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Hydrochemical Characteristics of Karst Groundwater in, the Mountains of

Northern Bazhong City, China [ u
TANG Jin-ping'*, ZHANG Qiang'*"/, HU Yang , SHAO Jiang*, HE Wen-]un "ZHANG Yu'
(1. College of Eanonment and Civil Englneerlng, Chengdu University of Tee}mology, Chengdu 610059 China; 2 State Key

Labgratory of Geghazard Prevention and Geoenvwon;qfnt Brotectlon Chengdu Unl’\rers1ty “of Teghno]ogy, Chengdu 610059 Chma

3. College of Earth Sciences , Chengdu University of Technology, Chengdu 610059  China; 4, Sichuan Province Communlcatlon's
Department nghway Plan, Survey, Design and Résearch Instltute Chengdu 610041 China) ™ :

Abstract; To study the hydrogeochemical charactenstms and formation mechanism of groundwater in a karst development trénsition
zonegin Goluthern it hoty China, 23 groundwater samples/weré collected from the Shuangfengya area in the northern part of
Bazhong City. |DeScriptivestatistics, coefficients of variation; Sght‘i%ller diagrams, Sukalev classification, Piper diagrams, and Gibbs
and jonfscale coefficients were used to analyze the karst water chemistry and distribution characteristics. The main processes controlling
the chemical evolution of the groundwater are also discussed. The research shows that the degree of groundwater mineralization in the
study area is generally low, with mostly neutral water and alkaline water. There are some differences in groundwater between the
northern and southern regions; the anions and cations in the groundwater in the northern area were mainly HCO; , Ca**, and Mg** ,
with HCO,-Ca-Mg being the main water chemistry type; the anions and cations in the groundwater in the northern area were mainly
HCO; , and Ca’*, and HCO,-Ca was the main water chemistry type. The chemical character of groundwater was controlled by rock
weathering and alternate cation adsorption, and evaporation crystallization in the southern region was more significant than in the
northern region. Furthermore, rainfall in the northern region had a more significant effect on groundwater geochemistry than in the
south. The differences in climate and lithology between the northern and southern region are the dominant factors influencing the
differences in hydrochemistry.

Key words: karst groundwater; carbonate weathering; silicate weathering; hydrochemical characteristics; Northern Bazhong City
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Table 1  Chemical composition and summary statistics for karstic groundwater
% .. R Na® o+ K_* Ca®* ) Mg? * ] cl- ] S03~ HCO5 TDs_l oH
/m /meq:L™" /meq:L™"  /meq-L™' /meq:L™' /meq-L™' /meq-L™' /mg-L
NO1 701 0.14 1.96 1.93 0.05 0.13 3.84 191. 40 8.31
NO2 811 0.14 1.58 1.43 0. 06 0.12 2.97 150. 40 7.95
NO3 822 0.08 3.43 1.59 0.05 0. 08 4.97 247.10 7.9
NO4 922 1.39 3.92 0. 69 0.16 1.81 4.03 334.50 7.9
NOS 968 0.03 1.70 0.11 0.35 0.48 1.01 102. 40 7.78
NO6 1159 0.82 1.23 0. 88 0.07 0. 64 2.22 155. 20 7. 64
NO7 1222 0.22 0.75 0.53 0. 06 0.07 1.36 73.40 6.8
L NOS8 1223 0.28 1. 68 1.25 0.11 0.22 2.88 157. 60 7.66
NO9 1254 0.12 0.58 0.23 0.11 0.13 0.78 51.90 6.59
N10 1358 0.03 2.76 2.57 0.08 0.16 5.13 254.00 7.47
N11 1431 0.03 1.58 0. 40 0.05 0.34 1.62 104. 40 7.75
N12 1710 0. 09 2.25 1.81 0.05 0.16 3.94 198.70 8.23
- E — 0.28 1.95 1.12 0.10 0.36 2.89 168. 42 7.67
ifE — 0.13 1.69 1.07 0.07 0.16 2.93 156. 40 7.77
itz — 0.39 0.96 0.73 0.08 0.47 1.45 78.65 049
LTS — 1. 40 0.49 0. 66 0.82 129 [10.50 0.47 jﬁ.,-q. 06"
S01 569 1.31 2,217 0. 60 0. 06 0.28 3,78 212. 60 _,-“"8.0'5
S02 663 0. 09 233/ 0.84 0. 06 .0.‘1'7 3.03 161.70 - 800
S03 689 1. 66 5.74 0.56 0.12 /1088 5. 96 436.40 ©° 477.22)
S04 718 0.47 7 2784 0.72 0. 06 [ 018 " 3413 200.00 |, 8.01 4
805 7, 766 0.29 2188 T 0.05 024 y 248 153.10 7" 18,09
— soe” 1779 0.42 | Fi2.0157F £0.91 0.06 | A" D30 3.945  216.50 TR0 |
B -7 Y T 181 W 38 7 0.68 0.00 J245 | 3% 365.90 255
. 08 | 4 860 0.9 (18 W <ol 0.07 J 039 2.53 150. 60 7.99
K 509 890 0.17 ‘dos  #o.s0 0.05 . 14 83 149. 60 7. 68 47
S10 962 0.2y L g3 ¥ 1.29 0.13 " 0!23 5.45 288.10 7.25
” si1 &' o8 0.30 12,99 101 0.07 0.29 3.94. 215.70 7.77
£ Sk fror2 0.25 23 |02 0.05 0.25 2.53 146. 50 8.16
= =13 1016 1.22 2.13 =50. 72 0.10 0.33 3.64 209. 90 7.39
SFHIE — 0. 64 2.90 0.77 0.07 0.55 3.63 223.58 7.76
i — 0.30 2.34 0.72 0.06 0.28 3.64 209. 90 7.77
PREZE — 0. 60 1.08 0.25 0.03 0.70 1.03 86. 03 0.31
A 5 R AL — 0.94 0.37 0.32 0.35 1.28 0.29 0.38 0.04

R IX LI M R K pH EA T 6.59 ~8.31, ¥
fH7.67. WIECHLL19] 432, 2 83.3% M/KFE
JoHpPEK (6.5 <pH <8), 16. 7% F B EK (pH >
8); TDS &/ T 51.9 ~334.5 mg-L~", ik
%, ¥JE FHRKEEE " BABHE FIRE (meq-L7")
KZAHNHCO; >Ca’" >Mg’* >S0;" >Na® +K* >
Cl™; B FLL HCO; A E, HPIEF Bk
86% , FHET-LA Ca® Al Mg®* i &, 435 5 BHE T
SR ) 589% 1 33% . AFSEIX R X MR 7K pH (A
T7.22 ~8.16, H{H 7. 76, 41 61. 5% FIKFE R HhiE
K, 38.5% MHEPEK; TDS &4 T 146.5 ~436. 4
mg-L™", [FlJ@ F % K G 8%, P BH & 7 ik
(meq-L™") & &R KA HCO; >Ca’" >Mg’" >Na® +
K* >S0;" >Cl™; BFI&-FLL HCO; AE, HIAETF
MR 85% , BHES FLA Ca®* A, i PHES 7 A
JEH) 67% .

MAEFZHE, B EEE THER R
SACXA AR/, St B X 7K 2 A PR Y A3 R) 22
S TAC X AR, AE A KIS L, Ca®* il
Mg B AR S5 RECHBIN, R RIR R A 1)
2R, SO, A Na™ A48 S5 R 80w K, AT AE
HA K G SEE YN ks R A 6 A o
Schoeller ™" [z W i1 7K (4 1k 2 25 Ak i #4559 B
AR (B 4). mE X K& S E A i
PR T, RITIZ DN T K A A6 27 T A 7R
PEARARL, 32E— 25 10 B R DX PN 5 K 2 B 2 A T
—; JEXH TR SE AL 2 R EER, AR
AT ATRRIRAS , UEBHAL X P R /K )t v ki
FEH N AR,

F BRI R M KA A A 2 JLIXK T
KAk 27 26 AU 41 F5 HCO,-Ca - Mg, HCO, - SO,-Ca,
HCO,-Ca-Mg-Na Fl HCO,-Ca 73 ] 5 b X FEA KA1



BRI EA A L X T R fe

AT R A AT 4547

el /meq-L™

Na"+K*  Ca® Mg** cr SO#"  HCOs
B4 FARMTRKEZEF Schoeller E
Fig. 4 Schoeller diagram for the major ions of

groundwater in the study area

67% . 17% . 8% M 8% ; 7 X b R KAk 22 R A
HCO,-Ca, HCO,-Ca - Mg, HCO,-Ca - Na F1 HCO, -
SO,-Ca-Na 43 7| 7 pg X FEAREL (1954 % | 23%..15%
8% . 7E Piper A2 iy £ 35 1 5 1 85 A9 f

B (ES), TR AN B2, [k
AP IX N T et 7 ﬁﬁ%ﬁﬁ%&ﬁ% R,

EXL B HF%EH@TE&KEE i‘fU\ﬁiJ”zEauﬁ f}i’
Efk %ﬁg%?*ﬁﬂﬁﬁﬂﬁﬁ% MK
b Jﬁaﬁ%ai&%ﬁ #ﬁﬁgﬂﬂﬁ

7 fm%% Faft, ﬁtﬂﬁmﬁﬁﬁ#cﬁﬂ

w*w%zuﬁm%osuwﬂﬁﬁ ik F ML
mgmeimm TR A 1 s st
25

3.2 BRAZ

W oK A 22 2 23 B AR AR AR 52 B K- AR AT

10°

TDS/mg-L™!

CI'/(CI" + HCOy)

B 5 F/deEE R X Tk Piper B
Fig. 5 Piper diagram for groundwater in the southern and-

northern parts of the study areg- " ‘ I-I =
| g f N

A | I T RIS S0 5 A
S Mﬁi@%@%mm%ﬁﬂﬁﬁkﬁﬁ
ESRIEREG, A DR s Ak T
i, A L Al A2 0 0 K et
. DRI, K S Tk iR, AL
%ﬁm(mm#m%ﬁﬁﬁingM%%%&”
RT3 Gibbs I L 6) , 1L Wk
ﬂﬁm%ﬂﬁxwm#ﬁmm%@wﬁﬁm%m
SR ‘

HUF KTE Gibbs 8] 1 H943 i 7 th B 98 X 3t T
KBTI B2 3 T 2 VAR R S
i, I H R T2 R 4% ST, T L X
TR {1 TR, R WA 9% B

10°

e T e i

=
=1}
£
vl
[a]
=

Na'/(Na* + Ca*")

Eo6 WHRRHTK Gibbs B
Fig. 6 Gibbs plots for groundwater in the study area



4548 w5

L 40 %

e

H R K b 2 AR B — 2 52 e, AR
W, ZER A AR R BERE; W R, RAREW
(1) 5 B 5 M

R g =3 A IR (IR OB N G =3 L I =R <)
—EMFEGI. EE, BT AR R R Cat |
Mg** 5 Na* | K" Z P24, UL Ca®" +
Mg** ] " (Bl Ca®* + Mg’" — HCO; —SO; )5 [Na”
+K* ] (I Na® +K* - C17) B 2 B ARkl %
iR T P X R K AR b A T [ Ca®
+Mg®* ] /[Na* +K*]" = -1 HfHZ I, BEH%
DX PN 1 T K38 K A T B T Ag k. TTTRE X A
TR R KR B - 1 FefELR, X AT REs2 3 T 4h
SRR . ) ST B S ik — 2 I ik B
BT A W SR FE G 1) R . IR 8 b, R IX
MR 7K CAI-L S CAL-I T, Ui & A e
Y Na™ | KT 5K Ca™r | Mg B SS 4.
%Eﬁ%“ﬂ?*ﬂww%mTﬁﬁﬁﬁﬁ1wh
B (25% ) HUF 7K CALT 55 CALII 25 0 E (1, £WI4
B 1) B8 A fead e AT Mxﬁﬁft% Mﬁ
%x%%%@%f@EﬂTm¢mﬁ?ﬂﬁiMﬁ-

“%ﬁ@%%i? ﬁf%%&ﬁ%ﬁ%fé
% m?mmﬁmﬁﬁM%¥Mx§%Wﬁmm€
—E BRI @&mepHﬁmﬁ%EEﬁ '
%Lmi %ﬁ&xeﬂ%MIizé :
33u%¥%ﬁ -~ : =

(mmﬁﬁrﬁﬂTm%%Mwag FE T
TR AR AR PR P DAL — e £ 45 B R 6
L EEREE S S AR R 9 hRERE A A
AEAE T 28 95 ) 9 /K B 3 T I {4538 HCO, /
Na® =120, Ca’*/Na® =50 1fif Mg’*/Na* =10 AYIX
B mERRER T KRR R ] R KR A8 T LB 43

r

e

a JbX
ClES

=
T

Mg?" = S04 = HCO; Vmeg-L™!
>

(Ca® +

-1 1 hd
-1 0 1
(Na™ = CI”J/meq-L™'

E7 MRRHTKMEEFZERMER

Fig. 7 Cation exchange and adsorption of groundy_arérr.

in the study area

TMZE A h A 18 T 9 P A2 T . ﬁﬁEﬂTK
o3 A5 T REBRER A SRR ER R AL 5 ﬁzﬁ W
ﬁcﬁmﬁkﬁ%ﬂ%ﬂﬂTmm%%E%?w@
. [l X HCOY /Na ™ %Mg“/Na *HWH%{EE
FILX, ﬁ%%zﬁ%ﬂrmﬂmmﬁ?%iﬁm
a5 %
ﬁﬁn%ﬁ %ﬁ?%&ﬁ%%@%ﬁ%¢m
Tt 2 B AT M 7K ) P 2R LA 2 A
T (B RRER AA T, RERRER SRR
N6 PEAR A, DR ok T 220 e R R XU AR BT 7 AR Y
Ca’* , Mg’" FITHCO; %572 e AR, Wik
YW 225 T S AR R, AR S
5, W Ca®t + Mg™* 5 HCO; MEHN M1,
SO;” 5 HCO; ML K 0; 2, (RS 5%
R, Ca’" + Mg®" 5 HCO; M h 2,
K 10(a) i

A2 £1,0.35£0.15 50.24 0. 12 FHEXEG 02 5 HCO, M4kl 1723
[ CAI- !
Il CAl-ll
0 - =

=10 -

JEIX

1 1 1 1 1 ] Il 1 1 1 1

0 Huuﬁ o O

i Il

X -

Il 1 ] 1 1 1 1 1 Il 1 1 L L

NI N2

N3 N4 N5 N6 N7 N8 N9 NIONIINIZ S1 S2

83 S4 S5 S6 S7 S8 S9 SI0SIISI2SI3

8 MRRMTKEWEIEE
Fig. 8 Chlor-alkali index of groundwater in the study area



10 4 FEAFAE . AR A A L X T K A 24 AE K AL 43T 4549
100 ¢ 1 000
A
ML
i =
10 F Y- 4 100 £ =4
Se T ws & A
A
=] A
A = ° ) ‘*S
2 N e . Z REMGER A >
& 1 | AD L 10 | L
&0 L] s e
z R A o z “
foe) - o A
Go"e -
01 b 1k
B s b AR
' s HIX
G.OI 1 L L 0.] o u s a sl aa s aasul aa s aasaal T
0.01 0.1 I 10 100 0.01 0.1 I 10 100
Ca**/Na* Ca**/Na* o
9 HREERRLEBATER [ ¥ i

Fig. 9 Relative contribution of weathering and dlssolutlon of IULkb

AKAETF (Ca®* + Mg’ )/HCO; =1 tt{ﬁ%%_ﬁﬁi&@
MR 16 T 20, W] Ca* A Mg H U S £
PR, B B IR B0 I gt
th S02° '?HCO 5 A ?0~1‘ZI@{E
10(h) 7, 902 “a‘izdﬂﬁlmeq L‘ yitey)
%?ﬂﬁ%%ﬁ%ﬁ%ﬁﬁ?f@ E%mimm
F%dgﬂﬁ)z' i DR AL i

2FeS, +70, +2H,0 —2 & & 4

2Fe,0, +250> +4H" ()
2Ca Mg, CO, + H,S0, —
2Ca>" +2(1 —x)Mg™ +2HCO; +S0¥ (2)
Ca,Mg, CO, + H,0 + CO, —
xCa’ + (1 —x)Mg™* +2HCO; (3)
FER X MR K HCO; 5 SO, & s ARXE
X[ E 10(b) ], UL ZRAEE — e KAk 22
5N R OK TP A B AR, Mg®T/CaY =1,
A IREHEREL, Mg’ /Ca®" =0; B EFRSY
WERIE, Mg®*/Ca* =0.5 . fEEI 10(c) H, B IX
R AL R34 T 0.5 UL LA T, S84 KA
[ KA AR XN o 222 A skl 5 ATk X
R KBRS A KA R A
Vs e SRR AR BEARDL, R R et b Kb R 5 7K )2
FrPEAR TR DX A4 e A Z A
B 10 (d) H F KL 04 F (Ca®" + Mg™* )/
(HCO; +S0;7) =1 fALMHE B AR N 10 &,
VLA T B0 Na ™ F1 K S5 FHES 1 B9°F- 5. &1 10
(e) 112 88% (Wb T 7K 73 A TR KL (Na*/Cl™ =
0.86) 1y EJ5 Y LM Na* F1 K™ B T3 IE T K

=

ﬁl‘%‘:ﬁﬁﬁl‘uﬁ,ﬁ\ HEL 12% B/JliﬁT7Ji§J\7fﬁf?Fﬁ7J<
LTI, jbl:iﬁﬁi{ﬁT7k7i€EfiﬁEVJBH%"’?)&’%W
B, HCl” E’Jé‘%&?ﬁfﬁﬁﬁﬁfﬂt IJﬁ:ISElrLE;
?B’J&ﬁx}ﬁfsﬁfﬁzﬁ—«ﬂﬁﬁﬁfﬁﬁl CI7 8
FEAT 0005 ~0.35 meq: L™ 2], HAKAE B
LA AT TRk L, Tumma
+K* — 0. 86C1 3k % 7R B kS T LASMAG Na®
K*, B 10(f)H Ca>* +Mg®* +Na® +K* —0.86Cl"
5 HCO; + SO0, WERLMEMX, RZ 5 0lHK
0.986 9(FFIX) . 0.999 8 (LX), i W4 iz 5 bk i
AMUS 5T R A R, [ HAD S 25 (dn
A R A SRR ) MM —En
DRk, HISCRTARIGE, TERIFST IX N 28 & A 3 KUk Xt
R KAk AL R R ] L2 R RE R R A
Tt 5 BH B - 2 R WG B P 2 Na ™ Fl K 1 E 2K

4 Hig

(1) A58 DX Hb T K Ak B2 387 i 42 f1%, TDS &
AT 51.9 ~436.4 mg-L™", pH E¥E R 7.71, £
Sk, g T K. jl:!:iﬂﬁﬂ(w&f“*ﬁﬁ
T, KA AAFE HCO,-Ca - Mg, HCO, -
S0,-Ca, HCO,-Ca-Mg-Na f1 HCO,-Ca, BH & F LA
HCO; A3, HBIEF BN 86% , FHE T L
Ca’* Mg®* =, 433 b e Bk B2 58% |
33% ; B DXHL T KA ALA HCO,-Ca, HCO,-Ca-
Mg, HCO,-Ca-Na F1 HCO, -SO,-Ca-Na, &1Ll
HCO, HE, HSEFEWEM 85% , FHE L
Ca’" HE, HHETRAWEERN67%.



4550 woom ® % 40 %
100
7k (a) (b)
(Ca® + Mg?")/HCOy7" = 2
s a".
6 o
- 10 | N
_ e SO/HCO:™ =1 -
ER Pa _ o
g ot - D ey
E JL . g T p AS
& / E E 1k -
=0 - . - . . ha .
= E " (Ca + Mg?")/HCOy™ = 1 e . 2
) Y PERPEN
= A A 14
2F a A 0.1 o
iy . A A
FA
| A JEX
A o HilX
U 1 1 1 1 1 1 1 00' ‘o L 1 1
0 1 2 3 4 5 6 7 0.01 0.1 I 10 100
HCO; /meq-L™! HCO; /meq-L™!
1.0 10
© s, o
HzfaRk 4
A sk || ,ﬂ::
A ".
A A - B
=
; g 6t P ° =
‘= . £ & |
= HZERYS  ° & * ;
4 05 — ol A 2
ga ik a Agk A % As - _a"f
r L
ag ] 4 ,Q L
— °g 2 > i
- - g - [ & =
A - © - L
o 2 | "#' s ‘._ﬂ,r"‘l
fRARAL A B
e £ 4
. . 5:‘""“‘
o U 1 1 1 1 1 1 1 1 0 - 1 1 1 1 .
F-) 0 12 3 4 5 6 71 8 0 2 4 6 8 10
- HCO; /meq-L™! (HCO3™ + S04 )/meq-L™!
“ 10 10
(e) (f)
i -
_.] 2
T 8f R2=0.9869
®a £
s s 4 O
1+ g o
. - 3
- 7 Na®/CI” =0.86 = 6fF
- 8 - I
=2 +
E g° 4 n
I; A e AN
z A o Z  4F
A +
01 | - :
oo Lo
- =
- "
Ho2F
A A A @
0.01 1 1 0 1 1 1 1
0.01 0.1 1 10 0 2 4 6 8 10
Cl/meq-L™! (HCO5™ + SO4*)/meq-L™!

E10 EFEBFHRHIXA

Fig. 10 Series plots of the proportion of key ions

(2) WF5E X4 T K Y Ca®* A Mg” ™ R R
FRla A Eh R, e X LA KA RAE R 32, b
XUAH =G WAL £ IRZ A KA1 ; Na*
K" FERE TR A | SR A SRR ER A
fift. BRIR SRR S5 T W% X A W WAL i,
A A R B RR Y R R

(3) WHFE X H B K Al R 2 32 35 4 KAk
YRR, T DR TR 228 2 445 s ) 52 e R R 23
59. B, ACKEOW A B, U0 22 S AT R X
AR A B2 A 2 AR AR R AL X
R, ML X IRERIAE RS e .

(4) Mo, BHE 528 VR Xt Rk i Ao 4



10 44 TR TP LR A L X R KA 2RI B i A 23 A 4551

OYINA—E MR, B X Am R B S fE, X

75% [ 3T K SRR B S(E, R Na® A1 K Y

F—RIE R G5 M ca’ Mg B AR E RS

HAEHL

By RN P B, ZERE | AR IR

ZRELN | WG | 2B RS AN T b A5 R il

SUTE B AR it R SR 28 A B RS B K1 SO AR Dy T

S EARE ).

B2k

(1] B¢, A4, T9RME, % B =M Tk so; - b
SERHMIESCRIET]. HEEREF, 2019, 40(8) : 3550-3558.

Wei X, Zhou J L, Nai W H, et al. Chemical characteristics and
sources of groundwater sulfate in Kashgar Delta, Xinjiang[ J].
Environmental Science, 2019, 40(8) : 3550-3558.

[2] XingL N, Guo H M, Zhan Y H. Groundwater hydrochemical
characteristics and processes along flow paths in the North China
Plain[ J]. Journal of Asian Earth Sciences, 2013, 70-71; 250-
264.

[3] Adams S, Titus R, Pietersen K, et al. Hydreehemical
characteristics of aquifers near Sutherland in the WesternsKaroo,
South Africa[ J]. Journal of Hydrology, 2001, 241 ( 1—.\5) . 91-
103. £ i

(4] SO, AR, . LSRR SRR fe s
iEﬁﬁﬁ%HﬁT!ﬁﬁMﬂ 152 “/E'AEPE’JUFH[J] Hfﬁﬂﬂ e

2016, 37@12) A690-4699.
~ MaYH, Squ L Llu W], etal. Identification of sulfate aour(,cs

in 'the groundwaler system of Zaozhuangy evidences from 1sot0p1c

. and hydrlochemicﬂ characteristics [ J ]. Envi-r"nnii"llental ﬁqience,
2016/, 37(12) {#690-4699. 'y JF

s S ) AR, . K Lo I nu%ﬁ{m,t_;

/ ﬂ?iifﬂlkﬁ‘i&liﬂ?/ﬁ@% R R [ I R BRRE, 20]-9"
40(6) : 2667-2674.
Z}:lang Y, Su CL, Ma Y H, et al. Indicators of groundwater
evolution processes based on hydrochemistry and environmental
isotopes: A case study of the Dongyuan drinking water source
area in Ji'nan City[ J]. Environmental Science, 2019, 40(6) :
2667-2674.

[6] Wu P, Tang C Y, Zhu L J, et al. Hydrogeochemical
characteristics of surface water and groundwater in the karst
basin, southwest China[J]. Hydrological Processes, 2009, 23
(14) : 2012-2022.

[7] PulJ B, Yuan D X, Zhang C, et al. Hydrogeochemistry and
possible sulfate sources in karst groundwater in Chongqing, China
[J]. Environmental Earth Sciences, 2013, 68(1): 159-168.

[8] Wang J L, Jin M G, Jia B J, e al. Hydrochemical
characteristics and geothermometry applications of thermal
groundwater in northern Jinan, Shandong, China [ J ].
Geothermics, 2015, 57 185-195.

(9] %K, EH, WK, &5 MALEE ok XL T KK 25

TE B M BR A 2 U AT —— DL R X AR T X R [ ] ). o
4R, 2018, 37(2) : 211-217.
Luo F, Su C T, Pan X D, et al. Hydrochemical characteristics
and geochemical sensitivity of groundwater in typical karst hilly
regions: A case study of Eastern Wugang [ J]. Carsologica
Sinica, 2018, 37(2) . 211-217.

[10] &l , WVAe, BRid, S5, SRS R 20058 U R I8
BRIk UM ST [ 1], P E A%, 2018, 37(6): 827-
834.

[11]

[12]

[13]

[14]

T16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

Sheng T, Yang P H, Chen F, et al. Study on sources of
chemical elements and geochemical susceptibility of a typical
karst spring[ J]. Carsologica Sinica, 2018, 37(6) : 827-834.
BEVEAN, FeAE, ARMEEE, S BRATHI X R AT
HKOKSCHUBR AL 2ARFAE [ )], T EE #2017, 36 (5) : 697-
703.
Fan L J, Pei ] G, Zou S Z, et al. Hydrogeochemical
characteristics of karst groundwater in southern Nanchuan district
of Chongqing[ J]. Carsologica Sinica, 2017, 36(5) : 697-703.
AR, MWEA, HIF, & BRI ATILRA T KK SO
RAESAHRHEL )], KSCHUBT TR #T, 2016, 43(1) : 12-21.
Yuan J F, Deng G S, Xu F, et al. Hydrogeochemical
characteristics of karst groundwater in the northern part of the city
of Bijie[ J]. Hydrogeology & Engineering Geology, 2016, 43
(1):12-21.
Sk, SRORAE, SR 2%, SF. T AW KK AL ZEFRIE KB
WHLHILT]. EAR, 2018, 37(5) : 698-707.
Zhang C, Zhang B X, Zhang J S, et al. Analysis of
hydrochemical characteristics and formation mechdnism of karst
water in Feicheng City[ J]. Carsologica Slm(‘a ZOI8 3745)
698-707. | =]
AN, HUNEE, XUE, A Eﬂ%%ﬁﬁ#ﬁ?iﬂ??}(ﬁﬁ{ﬁ
ﬂ:ﬂ@&%‘“ﬁ%ﬂ RS LI SREERSE, 2019, 40(5) 2132-
2142. | W l & 4
Huang Q B, Qm X Q Liu P.Y, et al. Reglonal'" evolution a‘nd
control fartors Wf kats groundwater in Liulin ‘Spting ca,trhment
[J]. Lm}lronmental Smence 42019, 40(5) : 2132- 2142
FHH,, EZ?/LF Wit o B R A AR Al *ﬁﬁ&'ﬁh
AR I HEREIE , 2017 42(5) « 821-831. &
Wang'] Yif Wang J 155 jln M G. Hydrochemlcal charactenstlcs
and formAtion causes of karst water in Jinan Spring Ca.tc‘ﬁmem
[J]. Barth Smence, 2017, 42(5) : 821-831.
TAAHT, B0 NSRS R TSR K R SR A
SEPEALLT]. EARE, 2009, 28(2) : 103-112.
Wang Y X, Gao X B. Geochemical evolution of the Niangziguan
karst water system under the impact of human activities [ ] ].
Carsologica Sinica, 2009, 28(2) . 103-112.
Giiler C, Kurt M A, Alpaslan M, et al. Assessment of the impact
of anthropogenic activities on the groundwater hydrology and
chemistry in Tarsus coastal plain ( Mersin, SE Turkey) using
fuzzy clustering, multivariate statistics and GIS techniques[ J .
Journal of Hydrology, 2012, 414-415. 435-451.
LIP Y, Qian H, Wu J H, et al. Geochemical modeling of
groundwater in southern plain area of Pengyang County, Ningxia,
China[ J]. Water Science and Engineering, 2010, 3(3) . 282-
291.
GB/T 14157-1993, 7K SCHLBUARE[S].
GB/T 14157-1993, Hydrogeologic terminology[ S].
Zhou F Y, Sun S Q, Molnar J J. Evaluation of the Development
of circular agriculture in Sichuan Province based on the
coefficient of variation[ J]. Asian Agricultural Research, 2015,
7(3): 56-60.
Schoeller H. Géochimie des eaux souterraines; application aux
eaux des gisements de pétrole[ M]. Paris: Sociéteé des éditions
Technip, 1956.
Piper A M. A graphic procedure in the geochemical interpretation
of water-analyses[ J]. Eos, Transactions, American Geophysical
Union, 1944, 25(6) : 914-928.
Zhou P P, Wang Z M, Zhang J Y, et al. Study on the
hydrochemical  characteristics of groundwater along the

Taklimakan Desert Highway[ J]. Environmental Earth Sciences,



4552 EZN b}

Bl

2 40 %

2016, 75(20) ; 1378.

RE4F-, sk, BIER, A, TV bR R K AL AR AR R
BRI AMT)]. FREERIE, 2019, 40(7) : 3089-3098.
Tang ] P, Zhang Q, Hu Y, et al.
characteristics and controlling factors analysis in alluvial fan of

2019, 40 (7).

[24]
Groundwater chemical
Jianjiang River [ J]. Environmental Science,
3089-3098.

Gibbs R J. Mechanisms controlling world water chemistry [ J].
Science, 1970, 170(3962) : 1088-1090.

Gibbs R J. Water chemistry of the Amazon River [ ] ].
Geochimica et Cosmochimica Acta, 1972, 36(9) . 1061- 1066.
Xiao J, Jin Z D, Wang J, et al. Hydrochemical characteristics,

[25]

[26]

[27]
controlling factors and solute sources of groundwater within the
Tarim River Basin in the extreme arid region, NW Tibetan
Plateau[ J . 2015, 380-381. 237-
246.

Thakur T, Rishi M S,

hydrochemical properties

Quaternary International

[28] Naik P K, et al
of groundwater for

India[ J].

Elucidating
drinking and
agriculture in parts of Punjab, Environmental Earth
Sciences, 2016, 75(6) ; 467.

Gaillardet J,
weathering and CO, consumption rates deduced rfrom the
chemistry of large rivers[ J]. Chemical Geology, 1999 ,-,;159( 1-
4):3-30.

Oliva P, Dupré B, Martin F, et al. The wblefof trace'.;ninerals in

[29] Dupré B, Louvat P, et al. Global silicate

[30]
chemical weathenng in a high- evaatlnn granltlc walershed
~Estibere, hance)

.,!'. Geochimica'ely Cﬂasmochlmlca Acta, 2004;, 68/( }G) 23}-'2’543
[317% Meybeck M"_"'Glob_al occurrence of majer elem‘“} nt@ n nve;s[ .I]:
lreanse o'n Ceochkmlslry, 2003, 5. 207-223.

Vchemical and mmeraloglcal e\hdénd%[.ﬂ.-] e

[32]

[33]

[34]

[35]

[36]

[37]

SR, s, Rk R TR RAREE K B R AL S I —
PLS P8 == E K AR DR BT ] s A sk fb 2%
iEHZ, 2008, 27(4) : 363-368.

Han G L, Tang Y, Tan Q. Geochemical composition of rainwater
in karst forest; Case study of Maolan Nature Reserve, Guizhou
Province [ J ]. Bulletin

Geochemistry, 2008, 27(4) ; 363-368.

of Mineralogy, Petrology and

Ak, 2B, MR, F IR RIEUK L SE R IR S A A R
AL ], 2R 2RRR, 2018, 37(3) : 667-678.

Xu S, Li SL, Zhong J, et al. Hydrochemical characteristics and
chemical weathering processes in Chishui River Basin [ ] ].
Chinese Journal of Ecology, 2018, 37(3) : 667-678.

Anderson S P, Drever J I, Frost C D, et al. Chemical weathering

in the foreland of a retreating glacier [ J ]. Geochimica et

Cosmochimica Acta, 2000, 64(7) . 1173-1189.
R, RIS, HHA, & HEAW T K SOh Rk

ELET NS ST
636.

PuJ B, Yuan D X, Jiang Y J,
environmental meaning of Chongqing Suhterraqg;an--k's;rst streams
in China[ JJ= Advances in Water Science, 2010,.:,2-1.‘:(-"5 )L 628-
636. o
Dixon W] Chlqwell B. The use of hydrochemuéal f_f:(‘i}(ms to

B[], KEZEERE, 2010, 21(5): 628-

et al. Hydrogeochemistry and

identify reLharge areas an(li saline intrusions in’ a]]uyi"’al aquifers,
suulheasl Queensland‘ Australia [ ] ].
1992, 135(1 4) 25% 274 "
Jiang Y“’J., Cae M, Yuanﬁ D X,
charactenZallon dl’ld eﬁvlrohmental effects of the deterloraﬁflg}

Journal of H_yd'ro].ogy A

et al. Hydrogeologlcal

urban k,hrs ’ ound\ﬁvater‘. in a karst trough Vaﬂey, Nanshan, SW
Chinal J 14 Hydrogeology! Journal , 2018, 26(5) ;' 1487- 1497

= o

v i



HUANJING KEXUE Vol.40  No. 10

Environmental Science (monthly) Oct. 15, 2019

CONTENTS

Vertical Distribution and Transport of PM, 5 During Heavy Pollution Events in the Jing-Jin-Ji Reglon «-+resseereereeremenenesicnneninncnnenens XIAO Zhi-mei, XU Hong, LI Peng, et al. (4303
*+ CHANG Shu-cheng, LIAO Cheng-hao, ZENG Wu-tao, et al. (4310
Diurnal Variations and Source Analysis of Water-soluble Compounds in PM, 5 During the Winter in Liaocheng City «-+«+ssseresresereeee YI Ya-nan, HOU Zhan-fang, MENG Jing-jing, et al. (4319
Emission Characteristics of Exhaust PM and Its Carbonaceous Components from China Il to China IV Diesel Vehicles in Shenyang *+* ZHAO Xue-yan, WANG Jing, ZHU Sheng-nan, et al. (4330
Characteristics of Heavy Metal Pollutants of PM, s from Open Burning of Municipal Solid Waste (MSW) and the Associated Exposure Health Risks — «+reeereerererrenesnsennesinncninnnnens

CHENG Ke, JI Wan-wan, HAO Wei-wei, et al. (4337)

Source Apportionment of Air Pollutants for a Typical Pollution Event in Zhaoging

)
)
)
)

Size Distribution Characteristics and Inhalation Exposure of Particle-Bound PAHs in an Industrial City ~ +++++ JANG Juan, GUO Guan-lin, QIN Ning, et al. (4345)
High-frequency Evolution of Urban Atmospheric Ammonia and Ammonium and Its Gas-to-Particle Conversion Mechanism in Nanjing Cily = ++eseereeseeesesereresiemienenennininsininenes
"""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""" SHAOQ Sheng-cheng, CHANG Yun-hua, CAO Fang, et al. (4355)
Optical Absorption Properties of Brown Carbon Aerosols in Guangzhou ««++:+-xesessssesssssssssntnsisiiniiii i LI Zhu-jie, TAN Hao-bo, ZHENG Jun (4364 )
Characteristics and Source Apportionment of Ambient VOCs in Spring in Zhengzhou «+:+«+sssessessessssssssnnmninsnnnneens ZHANG Yi-xiang, YIN Sha-sha, YUAN Ming-hao, et al. (4372)
Raw Materials and End Treatment-hased Emission Factors for Volatile Organic Compounds (VOCs) from Typical Solvent Use Sources
......................................................................................................................................................... LIANG Xiao-ming, CHEN Lai-guo, SUN Xi-bo, et al. (4382)
Source Profiles of Volatile Organic Compounds ( VOCs) from Typical Solvent-based Industries in Befjing ++s+esesseeressereresnmnnisninnnnns FANG Li, LIU Wen-wen, CHEN Dan-ni, et al. (4395)
Emission Characteristics of IVOCs from the Combustion of Residential Solid Fuels and the Impact of Burning Temperature —«++xesseeesessesneeeens LU Ya-jing, FENG Yan-li, QIAN Zhe, et al. (4404)
Evaluation of MACC Reanalysis Ozone Data over China Using Ground-based and AIRS Satellite Observations —«++«+sssseseereeeees WANG Run-fang, MA Xiao-dan, ZHAO Tian-liang, et al. (4412)
Hydrolysis of COS over MgAl Mixed Oxides Derived from Hydrotalcites WEI Zheng, ZHANG Xin, ZHANG Feng-lian, et al. (4423)
Chemical Characteristics and Tonic Sources of Precipitation in the Source Region of the Yangtze River —«-:eoveveesesesrenseenennnnen WANG Shao-yong, HE Xiao-bo, WU Jing-kui, et al. (4431)
Effects of Continuous Extreme Rainfall on Water Quality of the Dongjiang River Basin »«++++sseeesereresvernieneneniininis CHE Rui, LIN Shu, FAN Zhong-ya, et al. (4440)
Correlation Analysis of Water Quality Between Lake Inflow and Outflow; A Case Study of Poyang Lake ««+:tsseeeeereerenveencreneeees HUANG Dong-ling, NI Zhao-kui, ZHAO Shuang, et al. (4450)
Spatio-temporal Distribution Characteristics of the Water Quality in the Jinze Reservoir and Its Inflow -+ LIU Ming-kun, TONG Jun, HU Bo, et al. (4461)
Temporal and Spatial Variations in the Conductivity in Different Media in Taihu Lake, China +++ WANG Rui, DAI Dan, ZHANG Chi, et al. (4469)
Uncertainty and Sensitivity Analysis of Phosphorus Model Parameters in Large Shallow Lakes SHI Yuan-yuan, LI Yi-ping, CHENG Yue, et al. (4478)
Spatio-temporal Variations in Aquatic Vegetation Cover and the Potential Influencing Factors in Lake Hongze Based on MODIS Images -++:+++++++++- LI Na, SHI Kun, ZHANG Yun-lin, et al. (4487)
Distribution and Pollution Assessment of Nutrients in the Surface Sediments of a Macrophyte-Dominated Zone in Lake Taihu ~ +++++eoee-: ZHANG Jie, WANG Yuan-sheng, GUO Xi-ya, et al. (4497)
Composition and Distribution of Biodegradable Compounds in the Macrophyte Dominated Zone of Lake Taihu «+vesesseesesresesreerenneeens QI Chuang, FANG Jia-qi, ZHANG Li-min, et al. (4505)
Temporal and Spatial Variation of Zooplankton Community Structure and Its Relationship with Environmental Factors in Dianshan Lake, Shanghai -+ DU Cai-li, YANG Li, ZHAO Yi, et al. (4513)
Geochemical Characteristics and Ecological Significance of Carbon Isotopes in Groundwater Under the Influence of Different Land Use Types in Karst Areas «+:«+eeseereereeresenessenenenennanens
..................................................................................................................................................................... REN Kun, PAN Xiao-dong, ZENG Jie, et al. (4523)
Temporal Response of Subterranean Karst Stream Hydrochemistry to Urbanization «««++«+sssssssessessesessensensesssnnsnsinninssssns YANG Ying-zeng, HE Shou-yang, WU Pan, et al. (4532)
Hydrochemical Characteristics of Karst Groundwater in the Mountains of Northern Bazhong City, China TANG Jin-ping, ZHANG Qiang, HU Yang, et al. (4543)
Removal of Fe( 1), Mn( I ), and NH,"-N by Using 8-Mn0, Coated Zeolite - MA Wen-jie, CHEN Tian-hu, CHEN Dong, et al. (4553)
Strengthening Effect of Different Cattail Pretreatment Methods on the Denitrification of Horizontal Subsurface Flow in a Constructed Wetland ««+-se-eeeeeerereresiemeneneininininninennnn
""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""" XIONG Jia-qing, LU Xue-bin, ZHENG Yu-cong, et al. (4562)
Short-cut Nitrification Start-up and Optimization of Operating Conditions Under Different Control Strategies «+++«+sxsssseesesvsnsesenseinsienens LIU An-di, ZHAO Kai-liang, LIU Hong, et al. (4569)
Start-up of a Three-stage PN/A Granular Sludge Reactor for Treating Wastewater with High Concentrations of Ammonia «+«+++xsssseeseeseeseree JI Xiao-qing, QI Ze-kun, QIAN Fei-yue, et al. (4578)
Removal of Hydrogen Sulfide Produced in a Municipal WWTP Using a Biotrickling Filter with Polypropylene Rings as the Packing Material and Microbial Community Analysis -
.................................................................................................................................................................. SUN Shi-hao, JIA Ti-pei, CHEN Kai-gi, et al. (4585)
Characteristics and Influencing Factors of Polycyclic Aromatic Hydrocarbons in Surface Soils from Typical Industrial Areas of Chengdu ++«+xeseereereeresemenenememeneninniniiinine
............................................................................................................................................................ RAN Zong-xin, CHEN Jin-yu, WANG Ya-ting, et al. (4594)
"""""""""""" HE Ming-jing, YANG Zhi-hao, WEI Shi-giang (4604 )
BU Shuai-hin, MENG Zhao-fu, Sambath Yek, et al. (4611)
Concentration Characteristics, Source Analysis, and Potential Ecological Risk Assessment of Heavy Metals in a Peak-cluster Depression Area, Southeast of Yunnan Province «+-++sessesveeeeess
.................................................................................................................................................................. HONG Tao, KONG Xiang-sheng, YUE Xiang-fei (4620
Cd Accumulation and Risk Assessment for Arable Soils in the Karst Region of Northern Luodian, Guizhou ««+«+essereerseesererenseienennens TANG Qi-lin, LIU Xiu-ming, LIU Fang, et al. (4628)
Safe Utilization of Paddy Soils Lightly Polluted with Cadmium in Western Chongqing LI Na, HE Hong-zhou, FENG Ai-xuan, et al. (4637)
Accumulation of Cd in Different Crops and Screening of Low-Cd Accumulation Cultivars CHEN Xiao-hua, SHEN Gen-xiang, BAI Yu-jie, et al. (4647)
Absorption and Transportation of Selenium Nanoparticles in Wheat and Rice WANG Ya-qi, ZHU Li-na, LI Kui, et al. (4654)
Effects of Microplastics on the Growth, Physiology, and Biochemical Characteristics of Wheat ( Triticum aestivum) «+-++++=«ssseseeeeeseseees LIAO Yuan-chen, Nazygul:Jahithek, LI Mei, et al. (4661 )
Regulation and Mechanism of a Dregs Biochar Matrix Combined with Maifanite on a Soil-Ryegrass System :+:eseseeeeresesssssnsnsinnnis XIAO Liang-liang, DING Yuan (4668 )
Microbial Community Structure and the Distribution of Antibiotic Resistance Genes in Soil Contaminated by Sulfamethoxazole -+ ZHANG Hai-feng, SHI Ming-ming, SUN Yan-mei, et al. (4678)
Dynamics of Antibiotic Resistance Genes During the Municipal Solid Waste Leachate Treatment «+:++:esseeveeeeesesersnnsiiiisinsnn HUANG Fu-yi, ZHOU Shu-yi-dan, YAN Yi-jun, et al. (4685)
Effects of Manure Application Rates on the Soil Carbon Fractions and Aggregate Stability «+«+«+ssseessesrersessssnmimminsinnitsee SHAO Hui-yun, LI Zi-yue, LIU Dan, et al. (4691 )
Effects of Irrigation and Biochar Application on the Respiratory Temperature Sensitivity of Paddy Soil +«+eseeeereseserssennsieniniiinnns ZHOU Peng, QI Le, NIU Hai-dong, et al. (4700 )
Response of Soil CO, Emissions to Straw-returning in Citrus/Mushroom Intercropping Systems ««+«+s+ssrsseerrersrssrsernesnnnnennesnnieens YOU Jing, NI Jiu-pai, HUANG Rong, et al. (4708)
Effects of Warming and Straw Application on Soil Microbial Biomass Carbon and Nitrogen and Bacterial Community Structure —++++++++ ZHANG Ting-ting, CHEN Shu-tao, WANG Jun, et al. (4718)
Simulated Ozone Damage on Gross Primary Productivity (GPP) in a Winter Wheat Field »«+«+svsseseereeveesenenenninenennincnens XU Jing-xin, ZHENG You-fei, WANG Sheng, et al. (4725)
Spatial and Temporal Variations in Fertilizer Use Across Prefecture-level Cities in China from 2000 to 2015 +eeseereereeeseserenseieneniens PAN Xiao-dong, LI Pin, FENG Zhao-zhong, et al. (4733)



	单独封面
	单独封面10
	zml


