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Hydrochemical characteristics of groundwater and its formation mechanism in area along the Yellow River in
Henan Province//DENG Xiaoying, JIAN Kang, QI Yufeng, SONG Gaoju, WANG Shuai, WANG Jiazhen, WANG
Yiming, SONG Huixiang, SONG Xue( Ecological Environment Geo-Service Center of Henan Geological Bureaw, Zhengzhou
450053, China)

Abstract: In order to understand the hydrochemical characteristics of groundwater and the main sources of ions in area
along the Yellow River in Henan Province, five typical profiles were selected along the flow direction of the Yellow River in
its midstream, transition, and downstream sections, a total of 14 monitoring points were laid out, and three samples were
collected in 2023. Mathematical statistical analysis, ion ratio diagram, Piper diagram, and Gibbs diagram were used to
analyze the hydrochemical characteristics of the study area, and the factors affecting the hydrochemical composition were
discussed. The results show that the dominant anion in the study area is HCO; , the main cations are Na* and Ca®, and the
pH value of groundwater is in the range of 6. 02 to 7. 75, demonstrating that groundwater in the study area is between weak
acidity and weak alkaline and it belongs to low salinity water. The main types of groundwater hydrochemistry in five typical
profiles from the middle reaches to the lower reaches of the Yellow River are HCO,-Na type, HCO,-Na - Ca type, HCO;-
Na - Ca and HCO, - SO,-Na + Ca - Mg types, HCO;-Na - Ca and HCO; + Cl-Na - Ca - Mg types as well as HCO;-
Na - Ca and HCO;-Na - Ca - Mg types. The hydrochemical composition of groundwater in the study area is mainly affected
by water-rock action and evaporation concentration, and ion exchange is an important factor for relative abundance of Na* in
regional groundwater. Compared with agricultural activities, industrial and mining activities have a greater impact on the
hydrochemical composition of groundwater in some study areas. The influence of human activities on the chemical
composition of groundwater gradually increases along the flow direction of the Yellow River.

Key words: area along the Yellow River in Henan Province; groundwater; hydrochemical characteristics; water-rock

action; ion exchange
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Fig.1 Overview of study area and sampling point distribution
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F1 HEBHEM TKKEEIERS T
Table 1 Distribution characteristics of groundwater hydrochemical indicators in typical sections
- p—_ az%m%‘jfﬁ%mﬁ/( mg/L) ] T T HE gz;ﬁ&ﬁz/(mn/L) : ps/  p(F)/ v
cl S03 HCO; NO; K* Na* Ca®* Mg”*  (mg/L) (mg/L)

KME 52.39 277.20  400. 00 40. 48 2.05 111.90 74.84 47.31 516. 10 0.75 7.59

I e/ IMAE 41.91 33.65 341.18 8. 88 1.08 79.29 29.43 27.77 384.70 0.49 7.15
SR 47.25 97. 81 373.83 21.65 1.52 93.00 43.89 39.77 446. 05 0.69 7.34

brifE 2 5.04 102. 20 25.31 11.76 0.35 13.57 17.93 7.40 49.50 0.20 0.20

KM 125.73 217.10  483.49 103.00 8.70 117.74  152.86 50.21 861.29 0.51 7.75

1 fie/IMAE 113.28 103.00  341.18 7.04 1.44 48.66 109.56 42. 64 494.70 0.43 6.52
SEH(E 120. 44 154.17  433.66 36. 19 4.33 87.05 130.43 45. 86 710. 90 0.48 7.16

PRifE2E 5.91 51.52 67.40 37.95 3.15 30.20 18.19 3.29 137. 46 0.04 0. 40

KA 160. 78 631.10  576.50 123.30 4.04 209.95 284.54 170.56 1505.17 0. 86 7.65

]]I fe/IMA 13.97 2.50 211.76 7.47 0.48 26.95 55.73 10.91 302.78 0.43 6.03
SEHE 98. 69 314.77  416.53 63.55 1.41 110.78  100.75 79.97 825.39 0.61 7.17

brifE2E 62.40 245.15 134.91 50. 34 1.19 75.08 62.43 61.47 491. 61 0.13 0.43

e RAE 146. 69 173.90  741.17 35.85 14.91 120.52  200. 63 81.31 883.01 0.58 7.65

/M 48.90 43.91 164.71 0.44 2.53 28.67 45.79 16. 86 295.39 0.27 6.03

v SEHIE 96. 76 86.82  458.46 17.85 6. 86 73.97 106. 18 43.23 613.70 0.44 7.16
brifE2z 33.22 42.26 189.70 14.99 4.64 30. 60 56. 66 23.49 210. 30 0.10 0.51

IS PN] 113.28  133.90  752.94 7.61 2.66  143.68 143.90  90.77 914.16  0.97 7.58

i /ME 43. 66 50.06  570.59 0.44 1.85 121. 80 40. 88 16. 86 618.99 0. 65 6.02

v SEHIE 84.56 89.19 671.71 2.75 2.27 126.76  100.91 60. 35 772.03 0.78 7.16
FrifE % 31.45 36.71 71.13 3.58 0.31 8.37 39.31 28. 11 120. 29 0.12 0.57

KM 160. 78 631.10  752.94 123.30 14.91 209.95 284.54 170.56 1505.17 0.97 7.75

f/ME 13.97 2.50 164.71 0.44 0.48 26.95 29.43 10.91 295.39 0.27 6.02

5T )

SEHA{H 92.97 165.08  463.45 32.16 3.57 96.70 99. 77 56. 45 692.61 0.57 7.18

FrifE 2% 43.63 169.02  156.45 38.17 3.62 48. 11 52.59 39. 61 314. 31 0.17 0.44

F2 HBHEMTKKUEERERRY
Table 2 Variable coefficient of groundwater hydrochemical indicators in typical sections
T HAEPRE S R AL

p(ClI7)  p(S037) p(HCO3) p(NO3)  p(K*)  p(Na®) p(Ca®) p(Mg™*)  Pms p(F7) pH fH

1 0.11 1.05 0.07 0.54 0.23 0.15 0.41 0.19 0.11 0.29 0.03
I 0.05 0.33 0.16 1.05 0.73 0.35 0.14 0.07 0.19 0.07 0.06
Il| 0.63 0.78 0.32 0.79 0.85 0.68 0.62 0.77 0. 60 0.22 0.06
v 0.34 0.49 0.41 0.84 0. 68 0.41 0.53 0.54 0.34 0.24 0.07
\4 0.37 0.41 0.11 1.30 0.14 0.07 0.39 0.47 0.16 0.16 0.08
5 X 0.47 1.02 0.34 1.19 1.01 0.50 0.53 0.70 0.45 0.30 0.06

p(S07) (p(Ca™) [ p(Na')  p(Cl7) , p(Mg™) .
p(NOJ) | p(K") , HfH 53 7l 2 463.45,165.08,
99.77.96.70 .92.97 56.45 32.16 3. 57 mg/L,
3.2 TDS 5EEMBEFH=E S mIFE

TDS 1 pH {E 2 T i it X /K AL 2F A fe b A
BRIFANFERR P 3 A THIEIX pys 5 pH
(B AR P g, BT R i 31 R 0, S AT pH A
AR EEAS K, SE I (E R 7. 18,%‘%%?5@@@@%
SSRRIEZIA], BRoRRE A -2 A -3 4b, Ay Rt
Pros FEA/NT 1000 me/ L, B HAR M SR8,
HITE T ~ VSRR T KA poys S8 LT FETT-3 35
FE AR (1251.65mg/L) ; NTT-4 F 46 poe FEAK, 5
V-4 Xz b T, AR E , B o R e T K
Ppros FEUEBNHIEAT BT,
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Table 3 Variation trends of p,,; and pH value

Kb, pHAE prps /(mg/L)|| RAEES  pHIHE  pops /(mg/L)
I-1 7.30 464. 17 m-4 6.90 509. 56
-2 7.40 418. 89 V-1 7.05 552.27
-1 7.15 672.78 V-2 7.32 611.12
-2 7.16 309. 49 V-3 6. 89 418.82
-1 7.20 749. 02 V-4 7.39 872. 61
-2 7.27 1230. 84 V-1 7.36 776. 50
-3 7.31 1251. 65 V-2 6.95 767.55

Pl 2 Syt 7K™ A B RS BH 8 —F A DG 4 B
Fo B 2 AT LUE Y 1 o8 XK fb 22 4 S ik 1k
JER R E  FEA/NT 1300 mg/L, # T /K& TRA"
fREEAK, Zia# 1 LK, 8K L p(HCO;) R
B T e TR SRR, 1M 5 SGE T L
Tt; p(SOT) 5 p(Cl7) FeBHAH R 9 A8 fh ks 3
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