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Hydrochemical Characteristics and Formation Mechanism of Shallow

Groundwater in the Yellow River Delta

AN Le-sheng', ZHAO Quan-sheng’, YE Si-yuan®, LIU Guan-qun', DING Xi-gui’

(1. Department of Environmental Engineering, Ocean University of China, Qingdao 266100, China; 2. Department of Environmental
Science, Qingdao University, Qingdao 266071, China; 3. Qingdao Institute of Marine Geology, China Geological Survey, Qingdao
266071, China)

Abstract: Understanding the chemical characteristics of groundwater in the Yellow River Delta is very important. It can provide a
useful reference for the development and construction of the Yellow River Delta High-efficiency Ecological Economic Zone and
ecological regulation in the lower Yellow River. Based on partitioning the sediment environment and the recharge-runoff-discharge
system, we studied the hydrochemical features and causes of shallow groundwater in the Yellow River Delta by mathematical statistics
and geostatistics, Piper diagram, ion ratios and so on. Following results are obtained; (D Major cations and anions such as Na*,
Mg *, Ca**, Cl=, SO, HCO; and TDS concentrations range from 0. 1-25.0 g-L.™", 3.6-3815.0 mg-L.™", 5.6-3377.0 mg-L"",
0.1-45.1 g-L™", 24.2-4947.0 mg-L™", 62.6-850.0 mg-L ™" and 0.4-80.7 g-L~'. Average ion concentrations further indicate that
Cl™, Na*and TDS concentrations are high while HCO; , CO.~ and K * concentrations are very low in the study area. @The Cl~ and
TDS concentrations of shallow groundwater possess conspicuous directional spatial variability and gradually increase along the
groundwater flow direction, showing that C1 ™ is the most critical ion of shallow groundwater. (3From the recharge area to the discharge
area, shallow groundwater changes from the Na * -Mg** -Ca”* -Cl1 ™ -SO; ™ facies to the Na*-Mg** -Ca>*-Cl~, Mg**-Na*-Ca’*-Cl~ and
Na*-Mg?*-Cl~ facies, finally evolves into Na*-Cl~ facies in the coast. @Ion ratios indicate that the following main hydrochemical
processes are inferred to control the shallow groundwater chemical composition: mixing, evaporation concentrating, mineral dissolution,
cation exchange and adsorption and human activities. These findings strongly suggest that changes of the Yellow River water course and
seawater intrusion are key drivers to form the chemical characteristics of shallow groundwater in the region.

Key words : groundwater; hydrochemistry; hydrochemical characteristics; seawater intrusion; river course changes; the Yellow River
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Distribution of sampling stations in the study area

2.1.1 KAEFESHGITRHE

BT LU R BR S5 A TR, Ax T RGEHT ST IX XF 160 MRJEHL R KEE A XK =280t T
B Z R KK A EI"J/\ AR SRS AL i SRR E A, 45 R UL 1. ST 4 R s, P 5T
AN R 7K i AR ) R EOK A X )ZH K C17  Na™ 1 TDS J57 & Wk BEAR &, 1M
) EEmEin HCO; ,COT™ Al K* W FEARAR, Horp, C1m W 4 T
0.1 ~45.1 g-L”" Na"7£0.1~25.0 g-L~' [ TDS 7
2.1 KAFESEES [ AR 0.4 ~80.7 g-L.”' \HCO; 7£ 62.6 ~850.0 mg-L™",
F1 ZEHTAKUZSHMNGITEHEE"
Table 1  Statistics of hydrochemical parameters of shallow groundwater
5 SiH K* Na* Ca?* Mg?* cl- HCO; S0%- Co%- TD% Br- NO;
/mg-L™" /gL' /mg-L™' /mg-L™' /gL' /mg-L™' /mg-L! /mg-L~' /gL ' /mg-L /mg-L~!
Min 0.8 0.1 5.6 21.4 0.1 62.6 24.2 0 0.4 0.1 0
Max 406. 4 12.7 2184.4 1621.8 22.6 661.0 2612.8 174.0 40.6 103. 4 9.38
IIx Mean 49.1 3.4 428.2 583.3 6.7 279.9 827.8 20.5 12.3 10. 4 0.61
Std Dev 89.7 3.4 426.6 512.2 6.6 135.1 740.9 32.6 11.6 24.9 1.36
Ccv 1.8 1.0 1.0 0.9 1.0 0.5 0.9 1.6 0.9 2.4 2.2
Min 3.9 0.2 187.9 3.6 0.4 122.0 149.0 0 1.6 0.2 0
Max 556.0 25.0 3377.0 3815.0 45.1 850.0 4947.0 92.8 80. 7 113.4 8.58
nx Mean 121.3 7.8 928.3 1189.0 15.2 454.1 1714.3 20.5 27.4 11.0 0. 66
Std Dev 142.3 5.6 663.7 850. 1 10.5 173.0  1151.2 21.5 18.4 25.5 1.45
Cv 1.2 0.7 0.7 0.7 0.7 0.4 0.7 1.0 0.7 2.3 2.2
Min 1.9 0.7 68.0 104. 6 1.5 181.6 291.5 0 3.7 0.2 0
Max 196.3 10.4  1212.0 1381.5 19.6 822.0 2426.0 38.2 35.4 100. 4 0. 66
X Mean 61.3 5.5 681.0 823.7 10. 6 467.1 1360.8 13.7 19.5 31.1 0.14
Std Dev 66. 1 3.0 350. 1 389.6 5.5 189.8 666. 1 11.8 9.6 32.1 0.18
Cv 1.1 0.5 0.5 0.5 0.5 0.4 0.5 0.9 0.5 1.0 1.3
Min 9.0 1.5 303.5 316.8 3.2 254.0 807.2 0 6.5 10.0 0.05
Max 60.5 9.3 1404.7 1572.6 19.5 591.0 2298.0 13.2 34.5 83.3 5.14
VIX Mean 23.7 4.3 744.3 782.7 9.0 360.3  1203.7 4.2 16.5 35.8 1.07
Std Dev 18.9 2.9 394.5 431.7 5.8 118.0 545.1 5.8 9.9 26.4 2.01
Ccv 0.8 0.7 0.5 0.6 0.6 0.3 0.5 1.4 0.6 0.7 1.9

1) F£HIH Min A/ME Max A KE  Mean HF-I{H  Std Dev AbrifEfR2E . CV AR F RE NO; LAN i

0.5 mg-L~"A10.02 mg-L~!

CO3~ FINO; -NAG i B350
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UEAN B 5T X R 2 M T K Bro BT VR AR
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FEK TRFCHNA BT, 1 e 35 e (0 45 96 AR TR BR B
A BRI IVIXEE 1T I IXPURA R 5 i F AT
2 B AKNE S HGE 5 H R K2 e 1Y) 52 e 45
AN CHGE & B RS P i BV ) 1R 2 R K
IRAGTREE 25 ORI Br VRIEBIMEZ NG 419 3 5.
NO, 1E1% X 3 )2 i 7K o i e B A%, 24906 2
GB/T 14848-93 iy M 245 ME( <20 mg-L™") ,—&

FREE T R e DX 3 J2 b T 7K 2 AR A ARl 15 Y
M) 45 2.
2.1.2  BZSEA ST

2 RAIX 160 RAE A 11 RIS H
Pearson A R A MEENWFFRIX R FE,Cl™ (Na® |
Mg** \SO;~ 5 TDS it ¥ B 2 ] B A i 25 1 1EAH
K, HIH AW (1) ~(4) .

Pms = 1.76p¢- + 634. 60 R* =0.997(1)
Prs = 3.290y,. +1489.43  R* =0.982(2)
pms = 21.60py.. +707.84 R =0.919(3)
Ps = 14. 79~ +724.00  R* =0.849(4)

AN LN RN sPug2+ ~Pso? - ISP RN TDS (CL |
Na* Mg’ * SO~ Wy E B Pug- il Pso2- AN
mg-L™" RPN e L™ R NHSCRE, TTREHN.

(1) ~ (4)FW, WK TS5 TDS B 8] A A0
KRFIRE] 0.9 DL, H0FoE IX iR 21T K 3
B4y, C17 5 TDS ¥ B ) AH OC R ELE 35 0. 999, Ui
] CL™ VR K /IN 5 25 0] 43 A % TDS A 25t A
FH. AR, Cl 5 Na*® Mg™* (SO~ MeEEMa], L& Na*
55805 MIBAFZER = A G T Ca®* 55 S0~ 1]
R RBEAR (R =0. 484) , X F 4R (NaCl) J2: i
YN UL A A ) B UR , B4 A (Na, AL SigOy )
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K000 AL 5y, Hi B RT R0 A AR A K
Az AT W0 KA 2 X% 2 T K
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WFFEIX IR 2L T 7KK b2 2 A>T BES 5 CL
TDS Joi vk B 114 2 0] 4 {5 245 5% 20 ) L1 2 Fn i 3.
LA 2 M 25 RRAE T 0 B 8, O S 00 i 2
(R 7 Tl P 22 [ A8 S A 4 () 3 A — 0. 3Ry
23 ()8 SR BUAE  FR V6 1) il D3 PN A () s B i 7K A
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Table 2 Correlation matrices of hydro-chemical parameters of groundwater
K* Na* Ca?* Mg?* S0%- cl- HCO; co%- TDS Br- NO;
K* 1
Na* 0.805** 1
Ca?* 0.162*  0.579"* 1
Mg** 0.616°* 0.919** 0.780** 1
S03~ 0.817"" 0.935"" 0.484"" 0.836"" 1
Cl- 0.732"* 0.986"" 0.694""  0.966" " 0.902" " 1
HCO; 0.155" 0.358°* 0.249**  0.310"" 0.352* " 0.347" " 1
Co%- 0. 096 0.014 -0.231** -0.098 0.053 -0.032 0.082 1
TDS 0.752** 0.991** 0.673"" 0.959"* 0.921 " 0.999°*  0.362" -0.020 1
Br~ 0.073 0.219** 0.130 0.217"* 0.186" 0.241**  0.101 0. 057 0.231" " 1
NO5 0. 150 0.117 0.071 0. 129 0. 120 0. 127 -0.053 -0.087 0. 124 0.035 1
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Fig. 2 Spatial distribution of chloride concentration
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Fig.3  Spatial distribution of TDS concentration
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SH SR K KAREK K R KRR
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Hydrochemical relationships between the selected ions of shallow groundwater in different areas
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