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Fig. 1 Distribution map of monitoring sites of water quality
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Fig. 2 Piper trilinear diagram of Yunnan Province in 2016 and 2021
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concentration in Hole 101 of Chuxiong

SCPRE/ WU M2 CPES BOrR
mg-L" mg-L % R2%/% W2

7974032  7.836001  —6.90

7.898 648  7.856258  —2.12

7599509  7.661 768 3.11

7.02946  7.195 764 8.32

6.2323 6439032 1034

527958  5.494991 10.77

4242854 4494204 1257

3.193681 3.529283  16.78

2203616 2.663838  23.01 733 016

1344214 1882355 2691

0.687033  1.181627  24.73

0303629 0635833  16.61

0.265557  0.334 812 3.46

0.644374 0377119 —13.36

1511637  0.890394 —31.06

1.75 2030851  14.04

SEBRE T (i fm2s/  PRHE BTR
mg-L" mg-L" % TR /% W2

0.239386  0.239 68 0.12

0.219 571 0.223 052 1.59

0.197 511 0.203 475 3.02

0.177 614 0.185 628 4.51

0.164 399  0.173 083 5.28

0.162 388 0.167 336 3.05

0.176 101 0.175076  —0.58 1.84 0.05

0.210 056 0.200816  —4.40

0.268 775 0.251 975 -6.25

0.356 778 0.342704 —-3.94

0.478 584  0.487 297 1.82

0.638 714 0.697 465 9.20

0.841 688 0.930 564 10.56

S T PN TR R S VR B, AR TR 25 R, N — 1
il 2 AR 25 T~ A W ol 2,309 mg- L™, mi & 7 AT,
152 S LA R AR 5 Vi i i 100 M) S e s e e, (L
I HCRAERRL, TR

(2) 260 101 5L REBRUK, 43 F A H F 25
Pl F 22—, WOk AR B 7 AR, LR AR
J7 B 4B HfE 101 5L 2008 4F 4 A —2021 4F 9 A )
i B B AT BUE R, 5 R 8, SR E 4y L
w2 (MRE) 20 1.84%, ¥4 J5 #l 1% 22 (RMSE) 4 0.05
(3% 3), BERVTIIRG B2 s o SO0l AT LA i 1

PR 5 1 IO e B, MRS &5 %, F— 4~ A B
W R 1.096 mg - L. HE 8 0%, 101 5L T
WREE SRR g, EoKG ARSI

(3) B M 5 1 [ RE Ry 28 Ik 101 5 LAY T 895
PRl $% B8 ER D7 2 HE 101 5L 2008 4= 4 H —
2021 4F 9 JI (4 M B8 B0 A T R AL, B4R 45
RUNE 9, - H 4 iR 2 (MRE) i 0.35%, 375 AR
B2 (RMSE) 77 0.01(55 4), BRI kS B 2 . i
AL, AT DL FII0 J 0 N AR T A e AR A, AR
2SS, N — " H #AR B T E R 1.635 mgL ',
M &9 WAL 101 SALER B 7P IR 2 T %, 7
AT — 9 A 1 PR R R 3% T T, T 3 9 A 2
B



At A4l O ZMA RN T KK B S AR A 549

2.5, -
— PP T

L 2.0

en

£

w15

8

M- 1.0+

i

mX

§(m-

0% . . . .
2020/9/1  2020/12/1 2021/3/1  2021/6/1  2021/9/1

9 Fif 101 STLERBFRETNGEREX T
Fig. 9 Correlation analysis of prediction results of ammonium

ion concentration in Hole 101 of Chuxiong

F4 EiE101 SILRIRBFREBNERRESTE
Table 4 Error analysis of prediction results of ammonium ion

concentration in Hole 101 of Chuxiong
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Trend analysis of groundwater quality in major basins of Yunnan Province

GAO Yu', ZHANG Hua', KANG Xiaoli', ZHOU Junrong', WU Hongmei', LIU Haifeng', YE Xian’
(1. Key Laboratory of Geohazard Forecast and Geoecological Restoration in Plateau Mountainous Area Plateau mountains, MNR/Yunnan Institute of
Geo-Environment Monitoring, Kunming, Yunnan 650216, China; 2. Yunnan Key Laboratory of Digital Communications,

Yunnan Communications Planning and Design Institute, Kunming, Yunnan 650041, China )

Abstract  The plateau intermountain basin in Yunnan Province is an important water source gathering area, a
population gathering and economic activity center, as well as an environmental hydrogeological unit with index
significance of the impact and change of water environment. This article reviews the general monitoring situation of
groundwater quality in the main intermountain basins of Yunnan Province. Among nearly 50 basins with an area of
more than 100 square kilometers each, 7 have been laid out groundwater monitoring sites, respectively in Kunming,
Yuxi, Dali, Chuxiong, Qujing, Jinghong and Kaiyuan. On the basis of dynamic monitoring data for groundwater
quality in these basins from 2016 to 2021, the quality of pore water, fissure water and karst water is evaluated. Besides,
the groundwater chemical characteristics are analyzed and the change trend of water quality in Yunnan are predicted
with data statistics, Piper trilinear diagrams and time series analyses of wavelet neural network. The simulation results
of wavelet neural network show that nitrate ion concentration in Hole 152 of Kunming basin increased in a short term,
but then slowed down and leveled off. The concentration of manganese ion in Hole 101 of Chuxiong showed an

increasing trend, while the concentration of ammonium ion showed a gradual but continual increase in the recent 1 or 2
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years after an initial decrease reached the bottom. The high fitting accuracy of wavelet neural network and the average
percentage error (less than 10%) demonstrated a satisfactory prediction, which may provide reference for groundwater
treatment, protection and prediction, and the building of an early warning platform.

It is found that the chemical types of groundwater are complex and diverse, mainly HCO;-Ca-Mg and HCO;-Ca.
The content of ammonia nitrogen, manganese, fluoride and nitrate ion exceeds permitted levels, which may mainly
indicate the exceedance of an acceptable level of groundwater quality. Over the past six years, the rates of exceeding
permitted levels of pore water quality remained stable at about 70%. The components exceeding permitted levels were
mainly pH value, total hardness, iodine ion, nitrate, ammonia nitrogen, etc. As for fissure water quality, its rates of
exceeding permitted levels were basically unchanged, but the proportion of Class V water was on the rise, mainly in
Kunming, Chuxiong and Yuxi. During 2017 and 2019, the rates of exceeding permitted levels were relatively low, but
the fissure water quality was deteriorating. The components exceeding permitted levels were mainly manganese ions,
pH values, fluorides, etc. The rates of exceeding permitted levels in terms of karst water quality gradually decreased,
and in dry season the rate for Class Il and Class III water decreased from 23.91% to 15.22%. Components were mainly
manganese ions, arsenic ions, ammonia nitrogen, etc. Different indicators show different pollution causes. Pore water
may be polluted with infiltration and recharge brought by atmospheric precipitation in pore aquifer. It may also be
polluted when laterally recharged by surface water and by agricultural irrigation. Consequently, the deterioration of
pore water is closely connected with the discharge of urban domestic sewage, industrial “three wastes” emissions, the
use of chemical fertilizer and pesticide, agricultural irrigation and others. Compared with pore water, fissure water was
less affected by pollution. Its pollution was mainly caused by the high background values of red beds and metamorphic
rocks. Karst water may pollute karst aquifers through low-lying karst fissures, sinkholes and groundwater drainage.
According to the statistical results, the water quality in the main basins of Yunnan Plateau shows a stable trend on the
whole, which can provide a scientific basis for local economic and social development, territorial space planning, and

rational exploitation and effective protection of groundwater resources.

Key words water environment, groundwater quality, groundwater monitoring, pollution index, plateau basin
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