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

[Objective] The Beiluo River Basin is an important secondary tributary of the Yellow River. Research on groundwater quality in
typical tributary basin of theYellow River is of significant for ecological protection and high—quality development. To ensure local
drinking water safety, we systematically identified status of groundwater quality and delineated inferior groundwater region in the
Beiluo River Basin. [Methods] Besides, based on analysis of D—'"®0 isotope in groundwater, characteristics and evolution
mechanism of groundwater hydrochemistry were studied and effects of hydrogeological condition and anthropogenic activities on
groundwater hydrochemistry were revealed. [Results] Groundwater hydrochemical composition was jointly affected by rock
weathering and evaporation concentration, part of which was influenced by anthropogenic activities. D—'*0 isotope composition
suggested that evaporation concentration is the major influence factor of groundwater hydrogeochemistry. [Conclusions] Leaching
of soluble minerals such as gypsum halite in clasolite and evaporation concentration of pore water in Cenozoic faulted basin in the
downstream caused salt accumulation and high TDS in groundwater in the upstream and downstream, respectively. Hydrochemical
composition of groundwater in Ordovician karst aquifer and Cenozoic faulted basin aquifer was mainly controlled by evaporites and
anthropogenic activities. While hydrochemical composition in Cretaceous aquifer and Carboniferous—Jurassic aquifer was mainly
controlled by rock weathering (especially silicate rocks and evaporite) and less affected by anthropogenic activities. Moreover,
groundwater in the upstream and downstream was significantly affected by industrial and mining activities. While groundwater in the

midstream is of good quality due to less influence of industrial/mining activities, agricultural activities and domestic wastewater.

Key words: hydrochemistry; D—""0 isotope; groundwater quality assessment; Beiluo River Basin; hydrogeology survey engineering;
Shaanxi Province

Highlights: Based on hydrochemical indices, D—"*0 isotope and characteristic parameters in groundwater, characteristics and
evolution mechanism of groundwater hydrochemistry were studied, and effects of hydrogeological condition and anthropogenic
activities on groundwater hydrochemistry were revealed.
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pHIA 0.10 R fﬁ;Tﬁﬁiq— NO, /(mg/L)  0.02 B0 Mn/(mg/L) 0.0002 HLHE ﬁi?ﬁﬁi’—l—
AR 2 s SR ;
K/(mg/L)  0.01 i %{?fﬁxki Br/(mg/L)  0.30 i N Sr/(mg/L)  0.001 A %;%121&7;293
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Fig.3 Piper trilinear diagram of groundwater in different aquifer groups

Table 2 Statistics of hydrochemical indices and characteristic parameters of groundwater in different aquifer groups in

Beiluo River Basin

Kb b HEREKAH ARZ—ED REREH W REE S AKEH AR W R B K s
R IK (n=42) HiRIK (n=46) R (n=131) R K (n=59)
pH 7.40~9.90/8.07 7.35~8.51/7.94 7.18~8.73/7.83 7.26~9.40/7.98
TDS/(mg/L) 230.0~5883.00/869.00 218.00~1815.00/525.00 242.00~11819.00/1295.0 290.00~7910.00/2774.00
TH/(mg/L) 11.60~3125.0/437.00 108.00~1031.00/270.00 82.10~5240.00/516.00 107.00~3815.00/856.00
K /(mg/L) 0.62~13.05/2.87 0.58~16.47/1.73 0.56~22.86/5.64 1.22~40.73/5.86
Na'/(mg/L) 23.60~962.00/156 9.90~234.00/67.80 22.50~2729.00/301.00 21.44~2324.00/709.00
Ca®" /(mg/L) 18.36~270.00/60.30 13.55~321.00/61.20 4.57~908.00/84.30 6.33~677.00/94.52
Mg?'/(mg/L) 16.58~601.00/69.28 12.11~114.00/29.90 12.60~664.00/71.50 10.36~507.00/138.00
Cl'/(mg/L) 6.13~2255.22/183.00 4.48~87.60/21.50 3.55~5620.00/266.00 8.98~2581.00/602.00

SO,*/(mg/L)
HCO, /(mg/L)
CO;*/(mg/L)
NO; /(mg/L)

6.64~1401.00/189.00

83.45~618.00/321.00
<5.00~45.60/16.47
1.28~375.50/42.33

4.09~195.00/47.52
204.00~491.00/331.00

<5.00~33.44/13.59

0.30~251.80/22.68

3.00~2016.00/360.00
193.00~886.00/408.00
<5.00~125.00/28.56
0.46~736.60/37.55

F /(mg/L) 0.092~2.65/0.78 0.198~2.30/0.785 0.183~6.300/1.498
Cd /(mg/L) 0.003~0.15/0.036 0.003~0.046/0.020 0.001~0.373/0.054
Cr/(mg/L) 0.005~0.19/0.037 0.005~0.030/0.015 0.004~0.556/0.071
As/(mg/L) <0.001~0.009/0.004 <0.001~0.013/0.003 <0.001~0.267/0.017

5D/%o —98.00~—62.34/-82.60 —67.19~61.13/-64.44 —83.80~—65.60/—72.61
5'%0/%0 ~12.40~-7.94/-10.57 ~8.9~—8.08/-8.61 —10.5~8.60/—9.54
¥yNa/yCl 0.66~14.23/3.99 0.81~20.14/6.18 0.60~35.71/4.80

(100xyS0,)/yCl 27.00~792.00/142.00 35.00~472.00/155.00 15.00~1537.00/211.00

y(Cl-Na)/yMg

—2.93~0.43/-0.74

—3.00~0.07/-1.02

—9.64~0.93/-1.61

26.95~2976.00/858.00

11.13~1060.00/504.00
<5.00~140.00/34.99

0.19~1162.00/102.00

<0.006~6.300/2.021
0.001~0.328/0.057

0.004~0.334/0.082
<0.001~0.023/0.007

—79.90~—54.97/-66.30
—10.7~-7.30/-8.80
0.90~27.18/3.14
34.00~1060.00/141.00
—19.92~0.16/-2.21

e EEMEE N o ME~R KR, A BUE D T HE”
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Fig.4 Piper trilinear diagram of typical ground water samples along the hydrogeological profile
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Fig.5 Box plot of TDS(a), pH (b), Fe (c), yNa/yCl(d), 100xySO,/yCl(e) and y(Cl-Na)/yMg(f) of typical groundwater samples along
the hydrogeological profile
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WFFT X LT K0 R B (yNa/yC - {E K
T 1.0(3% 3), UhHAHE T 7K 32 AN A AR B i RSB K
WRBEAE R o YR /K SCHB T T [ L 2 R, b
K yNa/yCl e i 52 0T i a3, i 78 B 5 /)
(& 5d), Ui B BRBE 5 4G BH 25 58 5 W% B4
55, MBS MR 7K A BB A7 76 BH B3 T 28 46 I
YEM .

I BRIR 250 (100xySO,/yCl) B FRAEHL T K Edk
WFRIREE K SO ER L BB SR Z — . 7ER R
B, MAFTEA U, AR RR 40 i REff SO,” if
JE B HS, filidth T 7K b SO, 98 ABUH 2K, HCO,
Kahn, pH {EHE R GEIFR A, 2012) o HUF KB AL AR
ZBUBATE BAE R (15~1537), HIERF 3, PR
iR LR AR A E IS, # R K SO,2 & Bl sz
R 2 AER MW . WK SCHLF R F
2 T, #i R /K (100%ySO,) /yCl 3R S BT ka4,
TEBE 5 B RRAG, BE 1, BE 2 FIB 5 HAR(E Se),
UL R SAKCE A AR 2—RP R EACEA R
B LA DU R S KA T K R R AL T P el
B 7K SCHBERfb 27 PR 85, AR 2 2R BIORE X 85 /N,
IR B IR A FH AR AR X At LR 38 25 A 5 K A 2 b
AL AR AL F T K SCHUBRTh 24 IR 5, WA R
Y PR BE AR5 o

IRASE T30 S =26 N W & Sy s RER (3L
B, 75 [ 2280 (y(Cl1-Na)/yMg ) A% HAth & 7K 5 2H 1
KR (3 2), MR /KA B BE AR, 7K Ak
FEARIPL HCO,—Ca-Mg Bk 3= o Y /K SCHB B T A
U E TE, R K p(Cl-Na)yMg 7EBE 1, Bt 2 Al
B 5 ¥, B 3 B 4 A (] 5O, B =& R
B IR YN BB 2225V 2 7K A K AR o R
AT
4.2 HTKTMERE R RFHE

SRR 2 1T DAAT R Hi 48 7R AR R A 1 28 Dk TR
(R, 2020; 5K WLAE, 2023) o VG 22 1 X T 7K 26
(LMWL) 7 & K 6D=7.496"0+6.13, &/~ {EFE K 1t

B RA T 72K, fHaE T R R . Hh
TR, HFAKFIRAK I 5340 T LMWL B4 7, %
Wb T 7K 232 KA REKANG, HAE KGR R
Z BN T 2R RIER 52 . H R K R KRR
SEEAAL T 2R R AR (GMWL) fil LMWL &
D7, ULHBIFGY X M 5 K R B Ak |52 28 vk 4
TERIREM . R E/KEYL ., B R AT Sk A
FUHT A= SR 7 5 KA 2 P R K oD it 6™°0
fIE{E L35 3, 6D-6"0 &FF4r 5128 7.50. 5.44 1 6.07
(161 6), 13t BH BB 22 7 7K 25 2 FIHT A S e 7 b 7
IR 2 P b 7K 32 28 T U A A FH 5% e A O 5
& BT 5K A 4R B, Wb 278 &
SR, T H T BB X 57 78 A R /DN Jo
& b Z 2 L WRAERESR . SRR /KRR
V) 22 55 VS B K A AL b b T UK 32 2% R v 4 1R FH R
AEXTHR 55, 33 2 F T 11 2 22 BB 22 G 43 i IX
VR FHTE RVEE T D, R K ZE R —
EFREZIN
4.3 T 7kIKBRIEM

¢ 8 (b R 7K BT AR 4fE ) (GB/T 14848-2007),
HR A b KRR 5 K AL 43 BT il 45 2, SR FH R A
B FE B3 A5 X R JE M T KRR 2 R K
FA) S B S A TR o

gER R, LB R K LIV E ATV 25K
JE, HH 96.3%, HrR VK 5 34.5%, V28K 5
61.8%. TDS<1000 mg/L AYIR/K 32 5345 T iz b
X, Horp T ~T 2t /K B 200 Tl rHE 3%
JNE #Op B FUKE | &R AR B AR, B
B B VGRS R, =& RIEKAED A
A5 XA, IVZEAIV 28R /K 2040 T A0 IE i 4
IR, R K B AR S R (R KR
Frifi ) (GB/T 14848—2017) H il — ek 246 4r, 045
TDS, Na', CI', SO,” A& . X NIVZEFV 2
R K MR UK, B T SR .

JAE b K HRURE 8543 A5 6 2 (il T 7K 0 KR

R 3 LR R QXS B T KB REM

Table 3 Isotope composition of groundwater in different aquifer groups in the Beiluo River Basin

R 245 HEREKAEH FIRBZ—R T R KA B R ARSI EH B AE W b KA 2H
- R K (n=11) iR IK (n=0) HFK (n=12) R K (n=19)
6D/%o —98.00~—62.34/-83.18 / —83.80~—65.60/~72.61 —79.90~—54.97/-66.30
6"50/%o —12.40~—7.94/~10.69 / -10.5~—8.60/-9.54 —10.7~—7.30/—8.80
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Fig.6 Isotope composition of D and'®0O of surface water, spring
water and groundwater in different aquifer groups
(GMWL is short for Global Meteoric Water Line, LMWL is short for
Local Meteoric Water Line)
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4.4 FKULZERE 5

Gibbs Kl ([l 8) 7w, KEZH T KU & oA
F A5 A28 R iR A X DL BCA A KR IX, 15
HHIF 5% DX M 7KK Ak 27 B0 32 25 A AR N2 R vk
it T 3L [R5 (Gibbs, 1970) . K> EIFRTT
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Fig.7 Quality evaluation of shallow (a) and deep (b) groundwater in the Beiluo River Basin
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IR B F LU B G R W H T8 R KR I 75 0
YER, SR AR 24 1 B i AR (Abhijit and Alan,
2008; Zhu et al., 2011; Xing et al., 2013), yCa*/yNa",
yMg* /yNa"Fll yHCO, /yNa' bl 5 & 0 FH F & 1)
BIAIEGE DX Y AN [R5 A KU iV AR b T 7K o
HI52 0 (Gaillardet et al., 1999) . JLIBTRIA [R5 K A
ZH Hb T 7K yCa®'/yNa'Fl yMg*'/yNa', yHCO, /yNa'
KRR 9) BoR, HUFKE Y24 85 A LURERR

ERZE Ry, 43 5] 1) R iy (14) 28 2 6 25 IR PR 6 2 2k
e Hevp, BRI A0 v I 1 B SRR A R UK
WA 5y Z DRERRER A ., hiliFA R R—REP R
K AR A3 T Ui SR R B K TR K
W2 57 IRERR A Ik PR ER AR A0 3, 1
43 U ) B8 B 3R 25 B K A AR A BB 2
TK A HH T K WA 5y 2 VU zE R R e M zE R
F-RERRER ARG 0, UL X MR KK A2 4]
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