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

[Objective] The purpose of this study is to uncover the spatial—temporal distribution, genesis, and environmental impacts of shallow
acidic groundwater in the Fangchenggang area. [Methods] In—situ pH values of shallow groundwater were determined in the study
area during 2013 to 2015, including 214 samples in the dry season and 168 samples in the wet season. Spatial and temporal
distribution, genesis, and ecological influences of the pH values were discussed. [Results] Results show that the acidic groundwater
samples (pH < 6.5) account for 79.3% and 64.3%, respectively, in the wet and dry seasons. In general, pH values in the wet season
are lower than in the dry season. Values are generally lower in the low mountain areas (pH 5.0—5.5, mean 5.18, n=4) relative to the
hillys (pH mostly 5.0— 6.5, mean 5.97, n=202), and the plain areas (pH typically 6.5— 8.5, mean 6.77, n=8). [Conclusions]
Occurrence of acidic shallow groundwater can be contributed primarily to the acid rain, and partly to the acidic unsaturated zone,
and oxidation of sulfide minerals. Accordingly, seasonal changes of acidic rain should principally responsible for the spatial
variations of groundwater pHs. By contrast, however, tides could increase groundwater pH values in the Jiangping area. Acidic
groundwater threatens safe drinking water supply, because only 20.6% samples in the dry season having pHs within the drinking
water standard thresholds. Also, it may promote release of some harmful elements from aquifer sediments, and erode underground
pipe networks and building pile foundations. In addition, due to discharge, acidic groundwater could influence surface water

environment and surface ecosystems. This study contributes to water resources management in the study area.

Key words: shallow groundwater; low pH value; influencing factor; ecological environment; hydrogeological survey engineering;
Fangchenggang; Guangxi

Highlights: Base on the advantages of geological survey data, this study uncovers the spatial— temporal distribution of acidic
shallow groundwater in the Fangchenggang area. In general, occurrence of acidic shallow groundwater can be contributed to the acid
rain, acidic unsaturated zone, and oxidation of sulfide minerals. Finally, the possible impacts of acidic groundwater on the ecological
environment were identified.
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Fig.1 Geomorphic zoning and Location of the sampling points in shallow groundwater of Fangchenggang area
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Fig.2 Statistical histogram of pH in shallow groundwater
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Table 1 Statistics of pH of groundwater in different landscape
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Fig.3 Distribution characteristics of the pH in shallow groundwater of Fangchenggang area
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Table 2 Comparison of groundwater pH values in wet season and dry season
pH<5.5 5.5<pH<6.5 6.5<pH<8.5
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Table3 pH statistics of major groundwater chemical types

pH
BT ALK B
AR R ol B B T
Cl-Na 10 6.1 5.83 4.67 6.68 5.99

Cl-Na.Ca 11 6.8 597 463 745 581
HCO.Cl-Na.Ca 50 307 603 476 78 598
HCO:-Ca 32 196 620 470 7.64 618
HCO;.Cl-Ca 15 92 653 504 809 637
oAt 45 27.6  6.00 450 774  5.90
it 163 100  6.09 450 809  6.01
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Fig.4 Relationship between pH and ion concentrations (TDS, Na", Ca™, Mg™, CI", Na", SO,", HCOs, total Fe), and ANC of shallow
groundwater
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Table 4 Correlation coefficients of ionic concentration and pH of groundwaterin study area

pH TDS K" Na” Ca” Mg* JEE Cl SO/ HCO;”  NO;
pH 1
TDS 048" 1
K 0.36" 0.75" 1
Na’ 0.28" 0.86" 0.62" 1
Ca® 0597 0.79” 0.74” 0.53" 1
Mg” 049" 0.79” 0.56" 0.73" 0.70" 1
S 0.03(81)  0.06(81)  -0.05(81)  0.06(81)  -0.04(81) 0.11(81)  1(8D)
Cr 0.20" 0.75" 0.50” 0.82" 0.49” 0.78" -0.08 1
SO& 0307 0.75" 0.717 0.717 0.70" 0.65” -0.04 0.617 1

HCO;  0.607(166) 0.767(166) 0.667(166) 0.547(166) 0.937(166) 0.647(166) -0.13(33) 0.357(166) 0.647(166) 1(166)
NO;y  0.12(84)  0.497(84) 0.417(84) 0.377(84) 0.427(84) 0.547(84) -0.15(84) 0.627(84) 0.20(84) 0.01(36) 1(84)

TE: TR OO 2 0.01 W, ARDCHER R 1Y s () S 550 IR KRR IR G ECH 2145 pHAETE A i, KA A 4 mg/L.
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°
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- - -—-*-----------"--""-"-""-=--- ._; ______
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K5 HJZEHT K Na™ CIrig e &
Fig.5 Relationship between Na"and CI” in shallow
groundwater

T DRI B A 2 ) B A 43 T AN ] 3 s 7K
AHEAE T, A0 50H A o B R B M [ 42252 e b T 7K 19
R (BREAS, 2012) o A B o o 2K e (b
TE) BT A R Ca®t Mg K45 B A P B
FIBWFERS, IR Sl A b A BH B8 T A
ST B R (Campbell et al.,2004) . R
AL A B R i = R T K R R B I
A5 - gk IR o R 2 PO AR TR AR 25 LR
AR K A A EAE R DLRC TR A TR A
A IR AR TR JE BRI A A
K R T LR K R AR A R (R AR 4
2006) . Ht WAL A A M R A B R 1k

R5 By X PR pH ES T
Table 5 pH of precipitation in the Fangchenggang area
Ay pHYEH M PE
2005  4.42~6.59 4.94 — T R BRI G

2006  4.62~6.67 4.89 5 — 7 T i R 1 KR PR K
2007  4.65~6.90 4.94 Al A S AE 7T X 3 R K AR
2008 4.65~6.90 4.83 T B 8 7 ) 2 SR, R
2009 470-682 520 s AMAE KR, Bl IR
2010 439-682 305y oK stk T
o e e ki
2013 4.92~6.09 5.50 WV ESRGIBL HUT K
2014 4.34~6.36 5.30 BEHEG RS - RIVES
2015 5.23~6.52 5.59 S AU A

B H 2005-2015 45 PRI F A X HEDR DL A ] o

(Campbell et al.,2004) , BFFE XA LL | BB DX ALl
NRUEBR B R ESRZNIED ZWE A &
FRACERI B R £, /i A ER R S RNE
N B R F= 0 (LG B L R B )
FIRX LU R AR RE N . SRR
JRIR)Z - HE (B IX) DARRYE A s B bk 3=, JC 55 v
OO, gk 6 Frn A B LMR R R 3=
pH {H A T 7E 4.5~5.5, 3X KL MR A5 75 i R M A 7K K 10
RIE T, S R ZE M RE 1 JLFAER . [, i
FHUIE 225K, # R KK 330 BE G, 3R A5 BT b
95 5 G R UL, (58 ] B I A HE T )2 b T K
6 PR IR B, 7K 56 A0 A JoT 2 ) B 42 i B ] ¢
T, 00 PV A R AR, KA B R AE S Y
A LRl T

A TR 4D 435 R R A ) 22 R i S 7K 7

®o ASHEN R ML

Table 6 Statistics of pH value of unsaturated zone

e SEIRTE(PH<4.5) W (pH4.5~5.5)  HMRTE(PHS.5~6.5)  HifE(pH6.5~7.5) "
P LE1/% BEEC Wl RRE EeA1/% PR ERBl%

BN REHRIER)Z 20 59 13 38 1 3 0 0 34
Th% RIS A 6 13 33 73 6 13 0 0 45
=B RWEE 2 13 13 87 0 0 0 0 15
ZBRARRNE 0 0 51 96 2 4 0 0 53
ZBRWEES 0 0 29 94 2 6 0 0 31
CBRRENE 4 3 107 88 10 8 1 1 122
LR AWES 24 10 204 84 14 6 2 1 244
EHARBENE 1 7 4 29 8 57 1 7 14

A ER B TR M AL S I TR A SR PP RE e 22, T RE S B R AR AL E R, EARAE

T, 3 T e BE 3 N 7K b i < VA A R KK

oAl

TE ik B O PR R X 2 AR Db R 27 I A (L DO RS )
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pHAE (IR EAE5E,2011) iK1 B IX, A0S B LA
BRI RS + 5 D AR )2 2R SR A28
F, RZ RO H R A5 22 Z BANELSS I, i K
PELE X2 B 2% v RE 131G P S X AL Sl 2 25
RIGRUZ , WK Z HE+ AR R+ RS ab
+ BB S R B K MR 22 R TR A 2% o
REIRARIL B X, SRR RRAE , 7 — e AR I
SRR E X T K pH A FUAR L S R
3.4.3 BRALH F 4 BAL KR

WAL P00 A K A2 IR R T 1 7K 1)
T —E 5 A (Preda,2010,2011) . BALYIH W44k
TR A R A 3 /KR AL , &Nk HIE A 1% b o i
T2, pH AR, B 2200 T KRR A i
LR EATUAE (FARS5,2006) . SOSETE IR
W FEY Rz — (B EaE, 1999; B & 25,2010,
TR 20105 FE825,2012) . ZKHEY SO SR 32
BALFE A7 T - — R R TR KA 2K
AR R (FeS) ALK A . TLIEWRRRI IR, #15
PERfE HHBE A3, 380 pH AL,

2FeS+70,+2H,0< 2FeSO.+4H +2S0,

B ZA 7K f# 5 72 4) FeSO M A Fa e , fE A AL
FREE NI I Fex(SO.)s 5 Fey(SO.): il Fe(OH)s

12FeS0.+30,+2H,0=4Fe,(SO.),+4Fe(OH);

5 4FeSO.+0,+2H,S0.=4Fe,(SO.),+3H,SO,

TRIR IR T K fift , e ZIE S, Fe(OH), JBE A<

Fe(SO.)s+6H,0=> Fe(OH),+6H+3S0.>

AR RBE D K ST , B2 5

TR EAL, JE RS BF5T IX b 3R G 8RR
MR CERNZBRWE MDA R N TR
R E WABEKR LB (K 6) . MASERE™ S AE k™
AR RTE it B8 N KET B3 b DX b T 7K 28 17
T X — B B R L R R
344 85 1ER

VLV B 30T 1 Tl DX b S 7K il o IR T ik
MIFLIRIK , 32 VEFRSEma B A 3R)23 1 K38 H Fa
FEAE 8.1£0.2 (R, 2009 ) , B & W1 L 8K 7% JBIR 7K
AR5, 1T K K A2 Rk 52 /K 5 i A=
AR RIS, pH B AT 38 K 1 i 3 GRUAEE , 19995 91
ARLT4E,2010; 5K EAESE,2011) , HLIXFR 2 0 J2 454k
PERY, R M W60 o R R fys2m Vi
T 0 DX 1T 7K pH 3 4 877 303 s A e DX 7
3.5 ITAERIMERI N

SAA KW SR BUR 2 5% Hh 3k
TR RN BRI B %) 52 bR 7K R Ak AT 52 Ml 41
S S 7K 2 ) H BRI 2447 (Kjoller et al., 2004
Appleyard et al.,2008) . % i Fi& 14 b T 7K 1) [7) @ e
PGS, 2377 ELEE R A 2 i, I3 il R
R A ML TR, an

(1AL R T 7K R Ak e J S 1) 52 e 22—
S 4w AL I KRG, FRtEH T /K T REfE
HEER Bk R ANER SO BE 4B AR OC R RS, O
ARG G . TR F B 7K i 4
J& BV A, TR R ARBEK A B T <o i
S JE UNER R VEE B VBR BRAE . LIBRSR B, R

P 6 BIF5E X M3 H S = v A9 B f
a—WEE 2 AE AN T R RS PR, b— BRI L B R i
Fig.6 Limonitizations in the strata of the study area
a—Limonitization in Permian conglomerate in Hengshang Village, Yingtan Township; b—Limonitization in Silurian sandstone in Fangcheng District
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SR BRI R M X PSR MR K pH AN 25 3 A1 SR B A 25 PR35 ) 5 831

SR PR ST T A BE AR (ELFH A pHL(E PR AR
R R BN, ZEAK T 5.5 B9 pHAERS , /3 iy
K m: FH S 7 (Na' .Ca® \Mg® Fl K ) AR wlibk g
i, T A A Rl 4 D) 2 PR 92 b R 1) A
M HE % f# (Takem et al., 2015) . LIARZAL IR &
AR R R A4 S 5 Yl R KA SR KR, AT
e FBU™ EAERE L, 5 — 7 L T 7K pH
(BT 4.0 2K A BRR , s 1 /8%,

(2) 1T 7K 55 1 R /K AR i AH B A AT g =2 30m]
DL R JH Al b 7K AR B PR A, 32 T 5 ) A 2SS, 40
PRI R EIR 1L 55 (Swedberg, 1995) .

G RRMEH T /KX I M DA & 1S
T, — 5 T S B BUAS T R, 55— TR B
%A 74 Jm R K P (Lahermo, 1991)

4 75

(BT X )2 T K IR R R 3, pH A K
ZAE5.5~6.5, IR MEH T KAE A 5 HE79.3%, “F K]
Pt T 7K o5 A S TR K

(2) 3% )Z 40T 7K pH 55 53 S BA 5, I L X
<KX < FJRX, K1l X pHFH{H 5.18, 3 5<
pH < 5.5; FB X pH - #4I{E 5.97, 5<pH < 6.5 [ R FE
JE RS X 74.3%, 9.3% 19 K bE 5 pH < 5, pH
INT S PR S TES T 2 8 T4 #h, 2 b T K
TCAEIX ;WX pH {1 6.77,6.5<pH < 8.5 [l Rk
FAPRIX 75%

G ImBRIER SRR BARAER TR RIRE ) (R PER
S A R AL AT 1 B S A K i SR 32 B e [
Fo IRt K pHAB R A ) 3222 5
AL A PR PR A S A TR IR B Y, B S A At A
—ERREE 52N pHAE Y445 s S Ak i A Ak
i XoT b 7K pH B AR ELA KI5 M 5 T KR XL
SEUTEE X 3t 7K pHAE T A E 2wk

(4) 1075 & pH {H, W58 X 3 R KK 8 22 , Al
IKIAST A A T8 AR FH K B E AR b A 20.6% , 1K
BEL R AP i XK BT R 4

pEF:E

S

@ ] R A R U SR A L L 2015, BESRHE HIX K SC
b TR TR A DA R S [R].

@) PRt A X IR YT . 2015, 2005—2015 4 Ptk
FIE X FRERIRBLA TR

O/ TR B VA X MU A BT BE . 2012 T PRI HVAIX 2
IR DI R A 27 ] A5 (A T ) R AR T [R].
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