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Abstract: The/ Liulin Spring is one of the ten. most famotis karst springs in the Shanx1 provmce The abundant karst groundwater
resolirces support the economic and social development in/the Luliang Prefecture.” Therefore, the study of evolution and control factors
of kst groundwater is of great significancé to the sustainable utilization of water resources in the watershed. For revealing the evolution
and céntrol factors! of karst éroundwater in the Eiulin Sﬁfing‘éféé,--tﬁle main ion components of 29 karst groundwater samples from spring
supply dred’, runoff area, discharge area, and deep buried “area were analyzed. The results showed that the temperature and Na ™,
Ca’*, Mg"*, Cl-, HCO; , and SO;" concentrations increased continuously along the runoff route, from the recharge area to the runoff
area, o the discharge area, and then to the deep burial area. K*, Na*, and C1~ mainly come from salt rock dissolution, and Ca®* ,
Mg’ *, HCO; , and SO.™ mainly come from the dissolution of calcite, dolomite, and gypsum. Because they are controlled by the
continuous dissolution of salt rock and gypsum, the concentration of Na*, Cl~, and SO~ in groundwater has increased greatly, with
the maximum value being 50 times, 80 times, and 32 times of the minimum value, respectively. Under the influence of

2+

dedolomitization, the concentration of Ca™* and HCO; in groundwater does not change significantly, the maximum is 2-3 times of the

2+

minimum. In the recharge area and runoff area, Na* and Cl~ amounts are lower, and Ca”" and HCO, are the main cations and anions

in the groundwater. However, in the discharge area and deep buried area, C1~ and Na* exceed HCO; , Ca**, and Mg’* and become
the main anions and cations in the groundwater. The hydrochemical type changes from HCO,-Ca+Mg in the supply area to HCO, -SO, -
Ca+Mg in the runoff area, to HCO, +SO,-Ca+Na-Mg in the recharge area, and finally to C1-HCO;-Na-Ca, Cl-HCO,-Na, and Cl-Na-
Ca in the deep burial area.

Key words: Karst groundwater; hydrochemical characteristics; dedolomitization; Liulin Spring catchment; supply area; runoff area;

discharge area; deep buried area
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Fig. 1  Generalized hydrogeology map and sampling points of study area
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2.1 HURESSEAE I S oy A

2014 -8 H 19 ~23 HXFHIFRIRIR P 29 77
KT THURE T, b R K E B TANA X
X, HEME X | BRIEIX %I\QAEEU?MEEMT
TIPS . AR EBRRER AV X —r, RAIDLIR K
(74, FEXF 3 A K BB B v A ML E 4T T B

¥, LR 30 ~ 100 m; #2300 X HURE S 280 A T
B AR T A T X A, oAU, R 200 ~
500 m. HEHEDXEORE i 32 Z 50 A T ARR B3k = )11 30
W SR, SRR D 2, HRZAF = IR
o, JCIRHORE AR R R A e R AL R Y
Mg IR . XUGIZIE SR AEATHURE DR DX A BURE 3

FEANL T UM BTG M AL, S2oAHUE, BTA
WEKZWEI T AORFZM S RZEZT, L
WEEHI KT 500 m (550 ~1000 m). HURE S 3E4H(E
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Table 1  Information of sampling points in Liulin Spring catchment(2014)
KB RS R SR 7O N O T Z N 2
L19  BAXREINER S 08-20 111.483 37.458 1394 R 100
120 RIHEEERZ 08-20 111.325 37.473 1 166 RIF A0
125 BRI oA 08-23 111. 362 37.279 . 1489 R ""_'j,laol -
L6 HHEX B 08-19 111. 240 37.197 1325 K I F L
X 01 PR Em S 08-19 111. 525 372232 1287 sk
132 hEEE A 08-19 1sa2 f3g21s | Riero sk S #7T
LI8  BAXAMEER . 18-20 1.sor | 37. 493 _ '1 476 sk [ & Ja
123 S DA A 2k 08-23 111.310 [ 37,395 9 sk L~
124 /SRR R P 300m | | /08228 11292 | 2377461 W% W23d sk P
T 1267 g E KR / T 823 111.189 4 /370899 oy 1375 K (¥ _
IR TGN E I ,«"', ."', 08-21 111.396 /37564 ¥ 1213 RIS =200 s
T PR IR e Y 083 111364/ £87.236% % 1039  RJF  wp 5004
L10 WAk BRI & BRRER A ) 08-20 111.016 £+ 37.367 | 969 R 430
./éﬁlx g L PR S TLAT HUA y /08-21 111. 040 374555 1094 R 200
Yoo L AR Bk 08- 2 1 111135 37.586 994 [5RE;E 503
VT s AR ERs s R “ '08 257 111245 37.554 1123 R 430
T30 EARXEPEEYH “08-22 111.122 37.434 978 R 423
127 EAXHETE R 08-23 111.239 37.742 1100 B 320
L02  MIbRE B JeK)T () 08-20 110.916 37. 446 824 RIK
HEE X 129 MibkB s R (dLis) 08-22 110.919 37. 448 808 IR
122 MIMRBXIZIZE R (L) 08-20 110. 969 37.514 816 SRk
Lo6 AR E T E AT 08-19 110. 904 37.538 1121 B 602
LI2  BA XA S ZILER 08-21 110. 959 37.628 1154 Rt 700
L3 WHBMLSFE 08-21 111. 024 37.719 892 BRI 600
e 104 MIAREL AR SOHIE D™ 08-20 110. 847 37.539 814 BRI 660
108 MIARELBR GBI 08-20 110. 787 37.345 842 RIF 1000
L09  HIbkE &R S ITR 08-20 110. 923 37.379 937 BRI 550
05 MIbkEEl] S 3 SR XU 08-19 110. 847 37. 540 817 Rt 660
133 MIMRILEERT S BT 08-20 110. 889 37.363 920 I 560

2.2 FESSHTINA

FE M4 AR O AR AR, R ALEE . K
W, B S %, pH fE, K, Na* Ca*", Mg*",
HCO; . SO;” . NO; . Cl™. FZ RS M
2 B FORR = IR A 5 A R 9Y r Tk
5741 B 37 F) 48 WTW 23 5] 4E 77 pH/Cond340i
WA A K S K IR . pH BRI F2 3% o3 ¢
AR 0.1°C . 0. 1pH B 1 pS-em ™' fii
T8 [E Aquamerck 2\ v A= 7 B B RE T FAE B2 3D
WK HCO, Al Ca®* W, /¥R D518 6

mg- L' M1 mg-L™". FEM7E B #4713 38 (0. 45
pwm Millipore JE/5) J5 3 A 100 mL R Z 4@
HATFPHEF (Ca’", Mg®* | K" Fl Na® ) | & F) Af
At LR A 28 R TR R AL 2 pH <2, % E T HE 46
FORAE T TI0E TR 5 RO RE S B B T AR
HRAE.

R Al ] SE5G  Je, HE T R O 6% vk
(atomic absorption spectroscopy, AAS) | % BH &5
(Mg** | K* Fll Na™) Biim i . B 1 Jou 2 vk &8
(S0,** | C1™ HI NO; ) HH = &08H (i ( HPLC ) A3
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BRI MIPR SR TR T K DX e AL R i D R

2135

. MIBHE TP 2 22 < 5% . MRS RNk
2. Hfr, TZ* =Na® + K" +2Mg’" +2Ca°"; TZ™ =

HCO; +Cl~ +NO; +2S0;"
x 100/ (TZ* +TZ").

. NICB=(TZ* -TZ")

F2 HERKLEAHE

Table 2 Hydrochemical characteristics of samples

ki BER 2t M@t Nat K+  NO;y  HCO; - S02° »

i /C o /LJLS-cm’l/mg‘L’1 /mgg'L’1 /mg-L ! /mgeL ™! /mg-li’1 /mg-L3’1 /mg:L 7! /mg-“L’1 127 127 NCBSICosibsio e

LI9 128 7.37 458 6760 134 1357 039 868 2511 639 2208 510 529 -1.830.16 -0.21-2.17 HCO,-Ca

20 126 7.67 601  79.60 2136 2254 273 2170 309.88 1598 6144 6.81 7.16 -2.51 0.38 0.32 -1.74  HCO3-Ca-Mg

25 9.5 757 480 7480 152 1127 L17 2046 26291 1669 1440 522 5.41 -1.79 0.25 -0.27-2.28 HCO,-Ca

L6 100 7.65 458  80.40 1728 874 156 806 30561 675 2976 5.8 595 -0.590.37 0.08 -1.94  HCOzCa-Mg

101 102 7.66 486  80.80 2.8 828 273 372 300.88 1349 4992 629 6.56 -2.10 0.28 0.09 -1.79  HCOz-Ca-Mg

32 104 7.82 45 7301 1618 855 140  7.66 271.566 6.60  29.46 5.4 538 0.29 0.5 075 -1.89  HCOz-Ca-Mg

LIS 128 7.24 62  100.40 17.76 1196 078 1674 33855 18.82 4896 7.04 7.37 -2.29 0.12 -0.32-1.75 HCO,-Ca

23 91 770 604 10120 1536 782 234 558 25071 1811 11232 6.74 7.05 -2.25 0.4 0.05 -1.32  HCO5-50,-Ca-Mg
24 1.5 743 739 8760 2520 3657 312 310 35868 2592 8736 815 848 -1.980.23 0.10 -1.60  HCO3-Ca-Mg

26 91 7.8 607  77.60 249 2.5 156 558 3719.42 1136 2592 6.98 7.17 -1.34 0.61 0.81 -2.09  HCO3-Ca-Mg
THE 108 760 551 8230 1849 1518 L78 1013 30623 1401  48.16 636 6.58 -1.64 0.3 0.14 -1.86

21 196 7.74 485  60.00 1680 21.39 234 248 28975 852 2784 539 5.61 -2.00 0.46 0.57 -2.13  HCOyCa:Mg
131175 820 497 6480 1776 920 195 68 24888 923 345 517 517 0.00 0.9 1.56 -1.94 HCOTCa-Mg)
L0 147 776 102 10280 3888 9913 L17 1860 450.79 3160 223.68 1272 13.24 L2100 0.54 0.86 ~1.22 HCQy280;:NasCa:Mg
L1130 810 650 6480 2880 3703 312 ~-H.I6 28121 287 8448 7.33_7,36 ~0.20 0.62 1.06 ~1.71 " HCO{-Ca: Mg
L4160 813 S0 648 1965 208 195 SN0 2515 W76 4608 5.89'6.'17 232067 100 -1.90 .“_‘Hé()?—-(_;a'Mg

LS 130 818 87 7.0 39.60 4991 156 1240 38125 40.47  79.68 [9.07 9.25 0.98 0191 1.68 -1.70  HCO-Ca-Mg|
30 164 7.83 76 §.60 2880 R0 195/ /2914 28975 302 1808 823 8.61722.260.51 0.79 -1.50 HCO,-50,.64° gt
27178 7.6 B6TT 9600 254 I S8 27BN 4S8 S0 232005068 -175 HCO/CagMg
FHEA6.0 7.95 A0 7650 2697 B3I 249 F1945308T3 2774 83,4007 7.81 8406 -1.51 065 1.03 -1.73 y By
102 168 7.4 85§ L7640 2616 5405 -1»95’,.3" 2046 29341 55.38 96,00 /840 18.70 <175 0.07 ~0.06 - 1.64 .Hco,;_-ca-_l\ia-Mg--"'_?
1205 17.8 76377 894 4 7280 2830 16135 2737 070,.40099.51 7562 116160 9.38 19.81 2,24 0.25 0.33 -1.57 HCO4-S0,-CasNa-Mg"
122 1187 786 s e w4 P e g s .90 10286 _-{24 9.3 =0'63 0.5 0.80 -1.70  HCOy:Cl-Ca-Na™
TG 78 1M s 415 2634 091/ 24 gs 28816 797 105.0079.00 9.9 -1.540.29 0.36 -1.64 E
06, 20.2/7.9 13627 9200 3816 152,03 35K Q116 33428, 16472 22176 14.48 1492 -1.50 0.71 1.30 -1.29 HCO;-CI-S0,Na-Ca
m"’; 20 8.1 g FR a2 13000 3904 130 3})3,-78 BLU 2098 16.20 16.28 ~0.25 0.85 1.66 ~1.34 CI-HCO,-30,-Na-Ca
L3/ 24357617 2290 113,60 3624 296707 7.02 6205 309.88 51227 161.28 2178 22.97 -2.66 0.39 0.63 -1.44 Cl-Na+Ca

04 212 7.66 2560 7680 39.8 390.77 7.80 310 40199 465.05 285.12 24.35 25.68 -2.66 0.61 1.07 -1.19  CI-HCO3-Na

08 284 7.2 1361 5880 5592 16790 117 S0.22 566.69 83.78 150.72 14.93 15.60 -2.19 0.61 151 -1.70  HCO,Na-Mg

109 209 770 2200 11240 37.20 291.87 351  8.06 29585 467.89 21696 21.50 22.68 -2.67 0.42 0.67 -1.31 (l-Na+Ca

105 240 7.63 1717 9160  78.00 19297 429 1612 403.82 11893 45696 19.58 19.75 -0.43 0.27 0.71 -1.09  SO,-HCO;-Na-Mg
33 225 7.95 1720 100.90 36.66 213.96 5.86  10.45 30216 270.56 196.45 17.55 16.84 2.08 0.60 0.94 -1.44  CI-HCO;-Na-Ca
THE 3.7 7.8 1848 9236 4544 23628 4.63 1479 36481 289.29 238.64 18.80 19.34 -1.29 0.56 1.06 -1.35
3 RSN R BAR, P AR B R T O R

(10°C). AR IX FZA0 TS X EHR . AR F AL

3.1 LA MEIRPRFRE TR A LXK, BRI S RRAEL 166 ~ 1797 m
3.1.1 pHfH ZI, 3 AHUF R EE AL 100 m(F 1), H

K ALY pH HAE G I 7.24 ~8.20 Z
6], P32 7.75, B AR pH EHRT 7, 266
P, 53 VG R A T K AR — B
FEZEE TR E A . 0 pH P BE K FIRE
YT R PR M X v R K B, X
LR TRV 2 | M BRER IS K b T K32 By i AR et
HE KA R RERIE R
3.1.2 JKii

AIRAEALTE AR (9.1 ~28.4°C) , FHMH K
16.6°C. MAMAX | BIFR 7 X | IHEM X | 25
IX T AR ST (& 2) . b KRR o5 A I

KR F A2 Y M SRS AR IXRR
() e /IMEL 5 KA (AR 22 30 ~40°C, {HAMA X FE S
PREFEAR B OB BT, Sl i b R 7K 6 A 48
W EER. SAMAIXAH L, 220 X A HLH 7K
WA E (E 2) . B XA AU A T a4
X, JHRTE 200 ~500 m Z[A], HoK IR 32 2 B
AEFAR (10°C ) 5 4 3 86 B2 18 3 (3°C /100 m) 2
AL OR[E B P, KR A 225, Xl REe
ZALI BT BEAS A e i, KR 5 R A A G
KEKRE(E3), MERBIFHIEMHXR(R =
0.73), rn AL GEEE XK IR B Fa VR . HEE



2136 7 A N 10 %
K[ 3 AR KK IR B F AR v X, 22 W AG 3R 5 1 K “
FARRX. 0= R R A 175 T2 5 102 A 7K i y-ooieriony
W /N L B B 529 5 122 AR5 i A 129, x| feon
R R KB SRR BN FAL R, B 5 AT AR B
GEAERIAR B B AR SRS S e 20l
M, JbRE sk R T, AEIRRRE K, IF Z
WL TR L AL R SRS AR R, sl
R b R IR B R AT X A B R R T
550 m, KB RMEFIL , THIREE K, ZHIEE 10|
PESRRGE , OK b e 0 200 200 600 300 1000
30 HiF/m
3 HHFAKBESHREER
25+ T Fig. 3 Variation of temperature according to depth
ol ST PR L ok TR K A K R
g T = | Gk, M T KIRAE TR AL BRI b LB T
A sl i WA, A X E IR X 2 ﬂTﬁﬁﬁé%L
¥ o, PRTEI Il e T T 8 4 09 K- A LA
'LE;;J T 40 FDRAS. T 4 MR BRR 28 1% ﬂ%mc
[ | SIS SIC I SID f9 25 AL i
MK RK AN wm"é t%@uﬁﬂkﬁ ﬁ%ﬂﬁmEWah%T*¢_
' E 2 RRRRRARENET §/ ,,f R Hco HoR R 2 A .1\
Fi. 4 Vﬂ““"“ o temperue ‘“'f"ff""ﬁ{, Trf'” vV HE M pke HE(SIG) 4/ aﬁ 0, st i
3.1.3 @ﬁ%ﬂ’ ¢ o) C1.28 4209, TIMEN — 1. 67, BLBL A K

ﬁéz ﬁﬁ?‘fﬁ”ﬁ%ﬂﬁziﬁﬂ%ﬁ%ﬂfﬁ Bsic A TR, T 4 BRMAAME X BIRRX
ﬂmW&@@ﬁ%ﬁom 0.99 120, 3274 1-68,7 HRILX | BB, £ PR MRS ORI, %
ﬂ?ﬂj{ﬁﬁﬁﬂﬁ 048 F10. 66, AW 2 FHE- WAt WIBEE ML T K B9 A TR R TV . 18 TR IX
TR ARG, SR ST R OB SIG U — 1, BAUE R AL TR 60kt AL

5 L SIC : SID i SIG

%$n$;“n*

ot

| | | | E 1 | | | i | | | | H
wher R HEM O BEE MR R HRE SR MR BRI HElRE B
A X
B4 FRERFRFKEK SIC, SID # SIG T X TR
Fig. 4 Variation of SIC, SID, and SIG in different areas

B e
¥




51

BRI MIPR SR TR T K DX e AL R i D R

2137

A, WA A F A g
3.2 BETFUSFHE
3.2.1 FEMHHETF
A K KRR A 0 T U K
%&ﬁﬁoa9~18%L1,¥ﬁﬁﬁzyl
mg-L~". 5 BaRMAMEIX | BIFEHIX . FIHEIX
FIGHLIX, R AR AN 3, IR AR ks 3
FARBE . Na® J5i & ¥R B AR L BB K (7.82 ~
390.77 mg-L™") , FHI{E N 95. 41 mg-L~", Fe K{E
St/ IMERY 50 4%, B 5 B HANA XA Na*
WREAR, BIARTIX . HEME X | W3 IX B 5 A iR ik 42
B, v B ORI, U HORFERRIE X, Na®
JRAE I AR T Ca® I Mg R, NN

400

Hi T K R R P S T

Ca®* Ik B R, (A28 3 [ 35 /)N (58. 80
~113.60 mg-L™"), F3{H K 82. 86 mg-L.°", #%
KA R /MER 2 £5. K5 BRI IX | B4
WX, BHEMEX | BITRHEX, Ca®* BT vk A T i
hn, B E R K& Na*. 7EAMVA X . BRFIX
Na* R ER A, Ca’ A K FREHF, H
FEHEM DCRIER ML X, F Na™ (9 58 2880, & Ak
Ca®" JRB W LB /0. Mg i ik J3E 728 Ak Y
H311.52 ~78 mg-L~", F¥{E H 30.08 mg-L ™",
KA R Em/MER 7 5. B 5 R A IX ﬂ
PR, EHEM X BRI X, Mg T v B
AW AN

300 =

b

=]

=]
I

B A /mg L

=
=
I

—100 L1 1 1 L 1 1

K* | Na* { ; Ca® Mg?

QN P :
Eiflﬁ .

| R I N (N (N N N I R

ey TR HEEE PRER RbEY R R

W R R

Hite EE O RME R HREE U
AR X

Bs5 TAREERRMAEFELXR

Fig. 5 Spatial variation of cations in different areas

3.2.2 FEHET

NO; Jii i B Bk 1Ak, ARyl ol 2. 48
~59.52 mg-L~", SEI(EH N 15.87 mg-L7". E 6
INMANA X B IX, B HEM X BRI
HEA AN E. - REREAIEE K, N
6.39 ~512.26 mg-L~", F3{H K 110.22 mg-L~",
e KAB M dse/IME R 80 175, 6 i /R HMA X ) €1~
R AR, %E@ﬁﬁﬁ%m,ﬁimﬁxﬁﬁ
o, CHOEFERMIX, Cl R E I BT
mmpﬁmiﬁ;@ﬁ,&%ﬂ?*¢%i%%
B £

AR K T HCO, ik R, Ak By
248.88 ~ 566.69 mg-L~', F ¥ N 329.37
mg- L7, HRMEER/MER 2.3 f5. & 6 R WAh
X, BT IX | BHEMX | BV, B
AETEG I, ARG IR IFA K, FERMA X R IX

t, HCO; b Rk EZERT R+, (HAE R X 1
X, T Cl- Ry 3 m, Ak HCO, [tk
FE LU B S/, s K RSO3 T v B Y AR Ak
JEFE AR, Be/IME N 14.40 mg L', FKMEN
456.96 mg L', e RMERAR/MER 32 f5. K6
WRFNA XY SO; ™ IR IERAR, ERRERE
B, BrEr R AW, L HORAE R X, B
o,
3.3 JKfbEEEA

Piper — £k K] & 7K SCH B2 v i FH B i iz /)
— PR S AT i, I Piper £k E T LK —
AHb DX A KR KA 22 0 B Bk B, DOK
RELE I HR BT AL (47 B KT KRR ) — B AL 22 4R AIE 1]
T 7R —A DX P LT 7K A 2 1 0 (4 2 T 3 28
%[27]‘

FE T Piper — £k I W B0 B3N 40, (HE



2138 woom ® % 40 %
600 . : ;
NOs™ cr S0 HCOs % |
500 |- !
-
_ 400 I
-t H o
é‘) ; T o
=300 = e *
B3 )
1 —i & X
= : x :
B o200 ' ;
i i ko
100 |- l i 1 s i
» L o R
: $ : X
—t $ g — |=§=| . i |

O 0% ik TR B na @ik TRE

6 AEZREXBEFELXR

Fig. 6 Spatial variation of anions in different areas

ﬁ#ﬁ%ﬂ@ﬁﬂﬂﬂ.%%BiﬁﬁTsﬁ,%
Wb T 3 ot 50% 5 Ca®" + Mg’ " ZE 30 1 T 5
SrHKT 85% , MEEME T BIE T HCO; fif

S LB T 5897, SO27 + C1- + NOS LU {A 25K

30% , o TR R HCO,-Ga VHGO#Ca Mg
A FCO, -S0;2Ca Mg, 11 HCO,-C4- Mg (%2
T RIREEN ST 9 DX, FHESAB /1 Ca®*

£y s N L LT T T Eco; )
R R TRES N e

IKAESEEAIAT HEO,-Ca+Na- Mg, HCO, -S0,-Ca- Na-
Mg, HCO, - Cl-Ca-Na, {H4/51 HCO,-Ca-Mg H .
HEM X FEAA T 9 X, FHESFBR K* Ar & L4
INGR, Ca’t | Mgt | Na* Jr i Lb il 3457, 9 JC
B EHE W HE T, B HCO, RS &,
Cl™ | SO;” ZIAIMMEAAEIE ; MR K fb2E A Ry
HCO,-Ca+Na-Mg, HCO, -SO,-Ca-Na-Mg, HCO,-Cl
-Ca-Na. BHRXAIHE RBR LO8 Ab, FEALT 7 X,
ERRPRER BB 1 50% . Na* Helge— 3k, Bl
I Ca’ " + Mg” " Y HL ) i K i R HE 7, BA
B G Lt B 3 K, B HCOo, , [A]EY
SO;~ Ar s By Fb iy i, bR KAk 2R A HCO,
-C1-80,-Na+Ca, Cl-HCO,-S0,-Na-Ca, Cl-Na-Ca,
Cl- HCO;-Na, HCO;-Na - Mg, SO, - HCO;-Na - Mg,
Cl-HCO,-Na-Ca.

SR, WANAIX | B IX I HE X %)
RILIX , BHESFHF Ca™ . Mg™ " FF o Ho 328 /) |
Na ™ o LGS hn iy e 45 2s Ak B8 e 2
% HCO; HBI/N, SO; - H i3 K 1 Jy 1) A5 k.,
Bl CL™ LBy m A8 4k (1 7). K Ak2e2k

L R R

1 L I I L
Heltt SEEE Rbey fRIE HREE BRER
A X

| ~ 1 F
T HCO,-Ca- Mg T4y HCO, -SO,-Ca'- Mg Tl
HCO, - SO, -Cag Na - Mg, S5 25 252 GF- HOO -
Na:Ca, ClJHCO,-Na 7RI CI-Na-Ca 7. %, 7 4

- #
de 0 {

100

o fhin X
= {2
& kX
O{FHLR

100
VAR A TR VA 100 0 PR AR
100 0 100 0
Ca® Na* + K" NO;” +HCO;™ crr
E7 FHiBHT/KE Piper =4 E

Fig. 7 Piper diagram of ionic concentration in the samples

4 Wig

4.1 K* Na*HlCl™ ) FERIH

K* . Na®Fl Cl- EZRIFE T RIFFEA, A
SRR AT R 8 Bk alm 5 KT
Na* A BAFMIEADCE R, KX 3 FEg 7 HA
AHIF IR, M2 XA RR 8 5 0 LU X, A A
DIFEARRE R F, N, NG shxt #h 4
XHL TR Kh K* . Na* 1 C1- Bigkie b, HE %k
JEFRAREIK. TR IX, HE X AR XA
PR, AR, BA , T BISER A EL g
{H 3 BL 3k 357 07 F 7 55 A U X sl S T X 2



53 BRI MIPR SR TR T K DX e AL R i D R 2139

b, B KEREAE 200 ~300 m I, AR
SRR TG KB Lt N R B 58 )2 A RE Bk
W EK)ZE, 2z b A A BB I B
YERIBE. P, ANZEIE3RIER K™ . Na™ Fl C1-
XAV LR K SZ M oA B, AR X HE X
TR XX 3 s+ 32 SRR T R AR AK R ER 5 1Y
B fire.

WA KRBEF R K* + Na® F1 CL™ By vk
FEJE Bl 1.56 ~ 14.04 mg-L~' il 0.36 ~ 6.04
RN X R K SR AR T I A,
WESCH K™ Na® Fl G- EZORIE T RABEK. it
WX HEME X R X AR KA K* + Na® A1 CL-
(18 o 5 Mk W S R T R AR, BRI R 0 i i 2
HFEORE, &R ES e S s e
WESEAER M e T E L A 3 K Na™ #1 - &

mg.L—l:IS

BRI . AR
NaCl—— Na*" + CI~ - (1)
KCl— K+ Cl” i (2)

B8 ok K MMk EE S Na® MG, /NS4 B
ﬂ.%%@ﬂ%&%ﬁﬂTm*ﬁ¥iﬁTﬁ e
T¢¢NaﬂC1£E%ﬁ?%ﬂm%%Tﬁxm
() AT LA VA R 2 7 A ol AR L N2
ﬁa-ﬁ9ﬁmhmziwﬂifﬁi b
?mﬁﬁu?m‘anEMégﬁi P

ﬁ%m%mﬁ%ﬁ%?*¢NdﬂC1mﬁgAd

k. HTZERIEIX , R 109 | L13 4b, KoM RE AT
1: 119k EJ7, Na* A% T C1 b, BEHTE A Hofs
FPEXT Na™ A TT#k. M L09, LI3 LT 1: 14 F
77, Cl7AHXFT Na* i i

FH 5 - 2SI B 7 i /K T Na* R Z —,
S fe s LB PHES T35 e Ca-Na 1 Mg-Na' ™/, #R
I o A2 1A A, PR RS SS 4 B 1 Ak 2 X
W

2Na*+ Ca, ==2Na, + Ca’" (3)
2Na* + Mg, =—=2Na, + Mg’" (4)

VLB 38 i i S il i it B, 2 A4S Na* 38 ffe
1A Ca 3 Mg . MK Na* W I = T Ca®”
WRPERT, Na* 224 fEAE AR IOR 3R 0T A Ca® , 3
(3) WP [ A7 475 24 Ca® W ™ T Na*
B, Ca®* 224 I R AE [ AR, 2 AT Na ™, J2 N [9)
AT, Mk, TR A R TR K Ca® W
B, B Gy R Ca®* A8 W B [ (R R 2% 1 7
Na " (IS, 7&K H i Na ™ W TH, i il E
KA 7K A5 Na* X €l B i E BRI, miiE
X 109 A1 L13 #EA 1K CL- AR F Na* i &, Al
T 2 KR Na® R & (43 5h 12,69

(@ & I

3 W 2
= 0.008 6x + 0.048 3 ot X
R2=0.5803 A HEik X

® MK

(=
b2
®

K*/mmol-L™!

10 -

Na'/mmol-L™!
®

0 1 ] !
0 5 10 15 20

Cl'/mmol-L™!

E8 a%ﬂTm¢015K &%Nam*M%$ .
Fig. 8 Cl vs. K ‘and vs. Nd in karst groundwater'

mmol - L.~ lﬂl 12 90 mni“ol L ) T & Hee Na+§t}ﬁ&ﬂ&;
W Ca®" | {ﬁﬁTiB%Nla Bk :

HCO, A1 S0;~ kK
HCO; All SO}~ &b AW LT

;

4.2 Ca’, Mg2+
C32+\ Mg2+

k*i%%%¥,£%%ﬁT%%mzm%W%\

ABHMIERME A= SRER . &FEM T
FRAE T K AR Tt B AR R 25 5%, RT3
X4 PR FAEANA X | RTEIX, HEMEX | BRI X
CELiRTZNGR
4.2.1  BRERER VA A Vi

PR KT Ca’t |, Mg® T Ml HCO, FEok
BT = A Y AL ST
KA Y SOL™ Tk B EBORIE T A B Z
fige . 3 R R TR AT

CaCO, + H,0 + CO, —

Ca’* +2HCO; (5)
CaMg(CO;), +2CO, +2H,0—

Ca’ + Mg’ +4HCO; (6)

CaSO, — Ca’" + SO;” (7)

F (7)) TR, 8 I Al 2 1 s v R K
Ca>* F1S0;~ A6 L7t & 9 WoR sk N A i L T
KB Ca®t | SO;” HARMIEMEX KR, XMW A
WX Ca®r | SO;” HAEZ oIk, BRIFHEX 2
AFESAL, FNA X AR X HEE XORTRHE XA
SYFERIINLF[Ca T ] [S0;7 ] =1 M &Lk Ly,



2140 7D 53

Ca’ " VRFERT SO;, VLW Ca®* BRRUR T 415 W it
b, A — TR T A S = A . A
AKX BIARTFRIX | HEE DR HE X AR gt e ok s 5
P[Ca® ]:[S0;" 1 =1 FHmek, £ " 5
SO~ Rk B 22 {H WG 25 A2 g 42 A 388 it AS sk />
VLR TR R TR K, A BRI
Ca’* F1SO;™ Fr i LL AN 1S . 181 9 B/ TR X
H2ANEMT[Ca®t ]:[S03 ] =1 2545k F 7,
Ca* W JE/NT SO, ™, XA REE T &4 T Ca-Na
PHES F2c i i, /KR Ca®* R TAE AT S 2L.
M (5) ~(7) AT, # Ca** | Mg™* | HCO; H
SO;” YIRIET A . Ao A FA B G, 4 F
BRI R R R
2[Ca’ ] +2[Mg* ] ==[HCO; ] +2[S0* ]
(8)
P10 SR AN X | AR R X A T 2
[Ca’* ] +2[ Mg** ]=[ HCO; ] +2[50§']E@§§}—1§
1, B HCO; +S0;" MZTLHHET Ca°" +
Mg® " 000t | BRI AE RN, ATt B AT 3k

4 BT LR TR . 12 LR PR

mﬁﬁ/ﬁ@uLﬁ%hmEﬁzﬁK#ﬁfﬁ
Eﬂﬁﬁiﬁﬁﬁ BT 2 [ Catt +2[Mg2*]’—
[HCO; ] + [sor]éﬁ%#%%%m?ﬁ | GaF +
Mg’ amrﬁfﬁu¥@mco +50;° {ZU“ :_Tﬁa“
EkETCM%m%?xﬁﬁVL&%Tf¢%%’
Ca HiRE.

o

@ i X
B Zii K
AP AR
@ X
Lol .
g 4 ¢ o%
=, L N | ®
SIS
L y
-
{) 1 | 1 1
0 2 3 4 5
SO4* /mmol-L™!
B9 At Tkd Ca’t 550} HELTLXFR
Fig. 9 Ca®* vs. SO?~ in karst groundwater

4.2.2 EHAREH

TSk P B P A B SR I T T A A T K
o Ca’t TR E BE RN, T CaSO, 1% 1
KTF CaCO, Fl CaMg( CO, ), RITRMEIE , 16 B 5L
MEIVE T, S5 CaCO, K& AE UUTE LA 45 15 W
Ca’* LR VR4, SR, T CaCO, HIUTIE N
A E T HCO, |, o T 4EFRV i H A9 HCO;

=/HCO; Fl Ca®* it

B 40 &
20
& WK
B 2K
sl AR
L @ X
s o
2|' 10 -
n =%
» B
- 3 | ™ =
0 1 1 1
0 5 10 15 20

(HCO;™ + S04 )/meq-L™!
E 10 HCO; +S03~ 5 Ca’* +Mg** HHETXE

Fig. 10 HCO; +S03~ vs. Ca®* +Mg?* in karst groundwater

Jo B R YA T 3 B ) A B, SRR B
mAERE . BT R R 810 B
CaSO0, +[CaMg(CO,), +5 7 F

2CaCo, | % Mg + 50 /' =(9)
EENOL GRS P i ﬁﬁ@me
KA SO2 %ﬂMgf*ﬁ%gmf“%éiﬂbFiﬁ'ﬁn #zr
Wy %E BHW/MR&E?, BT T, ,HCO’
A1 Ca“ﬁg(i‘%Jﬁ%hT U, E%oﬁﬁiﬂﬂi‘lﬁ}"
7J<E’3Elz:3ﬁ“ﬂﬁ'£@$n¢ éﬁz(sm)i’ajt?o M EE
SRR 12 R A
%TM%%E SR, B X B X
Jo e B AR AL R B B, TR SO A
Mg”* e AW I 4 [ X (9) 1. K11
SO;™ Ml Mg” " HA B ER (R =0.773 1),
WS R H o am e EHE Mg SRR £ 2.

30 b ¥ =0.496 9x + 0.609 5
R2=0.773 1

220t
%
= 10}
0 L L L L
0 1.0 2.0 3.0 4.0 5.0
50,2 /mmol-L™!
E11 SiBETkep SO~ 5 Mg* %R
Fig. 11 SO3~ vs. Mg** in karst groundwater
5 4t

(1) oﬁﬁ%z&mTﬁﬂaiﬁ%j&ﬂﬁ SRR
i, K., Na* | Ca** . Mg** | CI™, HCO; #il1 SO;~
EE%U“M%MAE | el R 1 31 [ K R RN
HIX , BEERREAATE AR E. Hf Na* | C1-



51

BRI MIPR SR TR T K DX e AL R i D R

2141

M SO~ Wk AR R, e R AE 5 3ok fe/ s
{HAY 50, 80 F132 1%, 1M Ca’* Hl HCO, 7“4kt Bl AH
SHRIN, B RAESER/IMERY 2 ~3 fi5. TERNAIX 18
WX H, Na® f1 CL™ R R /N, Ca® Fl HCO;
S T K A BB, HAE R X R R X
Cl™Fll Na™ it & ¥k B B i 8 3 T HCO, | Ca’* Al
Mg’ e R, A b R K i R A B B T
7J<1Jc*‘4§$9’f'lﬁa HCO,-Ca- Mg B§% 4k A HCO, -SO,-Ca
RIF HCO, - SO,-Ca - Na - Mg B!, F &2 Ny
Cl-HCO3—Na°Ca\ Cl-HCO,-Na #1 Cl-Na-Ca %Y.

(2) I ffA A = A ARSI KR F 0, X 2
PR ¥ b A ) M RS A B i AT £k
B/NT 0, —HATHMRE. WAMAX | B4 0
X, B X BIERELX 1 AR A BOR e T
o, BEE M T K AR T 8 2 AN W i

(3)K* . Na™ Hl CI™ 75 b 45 X F) 5 i 9 BE A
FERIE TR s AWK, el VR X
CREH R, EEORIR T R . HEAIX
WX, HEHE X Ca®" | Mg®* | HCOY %n 502’ E#
KR TIr i FﬂzEB’J/ﬁﬁ’&FE’Jfﬁk iﬁ'&l:ﬁ%-
/ﬁﬁ%ﬂ%ﬁzﬂwﬁ)ﬂ i HCO, il .Ca ﬁ@f&ﬁ
LI AREN i 502* Fi Mg“ﬁi/&fﬂfﬁiﬂn =
sELHk: | - A

r ]
%%ﬁﬁ&%ﬁm SHIERFAR | 2005, 26(4) ; 365-369.
J len&Y P,,‘f'lan R, ShiJ, et al. The kdrst*groundeter bystenﬁr'i
in the peripheral area of Ordos Basin: Iis patterns and

Lhdrdctcrlstlcs[ J]. Acta Geoscientica Sinica, 2005, 26 (4):
365-369.

BEE, BACF, EHER. MIMRBE RS SR
ZAEHT[T]. PEEE, 2008, 27(3) ; 209-214.

Gao B'Y, Liang Y P, Wang W T. Features of karst water and
geologic background in Liulin spring basin [ J].
Sinica, 2008, 27(3) : 209-214.

BT, E4EFE. P EALTER KRG E REFELT].
HiER#HR, 2010, 31(6) : 860-868.

Liang Y P, Wang W T. The division and characteristics of karst

Carsologica

[3]

water systems in Northern China[ J]. Acta Geoscientica Sinica,
2010, 31(6) : 860-868.

ALK, }7&/\, WM, & WM ICA KK Ak 2 Kk
WAL RAEL]]). KBRS, 2013, 31(12) ; 28-32.
Zang H F, Jia Z X, Zheng X Q, et al

hydrochemical and carbon-sulfur isotopic for karst water in Liulin

Characteristics of
spring Area [ J ]. International Journal Hydroelectric Energy,
2013, 31(12) ; 28-32.

W, e, ﬂéﬂ!@)’é S, MIARSR SR K A A AL K
FRACSEBULT]. BKILIR SR FIRHE, 2018, 16(1) ; 127-
134.

Yang M, Lu Y R, Zhang F E,
and geochemical simulation of karst groundwater in Liulin springs
[J]. South-to-North Water Transfers and Water Science &
Technology, 2018, 16(1) : 127-131.

i EREM, sRDCO. PG4 MIAMCR Bt 3R AR 8 T i Y

[5]

et al. Hydrochemical evolution

[6]

R, | WhATH 0, 4 ""szx%@?ﬁiﬁﬂﬂﬂé.iﬁﬂﬁ?/k )

[7]

[8]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

TRET[T]. HIRFLE - [ 4 BT R 27
90-93.
Ma T, Wang G Q, Zhang Q B. A grey system approach to

prediction of surface runoff Leakage :

AR, 1997, 22(1) .

with an example from the
Liulin karst water system in Shanxi province[ J]. Earth Science-
Journal of China University of Geosciences, 1997, 22(1) . 90-
93.

FA, AR AR IX R R R BE R 5[ 0],
B R4, 1997, (S2) : 50-56.

Wang S, Zuo Q. The Numerical simulation and analysis of
fractured flow in Liulin Spring area [ J]. Journal of China
Agricultural University, 1997, (S2) . 50-56.

FrEHr, B, DEINE, SF L vEEIbR R KA A EAE T
BRACSAEL ], M BRA e - i M BUR 22 2 4, 1998, 23
(5):519-522.

Wang Y X, Ma T, Luo Z H,

water — rock interactions in the Liulin karst system, Shanxi

et al. Geochemical modeling of
Province [ J ].
Geosciences, 1998, 23(5) :519-522.

R, AR, ®Hi, % UJPﬁTFUM‘Ez%Fﬁ'Z@ﬁEML
%:%J{EEM[J] 5K 4R Ewkﬂy— )"’,. booo 36
(6): 728-734. 4
Wu J C,; Xue Y Q, Huang H, et al Thr:ée d-_menslonal
numerical simulation 'for solute transport in Fractn}x@ devel,opéd
areain [“1uhn springs,* Shanxi' Province [J]. Jourhal of, Ndn}l‘ng
UanPrSlty (Na‘tli.ral gcwn(‘e%) 2000, 36(6) ;728- 734 :

A ‘ﬁéﬁ%ﬁi % mﬁ*ﬁﬂ%%ﬁmﬁf%ﬁ 3
:Mﬂfﬁuum /muq”z?a 2001, (8): 3843
Wu J (4 Xue Y Q4 Hudng H, et al. Two dlmenslondl numerl’cﬁ'[

Earth Science-Journal of China University of

slmulallon,é’f solute trahlsporl in Liulin spring Tocal area [J7].

Journal of Hydraulic Engineering, 2001, (8) : 38-43. =

L R, A, . T T K U R
E’J%ﬂﬂ}lbﬂif@%?fﬁﬁﬂ[]] K SCH B TR, 2011,
38(6):1

Zhao J J, Hao Y H, Li H M, et al. Grey model for karst spring

discharge based on propagation process of groundwater pressure

wave[ J]. Hydrogeology & Engineering Geology, 2011, 38(6) :

1-7.

FHERE, EREI, KL, . NI SRR ok SOt
EIABFFE[T]. KL, 2011, 31(3) ; 82-87.

Wang Y J, Wang G Q, Hao Y H, Effect of human

activities on hydrological process of Liulin springs[J].

China Hydrology, 2011, 31(3) . 82-87.

BokF, T4z, BEFEL, % T EIIFEEEKCEARRIE KX

HABIR[)]. RS, 2013, 32(1) : 34-42.

Liang Y P, Wang W T, Zhao C H,

water and environmental problems in North China [ J ].

Carsologica Sinica, 2013, 32(1) ; 34-42.

WKL, EH, EEM, 5. A S NN shxt i [E L

T E W SR — LU P IMCR A B[], HIRa=d, 2000,

83(1). 138-144.

Hao Y H, Wang W, Wang G Q, et al. Effects of climate change

and human activities on the karstic springs in Northern China: A

et al.

Journal of

et al. Variations of karst

case study of the Liulin springs [ J]. Acta Geologica Sinica,
2009, 83(1): 138-144.

JRAT K. WAL T b KK SCHIR AL 27 AR B i A LR
WF9E[ D], KRJE: KRFEBT R, 2015.

Zang H F. Hydrogeochemical characteristics and evolution rules
of karst groundwater in the Liulin spring area[ D]. Taiyuan;
Taiyuan University of Technology, 2015.

JRLL &, T, KoK, & MIMSREUETE K S0 fk



2142 7S i) s % 40 %
TR )], AKSCHb BT TR ML, 2017, 44(1) ; 9-15. 2010, 25(12) : 1924-1936.
Zang H F, Zheng X Q, Zhuang Y B, et al. Source of SO;~ in [24] JEks®, B, %5, % SEWRICHEERF . KER
karst groundwater in the Liulin spring area[ J]. Hydrogeology & [J]. HFMRKF2ER (ERBL 22 /), 2011, 41(5): 1541-
Engineering Geology, 2017, 44(1) ; 9-15. 1547.
[17]  BEHR4, IRAT K, KBTS, AIbR SR I I XV 7K A 3 B Kang Z Q, Yuan D X, Chang Y, et al. The main controlling
H Na* | Cl7RIEIEIT[T]. "HHEEE, 2015, 34(6): 570- factor of karst carbon sequestration: about water cycle [ J].
576. Journal of Jilin University ( Earth Science Edition), 2011, 41
JiaZ X, Zang H ¥, Zheng X Q. The origin of Na*, Cl~ and (5): 1542-1547.
thermal source of karst groundwater in the stagnant area of Liulin [25] WRfe, R, HWHEZE, & HPJCHEM T MK S ER1L
spring basin [ J]. Carsologica Sinica, 2015, 34 (6): 570- SEARE ORI B 1], KEEHER, 2010, 21(5): 628-
576. 636.
(18] BRERKY, FBFWE, WUVLIEE. MIARIR A A M T KK Ak 2= R AT PuJ B, Yuan D X, Jiang Y J, et al. Hydrogeochemistry and
@'Zﬂf./}”m[ﬂ AR ‘fﬂJ 2012, 34(1) . 72-74, 77. environmental meaning of Chongqging subterranean karst streams
Wei X O, Zheng X Q, Gu J H. Analysis of hydrochemical in China[ J]. Advances in Water Science, 2010, 21(5): 628-
characteristics and evolution of karstic groundwater in Liulin 636.
spring catchment[ J]. Yellow River, 2012, 34(1) ; 72-74, 77. [26] #ari, B/NMEE, XN, . ARiEshxt Sy LA
(191  BAFd, BN, XUMR, 5. BRERXT VLT FBUA T K FEHLR K 813 CDIC R fRIC AL R RS2k [ 7], 55 U 42 BF 5%,
e B 81 CDIC WsEIA[ )], FREERKY: , 2015, 36(9) : 3220- 2016, 36(6) : 1358-1369.
3229. Huang Q B, Qin X Q, Liu P Y, et al. The impact of human
Huang Q B, Qin X Q, Liu P Y, et al. Influence of sulfuric acid activities to 8> CDIC of karst groundwater and carbon :ink in the
to karst hydrochemical and 3" CDIC in the upper and middle upper and .middle reaches of Wujiang River .I_L-'f_(ﬁualernary
reaches of the Wujiang River[ J]. Environmental Science;2015 , Science, 2016, 36(6) 1358-1369. s s
36(9) : 3220-3229. L5 [27] ,Hi’%r«ﬁ ?/M# XUTRE ), % ‘%ﬂdﬂim?ﬁxﬂﬂ(;%ﬁ%?
[20] PuJ B, Yuan DX, Zhao H P, et al. Hydrochemical and PCO2 Hr A 2 A 1. SR, 2016, 3745) 1779
variations of a cave stream in a subtroplcal karst area, 1787. . .u"" % - u.:_f.-"'.
Chongqing, SW, China; Piston effects, dﬂutmn Pffe(‘l% “so1l €02 ’ Huang/ Q B, Q.m X Q.‘ L1u P Y, et al. Major foric ff‘atqre% and
...a-nd buffer effett% J] Environmental harth Soience“s 20l"4,,71'_ their cohfro]hng_'_factors in theﬂupper middle reaches of Wu]lang__
209 4039*—4049 ‘.ﬂ" i / Rlver[.ﬂ Environmenal Sblence 2016, 37(5,) 1779-1787" .
[217= Huang Q B, "'Qm _X Q Liu P Y, et al Tiipadt o %u]_fupc ?.Iid [28] ;&%(K BB SR, 4. Ellizuﬁ{%’»ﬂ(fl]ﬁﬁ&ﬁ S5 /Eﬂl.i"j’
nitric amds on carbonate dissolution, and the assomated defiit of PFHfﬁiﬁl ’:ﬁ?(?bﬁﬁi‘#ﬁ@%([ﬁiﬂ’]?ﬁ M) fﬂ’;*«kf*
CO2 uptake in the upper-middle reaches of the Wu]lané ,Rlver JE, 2017'.,. 32(8) . 307-318.
Chlr}a[ﬂ Joutrial of Contaminant Hydrologym 2017 203 g Huang.Q B, Qf.n X Q, Liu P Y, et al. The influence of allogenic
} 278 ¥ . = L= \ __,.r‘ . water and sulfuric acid to karst carbon sink in karst subterranean
[22]4 ﬁ 5;(.\ ﬁlﬁii’@[z%{%’-iﬂ‘l:ﬂ7k(§fﬁ$)ﬂ*ﬂ%ﬁ‘&ﬁﬁ%iﬁ&?ﬂ river in southern Hu'nan[ J]. Advances in Earth Science, 2017,
?H—{E[J] HPEPA TR, 2013, 32(2) : 123-132. 32(3) . 307-318.
Pu J B. Dissolved inorganic carbon and stable carbon isotope in [29] JEURIAH, MG, BR50hN, 4. PRI IR B AL KA re JE -
karst subterranean streams in Chongqing, China[J]. Carsologica BABE R T K IRA S R R [ 1], KREFE R, 2000,
Sinica, 2013, 32(2) : 123-132. 11(1) : 14-20.
[23] LiXD, Liu C Q, Harue M, et al. The use of environmental Gu W Z, Lin Z P, Fei G C, et al. The use of environmental

isotopic ( C, Sr, S) and hydrochemical tracers to characterize
anthropogenic effects on karst groundwater quality: A case study

of the Shuicheng Basin, SW China[ J]. Applied Geochemistry,

sulphur isotopes in the study of the cambrian-ordovician aquifer
system in the south of Datong[ J].
2000, 11(1) . 14-20.

Advances in Water Science,



HUANJING KEXUE Vol.40  No.5

Environmental Science (monthly) May 15, 2019

CONTENTS

Pollution Characteristics and Regional Transport of Atmospheric Particulate Matter in Beijing from October to November, 2016 -+« ZHANG Han-yu, CHENG Shui-yuan, YAO Sen, et al. (1999)
Chemical Compositions, Mass Concentrations, and Emission Factors of Particulate Organic Matters Emitted from Catering «+w+eseereereseseesee WANG Hong-li, JING Sheng-ao, QIAO Li-ping (2010 )
Size Distributions of Aerosol During the Summer at the Summit of Mountain Taishan (1534 m) in Central East China «++sseereeeeereseenens SHEN Li-juan, WANG Hong-lei, YIN Yan, et al. (2019)
Concentration Characteristics and Source Analysis of PM, 5 During Wintertime in Zhengzhou-Xinxiang —«+e+eeseereereresreeeeene YAN Guang-xuan, ZHANG Pu-zhen, HUANG Hai-yan, et al. (2027)
Scenario Analysis of PM, 5 Concentration Targets and Milestones in China HE Jin-yu, YAN Li, WANG Yan-chao, et al. (2036)
PM,, 5 Emission Characteristics and Estimation of Emission Reduction Potential from Typical Industrial Sources in Anyang —««seseereseeeeseseeerenees DU Xiao-shen, YAN Li, HE Jin-yu, et al. (2043)
Emission Characteristics and List of Inorganic Elements in Fine Particles of Typical Industrial Kilns in Zhengzhou City ~ ++++eeseeeeer ZHAO Qing-yan, HAN Shi-jie, ZHANG Yi-shun, et al. (2052)
Composition and Atmospheric Reactivity of Ambient Volatile Organic Compounds( VOCs)in the Urban Area of Nanjing, China -+ QIAO Yue-zhen, CHEN Feng, ZHAO Qiu-yue, et al. (2062)
Formation Potential of Ozone and Secondary Organic Aerosol of VOCs from Fossil Fuel Combustion in Lanzhou City LIU Zhen, ZHU Yu-fan, GUO Wen-kai, et al. (2069)
Inventory and Characteristics of Biogenic Volatile Organic Compounds (BVOCs) for 12 Deciduous Fruit Trees LI Shuang-jiang, YUAN Xiang-yang, LI Qi, et al. (2078)
Ton Concentrations and Their Spatial Variability in Underground Water and Surface Water in Typical Terrestrial Ecosystems in China +++++ HUANG Li, ZHANG Xin-yu, YUAN Guo-fu, et al. (2086)
Status of Antibiotic Contamination and Ecological Risks Assessment of Several Typical Chinese Surface-Water Environments ««+«+-eesesseseereesees LIU Xi, WANG Zhi, WANG Xue-lei, et al. (2094 )
Distribution and Risk Assessment of Polycyclic Aromatic Hydrocarbons in Water Bodies in Seven Basins of China  «++«+seseesseeeseereeneenes FAN Bo, WANG Xiao-nan, HUANG Yun, et al. (2101)
Occurrence, Input, and Seasonal Variations of Poly-and Perfluoroalkyl Substances ( PFASs) in Rivers and Drain Outlets from the Dalian Coastal Area, China «++««sseseresserersensmsnenennanens
.................................................................................................................................................................. CHEN Hong, HAN Jian-bo, ZHANG Can, et al. (2115)
Space-time Characteristics and Environmental Significance of Stable Isotopes in Precipitation at an Arid Inland River Basin -+ YUAN Rui-feng, LI Zong-xing, CAI Yu-qin, et al. (2122)
Regional Evolution and Control Factors of Karst Groundwater in Liulin Spring Catchment HUNAG Qi-bo, QIN Xiao-qun, LIU Peng-yu, et al. (2132)
Major lonic Characteristics and Controlling Factors of Karst Groundwater at Xiangshui, Chongzuo —++:+eseseereesesssereneinienen ZHOU Jin-mei, JIANG Zhong-cheng, XU Guang-li, et al. (2143)
Analysis of Transport and Transformation Characteristics Between Dissolved Phosphorus and Particulate Phosphorus in Water of the Three Gorges Reservoir «+:essessesseeeeseneneneninnennsnnn
......................................................................................................................................................... QIN Yan-wen, HAN Chao-nan, ZHENG Bing-hui, et al. (2152)
Vertical Distribution Profiles and Release Potential of Mainstream Column Sediments in the Three Gorges Reservoir After Impoundment to 175 m  «eeeeessesresssssemessnniiiiinsnnnne
++ LI Rui, PAN Chan-juan, TANG Xian-giang, et al. (2160)
Distribution Characteristics and Influencing Factors of Phosphorus in the Dongting Lake at Different Water Periods - LI Ying-jie, WANG Li-jing, LI Hong, et al. (2170)
Effects of Exogenous Carbon Addition on Equilibrium Phosphate Concentration and Risk of Phosphorus Release from Sediments in the Shiwuli River, Chaohu Lake Basin ~-«+seeeseseesseeeeees
................................................................................................................................................................................. LI Ru-zhong, BAO Qin, DAI Yuan (2178)
Spatial Distribution of Organic Phosphorus in Sediment and Its Environmental Implication in the Upper Stream of Minjiang River «+«++++++:+++ XU Jian, YUAN Xu-yin, YE Hong-meng, et al. (2186)
Nitrogen and Phosphorus Removal by Integrated Ecological Engineering Treatment System in a Small Agricultural Watershed -+ JIANG Qian-wen, LIU Feng, PENG Ying-xiang, et al. (2194)
Spatial Distribution and Pollution Assessment of Heavy Metals in River Sediments from Lake Taihu Bagin +««+sesessesessessesnensssnennnniinennnns ZHANG Jie, GUO Xi-ya, ZENG Ye, et al. (2202)
Temporal and Spatial Variation of Mercury in the Water of the Ruxi River Estuary, a Typical Tributary of the Three Gorges Reservoir Area ++etovseseesessessssiesenensininenninnenees
............................................................................................................................................................... MA Wei-bin, CHEN Qiu-yu, YIN De-liang, et al. (2211)
LIU Wei-hao, WANG Yong-min, FAN Yu-fei, et al. (2219)
Distribution Characteristics of Mercury in Different Urban Constructed Wetlands *+++ -+ FAN Yu-fei, LIU Wei-hao, SUN Tao, et al. (2226)
Effects of Microplastics on Antibiotic Resistance Genes in Estuarine Sediments -+ HUANG Fu-yi, YANG Kai, ZHANG Zi-xing, et al. (2234)
Comparison and Source Apportionment of PAHs Pollution of Runoff from Roads in Suburh and Urban Areas of Shanghai ««+«+eseereereeseeerenenees WU Jie, XIONG Li-jun, WU Jian, et al. (2240)
Characteristics of Phytoplankton Community and Its Relationship with Environmental Factors in Different Regions of Yilong Lake, Yunnan Province, China «+:«ssessereeeeesenensenenenennnnens
....................................................................................................................................... - WANG Zhen-fang, ZHANG Wei, YANG Li, et al. (2249)
Algal Bloom and Mechanism of Hypoxia in the Metalimnion of the Lijiahe Reservoir During Thermal Stratification + LIU Xue-ging, HUANG Ting-lin, LI Nan, e al. (2258)
Allelopathic Effects and Allelochemicals of Myriophyllum elatinoides on Microcystis aeruginosa and Selenastrum capricornutum ++++++++++++++++++ BI Ye-liang, WU Shi-min, ZHOU Si-ning, et al. (2265)
Removal Efficiency of Trichloroacetamide by UV/Sodium Sulfite FU Zhi-xuan, GUO Ying-qing, CHU Wen-hai (2271 )
Influencing Factors and Transformation Mechanism of Venlafaxine Degradation by UV LU Juan, XU Zhi-wei, WANG Yan ( 2278)
Mechanism of Synergistic Adsorption of Arsenic and Cadmium by Aluminium-substituted Ferrihydrites HUANG Bo, GUO Zhao-hui, XIAO Xi-yuan, et al. (2287)
Fluoride Removal Efficiency of Novel Material; Magnetite Core/Zirconia Shell Nanocomposite ++ FANG Wen-kan, LI Xiao-di, FANG Jing, et al. (2295)
Impact Mechanisms of Carboxyl Group Modified Cathode on Acetate Production in Microbial Electrosynthesis Systems —«+«eeeseseeseeenens QI Jia-xin, ZENG Cui-ping, LUO Hai-ping, et al. (2302)
Partial Nitrification and Denitrification of Low C/N Ratio Sewage Based on Zoning Oxygen and Dissolved Oxygen Control = +eseeeeeeeveeeees WU Chun-lei, RONG Yi, LIU Xiao-peng, et al. (2310)
Start-up Performance of Low-substrate Anaerobic Ammonium Oxidation Under Different COD Concentrations «-«++++s+sseseesessesuenseeseess MA Yan-hong, ZHAO Zhi-chao, AN Fang-jiao, et al. (2317)
Partial Nitrification Fast Start-up and Stable Performance of 15C SBBR SUN Yi-qi, BIAN Wei, LI Jun, et al. (2326)
Effects of Long-term Poly-P Deficiency on the Metabolic Properties of Accumulibacter in AO-SBR System - - WANG Shao-po, LI Zhu, ZHAO Le-dan, et al. (2333)
Extracellular Polymeric Substances of ANAMMOX Granular Sludge and Its Effects on Sludge Surface Characteristics YANG Ming-ming, LIU Zi-han, ZHOU Yang, et al. (2341)
Treatment of Piggery Biogas Slurry by Enhanced Biological Contact Oxidation with HN-AD Bacteria ~ +:+svereereeesreserenesienienennenenns LIU Xiang-yang, ZHANG Qian, WU Heng, et al. (2349)
Effect of Different Temperatures on the Performance of Autotrophic Nitrogen Removal and Microbial Community from Swine Wastewater «-«+:«+seseesseresererenenenenenisnininennsininnensnen
""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""" HUANG Fang-yu, DENG Liang-wei, YANG Hong-nan, et al. (2357)
Characteristics and Regional Heterogeneity of Eukaryotic Microbial Community in Wastewater Treatment Plants —««+eseeeeeseeeerseeen QIN Wen-tao, ZHANG Bing, SUN Chen-xiang, et al. (2368)
Effects of Wetland Reclamation on Soil Microbial Community Structure in the Sanjiang Plain - «eeseeresssessesenensnnineneiiniiene WANG Na, GAO Jie, WEI Jing, et al. (2375)
Distribution Pattern and Diversity Maintenance Mechanisms of Fungal Community in Subalpine Lakes -+++++- LIU Jinxian, LI Cui, LUO Zheng-ming, et al. (2382)
Influence of Biochar Amendment on Soil Denitrifying Microorganisms in Double Rice Cropping System LIU Jie-yun, QIU Hu-sen, WANG Cong, et al. (2394)
Effects of Plastic Film Mulching and Nitrogen Fertilizer Application on CH, Emissions from a Vegetable Field NI Xue, JIANG Chang-sheng, CHEN Shi-jie, et al. (2404 )
Effects of Water Deficit on Greenhouse Gas Emission in Wheat Field in Different Periods +++* B *++ WANG Xiao-yun, CAI Huan-jie, LI Liang, et al. (2413)
Effects of Different Fertilization Modes on Greenhouse Gas Emission Characteristics of Paddy Fields in Hot Areas ««+vtseereeesessesveeens TIAN Wei, WU Yan-zheng, TANG Shui-rong, et al. (2426)
Effects of Cyclical Temperature Fluctuations on Organic Carbon Mineralization in Purple Soil ZENG Man-man, CI En, FAN Jing-jing, et al. (2435)
Cd Content Characteristics and Ecological Risk Assessment of Paddy Soil in High Cadmium Anomaly Area of Guangxi SONG Bo, WANG Fo-peng, ZHOU Lang, et al. (2443)
Remediation Potential of Ageratum conyzoides L. on Cadmium Contaminated Farmland —«+-v+eeeeeeeeresssssemenssnininn ZHANG Yun-xia, SONG Bo, BIN Juan, et al. (2453)
Evaluation of the Potential Agricultural Risks of Polycyclic Aromatic Hydrocarbon Contaminated Soil by Planting Lactuca sativa L. ++++ JIAO Hai-hua, GUO Jia-jia, ZHANG Jing-min, et al. (2460)
Impacts of Land Use and Landscape Patterns on Heavy Metal Accumulation in Soil = ++++sesessssessssssmssssnsnmnnninininsissn s SHU Xin, LI Yan, LI Feng, et al. (2471)
Pollution Characteristics and Evaluation of Heavy Metal Pollution in Surface Soil Around a Municipal Solid Waste Incineration Power Plant —++eseesveresesereresienienieniinininiinens
............................................................................................................................................................ LU Zhan-lu, ZHANG Jin-liang, LU Shao-you, et al. (2483)



	组合
	单独封面5
	zml


