522 % 5 P 7K b 5 KRB B Cor e 30) Vol. 22 No. 5
2024 4F 10 H South-to-North Water Transfers and Water Science & Technology Oct. 2024

SRR, 210, 9P U, 48, KT R T /K K A2 R SRR AR KA BRI R A B 25 78 (7] Rk LR SRR (Hh3E30), 2024,
22(5): 1016-1028. ZHANG B S, LI H M, SU S H, et al. Hydrochemical characteristics of groundwater and spatio-temporal evolution of
carbonate weathered carbon sink in Tianjin Plain[J]. South-to-North Water Transfers and Water Science & Technology, 2024, 22(5): 1016-
1028. (in Chinese)

KiFFEFEM T KK FIFESRERE XL iR IC4F1ERY
i 2

(

g
nd

(

2 1 o 1,2 R 1,2 1,2 2 1,2 23 1.2
g‘l&f@‘ﬂr\ ’ éléﬂﬂ ’ 3]4‘“\14“ ’ ?@k&ﬂ% ’ g‘l"}g‘g;
S

(1. KRR BT KR 5 BRI S0 2, Kt 300457; 2. KERHE R HIR ST B, K 300457)
FEE : W IT R TR T 7K B 7K Ak 2 R A AN R e XU AR Bl T AR AE A ) 23 3 AR, ZED0F 5% X PRI 2020—2022 4R
P SRAEER A 23 ) 64T ArcGIS S B B A 25 M)l AL 40T . R2$40 T LA K SPSS Bdi Ge it o0 i 46 T4 . BFoR M. 4
e 2 Y A4 J 1T, 2020—2022 47 Na' /1 C1U 1% 5 58 v 5 52 B A7 BN R 2, i /K v (9 Bk 5 B age i3 o, Herp
FE 116°63'E ~ 116°84'E 117°12'E ~ 117°47'E 5}y i 3%, Ca”'+Mg™ 5 HCO; +SO2 i i it e i LU AR 48 KT 1, R
S JE T K K Ca®+Mg™ 5 HCO; +SO2 1 22 5 4 1 W JE LU /N T 1 78 R HF S50 /K B BH B 7 (19 45 [ 43
A, R KA PHES F Na'. Ca™ Ay B vk FE X 1143314 [104.00, 4 812.21] mg/L . [38.30, 713.67] mg/L, BB F CI.
HCO; 5 F v FE X [A] 4351 47 [73.60, 11 282.49] mg/L. [78.00, 539.46] mg/L; 7 1 R /K A AR OS2 0 77 1 , 38 33 X L Al
Sy HT s K P CUANHA B 1 (Na' Ca®™) Ji f2 e i LU 01 2 B, S5 300 V2 Vg X, b 7K Al Pt A vy, il — 2B 5
HEZM BT ke BRI K AR R b T 7K AL 2 20 A B 25 520 (A[Na ]=4 708.21 mg/L, A[CI"]=11 208.89 mg/L); TER R £h KU1k
WA 43 BT 7 T, R ST T P S e DX T A Al e s XU AR B T S 9 20, T A 00t DX 190 T 7K i 1 5k XL V1
B, Horh ca® . Mg i R I 6 i R R IR AR B Y B B 3 A4 OE 1) 5% 0 ( B[Ca®'1=0.910, P=0.03; B[Mg’']=0.312,
P=0.09) ,

KR : K5t T K AKAR 2R RHE; Bz Eh WUk

FESES: TV211 XHfFRE: A DOI: 10.13476/j.cnki.nsbdqk.2024.0101

2023 4F, EOEHTHE 1.1°C, 2R AL 2009 451 2012 4F 5 2 75 7 Vi 75 b 5 0k B AG 3E
A AR A S TG ) R —, R & U, & B R A AN B A [
HARSG B R S AR A i e I R, iR EE BSRIRIR RS S sh A AR Ak, U P AL R
RARAE FIVE A GG R 0 S B AL B0y, BRSSP e i PV PR R AL XURS: o o A7 ™ X b 2
WORA ) CO, IR AL M T /K B HCO; B T 5 A U XY A i el ok A8 RO kA7 1 9%, @
T, W A I BRI 78 R BRERTAG P, iR S Dl v N - b 2 AR 0 W K B, R IR S
HRAVER A R — DT, BA%  S5EMER T ARmICSREI T 250
ATy S SITA R A RN XIERER . T E” DLSINBRIRER A A 0 A HFhE

H T, & T i XALBIC AT T REMBFSE, XA T K 4 6 o ot 8, 25 5L & 3L,
HEFEEPIEAEME WX fREY DS L SN T2 iR Eh A, SRR R A i 2 RN 3
TR D R Iy WA a8 R WO 1 0B s P o= e O N W £ 1 Rl 1617 o PRV N S R =
VAS 7K R G %o ek W e 7 TR, A T RV BONE W, B, BRI I A DX 2 T K ke R A XUAR iR T A A
WREMAHERICHWEZRNE. HEREYRT TR,

Wim HEA:2024-03-20  {&EIHEA: 2024-08-12 ™) £& tH iR Bt 18] : 2024-09-06

) 2% H AR 3 - https://link.cnki.net/urlid/13.1430.tv.20240905.0912.004

EE&WH: BRARBEESTH (42072288)

EERN: IR (1998—), B, WA A4 A, FEN S TR EFH SR KRS QLB 5 3 58758 . E-mail:
7bs396700815@]163.com

BEEE: W 1971—), B, IWPE BRA, A8z, FENERSCHERIL: . H TR EIEA S -5 1158 . E-mail: lihaiming@163.com

<1016+  “m#&” Fz5KAHK


https://doi.org/10.13476/j.cnki.nsbdqk.2024.0101
mailto:zbs396700815@163.com
mailto:lihaiming@163.com

KR, % REFRETAKCFIAE G 58 2k RSO R AE B i =R

REE A AT T B, SRR 3 i il -
Jio BT K EA AT K R LA
J SRR U B K TR A L I AR TR
SR, ARt K ILHAE T, 52 N0 3 5 g £6 AUk
VB 3L R R, S B /K AL 2A R AE 2 PR i
Jb 1) AT R P AL 1 2R B AR A Y iR R A
b J2 25 R A AN TR R B2 T ik, 20 T R B Rt 1 7
il P B o K B R R T SR A R K b
B B i, oM R K B K B AN A 2 0 R A
S, R EOT R R )2 R R U R )2
AL b BUZMY S AR S A S 5, K R T 7k
pH {EE # 7E 7.0~8.5"%, J& T M-l k" A g
[E A ( TDS) Jit £ ¥ i %8 &, PT 35 2] 1 000 mg/L
DL E, FFH Na', CI'. HCO; . Ca® 255 T i,
B B A v, SRR Ca” i Mg T A, KR
S-S M T 7K F R I S IO B S R AKOK A 2%
VIAH G, B M T 7KK AL T B, V6 A 400 o ok vk
Syt

S5 T EAF B T 7K ) 7K A 2ERAE AR R R
R AR Bk YRR AIE 1Y B 28 AR, 7E B 5 XN R
2020—2022 4 I R AR 53 B HEAT ArcGIS [ iE 25
R 25 [ A A3 BT . B 53HT L) e SPSS Bdis Si it
IIMTEE TAE, d— 25 B0 I J5 T KRR AR £ XL
AR DL B 5 R KL= R IR Z M G R . 38
it 3K — 5T, HHEE N K I T KI5 4L Bl A FK
PEURAE PR LR 2R AR, RIS S A ERBRAG 24 A< A
AR5 B LB (8 40 A RS S

1 #ARXHR

KA T Aedb rp K, 2 55 K E ., de Al
AR AT L X, HUE LA JE R 3, MR 0~50 m, ML Rk
T AR SR 18, 2020—2022 4F - 1 Ml 3 K A2 v B
H0.5142 m’, # K HEE N 0.89 42 m™, HUF
KRG MRIZCE T SKk4A) FEZE T~V
TR IR Z R K 5y 32 R TR AT K A B M4, T
B 1,57 28 s i), 7K A5 A8 A s TR 2 H R KA Tk
IKIZZT, EK 2 F 58 32 %2 i il i v AR 5 W0 VA DL
TR b 248 B, &) 52 L5 32 3 Rk 66 FE SR 3, M
KB B E™ M T K TSR TR KA
KA B (A0 7k 2 Il A Sz )™, [WR, 21X 38 T
AR, IR AR K T 5, Al T S, X bR K
HPE AR

2 HEmRESNTHE

21 BARERARERIERE

TG B SR T 7K KA 2R R E AR R R K
BRI, P B % X 8 2020—2022 4F AN 7] fit A6 ) 37
HAE AR S BT 1 22 B AR G, % R S
IK KA AR HEAT B 25 204, B AN [ 2 (8] A3 Jg
1) KT B bl T AR A ZE A, S PR UE ISR B0 1)
HER M, X 2020—2022 4F 4 A I 3 5 575 HE A K
o FERIEHURER, 1587 2R A RS I 0
FEAE, AR ORI B o) A a4 T . SR fd
FHE 56— w0 T K, I 3 U R 2 M
(PTFE) B W EFE S, . FEE A RY 34 A i 5 o,
H T B 17 B o) A A B0 1) 75 5K, BRI 3 4R 1Y 8
AR H , X 8 AR 5 bk R A %R
PRSI B AT BORE, o, R TR I 5 E Y
FE AT BEME LA 35 S KEEF i, R 1 Ak
$E S R 2 R DI 2 0P, IR 2020—2022 4F
FIREAN W 30T H 3548 3 A 1, 4R B BORE IR 1 4t
TH 24 4>, 25 JEH T K RGN B oK 2 R EE A A, Wl
FEE 12 m 2247, #i R K7 3R 0.75~5.50 m.

7 A0 56 SCHRM ok BAR 2 Y 2 ST O
I~V &K kA7 3 1] (1) 45 (8] 20 M, A (4 B0 K -
JE ML 7K 9 25 ] AR 4k, AR SCRE R KT J7 1) 4317
2[RRI O, el R 12 m, AKEEAEE T &k4l,
20202022 4 1) R HEF SR i T KR AR H 47 B 55
AL 1,
22 STk

5, HR RN K BT E AR (GBT 14848—2017)
B4R RN I [ AT B A, RS 3 H L AE KA
K. pH{H . HL- 3845, 7ESCm %, YR
BESIEAT Z R0 0T, A FE R (Na', K, Mg™,
Ca™, CI', SO7 )™, Bt R & 7 i, A V4 i 1 [ 1k
(TDS) %5 /KA 2F 38 b5 o FLUR, 38 4390 7 20 B 2 o
FE b BB R £ 5 e, I W R A WLER (DOC)
I ik M T AL (DIC) 19 2 U5 LA B HC A 1l R 7K
(R 43 A 2 5 TRk IR R AL BT A 3138, H RT2E AR
B FEA 2 FhH Dy 2 — R R R R IR ER T, HD
B IR £k A WAL B Cyy 5 8 3 Pl 3R DAY I 1
Cor=Cy <D™, B F A YW I 300 5 Hp B 3] ol 3
I SR B %, WO SR Z 3B O i ) —Fho2
BT I WA SCR R T 2, B
mr,

“Bap” B 5 KA FHK 1017 ¢



F22% #5H WALASAKABKEE) 2024 4 10 A

@ 2020 4F
®2021 4F
@2022 4F

1 2020—2022 F£REEN T
Fig. 1 Distribution of sampling points from 2020 to 2022
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Tab. 1 Statistical analysis of hydrochemical indicators from 2020 to 2022

5 TR B ((mgeL ™)

ZHR i) AR FER R FEARHE 22/ (mge L) A5 ZEU %o
e/ IME PN S

2020 24 89.74 7973.38 1678.16 1313.94 78.30
2021 24 104.56 8 426.54 1654.62 1387.00 83.83
Na 2022 24 109.69 9 908.30 1732.36 1633.10 94.27
¥i{E 24 101.33 8769.41 1 688.38 1 444.68 85.57
2020 24 33.05 614.83 192.31 96.96 50.42
. 2021 24 34.96 683.18 192.90 108.04 56.01
Ca 2022 24 46.99 734.07 21235 114.51 53.93
¥ 24 3833 677.36 199.19 106.51 53.47
2020 24 63.08 13 996.33 1972.63 232221 117.72
. 2021 24 76.68 15 953.86 2095.36 2 646.20 126.29
c 2022 24 72.48 16 505.54 2223.72 2738.84 123.16
¥ifE 24 70.75 16 300.00 2177.61 2704.88 124.21
2020 24 67.06 720.33 459.62 108.88 23.69
. 2021 24 80.64 758.65 466.93 113.00 24.20
HCO, 2022 24 84.44 899.20 493.95 135.79 27.49
¥i{E 24 77.38 792.73 473.50 119.23 25.18
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Fig.2 Main composition of anions and cations in water bodies from 2020 to 2022
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Fig. 3  Spatial variation trend of cations in groundwater
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Fig. 4 Spatial variation trend of anions in groundwater
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Fig. 5 Proportional relationship of chemical composition of groundwater in different water bearing groups (cluster analysis)
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Fig. 6 Spatial variation characteristics of inorganic carbon mass concentration in groundwater (inverse distance weight spatial evolution analysis)
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Hydrochemical characteristics of groundwater and spatio-temporal evolution of
carbonate weathered carbon sink in Tianjin Plain

ZHANG Boshen'’, LI Haiming'’, SU Sihui'’, LI Mengdi?, ZHANG Cuixia"
(1. Coastal Groundwater Utilization and Protection Laboratory, Tianjin University of Science and Technology , Tianjin 300457, China;

2. School of Oceanography and Environment, Tianjin University of Science and Technology, Tianjin 300457, China )

Abstract: Currently, owing to the significant impact of carbonate weathering processes, the chemical composition
of groundwater in the Tianjin Plain exhibits a distinct horizontal zonation pattern, both from north to south and from
north to east. This zonation is a result of complex geological and hydrogeological interactions that shape the unique
characteristics of the groundwater in this region. The pH value of the groundwater typically ranges between 7.0 and
8.5, classifying it as neutral to slightly alkaline. This pH range is influenced by various factors, including the
mineralogy of the aquifer materials and the presence of dissolved ions. One notable feature of the groundwater in the
Tianjin Plain is its high total dissolved solids (TDS) content. This elevated TDS level is primarily attributed to the
abundance of specific ions, notably sodium (Na"), chloride (CI), bicarbonate (HCO; ), and calcium (Ca,") ions.

In order to study the hydrochemical characteristics of groundwater in Tianjin Plain and the spatial and temporal
evolution characteristics of carbonate weathered carbon sinks, ArcGIS antidistance weight spatial evolution
analysis, cluster analysis and SPSS data statistical analysis were conducted by the sampling data from 2020 to 2022
in the research area.

It is found that in terms of spatial and temporal evolution characteristics, the mass concentration of Na“ and CI°
increased gradually from 2020 to 2022, and the content of salt water in the groundwater between 116°63'E-116°84'E .
117°12'E-117°47'E, Ca’" + Mg’ to HCO; + SO?™ was greater than 1, and the ratio of Ca’* + Mg”’ to HCO; + SO;
was less than 1. In the latitudinal spatial distribution of ions in Tianjin Plain, the mass concentration interval of
cations Na” and Ca” in groundwater is [104 mg/L,4 812.21 mg/L], Ca’ [38.3 mg/L,713.67 mg/L], and the mass
concentration interval of anions ClI and HCO; is [73.6 mg/L, 11 282.49 mg/L], [78 mg/L, 539.46 mg/L],
respectively. In terms of the influence of salinity water intrusion, by comparing and analyzing the concentration
ratio of CI” and other ions (Na’, Ca®) in groundwater, it is found that the salinity degree of groundwater is high near
the coastal area, and further empirical analysis found that seawater intrusion has a significant impact on the chemical
composition of groundwater (A [Na']=4 708.21 mg/L,A[C] =11 208.89 mg/L). In terms of characteristic analysis of
carbonate weathered carbon sink, the weathered carbon sink of groundwater in the western area of Tianjin Plain
decreased, while the eastern area increased, and the mass concentration of Ca’” and Mg”" had a significant positive
effect on carbonate weathered carbon sink (B [Ca*'] =0.910, p=0.03; B [Mg”'] =0.312, p=0.09).

The results further verify the weathering of groundwater carbonate in Tianjin Plain and the relationship between
the chemical characteristics of groundwater. In terms of spatial and temporal evolution characteristics, the mass
concentration of Na' and Cl showed a trend of increasing year by year from 2020 to 2022, indicating that the salt
water content in groundwater was gradually increasing. In terms of the impact of brine intrusion, the coastal area,
namely the area with higher longitude, showed a higher salinity of groundwater, indicating that seawater intrusion
had a significant influence on the chemical composition of groundwater. In terms of the characteristic analysis of
carbonate weathered carbon sink, the carbonate weathered carbon sink of groundwater in the western area of Tianjin
Plain decreased, while the amount of groundwater carbonate in the eastern region increased, and the mass
concentration of Ca’ and Mg”" had a significant positive effect on the carbonate weathered carbon sink. Compared
with southwest karst region and the loess plateau region, it is found that although these areas of rock dissolution and
carbon sink effect in common, but the Tianjin Plain rock type, dissolution rate and climate conditions, which leads

to the carbonate weathering carbon sink characteristics and influencing factors, also has certain uniqueness.

Key words: Tianjin Plain; groundwater; hydrochemical characteristics; carbonate weathering
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