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Evolution law of groundwater chemical characteristics in the loose porous aquifer of Tongzhou District, Nantong
City//Dong Likanghong' , Li Zhao', Zhang Jianmang’ ( 1. School of Earth Science and Engineering, Hohai University;
2. Jiangsu Provincial Environmental Geological Survey Brigade)

Abstract: To explore the evolution law of the groundwater chemical characteristics in the loose porous aquifer of Tongzhou
District, Nantong City, a comprehensive analysis was conducted on the groundwater chemical characteristics and the spatio-
temporal evolution of the main ion components in Tongzhou District from 2016 to 2023 by using mathematical statistics,
Piper trilinear diagram, Gibbs diagram and ion ratio methods. Research results show that the groundwater is generally
weakly alkaline. The water chemical type of the first confined aquifer did not change significantly from 2016 to 2023, while
that of the third confined aquifer gradually changed from HCO,-Na type to Cl-Na type. The phreatic aquifer and the third
confined aquifer are mainly affected by water-rock interaction, while the first confined aquifer is controlled by seawater
intrusion, dissolution of stratum salts and evaporation concentration, presenting the characteristics of high salinity brackish
water. Total dissolved solids content of groundwater is highly correlated with Cl” mass concentration, indicating that Cl™ is
the main ion affecting total dissolved solids in groundwater. During the process of groundwater level recovery, water-rock
interaction in the first confined aquifer is strong, promoting the release of Cl™ from the soil into the groundwater, which
aggravates the salinization of this aquifer. Meanwhile, the brackish water from the upper aquifer seeps through and
replenishes the third confined aquifer, leading to a light salinization trend in this aquifer as well.

Key words: groundwater; chemical characteristics; ion source; Tongzhou District
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Fig.1 Diagram of groundwater sampling points in unconsolidated porous aquifers of Tongzhou District
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Table 1 Statistics of hydrochemical characteristics of samples

) W/ (mg/L) »
R R Ca® Mg Na* K* ar S0 HCO; NO; F- DS pH fi
. B 163.00 84.80 1222.00 40.70 2740.00 192.00 824.00 120.00  0.67 1479.00 8.42
t;kf'; B/AME 43100 12.40 20.80  0.29 24.80  26.40  174.00 0.11 0.11 368.00 7.16
SEHE 96.72 43.80 112.42  13.17 87.88  85.08 473.81  25.43  0.33 930.27 7.51
L BoRfE 997.00  766.00 5846 260.00 10945.00 778.00 1074.00 6.46  0.18 19926.00 7.48
2023 %ﬁlﬁg F/ME 124.00  31.90 53.90  3.43 70.90 5.76  323.00 0.89  0.09 941.00 7.26
M 496.43  401.70  2973.84 87.82 5822.70 443.57  641.57 3.41 0.12 10954.43 7.34
" B 110.20 48.60 199.00 11.00  249.00 81.65 519.00 0.10 0.46 1016.00 8.17
’%ﬂfg B/ME  48.10  24.90 100.00  1.60 78.00 7.20  395.00 0.10  0.11 853.00  7.30
EE 63.61  30.89 169.65  5.25 182.06  36.76  440.41 0.10  0.28 956.88  7.69
R BoORME 758.50  749.10  5580.00  60.00 10600.00 564.35 1001.00 5.64  0.29 19129.00 7.46
Qﬂd% B/ME  297.60 149.60  910.00 15.00 1999.40  12.00  256.00 0.25 0.13 4136.00 6.41
2018 SEIMH 496.32  404.73  2958.33  42.50 6094.93 233.35  661.03 3.001  0.21 10981.00 7.15
5 TR WA 70.90  24.30 160.00  3.00 140.00  41.80  476.00 2.48  0.92 946.00  7.89
pa= B/AME 46.10  19.10 137.00  1.50 90.00  38.40  385.00 0.20 0.34 752.00  7.47
FHE 5570 21.93 149.00  2.50 112.23  40.03  435.27 1.09  0.53 845.33  7.68

. BARM  229.70  713.90 5627.90 107.00 11032.00 1098.20  716.80 19393. 00

ﬁﬁlﬁiﬁ f/ME 80.48  42.50 46. 50 1.40 384.00 757.70  67.90 602. 00

2016 SEHE 173.03 274.58  2034.87  26.75 4156.37 927.95  469.83 7455.50
—_ BAM  66.90 55.90  340.00 22.00  678.90 25.90  850.00 1.28  0.32  1424.00 7.90
%ﬁﬂﬁg w/ME 36.10 5.00 8.60  2.40 19. 90 2.00  99.50 0.00  0.08 158.00  6.90
SEXIE 49.90  30.13 188.65  10.30 324.30  16.48  436.60 0.59  0.16 934.33  7.43
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FEEN
b. TDS ik, 02023 4, WK & /KJZ TDS
[ B R 930. 27 mg/L, 55 1 MR JE & K
JZ53 50 10954, 43 956. 88 mg/L; 22018 4F, 45 1 |
W7 F 257K 2 TDS Joit kv B2 ~F- 448 431 2 10981
845.33 mg/L;(32016 4%, 551 M FE 75 /K 2 TDS Ji it
VRV (B 53 511 7455.5.934. 33 mg/L, Ak I,
55 TR S K2 TDS [ v B 3 o 158 TR &%
JKIZ, LB B] £ 535 14 ka3 2023 4R A 22 il
SR 75 K 2 TDS JiT it vk B P 4 (B 7 845.33 ~
956. 88 mg/L 5l ,2018 4FiRFN AL , 2023 4/
JEE 1T B R g 850N, BT /K 3l ) S AR
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c. FEMBETFREWRE, $ 1 AKESKEZER
BT R R R A AR A B AR AR B Bl W
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IKIZ AT REAETERR BR R 2 W Vs A  Mig™ o £ V4 B2 A
XIRRAE A B B KA SR/ IMEL R A 4230 Na* i B ik
JEAEAS AR 3 I v U A VAR B KT, 2016 4F iy
{HHZIE 6000 mg/1.,2018 4 IS T [, (H A& Ab
FEE X, T R % 8 1 A2 78 R 4 S5 1
SR K0T v B IR AR, {H 2023 A A T
A, BRAETE 250 mg/ L, 45 AR 25 /K2 BH B o
WS 1 RE S KZHE IR, G H-r2

d. FEPE FREWRE, £ 1 RESKED
Cl™ BT LV BEAE 2016 4138 3i fid ey , 8 0 HL 32 31 T 78
RHAR UL I K AR B 5 e, Bl A )4 A
2018 4FFN1 2023 4F CI™ BT v FE A I T B, 2 W IX 3k
IR BT FOK B = A T RAFpy 2, {3
2023 4F Cl™ R FEE# 2018 4EA Fr LT}, 430 7 R
Z R KA R, SRR CUm T K
B, SO Wit 5 Cl i vk i S A TR) AR fb s
B, HCO; it Vi AR AL AR X A2, 2k 2 R ot
TR A S B S M DR TR Vs AV E R R S AP A
NO; Fl F~ Bk BE B AL FRARAKF-, Al RS M R4k
NREFZIDOR: N € = 2 5% T AN E 2 bl O
55 MR 35 7K 2 04 BT 88— o e vk B ARG T2 1 7K
FESKIZ W sh iR BE /N R & K2 32 i =51
T AT HREES . 2016 4F 175 NO; J iR g 5
TG WAy, FE WS40 38 M X ] REAF 78 HOR #4552
i, 2023 4F C1°,SOZ 5 HCO; Bk B4 2018 4F
IR _E TR RIS TR R &K )2 d ik
A EAE AT e A BT

WX &S KZH pH HAZE S R C, f/h
(F2), ®RAHLE MM E M, 8 1 &KEEK
JZ Ca® Mg™ Na" K" Cl”,SOT F1 HCO; ZUi & T
C, BER , 32 W3k 0 s~ ot o v 7 IX S8l PRl P 22 Ak
BR, T RE S 24K S ) SR R85 A G
1 RIES /K2 TDS 1) €, %, Fe W HoK i fE =S
[ |25 57 3 5 M MR R % /K2 TDS 1 €, A%,
R IR T A DX BBl N s 3 5T

M X EKIZ BB BH B TR AE B 8 A e )
Sy SRR R ShA AL, WK K E RSB B
T HCO; 1 Na*, F- 22 B B8 ot S vk FE 3 {5 A K5
/NHERE A HCO; €1 ,SO2 NO; F-, BHES 7 o i vk J3
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Table 2 Statistical characteristic values of dispersion degree for sample hydrochemical indices
) WK K2 9T AREEKZ o5 WAL EK)Z
;Lig”; 2023 4F 2023 4F 2018 4F 2016 4 2023 4 2018 4F 2016 4F
C/% tpifiz C/% Fpifize C/% hpfEe C/% HrifE C/% frMEx  C/% Hpifie C/%  bRifEs
Ca® 0.29 28.02 0.64 317.77 0.33 161.40 0.34 59.33 14.13 0.22 0.24 13.31 0.26 12. 86
Mg2+ 0.40 17. 68 0.66  266.40 0.54 219.52 1.06  290. 81 6.40 0.21 0.12 2.63 0.75 22.54
Na* 1.74  195.18 0.75 2220.03 0.62 1822.09 1.21 2470.79 27.30 0.16 0.08 11.53 0.84 157. 64
K* 0.70 9.21 1.04 91.13  0.47 19.94 1.51 40.29 2.96 0.56 0.35 0.87 0.92 9.47
Cl™ 0.73 64.57 0.69 4041.32 0.54 3293.50 1.13 4694.55 63.41 0.35 0.23 25.46 0.80 258.75
SOi“ 0.73 40. 38 0.75 332,39 0.92 213.75 0.26 240.77 20.44 0.56 0.04 1.70 0.70 11.48
HCO; 0.28 133.84 0.38 246.27 0.42 275.98 0.55 258.78 47.94 0.11 0.12 46.24 0.71 309. 74
NO; 1.26 32.05 0. 65 2.23 0.62 1.88 0.00 0. 00 1.12 1.22 1.08 0. 64
F 0.40 0.13 0.30 0.04 0.31 0.07 0.11 0.39 0.63 0.33 0.72 0.11
TDS 0.28 257.06 0.65 7093.63 0.52 5700.69 1.14 8519.14 47.05 0.05 0.11 97.21 0.53 491.58
pH 4 0.03 0.25 0.01 0.08 0.05 0.39 0.34 0.04 0.03 0.21 0.06 0.41
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Fig.2 Piper trilinear diagram of groundwater
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