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

[Objective] In hydrogeological contexts, biological growth and human health are closely linked to the concentrations of elements
present in the surrounding environment, including water and soil. Investigating the formation and evolutionary conditions of both
macro and trace elements associated with health in groundwater, as well as establishing regional health geology, is beneficial for
advancing the implementation of the Healthy China strategy. [Methods] Xiong'an New Area was chosen as the primary research site.
The hydrogeochemical characteristics and sources of mineral composition in shallow groundwater were analyzed using multivariate
statistical analysis, as well as the Piper and Chadha diagrams. This study restored the water quality by identifying the material
element sources of shallow groundwater along a typical profile, delineated hydrochemical types, and classified the differentiation
areas of macro and trace elements based on biological necessity, environmental factors, and element abundance or deficiency.
Furthermore, it established a health geology regionalization for Xiong'an New Area. [Results] The parameters of groundwater
exhibited significant variability. The water—rock interactions indicate that the dissolution of albite contributes sodium ions (Na®),
while the dissolution of fluorite and gypsum contributes fluoride ions (F~) and sulfate ions (SO,”"), consuming calcium ions (Ca*"),
magnesium ions (Mg*"), and bicarbonate ions (HCO,"), alongside the precipitation of calcite and dolomite, with reverse ion exchange
also occurring. In the northern part of the study area, the predominant hydrochemical types were HCO,—Ca and HCO,—Ca-Mg. This
composition transitioned to HCO,-SO,~Na-Mg-Ca, HCO,;-Cl-Na-Ca-Mg, and HCO,-SO,-Cl-Na-Mg in the middle section,
ultimately evolving into SO,-HCO,~Na-Mg in Baiyangdian and downstream of the Daqing River. Xiong'an New Area can be
categorized into three regions: A health geology regionalization characterized by a deficiency of elements in the northern
alluvial-proluvial plain; A health geology regionalization with moderate element levels in the interaction zone between the
alluvial—proluvial plain and the alluvial-lacustrine plain; And a health geology regionalization with an excess of elements in the
alluvial-lacustrine plain. Prolonged consumption of groundwater from both the deficient and excess areas may lead to health issues.
[Conclusions] It is essential to examine the endemic diseases associated with the local surplus and deficiency of fluoride (F°), sulfate
(SO,”), total hardness, and iodide (I") in Xiong'an New Area. Additionally, identifying alternative water sources or supplementing
the necessary elements for human health is crucial to support the Healthy China strategy.

Key words: hydrochemical formation and evolution; groundwater mineral analysis; hydrogeochemistry; Xiong'an New Area; health
geology; hydrogeological survey engineering

Highlights: Multivariate statistical analysis and thermodynamic calculation to identify and recover the main mineral components and
sources of groundwater were used. Healthy geological zoning of Xiong'an New Area was established based on the theory of element
poisoning threshold.
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UK CURH L, AN HEBR Bl 700 ¥ A T 8 %

TKH ClUSE
U R W

NaCl - Na* +Cl”

R AR R 20 W) 5 i

2NaAlslx03 + HzCOx + 9H20 g 2Na+ + 2HCO;+

4H,Si04 + AL, Si1,05(OH), |

(1)

(2)

Ca’'/Mg* 245 LLEHAF T 1 FoRH K Ca®',
Mg H SR I B TR = A i (A0 3), ke

1 BRI T KB ROER ST

Table 1 Descriptive statistics of physical and chemical properties of groundwater in Xiong'an New Area

fH>1 FAR I A SN T % (Mayo and Loucks,
1995) (A0 4) . 24 Ca®" /Mg = i 24 1 [1>2, KW
TERRER 2T Wt = I T % ff (Weaver et al., 1995)
(25), BRAHEA Ca®. Mg B T AS Bl fiHE
HIS, Ca* /Mg 2/ T 1A 6) 0 BFFEIX ZY 72%
(MR KRE SR G Ca®' /Mg ZE B8 4 H/INT 1, %5

AR X P, R L X & A T Ca® Fl Mg™
A A4 FE FH, 24 87% B ZKAE 7 A A1 (R AR A X
KF 0, HC & kA T A MUTHE; BHoEIX 2y
24% W LR K AE SL Y Ca®' /Mg 2 B Y & A T

fabr HARPHE He/ME IEIN FRifEZSD AR RHCV il
pH 7.72 6.65 8.87 0.35 0.0458 -0.91
TDS/(mg/L) 905.3 167.32 8361.76 884.13 0.9766 475
Ca?*/(mmol/L) 3.02 0.20 22.91 2.44 0.8073 4.08
Mg?"/(mmol/L) 4.62 0.02 51.21 5.24 1.1339 5.50
Na'/(mmol/L) 6.05 0.26 62.08 7.55 1.2482 3.84
K*/(mmol/L) 0.02 0.01 0.16 0.01 0.7193 5.72
HCO; /(mmol/L) 6.71 243 15.54 2.51 0.3745 0.90
CI/(mmol/L) 2.66 0.04 55.78 435 1.6336 7.43
SO,*/(mmol/L) 4.09 0.08 93.91 9.14 2.2360 6.00
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1~2; 4% BYRE S s Ca®/ Mg ZBE 45 L KT 2.
X R RRIRER A WIS i Ca® EZRTE .
Wk A=A
CaMg(COs3), +2H,0 +2CO, — Ca> + Mg”" + 4HCO;

(3)
AR 1 05 fi A i
CaCO; +H,0 +CO, — Ca’* +2HCO; (4)

AN A RERRER A Wi i
CaALSi,04 + 2H* + H,0 — ALSi,05(OH), + Ca** (5)
Un A PR S A

CaMg(CO3), + Ca** — Mg** +2CaCO; | (6)

(HCO, +S0,7) 5 (Ca>+Mg?") #H 5 7 (& 3b)
T, IR IR A R T R RO R
Sz, W) Ca®'+Mg*' 5 HCO, +SO,” ZZE 5 1 iy Hf
LB RS T 12 1 S5 (HZ, TR EZ UL T R
R ER 0™ W XA i, TR HZR AT A RERR 3R 25 0™
Y1 XAk ( Dehnavi et al., 2011) . 45 R BoRnKHEH
88% T 1: 1 S (HLLIT, X R EET Y
FE DTBRZK Th A B o3 1 25 W)

2 44% () K, Ca¥+Mg?' ¥k JF 7 T HCO,
(1 3c), 2R BIRRIR £6 KA 7 32 17, Sy T 7K 42
ft Ca>Hl Mg> (Li et al., 2018), # F/KEEM T £ 4
Y Ca>+Mg* i CI+S0,” B F-F-fi5 (5 3d) . £ 56%
BORE L, R Ca® +Mg> Hk BE K T HCO;, HCO;
) B Ry A 20 PR B4 S8 (Na il K°) P-4 ( Tiwari
and Singh, 2014), &4 T REFRELD Y7 f#, HCO,

10

WEEAKE CU+SO,2 s ok EH(1& 3d)

(Ca>+Mg>)—~(HCO, +S0,>) 5 Na'-CI'fy X &
M2k (] 4) R HAPR A -0.9821, 1A iEfREh 2L
) A B0 B S - Se #e  B g VR FT , ieA cdi
N TR I s 6 B BRI R A A TR
—1 BRI T, FB Ca*'. Mg* Fll Na'iil i S [ 25
T2 SN AR OGHK
4.2.2 Piper A

Piper —ZZ [E 7 1 Hb T /KA b HoAS [m] PHES 5
(Ca®, Mg” il K'+Na") F1 ff] & ¥ (HCO, . CI #ll
SO, ) A B L, F B T Hb T 7K 8 2F U5 A e
B SRR, I i B T R R K ERAE B A [ i A
(Piper, 1944) . BF5E X LN KA S 78 Piper &l 5345
X8 (& 5) B, iz b X R H 43 KAk 2= M g F
HCO,~Ca, HCO,—Ca-Mg %4 (64%, K h O), /i
HCO,-SO,~Na-Mg-Ca, HCO,-Cl-Na-Ca-Mg. HCO,
SO, -Cl-Na-Mg %! (25%, & i & A) Fil SO,-HCO,~
Na-Mg #I(11%, B H+) .
4.2.3 Chadha A

R BIFE DX 25 K SO sk Ak 2 ot 7R AR S
Chadha(1999) £ 3 i 7 i AT VA, X Sl BHES +
B8+ 4 JE (Ca® +Mg™") A 42 J& (Na'+K ") [ 22 i
ME RS, Y o 55 BE F (CO,> +HCO; )
FISRFRTEBH S 7 (CI+S0,%) Z [al (k22 5, Wi 6 fif
N, EHR AR BRI BN T — AR /K SCHiER 1
SRR, KREC A4 K (HCO~Ca-Mg ) |
] B F 22 4 (Cl-Ca-Mg #Y) | g 7K (Cl-Na %) I
B F ALK (HCO,—Na) . &5 EM, REZHUh T

2 .
SN BN
E o}
ot
w2
-10 F
:, “~,
ST »_ o
T-00 | ‘g
L a5 | 3=-0.9948x+0.2302 ™ <
S R*=—0.9821 e~
=30 S -
: [ ]
‘s =35 N s
< °
-40 L L 1 I
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(K™+Na")—Cl7/(meq/L)

P 4 T2 X Ml R 7K B T st K

Fig.4 Chemical diagram of groundwater counter ion exchange in Xiong'an New Area
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TR R B AN R /KBRS 22 47K (67%) , X Bk
# HCO, +CO,” [t CI'+SO,” &, X/ T2&ZE
FKZ A WA CAnBR R EL 5 ) B Ca™ Al Mg™, 5%
AT BE SR Bl 4 S 1) S 1) - 2 ik AR A g v
142 8 B3 TR K b, BEJS Na U B 7R BR &% 1Y
HATYRE. 15% WFEGET 75X (E 6),

FIER 7> B X ARE dh, S B o Bl -, 5 R 1R BA 1
1 55 VR B B 1, nTRE 2 S BER R IR) A, PR e A
AE AT ONFIHERE . 53 MRS JE T 8 5 X sk
(I 6), EEALT B XN, R MBS T, 55

PRVERT B T SR R PER B 7. T AE 5 S IXINIY
Mo KRR AR 22, 5 R Y 58%, FEALT A IX

K M T BEB A 5K

W, IZE RN 1Y,

WEZE A AT T S i Bt BARE, Js T C IX

Cl

& 5 MEZEHIX e S5 X Piper BI(ON A IX, AN B IX, +4 C X, B4R X ILE 7)

Fig.5 Piper map of Xiong'an new area and its surrounding areas (O area A, A area B, + area C, and the zoning shown in Fig.7)
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Kl 6 3t F kKA #id FE Chadha ]
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(HCO,~Ca-Mg #); 6—J B F3cHsK (Cl-Ca-Mg ) ; 7§ /K (Cl-Na ) ; 8— 8 F3c /K (HCO,~Na 1Y)
Fig.6 Chadha diagram of groundwater hydrochemical process
1-Alkaline earth exceeds alkali metal; 2—Alkali metal exceeds alkaline earth; 3-Weak acidic anions exceed strong acidic anions; 4-Strong acidic
anions are greater than weak acidic anions; 5-Make up water (HCO,~Ca-Mg type); 6—Counter ion exchange water (Cl-Ca-Mg type); 7-Seawater
(Cl-Na type); 8—Ion exchange water (HCO,—Na type)
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ST AR : M2 507 DX S22 T 7K A PR B e B it DX R F 5 339

JZ I I AR B HCO, A ek fk2 b nT iz /] £%
S Ca BHEAR TR . 6 5 X N HL T /KBE & H i
INCEL6), AL 9%, EFAT B X P, N KHEA K
AMEEE . Piper KAl Chadhal®l (1) 45 S5 0, 3 F
KA it e i R 5 R B S 1 o o
FIBRERMEBH 1, UMb /K HA B
AR SCREBE AU 2L Gibbs KIVE N #FSE 8 97 1,
PR R A B9 S 7 O PR TR 4 3R b T KR i B v A
TE—E 41 (Andres and Paul, 2018) ,
4.3 KEMERE
WF5E X P ol Tt B — Kl S H 2 A M DA R R
FREHC AN R E, ool AR R a2 Rk
BARWE . Al A MA A, il R
WA AR D 2 L A R, SR A B R A
VU (8 55, 2018) o 3 & & T HEZEHT IX PR
KATIHL X, JI N 2 e s B R s T4 55
WA PR RIS, A A LA AR E R
LA, 2021).
AW FE K FLYIR Pk &2 R Ff PHREEQC (Version
2) AT BEHL . AR UL B 42 O BQI2-5 & XAQY3-
001 (f7 B LR 1) o ARFEAK B IR 137 ) 75 Hb
JEA B0 B K v g B s oy R R ) A BT 4 SR A TR R
S5O RYIRKE 2T Y A A8,
WK A . msa . R k(g A Ha A
A, ERE A0 AHCE L R A, ek
W) Ry it il ik, 8 0 A R R DL s % SR B I
] B F A, BEE NaX Ak il idE . CaX, il MgX,
h s A
H T oK BT YR 2 EAT Z A, A SO —2K
B MR R SRR 25 R AT 845 (3R 2), 40 i itk
FEE AL B
4.3.1 LB 3 KA ey ik A
RERRER W) FER KA IR, T K'1Y
We B AR ARG, PR AEA AL rh AR B R A XK
A TTER, ARl -t A B RHE A ) BTk
A TR = A A
3.179NaAlSi; Oy + 3.179H,CO; + 14.3055H,0 =
3.179Na* +3.179HCO; + 6.358H,Si0,+
1.5895A1,Si,05(0OH), (7)

] DLRE R R 28 W AR e 22 Y R A K A
B LR 7K BTER T Na™fil HCO, ™,

432 HEFT Wk A
KRR B S e A FA 8, R4
rh R I NaCl A9 5Tk
D& 1 1)
0.015CaF, = 0.015Ca** +0.030F~ (8)
QA B
2.054CaSO0, = 2.054Ca*" +2.054S0;" (9)
] W Wb ag 4 R ST T F R Ca¥', A
BoiEk T Ca®fl1 SO,
433 BRI KT Mok A
WRERER I W) £ 8 N H = A TR,
TEAEAUEAS T, R NI X R T
OH = ARTE
1.691Ca*" +1.691Mg** +3.382HCO; =
1.691CaMg(CO3),

Qs fif A1 R TTTE

1.346Ca*" +1.346HCO; = 1.346H" + 1.346CaCO; |
(11)

(10)

4.3.4 M8 & F 89 5w
TERLUH R CaX, Fll MgX, A& i, NaX
RULTE o
0.916CaX, + 1.832Na* — 0.916Ca*" +1.832NaX (12)

0.490MgX, +0.98Na" — 0.490Mg> +0.98NaX ( 13)

T Y —K-SAEKRG P, K Na', Ca®,
Mg™". HCO, %W 5, i Wk 455 F , Wil >k A
SEVS L) OR = A v ] = ) Vs i, tml ok F AR 4§
AL ) = A v Rl =), i) Rk . (BT
PR A FIBT 2 R REAEAE 1, b R 7K R 25 T WA
I RAT A = ATHRE S, XAQY3-001 5. 5 fife A1 Al A
AR B 5N 0.38. 0.58, 5 4K 42 54y 1)
J3—134.60 mg. —311.14 mg, KTt 2454 Hig i
B
4.4 FRBEKKULES TS

F 1R 7K A b BTV, AR SO 18T BRI
SCHU FARFIE DL NS K AR 2 R IR AT R
R EHATIEMY, EE BT 1923 (Al 340, HORE b
KA FE A ZERRAE, DS KA il A U
YILLRCATRE R, i T 3 KA X (8 7): B
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FEVE A M DX A7 3 Bk K 52, K Ak 2 25
F %) HCO,—Ca, HCO,—Ca-Mg B Ky 3=, ™ fk & i
HNT 1 mg/Ly FIFRTE M IX 32 51 P 5 O L
IR, I B AR R IX 37 ) Jey i AR i S AR Ak 1) 5
Wi, #b R KAk # 2 HLL SO,-HCO,—Na-Mg i ¥, 7™
b B 38 H KT 2 mg/L; FLIRA I I X, K fh2p e
4 HCO,-SO,~Na-Mg-Ca,
HCO,-SO,-Cl-Na-Mg, & fL & H T 1~2 mg/L.

K e g T3 A VR AT LR A i R R I A TR
W, W St AR b 22 5 W 32 6 s AR | [
BIFRON . BN 4Rl Ca®* . Mg™ . HCO, 45 15
T A S e ) 3R ) R o LA SR 1 e A
MPCHE, Na™, KM 7E gk Lk in fig AR, [N (s r=
IKAZE I B IKT- o0 G, S50 PV 0 45 548
BT ARG B SIE o

HCO,-Cl-Na-Ca-Mg.

4.5 [EERMRS KRR

T DX HD T 7K A9 K S A Bk s, dE 4R
JUE UBHE4E, 2019; FELEAE, 2021) . AHLIT LY
(Zhu et al., 2018) FEAS X 32 2| Tk 75 4« 22 5 550K
A, B XS DX Y A B, B LA F R — 2t
TR TG ER AR Al | A 1 i S e B b 5 1) A5 Ay 451, 3
W 2 3 X 3 /S 7K T 532 Wil 3 PR 68 K Ak 37,
AHE I 2R F14) e BFE 1 55 ) LA U
4.5.1 FFRRIT K F 4 A 45 AEFo fd B M T 19) 4

F2 AR Ui T 2R, i 2 50 2 0 gt Rl
YIS . — R UEAXT Fifk B 18 N X 18] K EBHE
0.5~1.0 mg/L, =5 F0 S B0 BE R 147 s S, (R0 H
PRIE A -

(DBFFE XIRJZ K For Aol

HRIEGERE, BFFEIX R 20 R K F & n]

*x 2 TR BRAEM

Table 2 Simulation of groundwater quality

35 H Hil FE F/(mg/L) B3 F/(mg/L)
” P K Na* Ca™ Mg™ cr SOo,” HCO," F
BQI2-5 7.44 1.10 38.90 87.64 67.30 92.27 33.60 45022 0267
XAQY3-001 7.84 0.60 215.30 137.76 94.77 351.69 282.20 490.67 0.85
/ / \
/ // |
y
K B
// [o]
///
/ /
///
////
/// L
/ O
v ¥ E
/'/ >2g/L /
/
————— / :
iy LR TDS
1
""" HCO,
~
/ Y ) HCO,-S0,, HCO,-Cl
~ o o
0 5 10km| mils N JEE) S0,,80,-HCO,

Pl 7 2 DX 2 T A KA 2R R R A B 43 X ]
Fig.7 Hydrochemical types and TDS of shallow groundwater in Xiong'an New Area
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PL43 B /N T 0.3 mg/L, 0.3~0.5 mg/L, 0.5~1.0 mg/L,
KF 1.0 mg/L UAIX (] 8) o A bl 5 3 ¥
VE, FOVR BT, ZETRE (SO i) & B HLIX F
WeEEAIRT AR . FUVEDE SRR A o X 3843t 1]
B ) M, HR K P& RR T 1.0 mg/L, JbEB
PUFRHLIX F &/ 0.3 mg/L.

(2) F Ay fid 5 b Jo ] At

F R IX (1) 4t 5 1 5 () AR SR & e FIX Y
FDE A AKX Al U590, A My A L 9 %
RIZKEE K G 7 gk, BRI TV I B 48
THAS DX %) B 2 RIS D, (HL A5 58 10 e e 4T 28 b
K, Ml PR AN AK FoK . 7Ei A fE v,
TE A I 18 NAFAERBE AR )

[ IXCH FPETE NI IX, Mo O3 K 4E,
JCHR A & R IX, BT, 28 AR E IR AN,
M F& R fcs, il KT 1 mg/L; 78 F4 0.5~1.0
mg/L i 11 X, i X AL FE 8™ 1) 477 5 4 W B T AN
WRUEVE FH 2 B ik A7, &6 4 M IX B LI VESE R, R
S—H R, RIZ I P mad v 11 X F-
TN 0.3~0.5 m g/L, XX AFER P 2 W UEAE
fiff Ca**, Mg*. SO, PO, Ml F#rih, th FAETE N

THEVE MR E A, i —59 SR R B, PR X
X F & i AR TV XS i 8 X, bR K
THGE 2 s A B /K SO BR T2 3R5E, BOZ X F 1%
J& I AR (K] 8) .
4.52 HTFKF & SO, & Mg 51 AL o 4 B 19 22

WFSE XA AU S8 3 S AR R X, SO,> Fr i3
&, SO & E4E T 500 mg/L HYZE(EZIE ) SO,>
>500 mg/L 15 SO, X (El 8) . %X IE = a1k
1 SO, HCO,;—Na-Mg RI/K . X P2 B K A A T 8L
s DXL A2 2l MR, L R IR | I |
MK BPERTS, el i — P nRE = | Sk %
O B ACORHR G RE IR, DA R 2 B b R OMRAT 3=,
1991).
4.5.3 VR BT KA 2694 BRI 45 X X

HELE 3 X TR B FRBERAAE 73 AT, 45
BB KA X K SCH T | 7K SCHBERfb 2 A8 7 HoAth
i XA G R I b 28T X JE R F 5 AR
R At R HiL T 4 DX ) 3 A ARFAE

T2 3 DX e B s o o X R £ 2% 58 FL SO,7 .
Cl. Wbl A AT EARMESRE, TR
Btz XFZ L, F AT 5 A @R OC R, i3 X %

7 7
/ i
/
% |
J
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Kk B
o
/
/
/ -
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——————
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Fig.8 Isoline map of F~, SO, C1™ in Xiong'an New Area
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J& SO, CI', WAk FESE 5 AR E R, G X
R AT A AR

(1) TCEREZ A f 5 Hh T 43 X

T2 XA T PR TE U Ui, 6B X
PR RO B (Eh 545 2020), AR X i E A R E
R IX E K )Z, 2 ORI AR B, T A
AR BUNT ST 1, KX R A K ARG
BRIX, W 9 g aX . X BERY R R Of%
B E SR T E (B ) KRR . Qb
Hi T ARG B AH XA R, A~ flAH B A F e a]
BRI i Te R DI E R, (K )
J AR, ABUE Y AT B e g | R e Rk
= . QIKALFEZA HCO, &L, B LEE/NT 0.5 g/L,
F & @/MF 0.5 mg/L,

(2) JEEIE H A i b 5 3 X

RO JE R B 5 i AR IR 28 B MY, 7
AR AR VN T 1A = AR E SR T4 F
1, WL 9 B e X X B s o OF & ki i
SR TR . QHEK . R KRS —
JE, K~ i K EL AR FE RS ) 4 K R 2 | R
JCR V- ST A, JK ) o R R A, UK

AR YRR D | T TR R R AR ) AR BT
o @sKAL2E2E Al HCO,-SO,, HCO,—C1 A, %
fERE 0.5~2.0 g/L, F & 0.5~1.0 mg/L.

(3) TTER 2k Fl Py ikt b JT 53+ X

L ip A T Py ¥ K IR I =5 O & DA ek UE L1
BIRT 1, WA 9 B IX, ZIX B RSl : Of%
BIKAE PR TSR . QbR H T KR
B, KAl AR R R, 22 T TR DT
HoR K AT R e R i, KAk
22k SO,~HCO,, SO, B, i {b E K F 2 g/L, F
FHE KT 1.0 mg/L, SO, >500 mg/L, C1>300 mg/L.
4.5.4 1 A 4 R X 3 AEAE P B Rk 7 5L

(DR AAEE T ORI & B IE BL

TE A5 (g B 7 T, M AR 2 A 5 AR S
B3 AR AEAE— RE R (B T RTETHN, 2004; ST40EE
G5, 2010) o HEZEHT XA T FIFETE TN T i,
P D8 W BT TR DX, i 7K A I 3k R ) A 3
X, FETE AR SOl - B K . Hb U . B
JHF R B TR A 1 U o

FEAR T S Aa R 7 1T, RARAK h s A T 4 FI A 25
T AR B 0 ) o R S A i A ) U T R

76 3 Bk Z 1 fik HE 3 R
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Fig.9 Health geology regionalization of Xiong'an New Area
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4l Zn, Fe, Mn, Co, Li, Se. Mo, #EZ# X PGLER A&
BA B R TK, TEHTRY . G L, (HR
Ao 75 B R o Jn R R R BRI R R . oo
Rl T A BT 43 XN, B3 at v (A B DX (PR TE
Jilih X, K&l 8), 45 5 BB hEE; SO, . SiO, . pH
fRAHIIX (] 8 LI fRLR X0 SO, RfHIX) R 51k &
VA I . T ER B = A MR HLBT 43 X N, Ca™ . Mg™ .
S BE S AR A L X (R 2 A1, U AN ) 25 5 175
R LA BRI B BT, 5 AR R B8 Wk B b i ik
HIK; TG . Ca®'imy By Hb X (T % 5 <10 pg/L A HILIX,
I V2 500 T R LX) 25 5 5 | ke b M R R
Jifr, T BB A L

(2) it 5 b o R T AV D 5 2 ORI 7 IR 55 f
J5fE [

MNRER SIS K, £ AFHEHERDY
b FTRAE AL, DLTE FAR SRR ARG S E TR
HAR AL LA, AR H A B 4y . B Ko
TP AR R AL ; M OC R & ih S, Al
PrERe A A ST R A HE Y s h R R R
T, ANtLRANIE, ABERERA S K el
VI, 850 R K TR A KoK SCHb
JoT . K SCHBIR AR A A A G

faERRE T T4, B 02 5 R = o] i 56
Z, AL BR A 2 PR 1 5 5%, LR B R4S T
RATER S FIBEIE R, 10 IR AE S5 FDE 1
FUEE, B8 255 T Hb T2 28 0 A\ 2 fad B I, oy 3
fat Rl v 6] S m R L S 4

5 45 &

BT ML DX T KRR Al I 2R a2 K3
Mo ERAL 22 BRAE, IR K R IR, X AR B 1 =2
[ )R JBE DG AR, RIS HE 2T X T2 3 T /K /K S
BRI FARERAE, PEAT @ R B X RIFE , 2hA
T U458

(1) 38T /K& SRR bR 22 R 5 2R B R
Hh R A 72 S, U TR 12230 XK AL A R Ak . LT
KB R AR T I AE A

(2) 22 X P = B K AE T R R, KA1
P HCEE T . Na DR I T RE AR SR 2R 07 WA s Ca™'
Mg® SRR T IT AT . o FIRERR R 55 Z2 M0 ) 1)
T s KRR IR R MR R 280 W 1 A~ AL F0

fift; HCO, KU TRRIRER & 260 W) Ca™ . Mg™
I Na'fi% ¥ B 38 3 52 o) 225 - 3¢ 46 S o AH B OGIEK, Hb
TOKEA B

(3) X N AR A s i g b /K ST T Na', %
AR B (T ff ol bR K BTk T F R SO, THAE
Ca™ ., Mg” Hl HCO, #rili T I ffefr . Fl =, [FIET &
AT Na™ CaX,. MgX, R IR &35

(4) BF 52 IX 7K Ak 5 25 A2 L &8 L HCO4—Ca.
HCO;-Ca-Mg # 2y 32, v &8 & % 24 HCO, SO,
Na-Mg-Ca, HCO,-Cl-Na-Ca-Mg, HCO,-SO,-Cl-
Na-Mg B, FIHEIE SR T ilEis A2 SO, HCO5—
Na-Mg #l,

(5) 22 DX AL v PR A T 2R e = i gk
ML 53 DX, J& AR, K oA AR R
[P SIREER 7/ DN VB SL /N 6wl SRR UL Y S
Ji 55 A AR I A8 T b A S O 3R 3 A fdt R b BT
A3IX, SR TSR, KA R b A e ]
HAE, AT SRR | TR IE T AT
J DX o6 2R i ) BRE S5 43 X, JB TS AR A
IK = AR AR TS TR, K 2R M anRs 1925 L 1k
HITRL

(6) 2B XA vt Fry SO, MR | 14
B Ry A e RS sl e ) S BE L MR L o O
EPIR . PEBCFNHD 5 PR FR R, 75 3R ARk
%] SN NI Epve 3
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