55 42 B 2 W KoBEOE RO 2026 4F 3 A
Vol. 42 No. 2 Water Resources Protection Mar. 2026

DOI; 10. 3880/j. issn. 1004 - 6933. 2026. 02. 028

AR KT PR Oy DX R K R D550 B
EOELRER K A

(L TR A PEABE 5 2. TR A R BB 5 TR B s 3. I H AR 5302 B 5 4. Wi RS KRBT B )

WE.PEOELTR S548 T AN, LMRIE A KT KA LA S0 630 R 4548, RAK T
FHREHIAZEERABREBE BB ELFHEZRA, A TR A BB A KNG EZRS
B R R 3R IR ARG W T RIAT T KA F oM REFHTHEAAREEZ I, &%
R ERIE AR P AE B BB A RS Mk AT KRB AR T S B B K AWK E R, AR
A FHOKF R B SNRARANS A KIAINR AR A £ BAME KR, KA R K A F 85 R0 TSR
Ky FRART R B ERAEOIER TG EHE6 GHABBREEE AR T I R SEWR R
R IR R R AT RS R i AR P B 2 PRI AR A5 R Y R T IE AR AR TP,
FIREAMESE TEH REFRROENEORRT M REHEAE R T HAART “£BT”
84 Bk AF B

SRR @ 0 R KA T FUL F T IRAE IR T K ARk T

Analysis of sources of brewing water in core baijiu-producing area of the Chishui River//Wang Wang', Chen
Jiaqi®, Zhang Yitong’, Chen Jiansheng®( 1. College of Oceanography , Hohai University; 2. College of Information Science
and Engineering, Hohai University; 3. College of Civil and Transporiation Engineering, Hohai University; 4. Water Science
Research Institute , Hohat University)

Abstract: The main producing areas of Chinese baijiu are mostly distributed in artesian basins, and the groundwater
recharge for brewing water exhibits distinct geological characteristics. The contents of minerals and rare earth elements in
water body are the primary factors contributing to the regional differences in liquor taste. To investigate the key components
and source of liquor-brewing water, multiple geochemical approaches were adopted to conduct hydrochemical analysis,
water volume calculation, and hydrogen-oxygen isotopic analysis on surface water and groundwater in the Chishui River
Basin. The results show that characteristic mineral components such as strontium, sulfur, and calcium in brewing water
originate from water-rock reactions between groundwater and surrounding rock during groundwater migration. More than half
of water volume in the Chishui River is supplied by exogenous water, which serves as the main recharge source during dry
season; spring recharge area is derived from river seepage water in the Qinghai-Xizang Plateau. The midstream strata of
Chishui River host carbonate rock formations containing celestite, barite, and gypsum, which provide sources of strontium,
sulfur, calcium, and other substances to water body. It is inferred that seepage water from the Qinghai-Xizang Plateau
dissolves minerals such as strontium, calcium, and sulfur from carbonate rocks during transport and converges into Chishui
River. The river water is rich in unique minerals and rare earth elements required for brewing high-quality liquors such as
Moutai, Xijiu, and Langjiu, endowing Chishui River with its distinctive status as the “river of fine liquors”.

Key words: Chinese baijiu brewing; hydrochemical analysis; isotope analysis; deep circulating groundwater; the Chishui

River
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Table 1 Hydrochemical and isotopic analysis results in wet season

FTEE B/ (mg/L)
A RESECE H /% 5%0/%
> A ° “ G KT Mg si* Nat s® a NO; S0P TDS
K 21 7.11 -49.3  -7.8 48.3 1.78 8.0l 2.74 5.78  0.46 5.5 9.8 45.9 321
Rk 12 7.04 -47.3 -7.6 46.9 1.43 9. 46 5.17 18.5 0.74 48.5 13.5 46.6 384
FFk 12 7.56 -47.2 -17.5 53.3 1.56  6.32 504 7.3 0.34 6.5 14.0 34.6 338
B 4 7.12 -46.1 -7.2 46.2  4.88 5.75 2.34 9.8 0.49 7.2 12.8 30.5 336
Fx2 WHKHKUERSERMESNE
Table 2 Hydrochemical and isotopic analysis results in dry season
W/ (mg/L)
KA RERACE H /%0 80/
5’3 #DH%{E p 00 %o a2+ K Mg2+ Si4+ Na+ Sr2+ cr NO; Soi, ™S
A7k 29 8.24 -37.5 -6.6 51.4 230 9.06 2.53 7.80 0.48  8.20 6.2 54.5 342
SRIK 12 7.24  -45.7 -7.6 80.4 3.11 17.10 8.02 29.10 1.55 44.10 28.2 105.0 604
FHk 14 7.55  -38.3 -6.6 53.5 1.99  6.50 3.89  6.68 0.39 9.62 13.2 41.0 329
B 12 8.27 -35.3 -6.2 41.0 2.8 519 2.89 7.73 0.27 10.10 10.8 32.4 287
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Fig.3 Gibbs comparison of groundwater and surface water in different periods in the Chishui River Basin
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Fig.4 Na' standardized map of surface water and groundwater in the Chishui River Basin
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Basin during wet and dry seasons
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Table 3 Runoff generated by precipitation and external water recharge in the Chishui River Basin

A P /K i/ mm AT /AL m AR /A2 INIEKFh G i/ AL m?

i iy i i il i i iy i Ei iy i
1 20 21 20 0.57 1.07 2.34 0.14 0.38 0.75 0.43 0. 69 1.59
2 18 18 19 0.61 1.10 2.41 0.13 0.31 0.71 0.48 0.79 1.70
3 45 46 49 0. 64 1.26 3.12 0.31 0.82 1.79 0.33 0.44 1.33
4 60 61 69 0.79 1.69 4.16 0.42 1.09 2.52 0.37 0. 60 1.64
5 103 113 115 1.08 2.49 6.62 0.72 2.01 4.20 0.36 0.48 2.42
6 170 165 175 2.34 5.27  12.51 1.19 2.93 6.37 1.15 2.34 6.14
7 162 159 145 2.53 553 11.19 1.13 2.83 5.29 1.40 2.70 5.90
8 157 143 139 2.00 3.89 8.03 1.10 2.55 5.05 0.90 1.34 2.98
9 86 95 95 1.29 2.52 5.74 0. 60 1.69 3.46 0. 69 0. 83 2.28
10 87 93 97 1.20 2.39 5.35 0.61 1.65 3.52 0.59 0.74 1.83
11 31 36 39 0.79 1.75 4.37 0.22 0. 63 1.42 0.57 112 2.95
12 28 25 27 0.58 1.14 2.92 0.20 0.45 0.98 0.38 0. 69 1.94

x4 SIKEEFEARKUERSEREMAEITLE

Table 4 Comparison of hydrochemical and isotope analysis of main rivers in Xishui County

e TR, (/1)

L RS OD/%0 570%0 — s Mg®  si* Na© s F ¢ NO;  S07 HCO; TDS
gk 5 -42.6 -7.0 81 46 155 1.9 17.8 0.8 0.2 17.8 1.5 114 185 557
MRS 9 -41.1 -7.0 60 2.2 136 26 7.2 0.5 03 97 85 64 154 407
k@ 11 -32.8 -62 32 1.6 3.8 2.6 49 03 04 41 64 28 78 211
FER® 4 -3.1 -65 49 1.8 52 31 45 05 02 43 5.5 2127 287
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9.8% EAW 8% B ALW 3. 5% BRIREL 7. 4%,
SrSO, HYSEER 2 A R A 200°C | R K A1 i
W)
AV R A S A R A SN T
T .
CaSO0, - 2H,0(s) = Ca’* (aq) + SO; (aq) +
2H,0 (1)
SrS0,(s) = Sr** (aq) + SO (aq) (2)
BaSO,(s) = Ba’" (aq) +S0; (aq)  (3)
[ ¥ SR ST I TR N AP YY1
SR AT o X A A SN T R
SrS0,(s) + Ca’" (aq) = CaSO,(s) + Sr™* (aq)
(4)
YW LT IR PR PR T K i 2k R SR 2
I K R, W B B S A5 ) B M 10T
RGN, RIEERHL T K HEE XA R 5
SRR, SR I o 2R KT AR ) 2K AT R AR
XEREAT IR, SLRE TR Bl —Je =
[y SEIT
AR B TR AR N AR R rp b i A
VEHT, HELA M & RARAE ™ ARk 18 K o pg
TREE AR BN T RO XK R
s LT R BB iR 2o 287. 1 pe/g, i T E

Kt 145 (186. 8 pg/g) FIHLFE (207 pe/g) s +IC K
EREY HiR B R R M H AKX
[FIRE R = 1 OC R & iy 58, A vl a5
T 20 £57 R e RAA AR IR, BT
IRFRER A6 LT R & B, A% O™ X L1
(R + 0 R KRR IR A SRk s e, AR
FEBRTT I AE R, AR K P B o E W E Ay
MR ARZER T YRS TR N
I NP, A s J R e 2R IR >
KB 3 Zmim N A B @i Lo R SRS
WAL (HESFIEmIL, R UL, ZR /KT RRAE 2 3 1
i LoCER 5 YA K A SR B BT R AT g
FH IRAIE R L T K HEH Tk , IR AE T b iR,

2 1T S b A 7 2 DG = 2 D PR TR K
TEE R 225 38 U B MK 5 R K, Har
YR oy Bt o0 it 5 oK 22 R B 01 9F
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] P R 2 A T2 RIE A AR Y A
AR ARG PTHIEE I B A X, H
KR8] R DT O 8 T 7K DL R AE B8 1 b
g T R S PN I XK R O R AT R
FEHEZE A AE B E KR R 4, AF K i T s
540 12 m® M4 F— S B A 4EAR i 1 ARE TR
LR A3HT , 75 98 o i O 12 T 7K DA RS It B R A0 3 08
o = ANA TR F TR A i N 4
I R B ST IR 5 R A R
NG ae ™, RS CFCs AR 45 S 3 W | YR 34 b
KA R 20~ 40 a, H A VG ) 48 Ho T K AF i 75 T
MRS O K R B R L A BE RS
i ton RS EEm, 20— bRs ] T R KR
#E, KT Y 55 TR 25 R Y
B/ FUEREE SRR 2E A 7~ T R FH 7K 6 T8 b o
(52 MR, BRES FT JK BT aE OV BE TDS — M K T
0.5g/L, 88K TF 0.3mg/L, HiEREE KT 60 mg/L,
3 DU R 6 o vk JiE L 2 = AR A = v T

UL, Hi T A 45 SUE S, P05 7 2 2
ZRE B EBRIRE 2 A K (CaCoy) |
HzA (CaMg[ CO41,) A1 (CaSO, -2H,0) \ K
A1 (SrS0,) % PR, TR AG R b T /K b i A A v 22
T RRIRER 2 I B A KA OB R R i 5 B B
W TR B R B b T K, B W s A [ 7 Y
I s A I K U
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