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Fig.1 Location of sampling site in Houzhai, Puding County, Guizhou
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Fig.3 Variations of concentrations of major ions and parameters of water quality during the sampling period
1 Na*
Table 1 Characteristics of chemical components in [20]
o
rainwater in the karstic agricultural area
Ca s Ca™
/%
EC/(pS/cm) 41.0 181.0 4.5 o
F~/( wmol/L) 4.2 24. 4 0.3 2.5 , Cat
CI™/( pumol/L) 6.9 29.8 0.6 4.2 NH*
o 4 ’
NO3/ (wmol/L) 45.5 240. 8 0.7 29.2
> NH, o
SO5/(wmol/L) 101. 0 542.5 6.4 64.0
Na*/(pmol/L)  23.5 127.4 0.3 10.9 1987
K*/(pmol/L) 7.6 32.5 0.3 3.6 4x10° kgN/km” 2012 9.5x10° kgN/
Mg**/ ( wmol/L) 11.5 67.0 0.5 5.5 km?2[%") N i
Ca®*/( umol/L) 85.7 497.4 5.2 41.6 NH
NHI/(pmol/L)  80.6 415. 1 9.5 38.3 ¢ ’
2.1.2
) ;
b
, ClI” Na'
ClI~ Na' cl 28]
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Table 2 The comparison of major ion concentrations in rainfall between the study area and other regions
( ) [21] [20] [23] [24] [25] [26] [22]
pH 5.8 5.4 4.2 5.5 4.1 4.5
F~/( pmol/L) 4.2 14.6 6.2
CI”/(pmol/L) 6.9 54.5 20.7 5.2 16 13.2 58.3 214. 4
NO3/ ( pmol/L) 45.5 69.9 7.3 3.1 31.7 24 49.8 8.9
SO%‘/( wmol/L) 101 140. 6 132.8 20.3 53.5 83.9 99.8 19
K*/( pmol/L) 7.6 20.3 9.6 3.6 8.2 4.8 50. 1 5.8
Na*/( wmol/L) 23.5 21. 4 13.9 2.4 16.3 4.3 14.9 209.7
Mgz*/(pmol/L) 11.5 8.5 5.3 1.6 28.5 5.4 14. 8 22.8
Ca®*/( umol/L) 80.7 151.6 91.5 10. 6 216. 1 55.6 102 64.4
NH}/ ( pmol/L) 80.6 30.8 112. 8 30.3 23.2 71.9 80.9 8.7
. 3 (2] (EF )
(r)e SO;  NH; (EF )
(r=0.75) EF =[X/Na"] /[X/Na"] (1)
2+ 2+
o Ga™ Mg EF  =[X/Ca] /[X/Ca™] (2)
, (r=0.81), X . X/Na' )
+
o K . X/Ca®
(2] 34
, y [34] . EF 1,
K* ( 3), Na'
K" Mg™ Ca™ Na* .
& ’ .4 ,CI” EF
. ’ ¢ 0.25, (EF =1.48),
NH4 ’ Ay -
. Cl o
NH,, NH,
9
SO* NO; _
¢ } , Na* (r=
0.75 0.79, pH s ” -
. 0.38) o S0 NO; EF 1,
NH; o *
2, —
SOy, NO;
b
2 2
o K" .Ca™ Mg™
’
b o
K ,
30 + . 2+
[30] ,Na* K ;Ca N
[31] , Ca2+ o
3 r
Table 3 Correlation coefficients () of concentrations of ions in rainwater samples
F- - NO3 S03 K* Na* Mg Ca® NH;
F- 1
Cl™ 0.60™ 1
NO3 0.62* 0.79* 1
S0 0.75* 0.79* 0.74" 1
K* 0.52™ 0.81" 0.73™ 0.73™ 1
Na* 0.31™ 0.38" 0.30™ 0.31™ 0.31™ 1
Mg 0.60 ™ 0.85™ 0.77 " 0.79™ 0.84™ 0.36™ 1
Ca® 0.59 ™ 0.80* 0.72* 0.80™ 0.79 ™ 0.37™ 0.81™ 1
NH} 0.77* 0.78* 0.79 ™ 0.75™ 0. 68" 0.22" 0.75™ 0.65™ 1
L <0.01; = < 0.05,
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Table 4 Enrichment factors of major ions in rainwater relative to in soil and seawater
Cl™/Na* NO;/Na* SO; /Na* K*/Na* Mg?*/Na* Ca*/Na*
[33] 1.16 0. 000 02 0.12 0.022 0.23 0.04
0.29 1.94 8. 60 0.32 0.98 7.30
EF 0.25 96 820. 72 71.06 14.87 4.31 166. 17
Cl/Ca® NO3/Ca® S0;/Ca* Na*/Ca® K*/Ca® Mg /Ca®*
[34] 0.003 0. 002 0. 002 0.03 0.25 0.26
0. 04 0.27 1.18 0. 14 0. 04 0.13
EF 12.97 126. 40 620. 34 5.48 0. 18 0.51
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Fig.4 Variations of 8*S-SO%", SO, and sulfate concentrations as well as precipitation
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Aquatic Chemistry and Sulfur Isotope Composition of Precipitation in a
Karstic Agricultural Area, Southwest China

YAN Zelong', HAN Xiaokun', YUE Fujun'*?*, ZHONG Jun',
WANG Zhongjun®?, ZENG Jie*, LI Siliang'

(1. Institute of Surface—Earth System Science, Tianjin University, Tianjin 300072, China; 2. Institute of Geochemistry,
Chinese Academy of Sciences, Guiyang Guizhou 550081, China; 3. Puding Karst Ecosystem Observation and
Research Station, Chinese Academy of Sciences, Puding Guizhou 562100, China)

Abstract: The acid rain is common in southwest China. Samples of rainwater were collected in the Puding Karst Ecosystem Observation
and Research Station, Chinese Academy of Sciences, during the period of from May 2016 to September 2017 and their chemistry and
sulfur isotope compositions were measured in order to understanding the variation tendency and formation mechanism of acid rain in the
karst agricultural area of southwest China. The results showed that 71. 0% of precipitations in the study area were not acid rain ( pH>
5.6), SO,” and Ca™ were predominant ions in rainwater, accounting for 78. 1% of total anion and 56. 6% of total cation contents, re-
spectively. The weighted mean sulfate concentration (98.9 wmol/L) of rainwater samples was significantly lower compared with that
(140. 6 pmol/L) in the year 2008. The sulfur isotopic compositions of sulfate in precipitations ranged from —6. 5%o to 21. 2%o and the
weighted mean was 1. 3%0+6. 2%o and larger than that in Guiyang during years 20082009 ( —2. 8%ox 1. 4%0) . It may indicate that the
contribution of coal combustion to sulfate in rainwater has decreased. Sulfur isotopes and chemical compositions of rainwater varied with
the amount precipitation, when the amount of precipitation decreased, the contribution of coal combustion to rainwater sulfate in-
creased, the sulfate concentration increased and the 8** S-S0 value increased. The amount of atmospheric sulfate deposition in the
karstic agricultural area, which controlled by coal burning and biogenic sulfur emissions, changed seasonally and fell in the S deposi-
tion range of from cities and forests. This study showed that upgrading of industrial structure and reduction of industrial coal burning can
improve the air quality in Southwest China.

Key words: karstic area; agricultural area; precipitation; water chemistry; sulfur isotopes



