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Analysis of characteristics and influencing factors of groundwater chemical
evolution of typical alluvial fans of rapid urbanization
ZHANG Ying"?,LIU Chunyan' , WANG Jincui' , HOU Qinxuan'
(1. Institute of Hydrogeology and Environmental Geology ,Chinese Academy of Geological Sciences ,Shijiazhuang
050061 ,China; 2. China University of Geosciences(Beijing) , Beijing 100083 ,China)
Abstract: The Weihe River alluvial fan aquifer is an important groundwater source in Shijiazhuang City and plays an important
role in urban water supply security. Study on groundwater hydrochemical characteristics and controlling factors can scientifically
identify the natural and anthropogenic factors and can provide reasonable basis for groundwater security. In this paper, 109
groundwater sample and 7 surface water sample were obtained to analyze sixteen chemical parameters using hydrochemical
method and multivariate statistical method. The results indicated that the HCO3; and HCO; « SO, facies widely distributed in the
whole area. HCO; « Cl facies were mainly distributed in the southern area of the top of Hutuo River alluvial fan and in the
Yicheng-Wuji area of northern Hutuo River. The comparative analysis in different time periods revealed that groundwater
chemistry evolved to more facies, with an increasing trend of groundwater facies affected by anthropogenic factors. The results
obtained by principal component analysis exhibited that the evolution of groundwater in the area was mainly controlled by the

water-rock interaction and overexploitation of groundwater as well as sewage and manure.
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Fig. 1 The hydrogeological map and location of the sampling points in the study area
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Tab. 1 Statistics for hydrogeochemical parameters of groundwater
. RIZH T K RIZHT K
FoME RKRME S PHE faEE ERARR RME O BRKE CPWE bR ERRE

EC/(ps + em™) 367.0 2340. 0 979. 4 357.7 0. 37 308. 0 1020. 0 579.1 214. 2 0. 37
Eh/mv —87.0 253.0 143. 8 71.0 0. 49 —36.4 241.0 154.°3 86. 1 0. 56
DO/(mg -+ L'1) 0.03 13.76 4. 63 2. 40 0. 52 1. 38 8.03 3.99 2. 00 0. 50
pH 7.1 8.5 7.5 0.3 0. 04 7.5 8.3 7.8 0.2 0. 03
K™ /(mg-+ L") 0.1 7.0 2.0 1.0 0. 48 1.1 2.4 1.7 0.5 0. 26
Na®/(mg -« LD 8.2 237.2 33.0 26.5 0. 80 11.1 139.0 40. 4 38.8 0. 96
Ca?" /(mg « L'D) 33.4 253.4 122.6 50. 4 0. 41 27.2 87.8 56. 3 14. 3 0. 25
Mg?" /(mg « L) 9.5 115.2 35.2 15.3 0. 43 11.5 22.5 17. 4 3.5 0. 20
NH, " /(mg « L") BDL 3. 00 0. 06 0. 40 0. 69 BDL 0.19 0.02 0. 05 3.16
Cl= /(mg+ L'D) 5.3 311.8 73.3 53.2 0.73 11.9 135.3 31.8 34.5 1. 08
SO.2 /(mg « L) 4.9 488. 2 119.9 81. 6 0. 68 18.0 168. 6 64.0 40. 4 0. 63
HCO;~ /(mg « L'D) 148. 4 565. 2 299. 5 76. 3 0. 25 109. 4 401. 1 228.2 72.4 0.32
NO; ™ /(mg -+ LD 1.5 265.0 51.5 43.1 0. 84 0.2 10. 6 4.2 2.7 0. 65
NO;~ /(mg « L'D) BDL 8.2 0. 50 1. 84 3. 66 BDL BDL BDL

TH/(mg -+« LD 122.6 1107.0 451. 2 176. 2 0. 39 115.1 307. 3 212.2 46.7 0. 22
TDS/(mg + L'D) 161. 7 1554.0 607.9 256. 0 0. 42 174.0 626. 5 350. 2 118.8 0. 34
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Fig. 2 The Piper diagram of different types

of water in the study area
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Fig. 3 The distribution of shallow groundwater facies in the study area
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B 2D T WA AR R S Ah R
T KR BRER e HE AT BRI R M UK
TS v s =1 » A0ty IR A T R SO Bk AL o
PREEE I T AR R HEAT S st K g
PR S i T . SR — R T LU R M oK
FRER K VI R 7R A~ AL RS2
K2 MRRMTRKUZEADERSSNER

Tab. 2 The principal component analysis results of

groundwater parameters

Febr PC1 PC2 PC3
K 0. 471 —0. 003 0. 657
Na 0.169 0. 906 0.170
Ca 0. 781 0. 530 0. 045
Mg 0. 853 0. 290 0. 044
NH, 0. 086 0.012 0. 862
Cl 0. 437 0.756 —0. 050
SO, 0. 491 0.711 0. 152
HCO; 0. 828 0. 312 0. 167
NO; 0. 840 0.148 —0. 042
NO; —0. 184 0.178 0. 681
TH 0. 862 0. 481 0. 048
TDS 0.735 0. 668 0. 089
FHOEE 4,734 3.092 1.735
5 ETTHREE/ o 39. 453 25. 764 14, 459
BT/ 39. 453 65. 216 79. 676

55 A (PC2) Y TRk N 25. 76426, Na® |
Cl”.SO,” 5 PC2 I M SRAIEA L KR, CI°
JE FUBRAE I T A2 R KRB R B Ak
AW R, LR T R AR IE (- i )
Gb, EEORIE TG KAB . WBFFEIX HCO; - Cl
AL Cle HCO; BIK A3 X 38OR B A F T X B
IR —H7 SR 38 17 5 7K Y B XA s V5 X, Je ik
—iH RN R T R AR X, T AUV TG V5 K AN A
BRI 2306 b 7K R — 7 R . ARBIFSE X
PETE AT CHEIR) 0 R DU 49975 Be b A7 BORE 3K
2 B T HE ) Tl 0 A 3 ¥ K R 2 v T R 1Y
Cl™ . Na' ., SO,% . H & @ 4 %k 961.9.1 275,
1 833 mg/L, ik — B UESE T H#EM. 53 46, W b 34y
BT WFFE DX TR PETE AT o 7 AR il 750 b 222 45 R 4
il HCO; « SO, RUK %32 F i il XS X (5™
SrHEK R . P 5 3 0 T AR R ol N
ATETE K B R KA 2E T AL RS IR

5= F AL 4r (PC3) 1) 51 Bk R Ny 14. 459 %,
NH, "5 PC3 30 5858 1 15 AH 6 K R, NO,~

o 178 « KXt/ L5 TAZRA

K" 5 PC3 RICHHAFIEM K KR, DI X AR
HH R AR AR A s - AR SR L) 525 5 Sk
A E. WA R OFSEIX IR A 2 HE s 2
SR AE 2 AR ZAE (DA FR 2606 S . 535k
2R R UK RAEH » ELIR I - X
AR N 3 s R 5y 2 ARG YL .
AR PC3 5N F 2B UEHC

TR

(DT X HL T K AR2EZA L, HCO, Al HCO -
SO, B K A . Hk o HCO, « ClL #k, H,
HCO, BURLEAX) 1253041, HCO; » SO, BUK I
TR o B B P A A AR A . S T A T
K TP A RS S HCO, « ClBIK 543 4
TUETEIT i R TP 4 e P8 DX A A e T LA AL Y
SR — T . A5 T S K B R AT
R RAAE ST Fh Ay D 2 I A i
ARFEAE . HRAE R AR T KL IR A 1 HCO, BLK
0 FELBM i /N 1 52 N ST FsE i iy HCO; « CLA!
TR B S 1

(2)WFFE DX T 7K Ak 32 AR RO
VEFIRZMA e rhth T 7K SR ALK R T 12 DX
AR 3 ER L E A X st R kA2 2 Tl
A IG5 K B LGB B g 052 . FE/KALE T
TR 18 S Yo R 52 b KA 7 A — i AP T X
TR EG R A T T 5T
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