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Abstract: Coral sand is an important composition of tropical islands topsoil, and it is the premise of correctly understanding and
evaluating the groundwater quality of islands to carry out the hydrochemical study of atmospheric precipitation infiltrated through
sand layer. In this study, the surface sand soil layers (No. D1, D2 and D3) from three different plots of tropical islands in China
were collected in August 2017. Based on the simulated rainfall experiment, the characteristics of the basic physiochemical
parameters of water infiltration were analyzed. At the same time, the characteristics of hydrochemical change and main
controlling process infiltrated through different sand soil layers were revealed by using hydrochemical phase diagram, visual
MINTEQ hydrogeochemical simulation, indices of base exchange (IBE) calculation and Gibbs diagram. The results showed that
the degree of salinization of coral sands was high. The ranges of pH values of water samples through D1, D2 and D3 were
7.92-8.81, 7.86-9.30 and 7.82-9.35, respectively, which were obviously higher than the mean value of atmospheric precipitation
(6.0), and EC decreased from 48.50, 89.90 and 77.60 mS/cmto 131.4, 111.6 and 98.4 uS/cm, respectively. The concentrations of
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many trace elements in the water infiltrated through D1, D2 and D3 gradually decreased with rainfall washing. Among them, Al,
As, B (D1 and D2) and Cr, Fe, Pb were more difficult to be dissolved in water, which should be paid more attention. The
concentrations of main ions in water stored at D1, D2 and D3 were Na™>Mg*">Ca®">K" and CI>SO} >HCO;>NO;>CO0} >Br >F",
and their chemical types of water were changed from Cl-Na to HCO;-Na'Ca-Mg water with rainfall elution. The controlling
mechanisms of the hydrochemistry penetrating the coral sand layer included the dissolution and precipitation of carbonate,
chloride and sulfate minerals, and the exchange of between (Na', K*) and (Ca*, Mg") ions during precipitation infiltration. This
study is of great scientific significance to guide the rational development and utilization of groundwater resources, to ensure the
safety of water of residents and to maintain the ecosystem in the tropical island.

Key words: Artificial precipitation simulation; Tropical islands; Coral sand layer; Variation of water quality; Visual MINTEQ
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Fig. 1 Schematic diagram of sand soil layer on surface
of tropical island
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Table I Main physiochemical characteristics of coral sand soil

WH Ca Mg Al As cd Cr

Cu Fe Mn Ni Pb Zn pH

b+ 24700 4760 117 0.667 1.08 0.915

1.98 48 3.79 0.221 0.795 12.7 9.56
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Fig. 2 Planar diagram of sand column filling in artificial
rainfall simulation
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Table 2 Main physiochemical characteristics of experimental de-ionized water and tropical island precipitation

FE &b K Na' Ca* Mg cr SOF NO; pH TDS
5 5 [ K 0.0006 0.0074 0.0083 0.0316 0.0653 0.3521 0.2761 6.87 23.32
KB K n.a. 0.001 0.041 n.a. 1.73 1.732 2.039 6.78 3.74
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Fig. 3 pH variations of water samples infiltrated through
different coral sand soil layers with rainfall duration
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Fig. 4 EC variations of water samples infiltrated through different
coral sand soil layers with rainfall duration
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Table 3 Maximum, minimum and average concentrations of trace elements in water samples infiltrated through different coral sand soil layers
and drinking water standard

RS R Al As B Ba cd Cr Fe Mn Mo Ni Pb Se Zn P
DI HKfH 10954 0.195 4424 0249 0.011 0.523 1.175 5916 0363 0.090 0.332 0.193 0.147 10.342 2.062
/ME 0.078 na. 0.032 n.a. n.a. n.a. n.a. n.a. n.a. 0.001 n.a. n.a. n.a. 0.002
EHEIME 2.089  0.042 1320 0.028 0.001 0.136 0.122 0.641 0.038 0.024 0.036 0.015 0.034 0.815 0273

D2 K 11.686 0408 2367 0.169 0.013 0951 0.505 2.560 0.146 0.128 0.179 0.104 0.129 1.394 0.877
/ME 0.087 n.a. 0.018 n.a. n.a. n.a. 0.001 0.001 n.a. n.a. n.a. n.a. n.a. n.a. 0.011
EHEIME 2239 0.041  0.687 0.027 0.001 0.159 0.093 0.450 0.022 0.023 0.021 0.011 0.025 0.242 0.197

D3 KfH 10.189 0331 1.623 0.169 0.003 0.744 0.434 2224 0.119 0.136 0.089 0.056 0.120 1.467 1.778
F/ME 0111 0.001 0.003 na  na 0.001 na. na  na 000l na  na. na.  0.022
FHIME 1.830 0.048 0.439 0.025 - 0.140 0.077 0358 0.020 0.024 0.019 0.013 0.024 0.251 0.285
WHOM"! 0.1 0.01 05 1.3 0.003 0.05 0.3 0.1 0.07 0.07 001 0.04 1 -

x4 NERITERMBRELERHKEFETEFFRENEXNE. &/MEFEHER KA KIREmE/L)
Table 4 Maximum, minimum and average concentrations of main ions in water samples infiltrated through different coral sand soil layers and
drinking water standard

BEM FRAEE K Na' Ca* Mgt F~ cr SO Br NO; HCO; CO;  TDS
DI fKfH  349.75 10413.66 619.74 105490 1534 16530.76 2811.54 66.02 816.00 889.44 na. 24246.67
/M 0.90 6.81 10.91 3.70 0.65 10.07 7.55 n.a. 3.67 40392 na. 6570
EYfE 78.43  2083.01 102.88 222,67 421 359311 63532 1336  217.62  603.64 - 517598
D2 EKfE 44870 16310.00 755.00 1617.00 71.95 2944725 4311.43 111.64 1474.10 618.34 34572 44 933.33
BAME 132 5.65 7.17 3.19 0.71 12.14 7.19 n.a. 3.65 12.20 n.a 55.80
FHME 7176 230144 12143 243.66  2.18  4186.02 786.15  16.55  288.09 37049 56.74 6 004.45
D3 fKfH 47677 13706.67 561.49 138733 1553 26193.85 3154.65 59.62  729.13  718.00 335.56 38 766.67
w/MA 065 5.00 7.37 3.20 0.63 4.92 4.24 n.a. 1.01 38.65 na 4920
EYfE 7179 1925.10  87.85 20441 397 365391 51028  9.41 127.49 34436 123.95 4903.61
WHO - 200 200 150 1.5 250 250 0.01 50 - - 1000

HSERIZLR B |5 A8 B Wik T AR A
P, AR EM, ABiEid DI BIKFERE I B
Wesh FAIG, 2B e mARE TR £
{HHEA PR R /INAR—, LA AMLBRE & RS
LS 1 0 e o €T 2 o A DAY S 1 e e SO ]
T K TP A v B 2 A . AR WHO FR
HERT, ABiiat D1 5A . D). D2(&l 5B E)fil D3(J&
5CF) KA B BH 25 vk B2 #1038 B AR FH K B 1 BT
FA T TIN5 124 2 880, 2 880, 600 min, HiAHES T
v B IR B P K bR Y S S5 T R Ca™ L Mg™ | Na™,
MR %A G — . ANFEE, ABiid DI(E
5A). D2(/E 5B)FI D3 5C)A KA (& P34 BHES
Tl e 2R 1800, 2280, 1800 min Ji5 i Na*
AR Ca®*, H Ca® WREEEEAMREFEAS, T ABHE
TR EE RS AR T B a3 N2 3 i D181 5D).

D2(&l SE)F1 D3(J&l 5F)RAKHE H o5 PL 3 A B 25543531
FLAE BB 100, 120, 80 min K& LAFH CI 248N
HCO; 5 CO: . Hrh, Al D1 K is 2Rk
W cor, A%t D2 Al D3 /KBRS I TE SR
T 840 1240 min J5#:M 2] T COZ . #L4h, D1(El 5D).
D2(& SE)F1 D3([& SF)43 il 78 531 B RR bk 1k 2 280,
2280, 240 min ZJ5, FEAKMEHEATAE] Br o
2.4 NESBEHEIR + BKEKEZER

I FH AR AR 27 FR T AT LA W7 K A = 2 1 4 AR
b, RBUA ] KRR A P 2 AR, AT 39 ) s
Ui TG WNIEL 6 Fiw, BERIRIH, ASiE AN [ e
T 2 KA AT 2R C1-Na 7K . Bl R TR A
TR D57 e w =3 5 TR 7 N s 521 N2 O PR 28
R AER W A A8, Horb, ABiddad D1 7KK
g RIS SN . Cl-Na 7K—HCO,°Cl-Na 7K—

http://soils.issas.ac.cn



B NAE . F TN TR AB H P 5 R D 2K A Ak

203

—o— Ca®—0— K'—A— Mg*—— Na' —0— F —<— CI'—b>— SO, —0— Br —#— NO; —0— HCO; —o— CO?”

10 000 ¢ (A) &+ D1
1000

100E

HeRE (mg/L)

0 500 1000 1500 2000 2500 3000

10000k (B) FHEF D2

1000

100

HeBE (mg/L)

0 500 1000 1500 2000 2500 3000
10 000 (C) FEF D3
1000%

100

W (mg/L)

0 500 1000 1500 2000 2500 3000
Hffia] (min)

10 000} (D) BIEF DI

1000F ¢8
100k

10¢

e E (mg/L)

0 500 1000 1500 2000 2500 3000

(E) Bl 1 D2

0 500 1000 1500 2000 2500 3000

(F) B+ D3
10 000¢

1000F &

100k

HeRE (mg/L)

1 1 1 1 1 1 ‘ 1
0 500 1000 1500 2000 2500 3000
A fia] (min)

5 NEBITAEMME LEMKEPEER T RERMMERAHNEL

Fig. 5 Concentration variations of main ions in water samples infiltrated through different coral sand soil layers with rainfall duration
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Fig. 6 Chemical phase diagrams of water samples infiltrated through different coral sand layers with rainfall duration
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Table 5  Statistics of mineral saturation index (SI) and indices of base exchange (IBE) of water samples infiltrated through
different coral sand layers

TR UR7] DI D2 D3 S
BRME BAME CPHIE BKE RME CPSE RRME BOME FIE K

SI ped) 2.66 1.27 1.86 2.70 1.35 1.86 2.53 1.36 1.82 2.37
TKEF 2R -1.52 -5.17 272 -1.32 -3.64 —2.45 -1.46 -3.55 —2.44 -33.74
KEEH -3.51 -5.59 —4.34 -3.81 —4.34 —4.01 -3.74 —4.87 —4.03 —20.62

Iy fi A1 2.80 1.41 2.01 2.84 1.49 2.00 2.68 1.51 1.96 -2.23
HaAEF) 570 2.39 4.18 5.89 2.76 4.13 5.63 2.80 4.11 -14.79
Haf(HF) 6.25 2.94 4.73 6.44 3.31 4.68 6.18 3.35 4.66 ~14.24
FERIEN -2.87 -7.71 —4.87 -2.55 -8.32 -5.48 -2.73 -8.57 -5.54 -19.75
WA, WA 0.33 -3.90 -1.83 -0.09 —4.54 -2.56 0.48 —4.65 —2.34 -10.90

HE -1.00 -5.18 -2.97 -0.70 -5.96 -3.54 —0.94 -6.19 -3.66 -1.35
i -2.68 -9.08 -5.26 2.8 -9.37 -5.91 —2.40 —9.84 -5.77 -13.42
TRIR A5 BE A1 8.79 1.65 5.84 9.30 2.52 5.69 8.84 2.60 5.72 —42.62
KEEHED 1.45 -8.05 -2.01 2.00 -5.77 -1.88 1.50 ~5.64 -1.81 ~77.26
A Ak -3.61 -9.30 -5.94 -3.31 -8.82 —6.36 -3.32 -9.79 —6.32 —21.24
KR -19.87  -21.17 2053  -20.02 2031  -20.16  -19.94  -21.15  -2023  -26.30
EX 3N 2.34 0.38 1.58 2.45 0.63 1.53 2.35 0.64 1.55 -13.17
TR -2.50 -11.17 -5.94 -1.98 -11.98 —6.91 —2.24 -12.36 -6.85 -18.78
Rtz 2.42 -8.17 —4.63 —2.11 -8.17 -5.04 -2.30 -8.28 —4.90 -17.34
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Fig. 7 Variations of main mineral SIs and IBEs in water samples infiltrated through different coral sand soil layers with rainfall duration
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Fig. 8 Controlling mechanism of water samples infiltrated through different coral sand soil layers with rainfall duration
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