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Distribution and cation exchange capacity of Ca”" in shallow

underground water in Hainan Island coastal area

HUANG Xiangqing, GAN Huayang, HE Haijun, ZHANG Shunzhi, PAN Yi
(Key Laboratory of Marine Mineral Resources of MLR, Guangzhou Marine Geological Survey, Guangzhou 510760, China)

Abstract: As an important geochemical element, cation Ca’* has important significance in groundwater
cycle and hydro — litho interaction especially in seashore zones. In order to understand Ca>* behavior and
variation in above zone, shallow groundwater sampling during tidal cycle and laboratory analysis was car-
ried out around seashore of Hainan Island. The results show that the contents of calcium ion are different
and fluctuates due to the influence of groundwater exchange and seawater intrusion, and the fluctuation of
calcium ion occurs, which is non — conservative and active. The chemical species and minerals of calci-
um ion were drawn in the simulation, and results showed that CaSO,,CaHCO; ,CaCO,,CaOH"  CaH-
SO,” most occurred free. Charged particle activity is most affected by free state, and calcium - containing
minerals are mainly composed of sulfate and carbonate. Seawater intrusion also caused lower activity of
free Ca’" and more dynamic in resolution — precipitation equilibrium. According to free Ca®* and other
free cations resulted from PHREEQC modeling, their linear statistics also indicated that Ca — Na exchange
was dominant and of anti — direction during sampling cycles. Generally, groundwater in northeastern parts
of Hainan Island were of high relative cation exchange capacity (CEC) and southern and northwestern of
high absolute CEC. It is concluded that the Ca’* % behavior and thus their indication should be paid fur-
ther attention in southeastern China land — sea transition immediate zone because of seawater intrusion.
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x3 WHFERERFEARSIT
X W3 G E KE/(C) KT/%  Nat/%  Catt/% Mg t/%  ClT/% SO, /% HCO; /%  pH i
AL Qz1 45 28.01 2.80  69.91  10.73  16.50  70.92  16.48  12.57 7.33
A 2R 0.01 0.17 0.04 0.18 0.04 0.08 0.27 0.24 0.02
073 45 29.14 1.77  71.57 8.85  17.80  86.84 9.64 3.27 8.33
s B 2R 0.02 0.08 0.02 0.10 0.02 0.01 0.05 0.31 0.00
Q74 S35 27.42 1.04  67.05 8.08  23.82  82.44 8.99 8.45 8.03
5 B 2R 0.02 0.11 0.01 0.05 0.03 0.00 0.02 0.04 0.03
M QZ2 S8 26.70 1.67  77.55 3.20  17.56  90.81 8.82 0.34 8.39
s 5 B 0.00 0.02 0.01 0.02 0.03 0.00 0.05 0.04 0.01
073 -4 28. 44 3.81  47.21  39.64 9.33  37.07  11.43  51.48 7.85
s 2R 0.01 0.08 0.09 0.10 0.06 0.11 0.06 0.08 0.01
075 S35 26.82 1.80  77.78 3.41  17.00  90.50 9.03 0.47 8.05
An B 2R 0.01 0.08 0.00 0.02 0.02 0.00 0.02 0.05 0.01
PEALE  QZ1 S8 28.24 1.78  77.37 3.75  17.10  89.56 9.84 0.60 8.35
s S ZR 0.01 0.04 0.01 0.03 0.03 0.01 0.05 0.04 0.00
072 S5 27.25 1.67  77.17 3.69  17.47  90.06 9.22 0.73 8.32
An B 2R 0.01 0.01 0.00 0.01 0.01 0.00 0.03 0.04 0.00
073 S8 28.88 1.84  31.50  34.05  32.61  88.47 6.19 5.34 7.04
n B 2R 0.04 0.10 0.11 0.07 0.03 0.03 0.07 0.40 0.03
0Z4 S5 29.15 1.77  76.47 3.75  18.01  90.22 9.29 0.49 8.36
s 5 2R 0.05 0.07 0.01 0.08 0.04 0.00 0.03 0.56 0.00
R4 W CT ARG mmol/L LA I ARIR B R, B 5 XS K F (B AT AR I
53X i ] A5 R Fr b (2) &=, a8 0.60 ~0. 83,1 K74
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T Q72 20.6 0.10 =M Na Mg .K B AT R IEAR A TS B A
073 2.84 0.09 ST HE 3 MIHE -, ZUNZ X HL T K iy 85 5+
A 20.3 0.04 FAARRSFE DL SOS BR MR TR & R AE T — W
P S 71 17.06 0.02 CESE
072 14.16 0.05 3 (Ca*t H’Jéﬂﬁ'ﬁﬂf
073 8.98 0.14 31 Cot S
0Z4 15.96 0.07
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(a) IXAgHgK (b) “F¥iEK
1 MAEBSFSEKESFEELENSH
£5 PH Ca® A4 Gamma EHE ST mmol/L
A IX - Ca™ (JFES) CaS0, CaHCO, CaCo, CaOH* CaHSO,
LB Q71 -0.278 0.003 -0.070 0.003 -0.073 -0.073
QZ3 -0.376 0.007 -0.095 0.008 -0.099 -0.099
Q74 -0.399 0.008 -0.101 0.009 -0.105 -0.105
HEb Q72 -0.603 0.071 -0.172 0.071 -0.124 -0.124
QZ3 -0.167 0.001 -0.042 0.001 -0.043 -0.043
Q75 -0.601 0. 065 -0.169 0. 065 -0.128 -0.128
AL QZ1 -0.588 0.051 -0.161 0.051 -0.135 -0.135
Q72 -0.572 0.042 -0.154 0.042 -0.137 -0.137
QZ3 -0.287 0. 003 -0.072 0.003 -0.075 -0.075
Q74 -0.583 0.047 -0.159 0.047 -0.136 -0.136

3.3 SR YNRHBTESE

T Y R EA R A B RIREE . A
KI5 EY log ST 2l - 0. 67 ~ —2.29, 7E45 I -
YR ft , A TR KRR K 280 - 375 fie o
K, HIFME ERAE > A5, XEIARLRY
ot 3 [ LA 2 Mty PO AL 4t SR — 3 Rk
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Jifffa > A (FR6) o &0 log ST RICEESS,
IR E0.75 ~ 0. 98, 457 FTest XK I N i %
IEAHE
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5.79 mmol/L, &P~ 2. 64 ~19. 31 mmol/L, PGt
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o B RECH 0.02 ~0. 15, [AIFE LA AL H- 48
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W T Na ™ Kl B2 FEAIK, Ca®* HAIRE 1 386 i (3%
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4 0.31 ~49.43 mmol/L, }HN S BRI N 1.27% ~
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S K IR fif, Na ™ 5, Ca®* Rl Mg ™2 J&F 2]
3.5 LRFESES5 TDSHXE
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UL SC R O [FIRE BRI ERSE S TDS IR E AR
UM R SUATE R L2 1.000( & 2a ~2¢)
BRIRER SO Iy A R R AW B, WA 2, HH =
AP S, Rk 0.480( & 2d ~2f) ;1iFES
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x6 MASEYT MAREEEIMIEH Log ST EHE R7T MAHRBRC EE
. . . . Q 0 POS=N 5 POR=N
S WIE AR BT Ch MRA B ‘ Akt LR
S g Yy ARR . AL
. NS o
KA QZ1 -1.82 -1.62 0.29 0.43  1.22 (mmol - ™) &%t 2%
Q73 -1.61 -1.41 0.71 0.85 2.20 ZRALER Q71 2.62 0.13 5.87 0.19
Q74 -1.60 -1.39 0.71 0.85 2.35 QZ3 5.38 0.15 4.84 0.10
B¥ QZ2  -0.88 -0.68 0.47 0.62 2.16 QZ4 5.79  0.04 4.41  0.05
0Z3 -2.29 -2.09 0.53 0.67 0.90 mk o QZ2 - 19.15 0.08  1.68  0.09
QZ3 2.64 0.08 26.32 0.12
Q75 -0.87 -0.67 0.11 0.26 1.41
. Q75 19.31 0.03 1.81 0.01
; 71 -0.93 -0.73 0.59 0.73 2.33
FEE . Q PEALER Q71 15.58 0.02 1.96 0.04
Q72 -1.06 -0.86 0.53 0.67 2.20 072 13. 34 0.03 1.93 0.01
QZ3 -1.84 -1.64 0.18 0.32 0.80 073 8.58 0.15 25.61 0.10
Q74 -1.00 -0.81 0.73 0.87 2.64 Q74 14.62 0.08 1.97 0.09
100000 100000 100000 100000
o 000 o
710000 7710000 710000 7710000 [ — ———5
= = = =
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o o o on (]
T - T e £ 100 T
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8 10T R=09958 g 10 R™=0.995 g 10 R=0.9955 g 1w R'=0.0075
1 1 1 1 J 1 ! ! 1 1 1 J 1 1 1 1 J
0.8 0.6 0.4 0.2 0 -3 -2 -1 -3 ) -1 0 0 0.2 0.4 06 0.3
Gamma Log 8T Log 8T Log ST
(a) WWEEE ) WEE (c)> BWEE > H
A1ooooo o %00 © A1ooooo o % A1ooooo A1ooooo °
10000 — ® 10000 g oo £ 10000 0%9/“ 7, toooo [y .
:, 1000 o :, 1000 5 s, 1000 [ § :, 1000
[ [ [ [
5 y=464216" " 5 »=369.19¢! 5 »=672.55¢" = 1O ymro737e
E 10 R*=0.0095 E 10 R’=0.4801 E 10 R'=0.8313 E 10 R*=0.6767
1 1 1 1 1 J 1 1 1 1 1 J 1 1 1 J
0 0.2 0.4 0.6 0.8 0 1 2 0 10 20 30 010 20 30
Log 8I Log 8I Y%} & B/ (mmol *+ L) A EE/ %
(e> TTHRA ) B=fA (g) WEBC"EN&E (h) WHEECHEE
B2 MHBFEES TDS (WHIE) WEEBEXR
> 3 = i FA B, O =
2+ =5 N ﬁ,“' ﬁi%ﬁﬁp‘%?ﬂ’]ﬁ%@*ﬁﬁaijﬂ i
4 Ca”"FHE 1285 br .
.. C'/Y €', =100% = %, C, .C', 535 i B 2
4.1 EAFE I B -

B BT B S AR SP IR R SR IR T K
JE 0 SR DL A5 A% 4 B T s e, 7 T G
B XGS5SR 4 Rt LIGE sz
[R] & 95 8 i DX Ml K 035840 7 45 R, A Ca
BT AR T H K 5 R T AR K AR
SRR I G B8 77 B X VRN S e R A el 3P Ly | B
BRFREE M I AN EL T . PSR T B A5 TR 0
HrBH S T, R T (1) R sSSP B 7 o5 P
XPH, HAT R XA TE R B 24T R HAT R K 5
(2) B T3 TR A T8 7= 6] ks 37 8 4, i
BB T A — | L AR A AT I (3) )

BT AR BE IR & B (X (1/nB™ ), % ) P4 X FE IR %
#(C(1/nB"™) ,mmol/L) . 1 TEE/REHESH T
B0, SF R T R, BE S A S R S 1
ST BGRII R TR AR B 0, BE S 4
WA ESEFC R
4.2 REMERTTE

DL et e A4 1), LB A PSS R 0

2Nax® +CacCa’" +2Nax

Na® + Ky ©K* + Nax

2Na® +Mgx &Mg®* +2Nax
b o HIEAH, BEIR S i Na/ (K + Ca + Mg) £
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QZ3 IMFAET 0.90, Hiz Ay 2. 04 ~3.51;Na/ Ca &R
T UL ERA I EAELE 1.00 | RASS), Higrh 6.51 ~

4
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St
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. [1 O
Q71 ‘QZS‘ QZ4 sz‘ QZS‘QZS Q71 ‘ QZZ‘QZS‘ QZ4
RAE ezl [iffel g

(a) Na/(K+Ca+Mg)

&3

4.3 RFIBHNTE
MR K B 7 S e e 45 RO _E XA SRR OK

ELRL KRBT, T/ RER

24.23([F3), AL, Na* FEEMA EACA E 4

30 r
20

10

t
|
1
1
1
I

4 7]

0 —
SRR ‘ R RSN
(oA oA NoA N NOA O NON NO N INe]
ZRALER 2 [l

(b) Na/Ca

MAFESHEEFSELLH]

LB B e I B A BH S 5 Se e xR 507 M
QZ2 M- H BL T ME—y Ca FII Mg 224, 124531 I I
FLANRIHR QZS JH: IS AN

F S PSR bk 3 43 1 CR A 2 Y 8l ok 0K o %8 HBEED ' BN BSIT %
%%%‘%@i%ﬁ]%iﬂ@fﬁi’%ﬁ%ﬁ 0,5 Bl N WX R R . oty i
-0.019% ~0.031% , ¥z G}y 14.49% ~27.86% , 3 LI OZI —0.011  0.010 —-0.0001 19.47
Eﬂ{ﬁﬁ(% 8)o TG L IEAw WA ,95“1%2%0 0Z3 —0.005 0.006 0 23.73
4.4 Ca*' ZHaRTH Qz4  -0.001 0.001  0.0001  26.11
SR HAH G BT e iff 2 BH 2 91 | 6 ( 6AH M QZ2 -0.004  0.004 0 14.49
5) s BMA (IEMIG) 6 &R, Al 0L (1) IFRACa " 5 Qz3 -0.016 0.031  0.0022  23.14
R A T 5 TE GG R (X 4OF Lm0 ’ SO
R AT ot K o 5 N, e 5y P @ 00 om0
Na + K X4 ; (2) 45 5 80 r9 04 B 38 3k , $490RR5 7 073 -0.019  0.013 -0.0003 26.10
FHSCOCR ,, H MR B A TG 5 (3) KRR/ QZ4  -0.002  0.001 0 19.63
REER R REEAR (K 9) .
x9 MHEESHEBFHEXRBRETHREAS
e 3l KR E I 3 e B ) JNRUBE WS B (K Eh)
IR K* Na* Mg2+ FTHEAHE K* Na* 1\/[ng2 TEAHE
A AL QZ1 -1 0.30  -0.99 0.86 Ca - Na 0.85  -0.93  -0.09 Ca - Na
QZ1 -2 0.96  -0.99 0.15 Ca—Na 0.98  -1.00 0.53 Ca—Na
073 -1 0.84  -0.99 0.87 Ca - Na 0.88  -0.99 0.85 Ca - Na
073 -2 0.74  -0.98 0.72 Ca - Na 0.65  -0.95 0.65 Ca - Na
Q74 -1 -0.87  -0.95 0.88 Ca - Na 0.10  -0.72 0.38 Ca - Na
074 -2 0.76  -0.96 0.97 Ca - Na 0.19  -0.83 0.83 Ca-Na
T 072 -1 0.99 0.98  -0.98 Ca - Mg 1.00 1.0 -1.00  Ca-Mg
072 -2 -0.23  -0.80  -0.18 Ca - Na -0.07  -0.97 0.07 Ca - Na
073 -1 0.97  -1.00 0.96 Ca—Na 0.82  -0.99 0.82 Ca—Na
073 -2 0.67  -0.99 0.71 Ca - Na -0.09  -0.98 0.09 Ca - Na
075 -2 0.18  -0.24 0.10 PN 0.29  -0.63 0.57 Ca-Na
[ B[ QZ1 -2 0.24  -0.77 0.13 Ca - Na -0.08  -0.74 0.13 Ca-Na
072 -2 -0.06  -0.89 0.80 Ca - Na 0.00  -0.86 0.82 Ca - Na
073 -1 -0.33  -1.00 1.00 Ca - Na -0.32  -1.00 1.00 Ca - Na
073 -2 -0.31 -0.98 0.91 Ca - Na -0.67  -0.98 0.92 Ca - Na
074 -1 -0.75  -0.61 -0.19 Ca - Na -0.47  -0.66 0.32 Ca - Na
Q074 -2 -0.98  -0.89 0.61 Ca - Na -0.94  -0.79 0.34 Ca - Na
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4.5 Ca’ S

KA JEE 3 by R X 58 JEE A 246 36F 58 S5 T >R
i 5 XK FU(E R 2o, HAE O 0.02 ~ 9. 56,
SRR g5 ~ o, BEDIT TS, —BIROK ~ TRk R
AR5 5 LAY B A5 P T AN P LE SAR 0 SRR
YERTSRIE AR 0.97 ~2.75, ARG RIAE N 55 ~ o,
iR SF IR T RUK AR K I, 23 XK 2
R TR AR AN VEACER o AR X 5 B 268 X 5 BAT LA
ARAC R FR i B S O HFAE (5 10)
4.6 ZHFTME

R 5 12— R B 32 B 41 [+ 20 A 1] 396 Dl A
FE BT LA, S5 AT UL, B 8] B A 4
A, JC B AR, 3 R K A I R IR A [
ISR AT S5 Ca T (EAHEIA) BER D 0. 16
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