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Hydrochemical characteristics and water quality dynamic analysis
of shallow groundwater in Huaibei Plain

ZHU Chunfang , GONG Jianshi, TAN Mengjiao, TAO Xiaohu, ZHOU Kaie, WANG Hesheng,
LI Liang, QIN Xi
(Nanjing Center, China Geological Survey, Nanjing, Jiangsu 210016, China)

Abstract: Shallow groundwater is the most important source of agricultural water supply in Huaibei Plain, and its
water quality has attracted wide attention. In this study, mathematical statistics, Shukarev classification, Piper
diagram, and comprehensive evaluation of water quality were used to obtain the Hydrochemical characteristics of
shallow groundwater in Huaibei Plain. The sources of water chemicals were analyzed by Gibbs diagram and ion
ratio relationship, while principal component analysis (PCA) was used to screen key factors influencing water
quality. The spatiotemporal evolution of groundwater quality was further examined. The results show that the
shallow groundwater in Huaibei Plain is mostly weakly alkaline fresh water, with pH values of 6.6-8.6 and total

dissolved solids (TDS) ranging from 192 mg/L to 5302 mg/L. The groundwater exhibits eight hydrochemical
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types, with HCO; as the dominant anion and Na" and Ca* as the primary cations, and is primarily classified as
Class IV water in terms of quality. The water-rock interaction is mainly affected by the weathering of silicate-
carbonate rocks. From the upper reaches of the Huaibei Plain to the middle reaches of the Huaibei Plain, the water-
rock interaction of dissolved rock weathering evolves from carbonate rocks to silicate-carbonate rocks and then to
evaporative rocks. Through principal component analysis, total dissolved solids, oxygen consumption, and nitrate
were identified as key indicators for analyzing groundwater quality dynamics. From 2010 to 2021, groundwater
quality showed significant improvement, followed by a slight decline. However, different key indicators exhibited
varied trends. Due to the natural geological environment, the total amount of soluble substances in shallow
groundwater in the Huaibei Plain tends to be distributed in a planar pattern, and the high value points increased,
and most of them are distributed in the middle reaches of the Huaibei Plain. The redox condition changes from
reducing environment to oxidizing environment. From 2010 to 2018, agricultural activities increased in the upper
reaches of the Huaibei Plain, but notable improvements have been observed since 2018. This study provides

technical support for the prevention and control of shallow groundwater pollution and protection of groundwater

resources in Huaibei Plain area.
Keywords: Huaibei Plain; shallow groundwater;

component analysis
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Fig.1 Distribution of shallow groundwater sampling points in Huaibei Plain
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Table 1 Statistics of major ions in groundwater

s o I BRI (p)/(mg L)

/(mg-L™")  /(mg-L™") Ca Mg K Na* Nora CcI HCOj3 NO3 F I Mn

P41 7.61 411 798 84.5 48.8 15 1319 138.0 102.4 489.2 34 086 004 037

A 7.60 362 596 77.6 38.5 0.7 70.0 64.7 52.8 457.0 04 072 0 0.26
e/ ME 6.60 70 192 14.7 6.0 0.04 7.9 0.16 1.8 13.9 0.06 0.002

FoRfi 8.61 2481 5302 280.6 4327 674 9844  1911.1 15463 13058 631 500 093 268

b2 0.34 232 672 40.3 43.0 47  163.1 236.4 156.9 191.0 68 063 011 036

TREH 004 0.56 0.84 0.65 099  3.06 1.24 1.71 1.53 039 198 074 259 097
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Fig. 3 Piper diagram of shallow groundwater in Huaibei Plain
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Table 2 Eigenvalues, contribution rate, and cumulative
contribution rate of the principal components

o HIARFFAE(E PERCERATF 7 A
It mEASWR BBV Bit TEASI%  FBBV%

1 4.676 29.222 29.222  4.676 29.222 29.222

2 2.009 12.557 41.780  2.009 12.557 41.780

3 1.760 10.997 52777 1.760 10.997 52.777

4 1436 8.975 61.752 1.436 8.975 61.752

5 1.292 8.074 69.825 1.292 8.074 69.825

6 1.069 6.680 76.506  1.069 6.680 76.506

7 0962 6.016 82.521

8 0849 5.308 87.829

9 0591 3.693 91.522

10 0.409 2.556 94.078

11 0323 2.021 96.099

12 0.233 1.456 97.555

13 0.159 0.993 98.548

14 0.108 0.674 99.223

15 0.096 0.603 99.825

16 0.028 0.175 100.000
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Table 3 Various factors loading in principle components

Ef= ERSF FRG2 EWG3 FRS ERGS ERGe

i 0.240 0479 -0.002 0449 —0490  0.130
SR 0.811 0088 0388 —0.046 —0.172 —0.043
WEEREA 0941 0096 0.049 —0.084 -0.019  0.015
TR 0930 —0.093  0.114 —0.081 —0.089  0.046
At 0.898 —0.050  0.132 —0.145 —0.169  0.036
Br 0.007 -0.109  0.128  0.092 0426  0.258
fisaEh -0.014 0054 0751 -0.101 0202  0.090
YRR MR 0397 0086 -0.141  0.684 0378  0.059
AR 0.198  0.820 -—0.082 0405 0243 —0.011
HA 0.055 0422 —0.103 0513 -0.071  0.616

i 0920 —0.178 —0.170 —0.085  0.074  0.025
AR ER 0.032 0785  0.062 —0.318  0.384 —0.065
AL 0.483 —0258 —0.548 —0.032 0440 —0.003
ik 0217  0.185 —0.508 —0.324 —0.197  0.042
i 0.084 0359 —0.132 0287 —0244 —0.609

HE 0259 0039 0166 0336 0354 —0.460
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groundwater in Huaibei Plain

A6 RN —F B —F T00 1L, 33 R 58 5 )5 — 47, 1
r I TETFR 4 /ISR T 2R B 0 3R T S R R B P
A A X, PRI DAL X Ok I & 2021 4, A
iR £ B M =20 mg/L X 3R IR 45 /1N, A4 B B
K R 3 /N R A

SRR, U G TR 2 T K VR B TR
R AT XL 5 T IS TR 43 OB JR R AR v R
IR AR T, H5e S TR W 46 /MU /N e /0 1 4 A 1)
TR, 2002—2017 42 3 [ U0 i FH v i 19 0, ZE 1
AR, MM B2 300, o R K32 PRI IR B A B AN, 12
TRBEDR, T3Z 4045 19 4 FH S - ol B3k )2 b /K A
A TV R A4 F T KA RS8R, (A5 2010—2018 4R
A6V SRV 2 R K R S R R 4R 5 Bl Ak AR e
(4 A5 345560, 2018—2021 4F [ We T b1 J5 1 J2 Hb



2025 4F

RAETT, A AL IR 2 M R KA SRR AE BoK B h 20T - 65 -

K i R AR 5 R R B, 2021 4F =20 mg/L ¥ [
1IN R B A

Hb R KB 37 2 R s, R ARl L i Ak, T
A SRAT N FHER R AR AL, DL SR R R A 4 D
AL AT ERBEM . AR SO TR 58 AT, il
R AR X 2 M K 5 B Y 3 4 3 AR 40 5 A DG FE AR
K-, o3 A7 LB 23 i AR, o i G 25 R b 7 R JZ
KB . VA M B VAR, LT IR AZ R
Az 1l 5T PR S ), 28 K R DRAE RS TR )2 M R K
PR LA T R B A e S #, TDS<500 mg/L X
B ME RGN, 1000 ~ <2 000 mg/L X5, W 8 % 100K 43 A
1 18 A% Sy TR £ R4y A, TDS =2 000 mg/L X e 14 &2
HZ M FhifefEd s . WFEE R, HEILF R
SR b U T IE S DR )2 M T K AR A I TR A% R DA A J
INBE ) AL AR T A . RS R R, MEAL ST Rk 2
TR AR A 77 5 N RS G IR SE R 2 T T 2010—2018
AETE LU IE LT R R ER N EE, 76 2018 4F J5 AR 15 2 K
R 3

5 #ig

(1)L TR 2 T K 2 2 558, RAKh &,
A UROK, R Z R K B EE A BHE T Na', [
B M E R E Na>Ca>>Mg?>K', g T E A E TR
HCO;, BB 4 1 ¥k £ HCO; >C1 >SO; >NO; ,

()WL I B K A2 26 A 3k 8 25, HCO—
Na* Ca* Mg &I fl HCO,—Ca*Mg ! 5 b ic £ . FHE T
LA Na* Ca* Mg & 43 fii I B K, Ca Fil Cas Mg B K
T ARAEVTFBILFTF I . BB+ DL HCO, BUTE 42 X 43
M) s

(3) e It 8 J2 1 T 7K BT & SR LIV K Ol &,
hi HE ) 50%, 2010—2021 4F3 R /KRB AEL D T B
U 5% JE s A R B, SR S ar S B TEAL O R
KB A i B A K, L v i T SR K B fR A H

(4)UEALF B )2 b T KAk 2 41 53 32 6 4 WA AR

Ay S R Ny B R (25 PN 3 [ B

B rhi i I I, AR s A KU PE ] 3 e w22
KA A, 52 KA K652 b e e db
FIER T . A WAGYE T 2 kR k5 ik
EhE WAL i 0 K SRR, HUOE rE R Eh 28 &
g, AN BT HE L P 3 rh TR G, b R R
B [ ik PR R T ) 2 R Eh i Ak

(5) AL T 7R )2 1R 7K B4 mT v ) )
PTG, AE AR i A5 SR DA i BR 5 ) AR AL R

B
W

=il

BE AR, B2 T K Z A 1S BN R TS YL T
2018 4 HE RIS BB

£ E @k ( References ) :

1] JRM L, 25 SCmS. 3R KK 8 W 5 9740 [, 7K SCHl
J5 T2 ML %, 2008, 35(1): 1 — 11. [ ZHOU Yangxiao,
LI Wenpeng. Groundwater quality monitoring and
assessment[J]. Hydrogeology & Engineering Geology,
2008, 35(1): 1 — 11. (in Chinese with English
abstract) |

(27 ZE2&M, 230, BF5 2, & 2 E TR K7
PRAFAE (3], 7K SCHh 5 T2 4 %, 2019, 46(6): 1 — 8.

[ LI Shengpin, LI Wenpeng, YIN Xiulan, et al.
Distribution and evolution characteristics of national
groundwater quality from 2013 to 2017[J]. Hydrogeology
& Engineering Geology, 2019, 46(6): 1 — 8. (in Chinese
with English abstract) |

(31 KBEWHAL. eI Bl A i 2R 2 15 7K B8 I8 22 4l (2021
4 B ) [EB/OL]. (2022-09-30) [2024-01-14]. [ Water
Resources Branch. Huaihe River basin and Shandong
peninsula water resources bulletin  (2021) [EB/OL].
(2022-09-30) [2024-01-14]. http://www.hrc.gov.cn/main/
szygb/675300.jhtml.(in Chinese) ]

[4] HE Guang, FU Yiwen, ZHAO Shuhang. Evaluation of
water ecological security in Huaihe River Basin based on
the DPSIR-EESSMI-P model[J]. Water Supply, 2023,
23(3): 1127 - 1143.

[ 5] SUN Xiaomin, LIN Jin, GU Weizu, et al. Analysis and
evaluation of the renewability of the deep groundwater in
the Huaihe River Basin, Chinal[J]. Environmental Earth
Sciences, 2021, 80(3): 104.

L6 RIGEHE, 3Kk 5. ¥l I del ok B 28 204 K A )
DX 3R (D). K B IRAR 7, 2022, 38(5): 181 — 189.

[ ZHAI Xiaoyan, ZHANG Yongyong. Spatio-temporal
variations of water quality indices and regional influences
of land use types in the Huai River Basin[J]. Water
Resources Protection, 2022, 38(5): 181 — 189. (in
Chinese with English abstract) ]

(7] B, MERZE, #4r 2. FRIE T K % I T I i )

AL x5 S 2 9], AR R MU, 2024, 45(3): 255 — 263.

[ GUAN lJiaojiao, ZHENG Yuejun, CAO Xianghui. The

problems faced by groundwater resources in China and
countermeasures suggestion[J]. East China Geology,
2024, 45(3): 255 — 263. (in Chinese with English
abstract) |

(81 M7, B5AE, SR A UM, 55, AT i ol 7 55 1l o 14 25


https://doi.org/10.3969/j.issn.1000-3665.2008.01.002
https://doi.org/10.3969/j.issn.1000-3665.2008.01.002
https://doi.org/10.3969/j.issn.1000-3665.2008.01.002
http://www.hrc.gov.cn/main/szygb/675300.jhtml
http://www.hrc.gov.cn/main/szygb/675300.jhtml
https://doi.org/10.2166/ws.2023.034
https://doi.org/10.1007/s12665-020-09355-y
https://doi.org/10.1007/s12665-020-09355-y
https://doi.org/10.3880/j.issn.1004-6933.2022.05.024
https://doi.org/10.3880/j.issn.1004-6933.2022.05.024
https://doi.org/10.3880/j.issn.1004-6933.2022.05.024

66.

7K SCHb BT TR b S

5534

L9l

[10]

[11]

[12]

[13]

[14]

[15]

R [R]. g AT v [ b 5 38 A J) m ot B b,
2012. [ YE Nianjun, GE WeiYa, GONG Jianshi, et al.
Environmental geological survey report in Huaihe River
Basin[R]. Nanjing: Nanjing Center China Geological
Survey, 2012. (in Chinese) ]
SRAT, kA, AR, A IR I B TR K BT IR AR Ol
B R WSy (1], E T, 2021, 48(4): 1052 — 1061.
[ GONG Jianshi, WANG Hesheng, LI Liang, et al.
Groundwater resources and development potential in
Huaihe River Basin[J]. Geology in China, 2021, 48(4):
1052 — 1061. (in Chinese with English abstract) ]
SR, M S, AR, A WE TR B0 MR K
Hg- As-CrWRAFRFAE B Al K 2238 (7). 2 #efell F
2%, 2014, 42(30): 10698 — 10700. [ GONG Jianshi, YE
Nianjun, GE Weiya, et al. Hg, As, Cr* distribution
characteristics in shallow groundwater of Huaihe
Catchment and suggestions of groundwater utilization in
agricultural arealJ]. Journal of Anhui Agricultural
Sciences, 2014, 42(30): 10698 — 10700. (in Chinese with
English abstract) ]
BB RE, F U, 2, A5 FE TN BT IR K B R
A B 10 B 5 VA S ) (1. N RER L, 2022,
43(2): 79 — 87. [ ZHAO Guizhang, WANG Shuli, LI

Zhiping, et al. Research on water quality change and
prediction based on wavelet analysis: A case study of
Guohe river[J]. Pearl River, 2022, 43(2): 79 — 87. (in
Chinese with English abstract) ]

KRAETT, AW, S, & T RRZE T K
FRHE AT L], HBR 5 R0, 2022, 50(6): 797 — 804.
[ ZHU Chunfang, GONG Jianshi, ZHOU Kaie, et al.
Hydrochemical characteristics of shallow groundwater in
Fengpei plain area[J]. Earth and Environment, 2022,
50(6): 797 — 804. (in Chinese with English abstract) |
JURE AR TR0 K 302 (M. bt Bl i, 2011
[ GU Weizu. Isotope hydrology[M]. Beijing: Science
Press, 2011. (in Chinese) |

B, 2, SR, S5 U R S5 T UK
BEIRE BT R A BTG (D). MK, 2007, 29(5):
37— 40. [ GE Weiya, YE Nianjun, GONG Jianshi, et al.
Rational development and utilization of groundwater
resource in the plain of the Huaihe river basin[J]. Ground
Water, 2007, 29(5): 37 — 40. (in Chinese with English
abstract) |

XU Naizheng, ZHANG Fei, XU Naicen, et al. Chemical

and mineralogical variability of sediment in a quaternary

[16]

[17]

[18]

[19]

[20]

[21]

[22]

aquifer from Huaihe River Basin, China: Implications for
groundwater arsenic source and its mobilization[J]. The
Science of the Total Environment, 2023, 865: 160864.

XU Naizheng, LEI Shi, TAO Xiaohu, et al. Exposure risk
of groundwater arsenic contamination from Huaihe River
Plain, China[J]. Emerging Contaminants, 2022, 8: 310 —
317.

SR, AR, RARTT, AE. WA O R K B R T
M BUR R [R]. g 5t o [ b 57 98 A J) Rt b o
2 H10>, 2023. [ GONG Jianshi, WANG Hesheng, ZHU
Chunfang, et al. Report of groundwater resources
evaluation in Huaihe River Basin[R]. Nanjing: Nanjing
Center China Geological Survey, 2023. (in Chinese) |

7K ) 8 VAT K R 2 DR 2 U AT I 1R R L AR 2 B K R
W34 [EB/OL]. (2024-09-10) [2024-09-15]. [ Huaihe
Water Conservancy Commission, Ministry of Water
Resources. Bulletin of water resources in Huaihe river
basin and Shandong peninsula [EB/OL]. (2024-09-10)
[2024-09-15]. http://www.hrc.gov.cn/main/szygh/923431.
jhtml. (in Chinese) ]

IR, REAE, Bk £ oK SO ER (b 3R (M. b
5 Mt R AL, 1993, [ SHEN Zhaoli, ZHU Wanhua,
ZHONG Zuoshen. Basis of hydrogeochemistry[M].
Beijing: Geological Press, 1993. (in Chinese) |

ol SR, (UL, PhARE, 45 XS T K95 YL Lr 5 0T
W BE ST BUIR 5 d I (1], Hb2A T %, 2022, 29(3): 51 —
63. [ HE Baonan, HE Jiangtao, SUN Jichao, et al.
Comprehensive evaluation of regional groundwater
pollution: Research status and suggestions[J]. Earth
Science Frontiers, 2022, 29(3): 51 — 63. (in Chinese with
English abstract) ]

ARG, B, R, 55 BT 32 54 43 AR AL
18 0 VLR WK B A (7). o [ b 5T, 2023, 50(2):
495 — 505. [ TIAN Fujin, MA Qingshan, ZHANG Ming,
et al. Evaluation of water quality in Xin’anjiang River
Basin based on principal component analysis and entropy
weight method[J]. Geology in China, 2023, 50(2): 495 —
505. (in Chinese with English abstract) ]

B, MR, BAE, 45 3T 3 AU 4 BT RIS 25
E VP R AROK BPEHr——LA R R [T BR
B P B 2%, 2020, 46(5): 87 — 92. [ XUE Weifeng,
CHU Yinggian, LV Ying, et al. Groundwater quality
assessment based on principal component analysis and
fuzzy comprehensive evaluation: Taking Dalian as an

example[J]. Environmental Protection Science, 2020,


https://doi.org/10.12029/gc20210405
https://doi.org/10.12029/gc20210405
https://doi.org/10.3969/j.issn.0517-6611.2014.30.094
https://doi.org/10.3969/j.issn.0517-6611.2014.30.094
https://doi.org/10.3969/j.issn.0517-6611.2014.30.094
https://doi.org/10.3969/j.issn.0517-6611.2014.30.094
https://doi.org/10.3969/j.issn.1001-9235.2022.02.011
https://doi.org/10.3969/j.issn.1001-9235.2022.02.011
https://doi.org/10.3969/j.issn.1004-1184.2007.05.012
https://doi.org/10.3969/j.issn.1004-1184.2007.05.012
https://doi.org/10.3969/j.issn.1004-1184.2007.05.012
https://doi.org/10.1016/j.scitotenv.2022.160864
https://doi.org/10.1016/j.scitotenv.2022.160864
https://doi.org/10.1016/j.emcon.2022.06.004
http://www.hrc.gov.cn/main/szygb/923431.jhtml
http://www.hrc.gov.cn/main/szygb/923431.jhtml
https://doi.org/10.12029/gc20220810001
https://doi.org/10.12029/gc20220810001

2025 4F

RAETT, A AL IR 2 M R KA SRR AE BoK B h 20T - 67 -

[23]

[24]

[25]

[26]

[27]

[28]

[29]

46(5): 87— 92. (in Chinese with English abstract) ]
ZHOU Fangying, SUN Shungiang, MOLNAR J J.
Evaluation of the development of circular agriculture in
Sichuan Province based on the coefficient of variation [J].
Asian Agricultural Research, 2015, 7(3): 56 — 60.

PIPER A M. A graphic procedure in the geochemical
interpretation of water-analyses[J]. Eos, Transactions
American Geophysical Union, 1944, 25(6): 914 — 928.
KBTS, FBERIE, BN E, S5 W BRE R KoK
P A RFAE 10 45X Ho 23 B ORI A8 1T 3 X [T]. B R
Hb T, 2023, 44(3): 282 —291. [ ZHU Chunfang, GONG
Jianshi, TAO Xiaohu, et al. Comparison of the
hydrochemical characteristics of shallow groundwater in
the Huaihe River Basin during a ten-year period and its
significance to environmental change[J]. East China
Geology, 2023, 44(3): 282 — 291. (in Chinese with
English abstract) ]

S RRC /NG o WEE N B I St 1 7 1 L N U
bR ifE: GB/T 14848—2017[S]. Jb 5t v [l b5 vf i pit ik,
2017. [ Ministry of Land and Resources and Ministry of
Water Resources of the people’s Republic of China.
Standard for groundwater quality: GB/T 14848—2017[S].
Beijing: Standards Press of China, 2017. (in Chinese) |
WANG Haoran, ZHANG Mengdi, WANG Chuanying, et
al. A novel method for quantifying human disturbances: A
case study of Huaihe River Basin, China[J]. Frontiers in
Public Health, 2023, 10: 1120576.

GIBBS R J. Mechanisms controlling world water
chemistry [J]. Science, 1970, 170(3962): 1088 — 1090.
GIBBS R J. Water chemistry of the Amazon River[J].
Geochimica et Cosmochimica Acta, 1972, 36(9): 1061 —

[30]

[31]

[32]

[33]

[34]

[35]

1066.

ZHU Bingqi, YANG Xiaoping, RIOUAL P, et al
Hydrogeochemistry of three watersheds (the Erlgis,
Zhungarer and Yili) in northern Xinjiang, NW China[J].
Applied Geochemistry, 2011, 26(8): 1535 — 1548.

FAN Bailing, ZHAO Zhiqi, TAO Faxiang, et al
Characteristics of carbonate, evaporite and silicate
weathering in Huanghe River basin: A comparison among
the upstream, midstream and downstream[J]. Journal of
Asian Earth Sciences, 2014, 96: 17 — 26.

ZHAI Yuanzheng, ZHAO Xiaobing, TENG Yanguo, et al.
Groundwater nitrate pollution and human health risk
assessment by using HHRA model in an agricultural area,
NE China[J]. Ecotoxicology and Environmental Safety,
2017, 137: 130 — 142.

ZHAI Yuanzheng, LEI Yan, WU lJin, et al. Does the
groundwater nitrate pollution in China pose a risk to
human health? A critical review of published data[J].
Environmental Science and Pollution Research, 2017,
24(4): 3640 — 3653.

HUDAK P F. Regional trends in nitrate content of Texas
groundwater[J]. Journal of Hydrology, 2000, 228(1/2):
37 —47.

IRARFR, BRPCAS, FHAR R, 45 8 B T K SR 4k 15 g4
LAt sk e L], BRIEERLA:, 2024, 45(6): 3129 —
3141. [ TU Chunlin, CHEN Qingsong, YIN Linhu, et al.
Research advances of groundwater nitrate pollution and
China[J]. Environmental
Science, 2024, 45(6): 3129 — 3141. (in Chinese with
English abstract) ]

source apportionment in

YR K&k


https://doi.org/10.1029/TR025i006p00914
https://doi.org/10.1029/TR025i006p00914
https://doi.org/10.1029/TR025i006p00914
https://doi.org/10.1029/TR025i006p00914
https://doi.org/10.3389/fpubh.2022.1120576
https://doi.org/10.3389/fpubh.2022.1120576
https://doi.org/10.1126/science.170.3962.1088
https://doi.org/10.1016/0016-7037(72)90021-X
https://doi.org/10.1016/j.apgeochem.2011.06.018
https://doi.org/10.1016/j.jseaes.2014.09.005
https://doi.org/10.1016/j.jseaes.2014.09.005
https://doi.org/10.1016/j.ecoenv.2016.11.010
https://doi.org/10.1007/s11356-016-8088-9

	1 研究区概况
	2 材料与方法
	2.1 水化学测试数据
	2.2 数理统计及分析方法

	3 结果
	3.1 水化学特征
	3.2 水化学类型
	3.3 地下水质量评价

	4 分析与讨论
	4.1 水化学物质来源分析
	4.2 主成分分析
	4.3 地下水质量动态演变分析

	5 结论
	参考文献

