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Table 1 Hydrochemical characteristics of shallow groundwater in Bozhou City
TN /M SFHIfE e b ERRE/ N
S 1092.1 167. 8 398.1 347.0 182.5 45.9
TDS 2 086. 4 454. 8 869. 8 779.2 403. 6 46. 4
pH 1A 8.6 7.2 7.9 7.8 0.3 4.3
Ca®>™ 250.0 19.7 71.1 67.0 40. 2 56.5
Mg?* 217.9 13.1 56. 3 47.1 34.5 61.2
Kt 233.7 0.1 2.6 0.6 19.5 754.9
Na™ 457.0 19.3 108. 8 76. 3 94. 3 86.7
Cl™ 530.0 3.0 70.7 38.1 90. 3 127.8
SOF~ 366. 5 2.0 86.9 68.7 73.4 84.5
HCO3 1027.9 224. 4 515.5 481. 6 175.6 34.1
NO3 450. 3 0 61.6 18.8 100. 2 162. 6
NOz 3.3 0 0.2 0 0.6 301.7
NHj{ 0.6 0 0.1 0 0.1 120. 1
F- 3.0 0.2 1.1 1.0 0.5 46. 5

T BR pH {ESN  HAK S 2B R L A7 40 mg/ L,

3 HREITE

3.1 TR FESITFE

pH E & — 1~ A] LA 7K SCHBR A6 27 - i 45 5
MEZ T, BT X2 Nk pH (E R 7. 2~
8.6, F¥ME 7.9, WA 7. 8, IR bR 22N
0.3, 28 5% R4 4. 300, L IWFIT X 2 #b T 7K pH
7S |2 SHE/NGE D,

TDS J& 7K 5 %5 i 4 43 1 =0, ok B oy
154. 8~2 086. 4 mg/L. F-HI{t % 869. 8 mg/L, -
PIEHT R HKBRAE 1 000 mg/L. Hr, KT
TR BRAE AR B 44 A 7 BURE B0 30. 7 %0,

SRR F e T K Ca®t  Mg™ T B L
A 167.8~1 092.1 mg/L, FE{E N 398.1 mg/L,
PRUETT 25 182. 5,748 5 R AL 45. 9 Vo, i AR K B
{H 450 mg/L By FE 5 FC 38 A, i A B 4K
] 26. 6%,

W X2 N K EZHE 7 Nat K"
Ca®*" Mg ¥k BEE4y 512N 19. 3~457. 0 mg/L.0. 1~
233.7 mg/L., 19.7 ~ 250.0 mg/L. 13.1 ~
217.9 mg/L,FEHES 50 108. 8 mg/1.2. 6 mg/L.
71.1 mg/L.56.3 mg/L, B K4, ZEHE T4
SRBCHN 50% ~ 902, K BN /IMKIK Ry Na™ >

Mg*" >Ca™" , KB TP B 725 (R 22 S A L. X
HWO053 2% 5 5 K i i 5 15 233. 7 mg/L. H:
bR S ) K TV B (E 0. 6 mg/L, A8 7 R AL
13200, 4 HWO53 54 5 R AL 32 21 Al e E 11
S, 1 TS KR T . BeAh . AR I FH S 1
MEDY (TZ =Na" + K" +2Ca’" +2Mg*" ) K
9.38~56. 1 meq/L, it & Tt F 3 B0 3 7 B H
1. 33 meq/L™  AIRERZH T TR T RN FEE
M, BHES F f (TZ =Cl +2S0% + HCO; +
NO; K 5.2~36.5 meq/L,Cl™ . SO} \HCO; [k
B4y #) ok 3.0 ~530.0 mg/L. 2 ~ 366.5 mg/L,
224. 4~1 027.9 mg/L, ¥ {E 4> %A 70.7 mg/L.
86.9 mg/1..515. 5 mg/L.AE S R K4 H 127.8 %,
85.4 %0.34. 1 Y0 R HCO; > SOT > (I,
72 5 R A U7 MAE B, R W] HCO; J& 2P &
¥ HAEZS RS AdesE .

WF7E X 1 2 M R A = /7 W, NOy £ H
R IE IR e KRR BE A 3 450. 3 mg/L, 7428
SERBCH 162. 6 Y0, H R ARG a3 LR i
TARZINRERE M 33 NO; Fraim. NO;y
Jo R B R T I 2K BT s R A L B 29 A4S o A
AR 20 260 s AR T R /K NO; B4R
(38.46 ¥
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Table 2 Correlation between conventional indicators of shallow groundwater in Bozhou City
TDS Ca?™ Mg? " K" Na*t Cl~ SOi~ HCO3
TDS 1
Ca*" 0.062 1
Mg? " 0.338 0. 307 1
K™ 0. 080 —0.015 —0.015 1
Na* 0. 579 —0. 304 0.237 —0.052 1
Cl 0. 345 0.401 0.748 0 0.398 1
SOi~ 0.610 0. 205 0. 486 —0.011 0.741 0.576 1
HCO3 0. 553 —0. 181 0. 259 —0.016 0. 747 0. 054 0. 550 1
MBIFFE IR Z # N K &AL Al Z A5G SRR,

KRHMEGR DMK RE (- DA LUAEH,TDS 5
Mg*" \Na' \HCO; .SO7T . Cl™ #4716 8 3 1% 1IE 4
K B M KPR R SO >Na'® > HCO; >
ClIm >Mg"" , Ul B X 26 AR AT TDS 45 45 B i () 51
ik, H,Ca®" 5 TDS ML A— L4548 1 I
Ca® " e RIS S R BT LAE 5T IX Ca?t ik
FEAE R 23 () 43 A0 25 SRR/ 0N ot et vk B A R AR E
& TDS [ EZ A N BFEE TDS (3 5, Ca™"
J v B AR AR N (B 3Ce))

P N g R R, KA R CL
SOT HAMEM L, il e CaSO, M5 78
RILFEA R, MRXEFHIZX,ClI 5 SOT Z[H
LA B AR G, SRR S5 R — 3K

TF9 DX 3 J2 1 T 7K e i 1 5 4 % 7 5 8 A4
s T B R KT Mgt B2 iR Catt
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] 7 T8 J5E i X 9% 2 i 7 il R i vk B R A Rk
10. 3 %, BEEpREFAOT AR5 KL Tl R K i HE
T ARREFIAR 25 19 K it . 35 G 1) £ e
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X35
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A 3 MR Cl oo, JoFE IR SO, %i G,
FKHIE v HCOs g L#, 3 ik Cl
Uiy TG A it T RESZ B A S R RS2 I, AN 28 3R A
fift NGBS, SBOSRE LN, 7E Piper —£&
BB & 1 = fAIE vl LR Y A0 il o0 A A =



Bt A3 SRR N TR T AR AR R SO LR

25001,
=~ 2000} . Lo
i .o L
% 1500+ *‘e. °
E R
Z 1000+ e .
= . oo
500 - e 1 Sy=1.255 3x4222.61
0 1 1 1 1 1 J
0 200 400 600 800 1000 1200
HCO,/(mg- L")
2500 -
C
_ 2000-() . Lot
i
;%D 15001
= o000k < y=2.546 5¢+592.79
a 0o
= 500t L. .
0 1 1 1 1 J
0 100 200 300 400 500
Na*/(mg- L)
2500
(e)
_2000f ¢ °, .
.‘J ‘“‘ . & . .
;%D 1s00p #° e e .
§ 1000k ‘en et y=0.479x+835.71
oz —
o' Y } . .
= so0f -:‘é'..*f;‘.;- e
O 1 1 1 1 1 J
0 50 100 150 200 250 300

Ca*/(mg* L")

Kl 3

349
2500
(b)
~ 2000 | ., .
= * o © °
to 1500 F e ..
é ° o L
21000 : y=3.861 6x+652.45
2 : :
500 4 ., . .
0 1 1 1 1 J
0 50 100 150 200 250
Mg*/(mg - L)
2500
@ =3.401 4x+574.14
2000 - AN AT .
o
&0
E
7
a
=
0 1 1 1 1 1 1 1 J
0 50 100 150 200 250 300 350 400
2- o1
500 S0, /(mg 1)
2000
L
= 1500
E
Z 1000 1=0.979 7x+818.09
= 500 L .
0 1 1 1 1 J
0 100 200 300 400 500
NO,/(mg* L")

ZMTHEIZH K p TDS 5 E 2 7 Z A R

Fig. 3 Relationship of TDS and main ions of shallow groundwater in Bozhou City
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Table 3  Statistical hydrochemical types of shallow groundwater in
Bozhou City
kA EZETY AR/ A
Ca « Mg « Na-HCO; 21
Mg «» Na-HCO; 27
Na-HCO3; 11
Ca » Mg-Cl - HCO; 7
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Fig. 5

4.2 ER.AWERK
Gibbs 5 2 & FIRIFFK A X R K1k

10 000
(a)
ey
S g
1000} “‘;.‘, '3‘&;%:%...‘
I ot St
o 8fe e 4 o
£ K&
& ER
S 100F
Mg
10 1 1 1 L 1 )
0 02 04 06 08 10 12 14

Na*/(Na*+Ca®)

MRS 7 R K AR X HLA B IK TDS FE8
Na®/(Na™ +Ca*" ){H.Cl” /(Cl” +HCO; Y {H,
B A WARAE FH XA $¢m TDS FAAIR AR 2% A&
48 Sl XA A v TDS Fings s bu (= .

FIFH Gibbs X 2K (&8 6) X HFFE X % J2 T 7K
HATHHT FEsL TDS Y% T 500~2 500 mg/L X,
Na®/(Na" +Ca*" ) J&EFE 0. 1~1 X3, W N 2
7R K45 e VE R s 1 /(Clm +HCO3 ) K ER4> V& 1E
0~0. 5 X3, RICAME A A BAE R . FE ST
B R ] DX 3, 3R WY R AR AR F 51X P 3
K BT T AR kAN .

4.3 SO /Ca’t {5 NO; /Ca*" &

SOT \NO; 5 Ca*" WL & R 7 HR 41 A
KGR K P R E T, 4 SOT /
Ca”" >NO; /Ca”" B, TGS E K RZ 4K
TG S ATG K M A K . G 7 R . R s
FEAEPLE SO /Ca®" <1 il NO; /Ca?™ <1 iy IX.
3 DLIARIF AT X 7R 2 b 7K Bk 32 N 287 Bhi i 4
N, Hodr AR IS sh A TE S K R R T LS s
ma, H SOi™ /Ca?™ >NO; /Ca*" £t & NO; /Ca® H
SEHTE 0~0. 5, LI T & sh ARl 36 h A= 16 75
YR [X 0 B 1 5 2 4 Tl Bl (XL @ BT K X 4%
T AR e T D 5 i AR Ml XA 2 M TR T AR
A K,

10 000

TDS/(mg - L)

1 1 L
0 02 04 06 08 10 12 14
CIH(CI+HCO,)

10

Bl 6 =N ivR)ZH T 7K Gibbs B OREIS| B 34 D
Fig. 6 Gibbs diagrams of shallow groundwater in Bozhou City (Modified from[ 34 ])
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Hydrochemical characteristics and formation mechanism of
shallow groundwater in Bozhou City, Anhui Province

LI Liang"?, GONG Jianshi'**, WANG Hesheng''?, ZHOU Kaie!?, ZHU Chunfang'?,
TAO Xiaohu"?, YE Yonghong'?, TAN Mengjiao'? ,ZHANG Fei'-?
(1. Nanjing Center , China Geological Survey, Nanjing 210016, Jiangsu ,China ;
2.Key Laboratory of Watershed Eco-Geological Processes ,Ministry of Natural Resources ,
Nanjing 210016, Jiangsu ,China )

Abstract: The present study is envisaged to investigate the chemical characteristics and formation
mechanism of the shallow groundwater, one of the main sources for agricultural and domestic water in
Bozhou City, Anhui Province. 143 samples of shallow groundwater were analyzed and evaluated by specif-
ically using descriptive statistics, correlation analysis, ion ratio coefficient and Piper three-line diagram.
The results reveal complicated chemical types of shallow groundwater in Bozhou City as follows: the con-
tents of the cations and anions in the shallow groundwater are found to be in the order Na™ > Mg*" >
Ca’" and HCO3 > SOf > Cl . respectively. The hydrochemical characteristics are controlled by water-
rock interaction, evaporation, and comparatively less influenced by the atmospheric precipitation and hu-
man factors. The exchange between the cations, weathering and dissolution of silicate and carbonate min-
erals dominate the water-rock interaction during the formation of shallow groundwater. In terms of human
activity, the domestic pollution and agricultural activities are found to be more influential in hydrochemis-
try than industrial and mining activities. The ordinary grade of groundwater quality is IV, The key influen-
cing factors in [V and V grade water are F~, Na', total hardness and total dissolved solids (TDS). The
primary irrigation water is medium-quality, mainly affected by ultra-concentration of Na®. The research
results on the mechanism of groundwater chemical genesis can lay a scientific basis for the investigation
and evaluation of groundwater in the Huaihe River Basin and its sustainable exploitation and management.

Key words: Bozhou City; shallow groundwater; hydrochemical characteristics; formation mechanism



