R
AR, S5 A RAE S IE 53 54 0. 022 meq- L~ FI
0.008 meq-L~"; NaCl #hE WA VIR Ca** 5
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Table 5  Parameters for P adsorption isotherms within the different groups in the sediments of the XQ sites

SR L) RS y=Ke, +h e et e P /IngCL)
XQ-2 y =219. 508x —22. 996 219.5 -23.0 0. 83 0.002"* 0.10
XQ-3 y =175. 353x - 29. 661 175. 4 -29.7 0.91 0.000 " * 0.17
aik XQ-5 y =254.796x — 18. 427 254.8 -18.4 0.85 0.001 ** 0. 07
XQ-6 y =317. 488x —32. 983 317.5 -33.0 0.97 0.000 " * 0.10
XQ-7 y =322. 945x - 38. 354 322.9 -38.4 0. 82 0.002 " * 0.12
AR XQ y=258.0x -28.5 258.0 -28.5 0.11
XQ-2 y=219. 884x —11. 121 219.9 -11.1 0.71 0.008 " * 0.05
XQ-3 y =173. 827x —23. 659 173.8 -23.7 0.79 0.003 " * 0.14
NaCll XQ-5 y =295. 172x — 14. 949 295.2 -14.9 0.76 0.005 " * 0.05
XQ-6 y =357.282x - 26. 153 357.3 -26.2 0.79 0.003 " * 0.07
XQ-7 y =241.395x - 17. 593 241.4 -17.6 0. 87 0.001 ** 0. 07
SARSE XQ y=257.5x-18.7 257.5 -18.7 0.08
XQ-2 y =175.623x - 19. 574 175.6 -19.6 0.91 0.001 " * 0.11
XQ-3 y =160. 050x - 32. 161 160. 1 -32.2 0.93 0.000 " * 0.20
NaHCO, XQ-5 y =363. 374x —28. 362 363.3 -28.4 0.93 0.000 " * 0.08
XQ-6 y =229. 536x —25.216 229.5 -25.2 0.94 0.000 " * 0.11
XQ-7 y =245.205x - 38. 641 245.2 -38.6 0. 89 0.001 " * 0.16
SR XQ y=234. 8% -28.8 234.8 -28.8 0.13
XQ-2 y =572.433x —11. 190 572.4 -11.2 0.35 0.221 0. 02
XQ-3 y =424. 654x - 18. 219 424.7 -18.2 0. 84 0.004 " * 0. 04
Cacl, XQ-5 y =948. 038x —24. 391 948.0 -24. 4 0.51 0.111 0.03
XQ-6 y =718. 587x - 12.776 718.6 -12.8 0.77 0.004* * 0. 02
XQ-7 y =547. 944x — 14. 000 547.9 -14.0 0.23 0.413 0.03
SR XQ y=642.3x-16. 1 642. 3 -16.1 0.03
XQ-2 y =668. 231x - 28. 037 668. 2 -28.0 0.82 0.005 " * 0. 04
XQ-3 y =524. 166x —33. 831 524.2 -33.8 0.28 0.177 0. 06
NaHCO, + CaCl, XQ-5 y =927. 961x —23. 750 928.0 -23.8 0.51 0.073 0.03
XQ-6 y =330. 424x - 9. 0685 330. 4 -9.1 0. 87 0.001 " * 0.03
XQ-7 y =385. 195x — 15. 662 385.2 -15.7 0.78 0.004* * 0. 04
SRS XQ y=567.2x-22. 1 567.2 -22.1 0.04

Mg — 7 B B AC ¥ T ok, AV W vk T =
0. 140 meq-L ™" F1 0.051 meq-L~',NaHCO, 41 — %
WEE A 0. 09 meq-L ™" f10.037 meq-L™", /T4l
JKALFN NaCl 41 2 [8]; CaCl, , NaHCO, + CaCl, 1& &
HCa®t | Mg® PR B AR, 43 5 0. 818 0. 179
F10. 163 meq-L™"  FTIMAR Ca®* 75% 2247 AU
YT . AR BH G, Ca®* FE BT AR 32 T 1% W A
WP PR AR T FANE T 3 1 o T
W2 A 5 ik, 3 Rt A S BF T 45 SR — 2" | Tunesi
ST e N A A T T B 3 S T RE D
R PR, AKIRE S TR ST Ca 5IAH
YER[E P A EE LR MG 2 — , 4N Dittrich 25" IR3E T
Ca(OH), XHRERJZ WA MG TSR | & B e B 3
I3 Ca-P (TR Y P RSO & AN IR
Guger, T Ca®* FE MR B0 4= 498 sl B AR v i B 7 )
=T Na®, PO, -PHI Ca’* FIREZE A 4 36 1 18 1 3L
UUIEAE ISR XS P B

SSTRIEAF T P A, OH ™ FIPO; ™ -PFa 4
BEHOE A, ZE ST SR AR PR EE T, DU (A5 A 2R £
LT, S Bk A0 5R S AL  2 G P RIR DA 38 B P
Guar KBS , 3 76 P A T h A R 2 i s
AW FE IR BRI B B NaHCO, 25 WA 2 T i3
FALPRERSE , — 25T H] NaOH 3% HCL 3835 /K A 11
pH B2 MR B 1 7228 A 5 R T 5Y pH X ULARY) P
BT R s (EE AT RE 28 I —E R T IR

®6 GQitHTFEER Ca®t /Mg?* iRE
Table 6  Equilibrium concentrations of Ca”*

and Mg?* at the GQ sampling sites

Ca* TER
PRI AL EofiEs b2 HfH Fife 22
/meq-L™"  /meq-L™" /meq-L™" /meq-L7!
afi/k 0. 022 0.010 0. 008 0. 004
NaCl 0. 140 0. 045 0. 051 0.013
NaHCO, 0. 090 0.037 0. 037 0.014
CaCl, 0.818 0.054 0. 179 0.039
NaHCO; + CaCl,  0.784 0. 046 0. 163 0. 037
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TEUURY- B K Fm b a Ak sE A (LA DT
Yy X BRORIR S5 (9 22 W BE ) ), T A5 RS DR ME B 1Y
A

FT I T 3 AWFIE AR SEPR PR BT I Ry
#EAY NaHCO, + CaCl, 2 EPC,, /K& TP FIPO; ™ -Pifk
JEE, AR GTRRY) P IRAFIEZS . OM K& Fe, 1

. 3 Nl A RZVIRY TP ¥{H 7 59N 357.5,
361.8 . 322.2 mg-kg ™', IP & TP 1y T B4 | HB 4>,
OP Jir o Lt M) #H XF 38/ (VN T 30% ). Ho 1P
NaOH-P, HCI-P Jif f7 L BlE K. Fe, F &5, H4MH
JEREIM 0. 47% ~0. 68% , 3% B ULFU 2k S AL id J Ak
TR IR ERACIRA, LRI CE S th oA ek .

®7 WREAPHRERS. BIRRKELWHESIT"

Table 7 Statistics of EPC, ,P fractions,OM and Fe, at the three sites

S EPC, TP PO}~ -P BD-P NaOH-P HCI-P oP TP oM Feq
. (NaHCO; + CaCl,) /mg-L~! /mg-L"! /mg-kg™'  /mg-kg™!  /mg-kg™! /mg-kg! /mg-kg! /% /%
PJ 0. 059 0. 126 0.025 64. 1 105.5 96. 6 101.3 357.5 2.4 0.68
GQ 0.032 0. 064 0. 009 59.9 123.3 109.9 107.4 361.8 1.7 0.50
XQ 0. 040 0.092 0. 006 80.0 97.0 85.5 86.5 322.2 1.6 0.47

1)BD-P, NaOH-P il HCI-P /= FHA Al $2 BT HE B TOLEE , 0 i 2 A R BURASHE , &8 OKA) A2 558, Ca 25 558

PJ 3l s UTR) OM & i {E N 2. 4% k& T
F40 2 Al R PY 3 SRR TP K& PO, -PR
FEWH . BT P K2 BRI HETS 52w, RZ DT
Tl P U, Hofts 2 A0 5 34 Br o e
TR, X AT e A I W B REAE i 2 e S 8025 7 1
FEFEHETED . SR RN, P TR
OM KR D)2 — i, A LR 28 35 i 3
BRI B AN R T8 0 W B, 55— T A
A HUTER BT H G BRI A WG o, B IR
W5 R &6 0 Is BR. 3 ANl 5 EPC, {H 4 9 N
0.059 ., 0.032., 0.040 mg-L~" 4 [ KRB P 1Y
KB40 186.4 . 613.2, 567.2 Le-kg ™", #
HoAt RIS BIE 7 Hh (TR 398 43 B K B T
Fl—30 22 g2 P ol P BRERE 18255 , IR AL
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