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Abstract: In order to effectively prevent the shallow groundwater pollution under complex geological conditions in mountain city
Chongging, and to clarify the environmental impact of regional shallow groundwater pollution, based on 82 shallow groundwater samples
and 15 key groundwater quality indicators, this study used absolute principal component score-multiple linear regression model
(APCS-MLR) to quantify the source contribution rate of each pollution factor. Based on the theory of groundwater vulnerability, the key
environmental factors of groundwater pollution in non-karst/karst areas were identified by geographical detectors. The results showed that .
(1) Human activities significantly influenced the shallow groundwater quality in Chongqing, and the exceed rate of E. coli group, Fe, Mn
reached 50%. (2) The pollution factors of shallow groundwater included leaching enrichment-urban living pollution with contribution of
42% , geological environment 17.83%, industrial pollution 13.74%, agriculture pollution 6.78% and the cumulative variance
contribution of 80.34%. (3) The spatial distribution of shallow groundwater pollution intensity from large to small was in order of the
western cities, the middle, the southeast, the northeast. (4) The land use, slope, soil texture were key influencing factors of the shallow
groundwater pollution in karst/non-karst region in Chongqing. Land use and rainfall intensity, land use types and rock hydraulic
conductivity coefficient, soil and slope enhanced their influence on the shallow groundwater pollution. The combination of pollution source
strength and path factors can better explain the difference of groundwater pollution. Geographical detector provides an effective exploration

method for identifying factors of groundwater pollution.
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Fig.1 Sampling points and groundwater type in Chongqing
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Table 1 Classification standard of groundwater pollution influence factors in karst area
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Table 2 Classification standard of pollution influence factors of groundwater in non-karst area ">+
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Fig.2 Land use types, slope gradient and development of surface karst
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Fig.4 Ground water depth of sampling sites, fluid conductivity and soil media types
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Table 3 Statistics of water quality parameters of shallow groundwater in Chongging

K FE bR I/ MAE/ (mg/L) e RAE/(mg/L) SFEIE/ (mg/L) FrifE2/ (mg/L) LT HBAR %
cl- 1.76 18 404. 09 450. 89 2591. 11 5.75 7.23
Na* 0.59 7877 221.33 977. 50 4.42 7.23
TDS 125 30 109 1288.32 4 383.04 3.4 —
Ca® 3.24 6333 216 731. 04 3.38 —

CO,> 0 47.8 2.12 6.90 3.25 —
TH 20.2 16 214. 6 601. 13 1.874.13 3.12 19.28
S0,% 2.04 3 704. 46 221.49 568. 57 2.57 13.25

NH,-N 0.02 4.71 0.37 0.69 1.85 —
Fe 0 29.76 2.63 4.33 1.65 80. 72
Mn 0 1.90 0.22 0.33 1.50 50. 20
NO;~ 0.09 18.92 2.17 3.22 1.48 12.03
FEON 70 i 20 16 000 4191 6 171 1.47 92. 00
F- 0.04 4. 46 0.61 0.79 1.28 15. 66
CODy, 0. 80 24. 40 2.34 2.76 1.18 20. 68

Mg>* 1.96 97.20 15.10 16.31 1.08 —
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Table 4 Total variance of interpretation of shallow groundwater composition in Chongging

NN LSRR PR F-J7 A T AT -7 A
Wit rRTEECR/e  BRTTR/e MOt rETER/e  BRUETRR/e  Mab JrEmiRie  RETURR/%
F1 6.30 42.00 42.00 6.30 42.00 42.00 6.09 40. 61 40. 61
F2 2.06 13.74 55.74 2.06 13.74 55.74 2.07 13.79 54.40
F3 1.59 10. 61 66.34 1.59 10. 61 66.34 1.54 10.28 64. 68
F4 1.08 7.22 73.57 1.08 7.22 73.57 1.22 8.12 72. 80
F5 1.02 6.78 80. 34 1.02 6.78 80. 34 1.13 7.54 80. 34
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Table 5 Rotated factor loading matrix Table 6 Contribution of common factor pollution
KRR Fl F2 F3 F4 F5 - P45 BTk R 1%
IR Fa pR
TDS 0.978 0. 046 0. 040 0.031  -0.050 Fl F2 F3 F4 F5 ARG YE
cr 0.970  -0.089 0.017 0.100  -0.042 NH,-N 0.64 57.22 1.90 7.98 20.83  11.43
TH 0.967 0.031 0.034 0.120 0. 030 CODy;, 59.59 9.62 2.33 26.73 1.74 0. 00
Ca® 0.964  0.023  0.037  0.128  0.029 k- 11.20  10.90 63.19 9.34  5.38  0.00
[P
Na* 0. 847 0.021 0.035  -0.035 -0.118 BRAERE 8.05 872 8.20 10.38 56.31 8.35
CoDy, 0. 841 0. 136 0.033 0377 0.005 NO, 6.34  2.83 29.03 22.41 33.63 5.74
M 16.53 14.45 3.85 33.77 1.48  29.93
Mg?* 0.781 0.236 -0.043  -0.154  0.039 "
Fe 3.62 55.87 4.48 25.99  6.46 3.57
NH;-N  -0.011 0.812  -0.033 0.137  -0.186
Na* 80.18 2.01 3.27 3.31 1121 0.02
Fez L 0T m0.008 0.3 0.0% Ca®  81.36  1.95 3.10 10.87 2.48  0.25
04 -3 07 0136 ~0.29 0004 Mg* 6167 18.65 3.38 1218 3.04  1.06
K 0-146  -0.142 0822 0-122- - 0.070 €0,%> 3.41 12.12 58.93 18.45 4.73 2.36
€0~ -0.046 0.163 0.794  -0.248  —0.064 - 29.67 729 14l 821 341 0.01
Mn 0.368  0.321  -0.08  0.751  0.033 S0, 17.86 3838 7.21 15.74 0.23  20.57
HAMERE 0,107 -0.116  0.109  0.138  0.857 TH 81.82 2,62 2.8 10.13 253 0.0
NO;~ 0.092 0.041  -0.431  -0.325 0.568 DS 85.43  4.01 3.51 2.70 4.35 0. 00
F1

5
Fig.5 Spatial distribution of F1, F2, F3 of shallow groundwater pollution in Chongqing
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Fig.6 Spatial distribution of F4, F5 and F of shallow groundwater pollution in Chongqing
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Table 7 Results of factor detection and interactive detection in karst area

AR X T bR A Y - T 5 RIZEBRE KB AT
- H A 2SR 0.913*
533 0. 965 0.891*
+ 4 0.943 0. 954 0.679 "
Kok Rl 5 0.987 0.941 0.913 0.525
RIZEHRE 0. 941 0.925 0. 871 0. 597 0. 357
KR ENE 0.939 0.931 0. 846 0. 566 0.231 0.232
TE B RN R AR BT B8 I A DG M B 30K P E, Forh = R P<0. 1, #% 3R P<0.05. R
*8 EBRXEAFHRURZERMLER
Table 8 Results of factor detection and interactive detection in non-karst area
gy 0w e TREAY wokmw PRE wkman s
AR A 0.965**
oz 0.979 0.923*
T3 0.974 0.971 0.781"
KB IME T REL 0.968 0. 967 0. 821 0.423*
bR KR 0.961 0.932 0.799 0.523 0.344*
B IX A B2 A 0.957 0.925 0. 792 0. 541 0. 368 0.292
KR 0. 956 0.923 0.788 0.512 0.352 0.311 0. 225
NNy 0. 956 0.923 0.783 0. 487 0.345 0.295 0.231 0. 168
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Fig.7 Water quality parameters comparison of shallow groundwater sampling points in 2016 and 2020, Chongging
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