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Abstract: This paper is the result of hydrogeological survy engineering.

[Objective] Groundwater is one of the major water resources to supply water for the production and daily life of human activities in
the Huang—Huai—Hai Plain (HP). The deterioration of groundwater environment has become an important factor restricting social
and economic development and ecological balance at the conditions of human activities. Understanding the characteristics and
driving mechanisms of evolution of groundwater chemistry can provide an important reference for the rational development and
utilization of groundwater resources. [Methods] In this paper, the HP is divided into three hydrogeological units including piedmont
plain, central plain, and coastal plain. The characteristics and driving mechanisms of evolution of groundwater chemistry in HP in
China are studied by using Piper diagram, Gibbs diagram, and principal component analysis. [Results] Results showed that TDS
concentrations in groundwater increased gradually from piedmont plain to coastal plain, and groundwater was evolved from
freshwater to brine via brackish water and salt water. Groundwater in the study area was from 44 hydrochemical facies in the
piedmont plain increased to 74 hydrochemical facies in the central plain, and then decreased to 22 hydrochemical facies in the
coastal plain. Among them, the hydrochemical facies of groundwater in the piedmont plain were dominated by HCO;—Ca - Mg and
HCO;—Ca, and was mainly controlled by a 4—factors model, by contrast, groundwater chemistry in the central and coastal plains
was controlled by two 3— factors models, respectively. [Conclusions] The chemical characteristics of groundwater in the HP are
obviously zonal, and the hydrochemical facies of groundwater from the piedmont plain to the coastal plain was evolved gradually
from HCO; facies to HCO; - SO, facies, HCO; - Cl facies, SO, facies, as well as SO, - Cl facies, and finally convert to Cl facies. The
groundwater chemistry in the study area is mainly controlled by a variety of natural factors such as rock weathering, evaporative
concentration, cation alternate adsorption, and seawater intrusion on the spatial aspect, and is obviously affected by various human
activities (e.g., groundwater overexploitation, land use change, domestic sewage, fertilizers, and animal manure) on the time aspect.
According to the different chemical characteristics of groundwater and the impact of human activities in the areas from piedmont
plain to coastal plain, the management and control suggestions on the development and utilization of groundwater resources in the

HP are put forward.

Key words: groundwater; hydrochemical characteristics; driving mechanisms; hydrogeological survey engineering; Huang— Huai—
Hai Plain

Highlights: (1) The chemical characteristics of groundwater in the piedmont plain, the central plain and the coastal plain are
investigated, and natural factors controlling the evolution of groundwater chemistry in these plains are discussed; (2) The chemical
characteristics of groundwater in the Huang—huai—hai Plain are obviously zonal. The hydrochemical facies of groundwater from the
piedmont plain to the coastal plain was evolved gradually from HCO; facies to HCO; - SO, facies, HCO; - Cl facies, SO, facies, as
well as SO, - Cl facies, and finally convert to Cl facies. In addition, the main factors controlling the evolution of groundwater
chemistry in the Huang—huai—hai Plain were discussed.
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Fig.1 Groundwater sampling sites in the Huang—Huai—Hai
Plain
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Fig.2 The hydrogeological profile along the Shijiazhuang—Bohai Bay (after Zhang Zonghu and Li Lieying, 2004)
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Table 1 Statistics of chemical compositions in shallow groundwater of the Huang—Huai—Hai Plain(unit:mg/L,except for pH)
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pH 655 8.7 754 036 4.83 6.85 8.38
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Fig.3 The hydrogeological profile along the Zhumadian—Yellow Sea (after Institute of Hydrogeology and Engineering Geology,
State General Administration of Geology, 1979)
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y(Na")/y(Na'+Ca™) i sl 1 2§ p(C1)/p(CI +HCO; )
MM

LT R A 3 A DX )R 3R AR A
BT 2% g e 4 o AR X R K AR 2A AR 2
P bR 7K RE i S AE Gibbs B ERY/0A5 al LIE H, K
21170 N N = ST v i B R 1 S
TR AR L, RIS X N K E B2 3 T4
A UEAE AN ZE K DUTEAE IS ), g KA FH IR AN ]
20 o WA IR A T AN A X, TDS EEAR, o(Cl)/
P(CI+HCO; )/NF 0.5, B A1 AL A e =

SO R 2R o BEZK AT A IS R L DX [ e 27 2

KB FE BN YR, T K R BH BRARAE B

KR T L IX S K2 A AR (AR
85,2017) 5 PP IR A TAMA—F2 W X, TDS {E I
P(CU)Y/p(CU+HCO; ) EABAT FIr F i, H R /K =237
Bz KA A A AEE SR HISE I 5 T i1 S
T —HEM K AR A B 45 2R o, KGR
ST R T KRR TR & Br, REZ X HL F /K
ZRR LS AN K AT % AT 3 7K 1B R (Xu et al.,
2018) o I H B 0 R ) s A 2 A2 NS0 Bl
M) I
432 B-TIREAAK K R HH

AP HL N KA B TR B AR OGO R Wk — 2D
fiff g 7K =24 AH BLAE T 19 7K Ak 2% 1 & (Abhijit and
Alan,2008) . WYX HL T K&K 2 A EE R
W BRI TR A A oA A
AT RKIRIE T  RERRER R O B — AT,
Hi R 7K Ca* \Mg™ \HCO; #1 SO 23k H T il
11 (CaCO;) . = 41 (CaMg(COs),) Fil £1 E (CaSO, -
2H,0) 1% f# (Wang et al., 2019; # 4 KL 55, 2020) .
i Ca>+Mg> 5 HCO, +S0.* 2 [] 1 HL (8 56 28 AT ) iy
Ca> FIMg* (1 FE MR (Li et al.,2015) , W& 7a Jif 7,
BT 1, 0 Ca> \Mg? W23k A T 5 A7 .1
AT B X SRR AR R R SR W s e s 5 HR A
KT 1, VI RERRER 0 s 25 LUAE/N T 1, WIS
BRIV AR 2 T30 W B 2 (Abdelkader
etal.,2012) , X85 FHE T Na P47, B K2 Rak
Bl (Na.CO; - NaHCO; - 2H,0) fl i ks S 250 7k
Na FITHCO; & #4111 (Ma et al.,2009) ; Ca*>/Mg* tt
(R H HRFR R R BRIRER D M) (Kl 6b) , 45 LU (B2
1, AR R IR R ) F 2N = TR
A KT 2, 0 W REFRER IV 2 AN Z it
FRCERERESE,2014) . (Na'+K)/Clf &2 1FE Na'
KR A AEh ERRER WV i B2 B s B E I Y
F 4 (Abhijit and Alan,2008) .

HH L 7a 60, REB A3 /KA R AE 101 4k i ik 4y
AT, HEDAI T DX ML T 7K FR G011 322 S A ik R R
T R R 2SI AR i, LL i1 JE | 1 S T
KRG RN TR X, KA R0 2, L K
S A R BT R SR SRR, e e A
(IEAT, Ca® Mg L R 7K 2 PHES 1, i e
TR RO RE S AL T 121 B 07, A R A T FH S
T2 W BHE T, 2R WA 52 B K AARAE 52
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Fig.5 The distribution of NO; type groundwater in the Huang—Huai—Hai Plain
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Fig.6 Gibbs distribution model of groundwater hydrochemistry in Huang—Huai—Hai Plain
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Table 2 Principal component (PC) loadings of groundwater chemistry in different hydrogeological units

. Ll 5 TR TR T

& PC1 PC2 PC3  PC4 PC1 PC2 PC3 PC1 PC2 PC3
DS 0.885 0427 0091  0.013 0.95 0244  -0.015 0.994  0.023  0.067
PH 0.056 -0.013  0.013  0.873 0.004  -0.004  -0.85 0.081  -0.823  -0.019
Mg 0.814 0.163  0.191  0.084 0912  0.191  -0.017 0.862  -0.067 -0.178
Ca 0.873 0.295 0.03  -0.009 0.683 0536  0.119 0.983  0.010  0.010

K 0.026 -0.011 0706 -0.382 0.095 0579  0.057 0.858  0.088  0.032

Na 0.887 -0.115  -0.071 0.011 0.947  -0.006  -0.048 0.984  0.026  0.100
SO, 0.870 0.029 0072 -0.035 0.893  0.140  -0.045 0.961  -0.063  -0.050
HCO; 0.666 0.272 -0.07  0.061 0.654  -0286  -0.040 0.726 0204  -0.028
NO; 0.037 0.894  0.007 -0.013 -0.033  0.835  -0.004 -0.051 0137  0.745
Cl 0.686 0.524  0.058  0.075 0.854 0380  0.057 0.989  0.033  0.092
Br 0.074 0.051 0.755  0.343 -0.050  0.101  0.817 0.109 0831  0.032
DURREE /% 36.360 19.422 10301  9.491 44413 16819  12.876 57.486  13.163  10.385
BT DT /% 36.360 55.782  66.083 75.575 44413 61.231  74.108 57.486  70.650  81.035

VoS A R B I K — S5 R A FH RN R K el B T e
R K ARSI . PC2 LI NO,y B 4k, e
T7 2 TTHRR N 19.42%  LLATF R LR ACRAE s
NO; —N>20 mg/L [#FE 5 5 B0 A 72 HF b 3k 2
AR R 10, T A b b v i R s S A D
(F5) o A iF5E 2 WA A v it FH 22000 , i o %
W AL FH %) 2B A A 4 b S Ty R 7 i T
WE I OL T 38 A - K DT 5 | A b T 7K b R &
TR WA PP R R R T K TP RS R R
SETE NS — AR E R WA Rk R
A A S TS KA, R TR 5K R4
Ab B B HE A BRI BT S TR R AN K e
FIZE & IR 5 53 A0 A s 1R 46 Vi B8 15 19 b X (Gan
etal.,2022) ., L PC2EFR T A G5 K ok
5 S AR R X T 7K KAk 22 B 52 . PC3 LAK' \Br
g B A gk, HoOr 22 50RO 10.30% . K\ Br i
W5 KA K, B s sh Dok, 8 R 4
DT 3 WL BRI B2 i K AR, HEI 52 1R A
FHEZM, PR PC3 AR 36 T K ARMEHI R . PC4
DL pH Ry 8k, o7 22 TR R 9.49% . HIFR 1
I, pH FEZS [ 40 A B AR AN K, IA R I 32 K AR Hb
JoT Z A T, R O DA Ay 2 T R B ) b T K Ak
S Al
44235 PP R T RALF A E

HST IR E K E KA B e 2k EEL

3B ERES, BRI 74.11%(£2) . PCI
LI TDS .Mg*.Ca* \Na",SO.> \HCO, .Cl J}y F= % fif
B, Hy Z 5Tk R N 57.49%., FEE AL Tol 1k
(PR i o B Vg R K 5 SR 3G K, =z
SIRTEE, TR, 28 & B, WRZ T KL
(0.46+0.37) m/a [ i B 76 T B (5K 5l AL A ak
2014) , H N ACHSRAEA R ARE i EOF it
T KB S (TR 2017; FHEOEEE, 2019), 4%
4 Gibbs K504, BA N PC1 328 i WK — S A B A
FH ZE 2 45 SR b T 7K R R K AR 2 B 5
PC2 DA NO;y K" fy = % fay 2k, H Oy 22 si ik %
16.82% . 8% Vg J5 it A A 2URE A0 AR L A5 B
Fo fEE LB 30, BACME A R (kS
WLATFLAE L, 2014) o i A 2 E 1 1990 411 261.8
kg/hm? #8111 5] 2015 4F 19 660.2 kg/ hm? ( % K L4,
2018) . 45A AR AL HL T K A R B (L S) Ik
PC2 ZAUNE A= T V5 7K S sl Py 24 X6 s R K Ak 22 1
20, PC3 LLpH . Br b EZfif#k, H pH 5 PC3 2
A G, Br 5 PC3 R IEAH G, HJr Z mi k& K
12.88% . WA S PR B P 45 R R K A 42 % L 7K Ak
= AT IR
44332 H) T R T RICFHZ

VT IR T K AL 2= AL B 3 IR R
il , RARTT 2204 81.04% (3£ 2) . PC1 LA TDS .Ca™
Mg* \Na' .K*,SO,> \HCO, .Cl"h FE fjzk, H5
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TR A 44.41% , FEEEHEF- L, b T KRR 23 3R
bR IRAK 5 K R P, 2 ] TR 2R R
TR, IR T E T KRR, 4548 T AE
ML (] 7) Gibbs B (B 6) , A b 78 K 235 5 L FH 5 1
2 0 W K 3t 7GR SR A6 1l K A2 2H 45 i
FHEAEH] . PC2 LA pH . Br i B4, Hiy 22 5tk
FN13.16% . A BRI EE B K A= LR
TKALSE LAY B95E0E . PC3 LANO, K 3, Hiy 2% 5eilik
RN 10.39% . H &S AT 07 - B R ACRE 5
H1,NO; —N=20 mg/L BAE 5 FEZL 50 e H I
TR TA X, P IA R R AT AR T 5 7K S Tl
IR KA 2E R

5 MR KRR IR

5.1 WHTFEEHTK

LLIAT P Lo b AR, 5 RS K A7 T B, A2 T
R KGR S5, B0 Wy v DA R R R
A HH RN e 1 (o P, I S SR i B IX K A 1 15 7K
AL PR T FEHE A BT T I S VA R R
K& M FRFE A T K PSR ER Wk B T i, S LA
J kb T KA 2E T A R EAR R BT R ),
BONLAT JUJy T s B4 «

(1) EESTHLTF K H B RS, R EARE T
IKBGSERT Bh A, M RF ok, M Rhia et

(2) s R 7K [ b o Ko 35 RR R K R b 3%
K, AN BRIE K, SEAT N T TR A5y X hn b
TOKAN R 2D S B R DR AN A PR S Ml T
IKIKAL

(3) MRk 5 B AR NERH bR o 0 75 A0 A AR 85 i 2k
7 (Pefia—Haro et al.,2010) .

(4) 7638 T &0 X A 15 FH A HEOK R 45, HEL
K, I skt 2K HE R W B 1R HE O AR Y
K 5 U B 2 1 O K A B B v A K A B AR
B LA IR BRI EER
5.2 ERERMTOK

WAl Tl Ak K 75 K3 K 2 Hb T 7K
(7R B, 3R KGRI S T K V5 I 2] s AR RA
By ik w4 R K R R AR A o 2
A AR AL TR KA S A E R R . RS
PR T SR T 28 B 0 R UR R DR A 258K
5 AR VR IRS RS I A R R . L

ML L7 a4

(1) s K B W W B A B B, el s b K A
WL R G, 2561 5B 4 My v )2 M R K IR i, ™
& BRI R 2 R K R

(2) 7845 F F EE /K AL JRZK U, S5t 7K I 4 T
o BT KL A A 2 U TR A E T
PIATAT M, 220 B A b R K R, Dk 2D R 2 T
IKFFRK

(3) KAy FF R K T AR, 92t Tk FH /K 35 5 7]
FHEE Al R P HE e 9 45 K HE I =X, S A
T S22 BrARVEY) , KOTHET A i 1K B, Jek
BR324 FHIK

(4) el 1, b2 B Bt IS , 2 o R
e AR NE B E LS, &Rl HZ o2 A B IE
b5 SR PR | Tc it R 5 R A £ A 1 700 5 5 AR AT
TRA T, Be 30 6l &I B g Ak VR T, s/ R
IR o
5.3 EFFEFREMTK

VTR T 7KK, K AR SR T [ H T 7K
fh2E AR EE 2R ORI 6T R T X
(A AR A 36 35 7K B Tl B K6 b K Ak 2% 1 5%
Wi X R (Al M DA L T s ia 2 5
.

(1) $2 = 7K B B50R 2, o 49 7K B 3k T
TAN AL SRR

(2) g sl 7K AR K I A& A H F AR BFST , ek
PR 1, S B SR AURK 5% AL, e AR i
IR TSR

(3) e T 7K B 3 W R Se i[RI B, PR
il FL A A B TR A T KR . AR K ALR N
& v VR TR T T KBS A 4t TR RE

(4) 2433 B L R /K TR, Mk A2 T ZK AR 7K
(1) 8l 3 VA, LABH 1B K AR, 18 21 fif pe A 7K 5 il
E M

(5) ] AGPAT “IREE ORI L FI K V5 Ye B iR 45
S5l PRy /- = By ) DO R o A=
R A, EAS bR HE R, XA 5 TS K A
PRV , ANFFAFUE AT AL

6 %5 it

(D) B e e — oS B R KR 5
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Na - Mg, HCO; - SO,—Ca,HCO; - CI-Ca ,HCO; - Cl-
Mg Ca Ay &, -k /Z i F K Na™ . Cl . SO
FrEBIEEEAE T BT, KRR A T,
223K 74 s I JFRZ MR K Na ™ (CL 5 & i
ET AL RUA T SR 22 B, A LLAG P SR
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Cl B, e 23k CLALK
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