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Photo 1  Natural profile of tested soil
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Table 1 Physico-chemical properties of soil samples
R LJRE fem
10 20 30 40 50 60 70 80

pH 6.62 6.66 6.51 6.63 6.62 6.52 6.54 6.92
7 /g-em’ 1.47 1.37 1.24 133 1.58 1.68 1.63 1.62
IR % 232 26.6 247 27.9 29.7 27.0 25.6 27.4
K HECa” /%107 5.75 11.70 8.97 10.90 8.89 3.10 11.80 8.02
e /emol kg ! 7.4 4.7 42 4.6 6.4 48 5.0 53
K HEMg™ /%107 3.48 3.89 4.77 6.42 5.90 4.69 5.90 6.02
et femol kg 2.4 1.9 1.7 2.1 2.4 2.5 27 2.9
BRARES /%107 6.83 8.34 2.77 3.00 3.70 5.55 7.30 5.09
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Photo 2 Experimental equipment for leaching
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JEHOA 4 °C B IRAG T, 3 d NREZE B ARV IR A0
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Mg” Fa s i 208 6 mg L', ASA]JE BE 4 Atk
[Fi] — B 2 B[] 140 728 s 4% 100 A 12 T ) 28 o T
FELEAE 10 em(EZR) LR, froEE™ s
S5 R R 2R X ER W 2 bR K TIRE £
FIER R IR A Y B Ak — 1Y
S0 R 3 U, AR AR T I VR AR AT R A g v
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Table 2 Hydrochemical analysis results of leachate from lime soil (mg-L™")

+

TZEE/cm pH Ca™ Mg™ K’ Na HCO3 O3 NOy cr
RKRME 7.71 12779 4444 8.06 6.90  60.63 3335  547.59 13.94
FME 7.15 15.68 5.72 2.97 0.59 28.29 19.83 3.99 1.48
i(z)o FHE 7.52 27.68 10.00 3.69 130 5026 2431 61.33 3.18
(=30 PRz 0.17 27.07 9.87 1.33 1.32 9.52 3.11 138.60 3.18
WRER 230 97.79  98.61 36.18 101.77 18.94 1279 22598 100.30
IEIN[:] 7.46 69.97 16.61 12.51 536 4446 3483 249.84 14.56
e/ ME 6.42 17.08 4.40 6.21 0.77 16.17 17.14 4.86 1.90
(ni(a)o) FEME 7.00 30.20 7.84 8.48 1.61 31.60 2801 81.15 436
brifi2E 0.28 15.34 4.02 227 0.97 9.25 6.61 86.15 2.77
WREH 400 50.79 5132 26.83 6020 2926  23.61 106.15 63.56
RKME 7.53 55.79 12.04 6.77 5.05 44.46 40.76 175.98 10.50
R/ME 6.73 19.04 4.64 4.10 092 2829 2044 4.77 1.90
(ni(3)0) FHIE 7.18 33.79 8.19 5.42 1.79 39.28 30.34 77.23 4.62
brifizs 0.25 10.54 247 0.94 0.86 4.40 7.17 54.16 1.86
55 R AL 3.51 31.18 30.16 17.30 48.09 11.20 23.63 70.13 40.40
S Y NIEN 7.57 48.20 9.30 4.82 5.24 60.63 29.72 119.70 7.74
R/ME 6.88 21.55 5.29 3.36 126 3436 16.52 13.02 3.11
(nigo) FEE 723 29.60 7.10 3.99 2.01 42.98 21.73 59.98 4.37
PR 0.14 7.49 1.53 0.54 0.92 5.38 4.51 41.55 1.04
5 Z AL 1.95 25.32 21.54 13.43 45.68 12.53 20.77 69.28 23.75
STYNIEN 7.60 50.54 9.54 437 6.03 64.67 30.32 115.02 8.77
R/ME 6.82 19.55 4.74 2.81 116  36.38 16.77 5.72 3.10
(ni (3) 0 FEIE 7.23 25.58 6.14 3.25 208 4453 20.69 41.80 4.14
PR 0.22 6.91 1.22 0.41 1.08 6.24 3.24 31.25 1.43
5 FRAL 3.10 26.99 19.89 12.70 51.97 14.02 15.67 74.76 34.54
STYNIEN 7.50 47.84 10.43 3.72 7.26 52.55 33.96 125.59 9.41
R/ME 6.85 19.24 5.16 2.28 1.38 32.34 16.60 3.52 3.60
(nig 0 F-H{H 7.16 24.84 6.67 274 223 42.84 20.78 39.90 4.63
PR 0.18 6.28 127 0.36 1.20 6.59 3.87 32.11 1.48
5 FR AL 2.45 25.29 19.10 12.97 53.78 15.39 18.64 80.48 32.06
SN 7.45 43.18 11.03 2.62 587 4850  32.28 109.33 9.60
R/ME 6.89 17.63 5.56 1.63 139 2829 18.60 3.30 3.60
(nlg 0 F-H{H 7.21 22.93 7.11 1.92 2.19 38.74 21.66 40.08 4.92
PR 0.15 543 127 0.22 0.95 7.60 3.10 29.48 1.42
5 R AL 2.02 23.68 17.87 11.46 43.28 19.62 14.32 73.56 28.88
RKRME 7.38 30.82 8.25 1.08 338  44.46 18.78 62.97 8.53
80 H/IMA 6.74 17.10 6.04 0.75 1.60 2829 14.33 16.36 4.88
(n=30) F-H{H 7.08 2131 7.39 0.89 2.02 35.30 15.41 45.09 5.81
PR 0.19 2.89 0.66 0.07 0.38 4.49 1.08 1533 0.87
5 S R AL 2.64 13.54 8.90 8.33 18.84 12.73 7.01 33.99 15.03
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Fig. 1 Leaching dynamic change of Ca™ and Mg™*
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SO NI BB T FEAC IR R 52, Bl 45 IRV I Ak 22 00 4T, Kot
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Table 3 Contents of Ca’ and Mg”" in soil with different thicknesses and the amount that can be involved in leaching

A KR /em
10 20 30 40 50 60 70 80
LK MECa™ /mg 21.48 39.78 28.03 35.61 34.04 12.84 48.12 32.04
BRUK#HECa /mg 21.48 61.26 89.29 124.90 158.94 171.78 219.90 251.94
IKIEHECa 1] S 5ikiER/L 1.07 3.06 4.46 6.24 7.95 8.59 11.00 12.60
KM /mg 13.00 13.23 14.91 20.97 22.59 19.43 24.06 24.05
BRUKIE MM /mg 13.00 26.22 41.13 62.10 84.70 104.13 128.19 152.24
KM il 2 5k /L 217 437 6.86 10.35 14.12 17.36 21.37 25.37
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Fig.3 The equivalent relation between [Ca”+Mg’] and HCO3

in the leaching solution
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52
[Ca2+ + Mg2+]w§zﬂﬁ}{+ﬁ1§é - [HCO;]W” (A1)

3 H A 1 Ca™' | Mg” S W
|ca™ + Mg2+]M = [Ca’" + Mg™| 5+ HCO Ty
(A 2)
FH %7K pH (B TH53 AT 4098k 0 W g H A8 bk 2k
f) Ca’", Mg™ 24 e i hy.
[Ca2+ + Mg“]

KT

_=3.16%x107meq-L™"
PR PR H+ 22

RAEA (1), (2) Fe3E 1, % 3 Bodioa 4 ik
BRI PEFIAZ b Ca™ Mg™ B Xtk 4k L, i
LRI 4,

% 4 8] H1, 10~30 cm + 4 + KB P Ca™,
Mg 2k e 2 KT 100%, 138 B ik i of Ca™ . Mg
AKENE Ca¥' Mg™ . R H' 28 Heifk 2k Ca™' Mg™ 2
AN HAd SR IR, A1 10~30 em 4 FE K P HCO;
i 349 B IH I S L R R 0, 15 BH R IR R H R
CO, I fff B = A 1) Hnl B 5 b iR Eh 0™ ) )2
A BHCO;S, [Ai P2 A 2 45 4 ) Ca™ | Mg” (I



802

AR

2022 4

®4 AEEELERMA Ca®” Mg*FERMKLL

Table 4 Accumulative content of Ca** and Mg”" in soil with different thicknesses and its leaching-loss ratio

K E fem
10 20 30 40 50 60 70 80
SR HUK T Ca’ /meq 1.07 3.06 4.46 6.24 7.95 8.59 11.00 12.60
BRI Mg /meq 1.08 2.19 3.43 5.18 7.06 8.68 10.68 12.69
EREHOKEECa® + Mg  /meq 2.16 5.25 7.89 11.42 15.00 17.27 21.68 25.28
kB B Ca® + Mg’ /meq 6.95 8.23 8.65 6.81 5.25 5.43 5.47 5.46
K PECa™ + Mgk 2k He/% 321.76 156.76 109.63 59.63 35.00 31.44 25.23 21.60
SR A Ca’ /mg 11056 17448 22698 28709 38511 46466 54622 63091
SR B e Ca® /meq 553 872 1135 1435 1926 2323 2731 3155
SR s Mg /mg 2151 3702 4977 6623 8829 11315 13957 16738
SR EMe’ /meq 179 308 415 552 736 943 1163 1395
FER AR Ca” Mg /meq 732 1180 1550 1987 2662 3266 3894 4550
W H RS ECa” + Mg’ /meq 436 2.80 3.44 3.75 3.88 3.74 3.40 3.11
HPECT +M RSk H/% 0.60 0.24 0.22 0.19 0.15 0.11 0.09 0.07

X 2). FZ T IEEETR AP BREE M ] RE S e T
AP RIE TR T HORRER I 0998 0 = L3 b A4
BB TS, B H A RS T g H O sS B ER
S P, B HE AT BB AR T SRR Eh v )
Az — S BTN o I VRO B R I HSS 4 Y
Ca™', Mg ™ X i R/ — 3B 4, £ HE K%M Ca™,
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Table 5 Capacity of buffer acid rain(pH=4.5) in different thicknesses of lime

£ K LB /em

10 20 40 50 60 70 80
A Wtk Ca® + Mg /meq 732 1180 1550 1987 2 662 3266 3 894 4550
BT B ECa™ +M g™ /meq 436 2.80 3.44 3.75 3.88 3.74 3.40 3.11
Hieps/mm(pH=4.5) 27269 68449 73184 86061 111 434 141 836 186019 237625
TSRS it/ g 10.20 21.55 25.01 28.93 34.60 43.79 55.70 63.84
O AT/ 0.09 0.06 0.07 0.08 0.08 0.07 0.07 0.06
Hy4y/mm(pH=4.5) 18408 58336 58030 58735 70 247 101 606 129 240 172 815
Hoepr/ Hysse 1.48 1.17 1.26 1.47 1.59 1.40 1.44 1.38
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Table 6 The carbon sink flux of lime soil with different thicknesses caused by acid rain deposition
£ IR+ JEFE fem

10 20 30 40 50 60 70 80
Wi b,/mmol 4.20 2.64 3.28 3.59 3.72 3.58 3.24 2.95
R b/mmol 2.02 1.24 1.56 1.72 1.78 1.71 1.54 1.40
Wt b /BRI St b, 2.08 2.13 2.10 2.09 2.09 2.09 2.10 2.11
BRIC 4 Cy/mol-m *ry ! 0.93 0.59 0.73 0.80 0.83 0.79 0.72 0.65
BRI Cr/mol m *y 0.45 0.28 0.35 0.38 0.39 0.38 0.34 0.31
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Simulation of buffering process and carbon sink effect of
lime soil on sulfuric acid rain

ZHAO Guangshuai'***, HUANG Qibo™**, ZHU Yinian', LI Tengfang™**, PU Zhenggong™**
(1. College of Environmental Science and Engineering, Guilin University of Technology, Guilin, Guangxi 541004, China; 2. Institute of Karst Geology,
CAGS / Key Laboratory of Karst Dynamics, MNR & GZAR, Guilin, Guangxi 541004,China; 3. International Research Centre on Karst under the Auspices
of UNESCO/National Center for International Research on Karst Dynamic System and Global Change, Guilin, Guangxi 541004,China;

4. Guangxi Karst Resources and Environment Research Center of Engineering Technology, Guilin, 541004, Guangxi, China )

Abstract After sulfuric acid rain settles to the surface and is buffered by lime soil, its participation in carbonate rock
erosion and its impact on karst carbon sink are still unclear, which seriously restricts the accurate assessment of karst
carbon sink effect in China. In order to clarify the buffering process and key control factors of lime soil to sulfuric acid
rain, we conducted leaching experiments of sulfuric acid rain with pH=4.5 under different soil thicknesses. Results
show that contents of Ca®’, Mg”" and HCO; in leaching solution decrease rapidly at the initial stage of leaching. When
the leaching amount (after soil water reaches saturation) reaches 1,020 mL, the leaching loss of Ca™", Mg”" and HCO;
tends to be stable, and stable leaching amounts are 20 mg-L ™', 6 mg-L "' and 40 mg-L ' respectively. The same ion in
leaching solution of different thicknesses of soil columns shows the same trend, which indicates that the lime soil
buffering of acid rain may mainly occur in the 10 cm (surface) soil layer. Ca’* and Mg”" exchanged by acid rain H' in

leaching solution only accounts for a small part, and the soil water-soluble Ca>* and Mg’ is the main part of Ca>" and
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Mg”" in leaching solution. In an open system, atmospheric and soil CO, dissolves in rainfall to form H,CO,, which not
only increases carbon sink, but also exchanges Ca’" and Mg”" in soil with H+ generated by the dissociation of H,CO;.
The leaching amount of Ca’" and Mg’ as a result cannot be ignored. The special physical structure of topsoil may
produce preferential flow, which will significantly reduce the exchangeable point of H' in leachate, causing dissolution
of carbonate minerals to assist the buffering of H' in leachate. The karst area is the main place for carbon loss in
terrestrial ecosystems, and the most intense carbon leaching occurs in surface soil. Exchangeable calcium,
exchangeable magnesium and carbonate minerals in lime soil are principal reactants for buffering acid rain. The
buffering capacity of exchangeable calcium and magnesium in lime soil with different thicknesses is greater than that
of soil calcium carbonate minerals, and the former is 1.17-1.59 times as large as that of the latter. Under the same
acidity and the same rainfall (after the soil water reaches saturation), the carbon sink generated by soil base ions
participating in acid rain buffering is about 2.1 times as large as that generated by weathering buffering of carbonate
minerals. Under the same rainfall conditions, the existence of lime soil can significantly increase carbon sink, and the
carbon sink generated by lime soil with different thicknesses (=10 cm) is roughly equal. According to this experiment
and the rainfall data of Guilin, in the weathered residual soil area of pure limestone in Guilin (soil thickness greater
than 10 cm), the participation of soil base ions in acid rain buffering can produce 0.59-0.93 mol-m ~ carbon sink flux

per year.

Key words lime soil, sulfuric acid rain, base ions, buffer mechanism, carbon sink flux
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is lithology. The karst development intensity of each layer in the valley is ranked as thick-layer limestone (CPm, P,m,
P,q, Pyw)>dolomite (C,d)>red-bed gray conglomerate (K,s )>thin-layer limestone (T,d *). However, influenced by
geomorphology and hydrodynamic conditions, the karst development of dolomite (C,d ) in tectonically dissolved peak
ridge depression is more intense than that in valley.

(3) From high to low, there are three most developed segments of dissolution in the study area, with elevations of
500-600 m, 210-270 m and 190-210 m respectively. These three segments are respectively controlled by base level of
historical erosion, base level of partial erosion in Luyang-Huaihua-Zhongfang valley and base level of partial erosion
of Wushui river. Among them, the main karst forms in the segments at the depth of 210-270 m and of 190-210 m are
karst springs, underground rivers, dissolved pores, solution cracks and caves under the overburden of valley.

(4) The karst development is more intense in areas with strong alternating groundwater circulation, such as the
banks of Wushui river, the fault zone, the contact zone between soluble and non-soluble rocks, and the piedmont
alluvial area. The karst area is mainly distributed in Luyang-Chengdong new area and Baisha-Caimenxi area in the
southeast of Luyang valley. If engineering activities such as groundwater exploitation, drainage of foundation pit, pile
foundation construction, tunnel construction, etc. are planned to carry out in these areas, special risk assessment of
geological disasters caused by karst collapse in construction site is needed.

Key words Huaihua basin, karst collapse, karst development, ratio of cavern in drilling hole, hydrodynamic

condition

(¥ RRE)



	0 引　言
	1 材料与方法
	1.1 供试材料
	1.2 实验设计

	2 结果与分析
	2.1 模拟酸雨淋溶下Ca2+、Mg2+淋溶动态变化
	2.2 模拟酸雨淋溶下${\rm{HCO}}_3^{-}$、${\rm{SO}}_4^{2-}$淋溶动态变化

	3 讨　论
	3.1 淋出液[Ca2++Mg2+]与[${\rm{HCO}}_3^{-}$]来源
	3.2 石灰土对酸雨缓冲容量的预算
	3.3 石灰土缓冲下酸雨沉降产生的碳汇量计算

	4 结　论
	参考文献

