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1
Table 1 Water quality parameters of lake water river water and ground water in Lake Caohai
t/°C 18.1~21.9 20.5 20.0~22.5 21.4
pH 7.6~9.2 8.4 8.1~10.3 9.2
DO/( mg/L) 2.9~15.3 7.8 11.0~17.7 13.3
EC/( mS/cm) 0.3~0.4 0.4 0.2~0.5 0.3
TDS/( mg/L) 113.9~290. 8 203.2 116.1~248.5 172.6
t/C 17.4~21.7 20.2 18.9~22.0 20.5
pH 7.9~8.7 8.1 7.9~8.7 8.2
DO/( mg/L) 2.9~10.3 5.7 5.1~5.8 5.4
EC/( mS/cm) 0.2~0.7 0.5 0.2~0.7 0.5
TDS/( mg/L) 153.9~490. 3 316.6 158.6~505.8 323.6
t/°C 15.1~15.7 15.5 14.5~16.7 15.3
pH 7.3~8.3 7.9 7.9~8.1 8.0
DO/( mg/L) 3.0~5.8 4.0 1.4~4.5 2.5
EC/( mS/cm) 0.6~1.0 0.8 0.3~1.2 0.8
TDS/( mg/L) 394.8~749.0 550.9 227.3~850.4 522.2
( TDS)
> > 55% 42%. Ca™
o EC 0.2~0.5 mS/cm (0.4 32.4 mg/L 24.4 mg/L
mS/cm) (0.3 mS/em) o TDS 45% 42% N
203.2 mg/L. 172.6 mg/L HCO; . Ca™* .
(320.1 mg/L) (536.6 mg/L) . 51% 68%. NO;
EC.TDS < < 22.9 mg/L cl (11.1 mg/L)
o HCO; >S07 >NO; >Cl ™.
pH 7.6~10.3 ( ( R6) NO; ( 0.2 mg/L)
8.4) ( 9.2) o ( 0.4 mg/L) (
pH 8.2 7.9 o 0.4 mg/L) . (TZ"
I-~N “ =Cl"+ 2807 + NO; + HCO;)
o pH 9.0 (TZ" =K'+ Na"+ 2Ca* + 2Mg™) (r=0.91
pH 10. 0( p<0.01) NICB (TZ*Z7) /
10.3) . pH TZ* -9.4%
( ) o
co, (1) .(2) 2.2
2HCO; = COY + H,0 + CO, (1) Piper S0% -
HCO; <= CO,+ OH" (2) HCO; HCO; Ca™ -
COT\OH™  pH L Mg Ca’* (K" +Na") (
DO ( 9.0 3)
mg/L) HCO; . Cl".K*.Na*
o pH
o . SOY.NO;
HCO; >80 >Cl” >
NO;  Ca™ >Mg” >Na'>K" ( 2o SO; . NO;
HCO,
116.5 mg/L.  61.0 mg/L 7,
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2
Table 2 Correlation coefficient of major ions in Lake Caohai
cl S07” NO; HCO; K* Na* Ca2* Mg?* Si0,
- 1
S0% -0.25 1
NO3 -0.61™ 0.45™ 1
HCO; -0. 14 0.63™ 0.28 1
K* 0.76™* -0.28" -0.51™ 0.01 1
Na* 0. 84 -0. 06 -0.56™ 0.13 0.74™* 1
Ca®* -0.24 0. 82 0. 48 0.75™ -0.17 -0.02 1
Mg?* 0.38™ 0. 66 -0.12 0. 62 0.41™ 0.60™ 0.53* 1
Si0, -0.38* 0.64™ 0.54* 0. 69™ -0.45™ -0. 14 0.69™ 0.30" 1
DE 0,05 ( ) sk 0.01 ( )
NO; (r=0.45 p<0.01) ( ) » Pearson
( ) SO7 (75.6 mg/L) K" Na'.Cl NO;
(63.8 mg/L) SOy
NO; 37-38 cl ( ) R
» Si/( K*+Na"-Cl")
( ) NO; NO; /CI7
cr- NO; /CI Si/( K"+Na"-Cl")
" . (0.2~0.5) ; Si/( K"+Na' -
NO; /Cl B
Cl") ( 1.3)
. Ccl ©
J/CI7 1
NO/Cl (- 5d) Si0, 2.8 mg/L
’ Si/( K'+Na*-Cl") 0.01~3.7 0.4
o NO;
- ; o ( 5.0 mg/L)
NO; /¢l ‘ ( 8.7 mg/L) Si0, Si/( K"+
Na'-Cl") 0.9 1.7
NO; o 2.4
K"\Na" ( )
K".Na* CI e B
(K++ Na+) / (PCA)
cl 1 ( 4 3)
1. (K'+ Na') /CI”
(y=x) (K'+ Na’) ( Se) 3
2 ( 3), KMO
o (K"+ Na") / 0.59 0.6l 0. 5; Bartlett
Cl 1.0 o Gibbs 0.01, ( )
Gibbs 0.6 1
2, 80%
Cl” ( 17.8 mg/L) o
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3

Table 3 The principle component analysis of hydrochemistry in Lake Caohai

1 2 3 1 2
Cl~ 0.79 0.43 -0.30 0.90 0.02 0.96 0.93
S()i' 0.11 0.09 0.96 0.94 0.90 -0.09 0. 81
NOj3 -0.94 -0. 004 -0.08 0. 88 0.18 -0. 68 0.62
HCO3 0.22 0.95 -0.01 0.95 0. 89 0.04 0.79
K* 0.43 0. 80 -0.35 0.94 -0.07 0.95 0.91
Na* 0. 86 0.26 0.11 0.81 0.20 0.96 0.96
Ca® -0.12 0. 86 0.45 0.95 0.85 -0.01 0.73
Mg2+ 0.67 0. 67 0.25 0.95 0.84 0.44 0.90
Si0, -0.59 -0.02 0.48 0. 68 0.75 -0.32 0. 66
3.29 2.97 1.64 - 3.66 3.52 .
/% 37 33 18 - 41 39 -
/% 37 70 88 - 41 80 -
. 2 ClI'.K'.Na' 2) HCO,Ca  HCO,-
SO,-Ca-Mg . HCO;.Ca™
. . 48% 44%.
— 3)
3 33%
18% .
1) pH 8.0 37%. HCO;.Ca’ . Mg™
o pH ( 9.0) cK* Na".Cl”
; SO ; NO;
° ( ) o
1 J . 2019 40(7): 3089-3098.
2 J . 2016 35(9): 1865-1875.
3 Markich S J Brown P L. Relative importance of natural and anthropogenic influences on the fresh surface water chemistry of the Hawkesbury—
Nepean River south-eastern Australia J . Science of the Total Environment 1998 217( 3) : 201-230.
4 J. 2013 32(6): 980-986.
5 J. 2011 30(9): 1620-1626.
6 TuoLC QinBQ SongYZ etal. Seasonal and regional variations in precipitation chemistry in the Lake Taihu Basin China J . Atmospheric
Environment 2007 41( 12) : 2674-2679.
7 D . : 2015.
8 J. 2010 8(2): 169-175.
9 3 J. 2015 24(7): 1202-1208.
10 J . 2018 30(3): 680-692.
11 — . . 2019 40(5): 737-746.
12 . 2013 34(3): 874-881.
13 . Cui B 1, Li X ¥, Wei X H. Isotope and hydrochemistry reveal evolutionary processes of lake water in Qinghai Lake J, . Journal of Asian, Earth

Sciences 2016 42(3) : 580-587.
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Hydrochemical Characteristics and Major Ion Sources of Lake Caohai

in Guizhou Province

YU Wei' > YANG Haiquan' GUO Jianyang' TANG Xuyin'’
ZHANG Zheng' * YANG Yonggiong’

( 1. Institute of Geochemistry Chinese Academy of Sciences State Key Laboratory of Environmental Geochemistry
Guiyang 550081 China; 2. Guizhou Normal University School of Geography and Environmental Science Guiyang
550025 China; 3. University of Chinese Academy of Sciences Beijing 100049 China; 4. Xi“an University of
Science and Technology School of Surveying and Mapping Science and Technology Xi‘an 710054 China)

Abstract: In order to clarify the temporal and spatial variation in the hydrochemistry of Lake Caohai and to reveal the influence of wa—
terwock interactions and the impact of human activities on the hydrochemistry different water bodies including Lake Caohai rivers
and ground water were systematically sampled during the dry and wet seasons and were subjected to the analysis of the controlling
hydrochemical factors and main ion sources by methods such as Piper and Gibbs. The results indicate the hydrochemical types of Lake
Caohai are mainly HCO,-Ca and HCO,-80,-Ca-Mg and HCO; and Ca® which account for 48% and 44% of total anion and total cat—
ion respectively are the dominant ions. The water of Lake Caohai has obvious characteristics of river and groundwater input. The
hydrochemical process of Lake Caohai is mainly affected by the weathering of carbonate rocks such as calcite and dolomite and so on
and the human activities. It s also affected by the dissolution of evaporate and sulfate minerals ( gypsum and anhydrite) . Overall
HCO; Ca™ Mg’ in lake water of Caohai are mainly from the weathering of carbonate rocks such as calcite and dolomite; SO3 is
mainly derived from the dissolution of sulfate rocks; and K* Na® CI~ NOj are mainly affected by the urban sewage and agricultural
effluent. According to the principal component analysis carbonate-sulfate and silicate rocks contribute about 51% to the hydrochemistry
of Lake Caohai while urban sewage evaporation and biological effects contribute another 37%.

Key words: hydrochemistry; ion sources; rock weathering; human activity; Lake Caohai



