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

[Objective] The study on the characteristics of groundwater chemical evolution and its control factors in coastal zones is of great
significance for the sustainable utilization of groundwater resources in coastal cities. [Methods] On the basis of field investigation
and comprehensive analysis of historical data, the characteristics of groundwater chemical evolution in Wenzhou Plain were
systematically analyzed by using hydrochemical diagram, ion proportional relationship, multivariate statistical analysis
and environmental isotope methods, and the main controlling factors affecting groundwater chemical evolution were discussed.
[Results] (1) Phreatic water in Wenzhou Plain was dominated by fresh water, and HCO, ", Na* and Ca*" were the predominant ions.
However, confined water is brackish and salt water, and Cl” and Na™ were absolutely dominant ions. (2) From the mountain front to
the marine deposition plain, the transition from low—salinity HCO, type water to high—salinity Cl type water in the study area is
mainly controlled by natural processes, and human activities caused abnormalities of local groundwater chemistry. (3) On the
ten—year scale, the content of the main components of phreatic water decreased to a certain extent, and the hydrochemical type
evolved in the direction of the decrease of Cl™ and the increase of HCO, . (4) Natural factors such as water—rock interaction, seawater
interaction, redox environment and human factors such as industrial and agricultural production and domestic sewage are the main
controlling factors of groundwater chemical evolution in Wenzhou Plain. [Conclusions] The results of groundwater health risk
assessment show that certain potential non—carcinogenic risks of groundwater exist in the area, the non—carcinogenic risk of phreatic
water is less than that of confined water, drinking water intake is the main way to harm human body, and the non—carcinogenic risk
of children in the same environment is higher than that of adults. Therefore, it is necessary to conduct long—term monitoring of

groundwater with health risks and strengthen groundwater resource management and pollution prevention in such areas.

Key words: hydrochemical characteristics; spatial-temporal evolution; stable isotope; coastal plain; health risk; hydrogeological
survey engineering

Highlights: Based on the full analysis of the groundwater chemical data in the study area, combined with the historical water
chemical data, 17 representative original sites were selected, and the characteristics of the groundwater chemical evolution on a
ten—year scale in Wenzhou Plain were systematically analyzed for the first time. The main controlling factors of groundwater
chemical evolution in Wenzhou Plain were discussed based on hydrochemical diagram, stable isotope, ion ratio relationship and
multivariate statistical theory.
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Fig.1 Hydrogeological sketch map of the study area and distribution of groundwater sampling sites
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Fig.2 Schematic diagram of aquifer profile in the study area (modified from Li Yinfa, 19859)
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K e CDI MR K 32K H 8 AR &,
(mg/kg)/d; RID Jp i35 Y W 1 E 800 2 % 7l i,
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K, L/d; EF 4 B @8 1%, d/a; ED i 2 2 4L, a;
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Table 1 Statistics of hydrochemical parameters of groundwater
F it et /M O] I PRl 22 5 A PRk (e AR 2R/ %
pH 6.36 8.81 7.19 0.5 0.08 6.5~8.5 8
K* 1.32 122.00 16.98 202 1.19
Ca® 1.84 107.45 37.85 25.6 0.68
Na' 248 772.00 110.22 174.9 1.59 200 14
Mg* 1.09 100.06 18.46 23.2 125
Cl 2.16 1401.80 154.93 300.0 1.94 250 14
K (n=50) HCO;" 19.00 889.87 218.77 193.1 0.88
Nohe 1.01 22827 32.10 38.7 1.21 250 0
NO; <0.02 77.28 7.93 123 1.55 88.57 0
NH," <0.013 17.41 1.04 2.8 2.72 0.64 24
Mn <0.004 3.45 0.66 1.0 1.49 0.1 50
Br- <0.06 4.71 0.38 0.8 2.15
TDS 32 2598.00 492.68 586.7 1.19 1000 12
pH 6.54 7.93 7.41 0.41 0.06 6.5~8.5 0
K* 2.87 40.97 12.66 10.71 0.85
Ca® 12.18 375.73 105.86 109.52 1.03
Na® 168.70 3066.00 632.59 767.38 1.21 200 86
Mg* 527 328.05 94.18 101.85 1.08
cr 59.01 6393.59 1460.49 1906.73 1.31 250 64
KRR (n=14) HCO, 17.37 414.04 247.76 136.65 0.55
Nohy <0.1 57.13 5.38 14.53 2.70 250 0
NO; <0.02 19.67 491 6.56 1.34 88.57 0
NH,” 0.04 14.99 5.20 432 0.83 0.64 93
Mn 0.01 2.13 0.56 0.67 1.19 0.1 79
Br <0.06 8.84 2.18 2.54 1.16
TDS 450.00 9700.00 2451.43 2695.07 1.10 1000 64

VE: pHEEN, HARTEFRA Amg/L; b (bR EFRHED (GB/T 14848-2017) #E TSR K FR1E

-20

al.,, 2010) . H THF5R X S = Rk feuE Ao 2 a1
W}, AR Sk HCHE B F Y IX AT B A AR T R
SRR AR T AR 5T X ) 24 R AR K £k, B
§’H=8.29x5"*0+15.9(FH M 4F, 2019) . fF5E X 4t T 7K
R VAR e B N Y €2 1| > N ) €
I, RWARAR FBORE T KK HTFKNER)Z
2IRZ, BRI R BAGEHEE 3), R\ KER:
Z NG T 52 28 AR R oK s B . 7K K 5
(A 037 2% i 171, 0 S e 1 LA A2 b 2 IR 1 oy Ak
A5 RV ANZE SRS, 20115 14 9805, 2015) ¢
WK 6°H 1 6O (E I 12 Y HbFE KA T 7,
Ui AR I 2ok A 32 ) — o R B A 2R R AR R
6°H 1 6"30 {E ] FH 38 B VA 1 H X ()9 K AR (4
5845, 2014; ] = H:4%, 2015; Xiong et al., 2022) ,
VAR g AR SRR A SR LU | 8V AR SR
FE S o & A R (1] 4a), DB HA K
ZF|—EFEEE 0°H. 6"0 {E I 1E i) BLAR Mg K 5
R IZ R K FE S 62H F 6'°0 (R ERAME T4 Bk K

Phreatic water
o JRFEK
Confined water
760 T T T T
-4.5

-3.5

Kl 3 WX H TR 6°H Al 6"°0 KA
Fig.3 Relationship between 6°H and 60 of groundwater

KL (8°H=8%6"0+10, Craig, 1961) it (J4] 4b),
FEUA Y iU 19132 KA AR AN

AR C R 2 AR 45 5 B, 7K K AR %
£ 13~32 ka, JE ST BE ST AR A . AR A2 U R T
FRUOIR SR EAE S04, M V96 Y- J 2R DU 20 DA OK 38 A7 3ok
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(b)

A /;ﬁIE 7?<E7k

I confined water

o FBINZE R K
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Fig.4 Relationship between §°H and §'*0 of groundwater in shallow groundwater (a) and deep groundwater (b)

3 YCHFF AT, J ) A W S TSR0 L g SR R0
MAHH (5F, 2019) o S5 G 7 R AKTE B ] Sk
RLTEE 7K B 7K AR 22 AR AIE, AR DN 22 0 IX 7 R 7K 52 B
MasgttigEReERZm, 56 1)2AFRKILSE)Z
ARHKEEEFN R (E 4b), Sk T3 T 28R AEK
Z R R HLEE )2 R K B R5m A,
4.3 H TR FRE

HRYEET R 51 I o281, WEFT X i K AL 0y
O Fiith T K2 H (3 2), L HCO,~Ca-Na 7K /5 b
B (24.0%), H:K S HCO,-Cl-Na &l 7K (22.0%) .
ARSI 53 4 Fph R KSRAL DL Cl-Na BIK 5
b (28.6%), Hk ok CI'-HCO,—Na K17K (21.4%) .

Piper =2k [K1 7] B S Wt T 7K ) 32 28 55 121
B, Xt T4 7R T K AR 2R 2 oy e AR A HLA

2 MR TR FELBIGT
Table 2 Statistics of groundwater hydrochemical types in

study area
J=XA KA T P i E/ 40 b fil/%
HCO,—Ca-Na 12 24.0
HCO,-Cl-Na 11 22.0
CI-HCO,~Na 7 14.0
HCO;—Na 6 12.0
K HCO,-SO,—Ca‘Na 5 10.0
HCO, SO, Cl-Na-Ca 4 8.0
CI'HCO,—Ca 2 4.0
Cl-Na 2 4.0
HCO,-Cl-Ca‘Na 1 2.0
Cl-Na 4 28.6
HCO,-Cl-Na 3 21.4
7R 7K Cl'-HCO;—Na 3 214
Cl-Na-Mg 3 214
HCO;—Na 1 7.1

YEHTCREAEILAE, 2020; 22IR4E, 2022) o AN [w] H SR 5
JCRI KRR JZ AL ) K BEFE Piper = 28 & 1) 43 1 A7
R R 25 (] Sa) . )2 T K ILRTE]
T FOF I, 3R B — 2 1Y 43 IR, Ll b s LA
HCO,™. Na', Ca*2y 3=, [ i 1 J5 3% 7 22 S LA
HCO,". CI', Na" by £, WEH /KL CI, Na" 5
RARH, F2 27 b 5 Iy s i VR VR FH R
4.4 TR EETHHE

ALY 380 VA RS S b T K AR AL i A8 T K
A2, 43 M )2 R 7K 2 el Ja Ak R R R i) (R
F. MWK stiff (] 6) ] LI H, 4531
i KA B R R AR . T A T
ASARRHIE 5 R IR T 7K A2 1 i AL L (Chebotarev,
1955) HeAR —F, TEATFEIX, &K 2t LA
Rk 3, HUN KR TS AT, KGR 5 B,
IRAEZEZE R LR IR ) HCO, Rk R 3. Wi AEH
J7 1], H R KA 5 SRR AT 45 R B Ak 2 A
FH, 5228 KW 4 A B - 28 4 VR IS0, BT 7K Na'
CIILEH B T1 i, Ca®*, HCO, LW E B M K g, 3
FHOF J X322 25 ok DL CL ALK Ry 32 1 3 1 B AN
C BT a5 RIH T KA A AR AN 58
ST, S BIAE Q49 I Q31 Waili st B %, B
9 SO, CI', Na' & ffi i o 454 BF /M A A A,
Q31 Wil 5 NH, & 5 3.21 mg/L, it 5 T =Kk
HE, HEMNZ 05 32 NG shsg ), L 1 i J R AR
5K A TS B R BE R K A B T B % BK AR
SRR EERE . SUA L, B R JE T KA
23 [ AL IR 2 SR AT sh AL R 1R FH )52
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Phreatic water

@

m 20224F FRE A

1IX Sampling site in 2022
o IIIX ® 201 14ERFE AT
o MK Sampling site in 2011
e [VIX
TRHEIK

Confined water
ATIX

30

Q NAYAN svANAYAN &3\ 2, S
100 80 60 40 20 O 0 20 40 60 80 10
Ca Cl Ca Cl

7
0

Bl 5 9T X LT /K Piper =2k 1&]
a— N[5 ZK SCHl B DX FIERARJZ 37 5 b— S [A)RAE I 1]
Fig.5 Piper plot of groundwater in study area
a—Different zones of hydrogeology and sampling depths; b—Different sampling times

i Upstream i Middle part FiFDownstream
Q37 Q19 Q16 Q47
""""" SO, Mg S0,
* HCO,+CO; Ca- - HCO;+CO;,
----------- Cl Na+K- -~ Cl
T T T 1 T T T 1 T T T T
105 0 05 1 1 05 0 05 1 1 05 0 05 1 1 050 0.5 1
BHESF meq/L BB F FHESF meq/L FHEF FHEF  meq/L &+ PHEF  meq/L FHEF
Q49
Mg oy —\ ----------- SO, Mg .o
B Ca Ca----

L‘/ HCO;+CO;,
Na+K -ooeeeeeedomtadeeeeeeeens

cl Na+K--

T T T T 1 T 1 1 T T T 1 1111 S B s e s e ey |
4 2 0 2 4 4 2 0 2 4 4 2 0 2 4 4 2 0 2 4
FHEF meq/L BIEF BHE T meq/L HET FHES T meq/L FHEST BHE T meq/L BHET
Q12
e —— SO, S0, Mg S0,
Cc Ca \ HCO,+CO;, HCO,+CO, Ca ey ~HCO,+CO,
Na+K cl cl Na+K - = Cl
—r T 1 T 1T 1 —r T 1T 1T 1T 1
128 40 4 812 128 4 0 4 8 12 128 40 4 812 128 40 4 812
WET meq/L BIET WET meq/L BIET WET meq/L BIET WETF meq/L BIET

6 W T AKARIR T MK Stiff [

Fig.6 Stiff plot of phreatic water in the direction of groundwater runoff

4.5 TS 7Kk 7K 4K 2 B B EE HHAE #2022 4F) £ 17 A1/ B BURE At T 7K Ak~
PASK—5E 3T KI5 Qe A (2011 4F) FASUCR 108 6L, 20 I 1 s DR 2 3 T kA2 7

http://geochina.cgs.gov.cn H1E LT, 2024, 51(3)


http://geochina.cgs.gov.cn

51 % 5 3

TR BT AR T Wl N P IS T /K A2 AR | P2 PR 3R ROt A A R 45 1) 1067

10 A5 R E AT ARRRAE

AR RFELS FE 5 2011 4EAH L, KBS T64R
TR RE TRE(E 7). Hh Na RN
B, FRIRZY 25%; Mg®™, CIH R EFEE R 2, [
IYHH 24% . 22%; HCO, il SO FREFEEEAIXTA],
FEBR A0 16% F1 7%; 1 Ca** & L ACRUE , IR,
RIEARTCAFA . AR A R KK A2 28 R A5
W 2011 AR ORERE—B, St 8 B, b T 2 Rk kA
R, 4398 SO,-Cl-Ca-Na Al SO,-Cl-HCO,—Na-Ca,
[T T 2 Aok k2428, 430 CI-HCO;—Ca
1 HCO,'SO,~Ca-Na, SMA& b 5 fu 81 FH S 5 FiA
BRI ARk, B Na*, Ca® Fl HCO,> ., Wik
P& Piper =k K (& 5b) 7w, MR /K45 2 5 24
A AR R IR B, A EE 2011 4F, 2022 455K
BESURMAR ) CUELER > | HCO, H F 8 iy 1]
4k
5 W ®.
5.1 T /KAL A4S AE AL Bl 53 #7

Gibbs ElJ& TDS 5 FHE+ Na'/(Na'+Ca>") FlBf]
B CI/(CI+HCO;) Z [N TESE R, 1] k4R
IRKARER . A A WA, 28R 45 AT AR R X R
SRR T4 HI AR (Gibbs, 1970; > B 4%,
2021; FR/INFFAE, 2022) o KEFSHIEK p(CL)/[p(CL)+
p(HCON] /N T 0.5( [ 8b), fif T+ A1 WALAE
X, 2 EB o T A WAL RN 28 R vk 4 1V FH X 22 (],
Fe R K BB AZ A AR R i, D88y 278 K

SOz HCO;

e 20114
N —m—20224F

clé

Mg™ Ca®

B 7 oK B P Y AR A

Fig.7 Radial plot of mean equivalent changes of major ions

Wedi /e FHSE . p(Na")/[p(Na')y+p(Ca®")] {H 73 1 5
S5 (E 8a), H 77K 1T fig 32 2 HA K Ak 2= 1 H
WPHES T2 BV E 52 o R K R84 FA A
AL FNZE K e i A I X, HR 43R 25 553 Gibbs &
A7 b i, PR K B RRE, 2R K 32 A A KU
R AR Ak AR S Z BEAE R, BLoh, 5
2011 47K BB RERT L, 2022 4F 1B KRR A5 T #a T 1)
LA A RAAE X A2 (1] 8. d)), FERZE &k
ARVE TR 2 1T K PR 1 5 e A5 0 55 1 R e, mT
B 53T AR i b X R K B A S sl T B
AHOCCERRAE, 2020) .

BT e 06 R A Bk — 25 U R K
F 2B 7 192k P57 (Reddy et al., 2010; Zhou et al.,
2021) . y(Na™+K") 5 y(CI) 5 & & ] 51 W i
K H Na*, KR CURR IR . R 5T X VB KRS o 3
ARTIETE y=x L CAERIA S ML (1] 9a), F8/R 1K
Na'fl K" EZOREF AR R . Ko K R K RE
MUET y=x T 7, 8RR /K Na*, KA CT
BRKUE T2 0 ) KA A1, 1852 B HABAE FH Y
S, WK AR NS ] BH S T 22 /B . R K
R Ca™ | Mg> fil SO, FZok F kIR EL | iR Lok
2R EH W . KA 3 7K R K y(Ca* Mg/
Y(HCO,;+S0,) fil y(Ca*'+Mg*")/y(HCO,) ¥ fii F
y=x & L5, fe R i R K Ca*t, MgP ik A7 HAth ok
TR, W R B Fae e, y(Ca>+Mg®) — (HCO, +S0,»)
5 y(Na'-CI") BAHICOC R AT H T HIWrh T /K b2
M BH B - A /e F i #2 (Wang et al., 2015; 5K 5
4, 2021) o BIFFEIX RER 7318 KA 2 (92% ) 73 A T
FHES 2844k (y=—x) Bz (&1 9d), H. y(Na™—Cl)>0,
R 1 R K P g Ca** . Mg? 525 1 Na*
RATHE FRBAER . D808 KFE S y(Ca¥+
Mg*") — (HCO, +S0,>)>0, & H3X ¥R 43 T 7K H Y
Na" 55 i hYy Ca*', Mg 2 [al &A= T I 1) BHES 1
THANER . SIKAS ], BFFT X AR5 R FE KRR A5,
(64%) T4 16 B T 58 B £k Bt 3, H y(Ca®'+Mg™) —
(HCO, +S0,>)>0, & B & H 7K LA R ] BH 25 7 38 #
VEHIR 32, 400 32 5 7K 52 0 ) 7K R 7K Na'™f i i,
I A 4 Na'#E AR K9 & A2 R B S T
BT

TR KA AN 2 AR R 45, 2 5 A
E S VIO (F Ji 057 5%, 2023) . SO, NO, 5
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Fig.8 Gibbs plot of groundwater in the study area
a, b—Sampling site of phreatic water and confined water in 2022; ¢, d—Repeat sampling site of phreatic water in 2011 and 2022

Ca” W HLME X R T Tt AZIE s Tk AsE. A HEEA — @ R IEARSCOC R (E 10), BB %
Wi R EE%E, 2010) . SO /Ca> AR NO, /Ca> X {RJZH T /K fb~i b nT 52 Tl iG s, ARk iG 3h
FUAELARRET, #6578 Tl IG shixd b Rk Agsem, ez, W A IS HETS i AL RS20 o 26 R 2 7K B K A B
Fe R AV S AR IE HETG X R K AR . oK (EISEUIR, RIIRIT K 32 AR Sl A X 555 o
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Fig.9 Ion ratio diagram of groundwater in the study area
15 2023) o FHIFKIKAL A FRBRIA TR — Ao 78 ik £
OBK  water A T RE AT 1 [R5 56 28 SRR 19 /K SCHLER T2 1R
A TRIEK A (Huang et al., 2013; Benadela et al., 2022) . Afff
= Confined water N . . . v
o104 = FEFIH] SPSS HAFXIFFE X 50 B Y 12 4
S = . IKACHERRIETT £ BT AP HT, TR RIE X
3 * ° . KA A E BN F . 2 Bartlett BRI
2 ]
Zos @ . . o 11y chi-square fi G 7 () 4 1284.517, A
e o ° o® i J& (degrees of freedom) A 78, K6 56 19 i 5 PEAE R
° .' A3 By A 3 HE ¥ 0, 2 F MK P {H<0.001, Kaiser—Meyer—Olkin
oM Ay o e B R ECN 0.680, ESEHIFFE X H R K 7R AL E AR bR
o %2 NoCa) O8I AR ANEIEHY, TR 0% 2 B AT —SE

Kl 10 HF 7K SO,*/Ca” 5 NO, /Ca® HE K R
Fig.10 Relationship between SO,”/Ca” and NO, /Ca** of
groundwater

5.2 Tk FRUAIEFIEE
TFEG3 3 A e ) R A 1 SRR 2 A B A2
TR IR FEA o D BULA LR A 1R (R HEAE,

BRAR (IESAR) o BRIIL, B s £ 10 7K B fb 96 258 2
B, B BT o 7R KR B A
/B, 25 KMO K36 1 Bartlett BRIE K B0, A8 4 5
TR 0T RIS R T 22 1E AW vk % 3 iy
FE B HEATIERG , SETAREE R T 1 A9 R e i =
T 3 A4, BT MR 80.782%

& 3 LLE M, PCLIY I 22 Tk R N
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57.081%, H:#" TDS. Na", Mg®", HCO, . CI'. Br iy
fr g, HS PClL 2 IEAMHX . QiaiATiA, wFoe X
T2 PRRER LR | BERR LR FNZE K T W E L KK
WIVE UL R BH B A8 e /E R, il Na™, Mg™,
HCO,", CUBC A /K i iy 8240 47, R, i 7
1 TDS. Na', CI', Br g /st 5¢ X T 7K 52 2| K
AR (B 4055, 2015) . R, PCL iR ks
A EAE R AR AMZAEH . PC2 By J7 22 STk EEh
12.085%, 5 Mn HA B S IEA G, 5 Ca¥ &
SEIEAR M . AS T3 P 5 D 22 45 B A BT DT RR
R (RS04, 20159) , 4 I 4H A ZE KU A HD,
TAERS B P T R K, A, 3% i X 3
TAAH AR AR DR EREE, I R)Z, 1T K ik J5
BSR40 R Z DU h 8 S AL 38 [ % o
I, PC2 AT DA RE A & S 0 A W fie A S A S
PC3 B 7 22 5THRFE A 11.617%, T 55 NH, F1 NO,
BEME, RIZH T K NH, A1 NO, EZRIET
ATETEK . NEFEELL AL (NH,HCO, 5 NH,NO,)
A9 FH (Zhang et al., 2023; Sun et al., 2023) . %
X3k & 25 A BIA A H S AR, ALAE Il 2
R K R S RN — A FEEA L Si5b, ki
15 7K W 5 T LA S AR A A T8 35 7K A Bl 2 R, 34
SFEH KPR S RN, Ik PC3 W] LU R
F NGB

g5 LRTR, ER MR BN, R X R Z
R KA AL BB 2K A EAER . R AR .

R 3 ARREKREHRS DT
Table 3 PCA (Principal Component Analysis) of phreatic
water in the study area

izl PCI PC2 PC3
TDS 0.961 0.166 0.022
K* 0.752 0.387 0.015
Na® 0.985 0.070 0.020
Ca*" 0.300 0.630 -0.018
Mg? 0.938 0.297 -0.004
HCO; 0.707 0.583 -0.100
cr 0.965 0.017 0.038
SO> 0.144 0.038 ~0.016
NH," 0.230 0.295 0.851
NO; -0.192 -0.208 0.906
Mn 0.074 0.828 0.056
Br 0.915 -0.092 0.026
FEAEE 7.42 1.571 1.51
J7 7 TR % 57.081 12.085 11.617
BARTT Z TTEREE % 57.081 69.165 80.782

FAIR IR IR ST LA S N1 B () 2
5.3 T K4 F A 3T NIRRT

H R AKAE R AR LA AE A7 H AR TR IR, K 5
ML 5 AARE RS BAH I . T KRBT £ B X
WS PEAL 2 T o R K A2 L 5 IR R R 1Y
— MR Iy . AR R KA A B AR G T 4
e, PEH NH, A1 Mn PRIGUHE AR A T N2 e XUR F
B, S HTA AR BR ORI TR R ki 728 o 5 | ke
PR R XU (3 4) &

WK NH, & oK% 51 E A HQNH,
TE 5.58x107*~0.75, ¥J{E >~ 0.04; JLE HQNH," jiz [l

R 4 QKR R BREM R RBEITMER

Table 4 Assessment results of health risks through drinking water intake and dermal contact

2h Zgiﬁ 5iH — HQu — _ HQuma ‘ HI _
Z B 2PN JLE JEN JLE

TN 0.75 1.20 9.27x107* 2.30x107 0.75 1.20
NH, /M 5.58x10™ 8.93x10* 6.92x10*f 1.72x10°° 5.59x10* 8.95x107*

FEE 0.04 0.07 5.57x10°° 1.38x107* 0.04 0.07

. HI>1HA51/% - - - - 0 2
K KAH 1.03 1.64 1.36x107° 2.15x107° 1.03 1.65
/M 1.19x10° 1.90x107° 1.58x10° 2.49x10°° 1.19x10°° 1.91x10°

Mn FEME 0.20 0.32 2.62x107 4.13x107 0.20 0.32

HI>1 L A1/% - - - - P 14

ISONIE] 0.64 1.03 7.98x107* 1.98x107 0.64 1.03
NH, /M 1.81x10°7 2.89x107 2.24x10° 5.55x10° 1.81x10°7 2.89x10°73

SFEHE 0.22 0.36 2.77x107 6.87x107 0.22 0.36

I HI>1EH41/% - _ _ _ 0 7
EK SO 4.46 7.14 5.93x10™ 9.34x107* 4.47 7.15
/Ml 1.25%1072 2.00x107? 1.66x10°° 2.62x10°° 1.25x107? 2.00x1072

Mn PEME 1.55 248 2.06x107 3.24x107 1.55 2.48
HI>1HA1/% - - - - 50 79
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TR BT AR T Wl N P IS T /K A2 AR | P2 PR 3R ROt A A R 45 1) 1071

h 8.93x107*~1.2, HJ{E K 0.07, /K NH, 21 ik
Fef s R A HQNH, 7E 6.92x107~9.27x107%, 13
{E°4 5.57x107; JL#E HQNH, £ 1.72x107°~2.30x107,
PN 1.38x107*, NH,"2 J [P d2 fim 5 R (0 AR 20
AU B 28 TRk i 72 5 R B XU G 2~3 B 9.
HI A 25 5 R, BE7K T NH, X B B HINH, 2
NF L R R EUE KRS HAIK . (HJLEE HINH, KT
1.0 A3 R KRR 505 2%, BT T AR 20K F,
ATRE SN LEE = —E W fEE . /K Mn &000K
WRGE M B HQMn 7 1.19x10°~1.03, 28 K
0.20, JL# HQMn i [ 7E 1.90x107°~1.64, ¥ {H A
0.32, VK Mn 28 Bz IRz filost R LZE S
Pt WU 28148/, FRAROK 848 5 RS 1 URSAIG 3 400
%o WK H B AFULE R HIMn KT 1.0 (LT K
FE 530 h 2% F1 14%, WK Mn X L3 B 7E
A 20 KBS R F A

HRHEZK H NH, X B ) HINH, BN T 1, 3
RS0 KIS EAL . (HJLE HINH,(EKF 1 1y
AR AR 7%, A K R o AR R K R D
JLE M HIMn KF 1 3 T K FE S 20505 50% A
79%, IX LR p7 )l IRUBS:  HH A AR ] 4232 KF, T
RS X A= AR S

ST, WK IS bR i) HTEAR TR K,
2 I KA AE I AR B0 XU AR X B AIK . AH G RZ ik
Fefih, OKIR R TR A SR IX SRR G AR 2%
o JLEM HIE M B & F RN, RAMFESET
LE AT S 28001 % . BAR NH R
A B KU B, (HF /A ) HUE E 423 1, X
B P P XU AN 25 200

R B i T A fe B XUBG P 5 5, F 9 IX P /K
AETE A S0 KU AR, ISR XA 1 v XU XA
5 1IN 7K P 5 G 57 s R M I TS i X R
IKAEIK X, FE s A UR R4 1 R B, SO & Rl
TR ZOKE IR, ALK A3 T2, i —
AR T 7K M, NH, He B, UG- 2e 4otk

6 & it

(DWFFE X HL T KA rh—85 8K, #K AR K
hE, KARZEZERI L HCO,—Ca-Na K 5 Hf i,
K LUSK—U80K R 32, KA 288 Cl-Na

RUK i b o BIFSE XK 232 AR KR,
T 3 Al VR K 52 B — s AR R B QI K o R
IR A W SECEIT THE AR SRR KR 4, 0 52 b J5 g
3T AR A FH R

(2) AL AT R 5, B9 DX P /K AR b B2
() HCO, BUK [ B8 i AL LR Cl BK AR, 857
RIRKACZA AR IR, ARG S0 Toalk Al A
SRAFCAE T 75 70 HE S5 0 o b X 3t T K AR 2
A AR, B R OKAEAR AR T AL A
MBS . AR RUBE M T /K A5 21 0 i A2 Aok
B, ERASEEATE—E R TR, K2k
6] I E 8 /b . HCO; HEEHE Ay J7 [ 4k

)BT FLBTE KA BB I 2
A XA BHES T2 S B AR IR 55 A AR R4
i, A AR = R AE TG HE TS XK AL 2 o A

SO o FLBR K AL s A 2 252 a T UL 2%

KU dn | KA K ) B R 7 A e A HAR IR
il .

(4) AP R IXBS AT 25 2R 7, DX iR KA
TE— & AT AR F S0 KU, 87K B A 0 KU/ T
HRIK, 5 BRI MAR L, oK AR RS H A
PRI 32 AR, AT BRI T L A AR B0 KUR = T
SN o PRI, A b S A7 A A B KRS P i R 7K AT
T, ) AL 8 T K 22 A AR PR G, 9F A
T AR 2R AR K AR BT 2, R iR AR A e ] i
7 B R R B

B ROA P 0 BUIR R T R O R R
T IRIR BN TUE H R R B SR AT AR
B AR X ROA B A KR T AT RARIRF
52 U AR S o o A A A B SE B K P G AE B
oo IR 46 F 0 X

QK ER, A, 1988, WL A WM T 2000 4FHb T 7K ¢ U5 K&
BRI M 5 D OIS A [R]. OO VLA o P58 M 0 s oy

Oikiz 3, TS, SIGREL, T, KRB, 2015, #iyL i #hIX
Hi R KI5 YA T R A [R). O WTTT A B BRI Wl

ORI, 2009. WiVLAA WM T A b B R A PPN 4 [R]. BT
s WA HbL SR BT W B

@24, 1985, M T /K SCHL BRI U B 3 [R]. 773k #7148 K
SCHBJTT T AR HB TR BA.
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