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Abstl'iét Tn/ order to study|the chemical characteristics andeén source of groundwaler and further serve the scientific development*and management of water resources in
Shunpinlg Coumy Ajtdtal of 33 groups of karst water and 12 groups o pore waler-s‘amples were collected systematically in Shunping County, and the hydrochemical types,

composition chard( steristicsy=and main controlling factors of various types of groundvs ater were analyzed by using Gibbs diagram, ion ratio relation, and multivariate statistical
analysis mqthods, and the contribution rates of various sources to groundwater solutes were evaluated. The results showed that the pore water and karst water in the study area
were weakly alkaline, with TDS ranging from 245. 89 to 430. 00 mg+L ™" and 223. 54 to 1347. 80 mg+L ™", respectively. The anion components of groundwater were mainly
HCO; and Ca®* . Groundwater in the study area could be grouped into PW1 and PW2 pore water and KW1, KW2, and KW3 karst water. PW1 and KW1 were HCO, -
Ca+Mg type, PW2 was HCO, +Cl-Ca-Mg type, KW2 was HCO, +NO,-Ca Mg type, and KW3 was SO,-Ca+Mg type with high salinity. The weathering of carbonate rock
mainly composed of dolomite and silicate rock mainly composed of albiar and potassium feldspar were the main material sources of groundwater, and their contributions to each
water body were 39.69% to 66. 13% and 11. 87% to 58.38% . Sewage discharge and fertilizer use in human activities had significant effects on KW2 groundwater and PW1,
PW2, and KW1 groundwater, respectively. In addition, the contribution rate of atmospheric precipitation to each water body ranged from 1. 09% to 7. 94% on average.

Key words: hydrochemistry; principal component analysis; ion ratio; cation exchange; hydrogeology
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Table 1  Hydrochemistry statistical characteristics of various groundwaters in study area

WIS i H pH TDS K* Na* Ca?* Mg®* al- S03- HCO; NO; H,Si0;
Max 8.45  1347.80 5.13 65. 64 280. 11 125.75 93.63 782.69  587.51 184.76 37.90
o Min 7.45 223.54 0.28 1.76 41.93 11.99 3.36 5.49  230.16 6.21 5.36
(hiﬁ';;() Mean 8.07 447.32 1.33 13.56 87.34 37.22 28.94 67.06  313.00 53.17 18.07
" Std 0.30 220. 65 1.26 12.20 46.21 20.52 21.50 140. 66 75.15 43.17 6.12
CV/%  0.04 0.49 0.95 0.90 0.53 0.55 0.74 2.09 0.24 0. 81 0.34
Max 8.50 430. 00 1.45 33.00 104. 67 38.02 105.15 15.96  417.92 16.76 38.63
§ in 7.70 245. 89 0.37 8.10 54. 89 18.85 8.41 4.28  254.39 1.69 19.51
({LLE}%{;() Mean 8.05 327.88 0.68 13.70 73. 65 25.88 33.77 8.37  322.02 9.12 25.61
Std 0.20 56. 41 0.32 6. 68 13.37 6.49 33.58 4.06 47.68 4.97 5.65
CV/%  0.02 0.17 0.47 0.49 0.18 0.25 0.99 0.49 0.15 0.54 0.22
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Fig. 3  Cluster analysis of hydrochemical indexes of various types of groundwater in the study area
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Table 2 Statistical results of physical and chemical indexes of different types of groundwater( average value )
eIzt K* Na* ca®* Mgt  NO;y cl- SO03- HCO; H,Si0;  TDS pH KAk EESE Y
fLgk  PWI 0.74 13.65 67.47 23.57 7.87 20.17 7.66 314.28 25.85 299.79 8.07 HCO;-Ca-Mg
(n=12) PW2 0.52 13.84 92.19 32.82 12.88 74.58 10.50 345.24 24.91 412.15 8.00 HCO; -Cl-Ca-Mg
- KW1 0. 68 9.42 64.44 26.82 29.76 20.80 24.41 273.47 15.96 315.33 8.20 HCO;-Ca-Mg
(Z’;T{_ﬁ;?j) Kw2 2.27 19.91 107.03  44.57 93.29 43.43 70.79 376.03 21.00 571.34 7.93 HCO;-NO;-Ca-Mg
KW3 2.22 7.40 280.11 125.75  6.21 6.75 782.69  272.56 20.98 1347.80 7.70 S0, -Ca-Mg
HiZeK(n=4) 2.39 8.35 48.08  21.48 6.55 15.09 56.09 160.51 5.86 239.85 8.23 HCO;-50,-Ca-Mg

1) pH T4, HAR o 847 ymg - L~
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Ca** Mg>" Al Cl" fAAE B M IEM C R (P <
0.01), # & R EAK K A 0.811, 0.763 F1 0. 712
(F3), UiIIX s 1 XF TDS Ay SRk A K K™ AN
Na* 5 H,Si0, Z A B EF M IEMHLL R, HLR
By 0. 694 (P <0.05) F10.752(P <0.01),
VOB FLBR /K H K™ . Na® 5 H,Si0, >R U8 T ik 18
T KALPE T ; HCO; 5 Ca®t F1 SO Z A
A — 7 IEAH S, HHOC R B5T I 0.642 (P <
0.05) A1 0.713 (P <0.01), St AL R K H 5
HCO,; . SO;~ 1 Ca®* A GBS VR Tk B2 £ ™ 1 1 X
LB R v e 2

MR, A KPR KT, Na® | Ca®™, Mg™™

Cl™ ., SO2™ . HCO; H1NO; ¥15 TDS f#4E B iF
R (P <0.01) , FRillJE Ca®* | Mg®* | SO;~ HI
NO; HIERBUIYTE 0.70 LI L, %t #17%7K TDS Y 57
Bkix K. C1™ 5 K1 Na BA W EMWIEMAHLKR (P
<0.01),S0;" , HCO; 5 Ca’* | Mg th HA K4
AIIEAIEKE R UM €17 K Na B FoRIES 5K
SRR TR A VIR OC T R R KRR R S 5 (1
A = AT YERERS S T A 5%K T So; |
HCO; 5 Ca®", Mg™™ B TR IEY , Hixkh
NO,; F1 C1™ FIEFHCRECH 0. 485(P <0.01) , Ui
P B RIIEPE R i 2898 Sl oot b T 7K A2 21
S VE .

®3 HRESZRBHMTAOKUESHEX REIERE"

Table 3 Correlation coefficient matrix of hydrochemical parameters of various types of groundwater in the study area

TDS K* Na* Ca®* Mg2* cl- S02- HCO; NO; _A,Si0,
TDS 1. 000 | =) B
K* ~0.429 1.000 : -
Na* 0.234 0.348 1.000 [t —
Ca>* 0.811% -0.575 -0.08  1.000 | ;.)"x
gk MET 0.763" -0.353 [=0.017 [} 0.377 1..000 ] “
Cl- /70,7127 -0.442 | 20.121 | £ 0471 0.757*  1.000 ¥ \
- S037 0420 019 | [0/649% 0,343 0044 -0/181 16000 g
“ HGOL 1 0.502 0.012 A“).‘sta‘z /’ 0642 0.246 -0.213 0713 “1.000
NOT™ | 10.291  -0.3794 £0.574 700413 0. 058 0.233 . 10.039 . -0.109 1..000
HyS8i0," [F 0.005 0.604% LoAsh™ —0218  -0.144  -03164, 0.4535% 0,463  —0.405 = 1.000"
S 1.000 ' y F
K+ @ o060 1ooo| " 7 ¥
‘ Na 0603 0.425" #1000 4 |~
- Ko & 0.815™  0.598* “70.228  _1=000
-~ CoMgt Y 0,765 0.264 0.517°  0.351°  1.000
- - 0.681" 0.543™ 0.896* 0.381*  0.501™  1.000
S03- 0.704™  0.431°  0.530™ 0.625™ 0.412*  0.425"  1.000
HCO; 0.636™  0.316 0.093 0.653*  0.579*  0.236 0. 068 1.000
NO; 0.787*  0.435*  0.350*  0.485™ 0.718" 0.485%  0.347 0.462*  1.000
H,Si0;  0.318 0.333 0. 174 0.406*  0.131 0.270  -0.056 0.562* 0. 144 1.000

1) s FRARTE 0. 01 /KT FBEIC, * FRRTE 0. 05 /K I o EAHHC

DLHE R K A AR AR X AT 1 2 A5
3BT, T LA b S B 7K AR 11 5 - 2 B 6 2R R )
PRI R 2230 ] SPSS B, BT R T 1
(R R B R XFAIFST X 33 2 A /KRR S AT 12 2 AL
B /KRR b 1Y) 10 TR AR HEAT 3 R8540 B, U1 AL B
IKFEATE AR E L4 3 A F W+, Bty
22Tk RSB 83. 75% 1 76. 92% , FLBRIK Fl 25 1
IR B R P A R 5 o B LR 4 AR 8 3
G PR F 459322 1 ) 45 S B 1l R 7K K RE 32 18000 R
AT G FR UL 4 b o e A R R A Y B RO
AT REAS Y TTIR , WO A B B R SRR
BT IR A R

RYEH FRAE AT 0.9 BB EIE”,0.75 ~
0.90 H“EIE”,0.60 ~0.75 K “hZEIE” 0,45 ~

0.60 N“{EIE”, /NT 0.45 Jg “ BAKIE” B9 PFHr 5
390y LA FLER K PR P A R DL LI 3R
TIERYA TDS, Ca>* . Mg’* . C1~ I NO; , 7 22 5tk
RN TI8% [ F 4, K 4(a)F4(b)], EEN M
PW2 RALBUK[ K 4 (e) B4 (£) ], I 3 153 K+
P1 AT RESZ N 2T 2l RRk R & A AR AR S5 fL
Bk P2 Arh 45 ) DL B IE i (A4 TDS, Na™ |
HCO; . SO~ Ml H,Si0,, 725 5T ik R}y 32. 15% [ %
4. 4(a)], EFE/AH PW2 LB K KB4 PWI
FALBUK] B 4 (e) ], D P2 ] ESZ ik R £ A R
R KALAE FHRZ . A L3, A TR K A2 E A s 32 22
% K1 FRU 520, s A 7Ess 1RSS4 20 K1
P 88 K DL R #far A 1947 TDS, K* | Ca’* |
Mg®* il HCO; , 7 2 5k %y 43.80% [ % 4, &l 4
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(¢)F14(d)],HCO; Ml H,Si0,, Ca** Fl Mg, Cl~
A NO; %f%ﬁﬁ%ﬂ@%ﬂ%ﬁﬁ[l’ﬁwc)%ﬂ 4(d) ],

FEA AT KW2 il KW3 KA B KK 4(g) F1 4
(h) ], HEW AT G 32 B £ A KA AR S AR5 B Y
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A HCO, Ml H,Si0,, FEE /A dhsr KW1 28 &
43 KW2 FEEHK 7 22 DTHREN 12. 22% , HE 7] fig

Cl™, Na* Fl NO; RINIFAREMME, Jr 2 otikR  ZeEEBKERR [ E 4(h) ].
x4 HTKERS SN EZEFHEFEEH"
Table 4  Factor loading of the principal component analysis for major ions
o FLBUK E B BT K EBSYHE T
= Pl P2 P3 Kl K2 K3
K* -0.77 0.21 0.09 0. 66 0. 30 0. 00
Na* -0.37 0. 82 0.22 0.50 0.59 -0.53
Ca2* 0.82 0.34 -0.38 0.85 -0.44 0.12
Mg * 0. 69 0.29 0.54 0.82 -0.41 -0.13
cl- 0.78 0. 00 0.54 0.51 0.73 -0.36
SO%’ -0.03 0.84 -0.36 0.50 -0.67 -0.24
HCO; 0.07 0.85 -0.25 0. 69 0.32 0. 68—
NO; 0. 61 -0.22 -0.62 0. 46 - 0.51 =0, 03 P
H, Si0; -0.56 0. 68 0.10 044 ' 0.24 Afr 611
TDS 0.79 0.60° 0. 14 0.94- -0.30 T 008
J7 2 Tk % 37.78 3215047 13. 82 43.80 120,90 FEY
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Fig. 4 Principal component analysis of pore-water ions
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Fig. 5 Gibbs plots of various groundwaters in the study area

T T KPP n(Ca’" ) /n(Na*)  n(Mg** )/
n(Na®)#l n(HCO; )/n(Na®) (BWMER, T
7)) R 32 0 ek R R 35 R R B B, R n
(HCO; )/n ( Na*® n(Ca2+ Y/n (Na*)
n(Mg2+)/n(Na ) vs. n(Ca’"* )/n(Na )Hf];@,\_
ﬁrﬂ:mﬁ \ﬂlﬁfﬁ%@aﬁ&% Ei@&i“%ﬂjﬁﬁ Zi%*ﬂ
ﬂﬁ’ﬁﬁﬁi&?ﬂﬂ%ﬁﬂ SR O iR 6 TR iﬂ?,
T7Kﬁnn%¢ﬁﬁfﬁi@a%ﬁ%ﬂ%ﬂ@%@&f§
AP 9 G i i 1 2 G 9 A XUAE

HCO;)

) vs.

FRATBE IR 2 500 BT T K o i v 'ﬁmamf

Eﬁﬁfﬁﬁ%ﬁﬁ&ﬁa%ﬂﬁﬁ%ﬁ%ﬁmf%ﬁ
EPSY

© PWIEILMAK o KWISEHK & KW3s ok

a PW2HTLEOK o KW2eiik o+ ek
(a) (b) am
100 e 1 AL T% 10 ¢ B o L TR
" »
o / o g
] | ’
Z 10t ﬁ 2 1t LY (1%
E v = mT .
= i = &
) i + 4
=) = ' ; & g FE AR AL
= Tk 2 £ e A 4L = )
= / b3 ] ‘
D 0.1
I’I (" Ir )))
Ak I R ks A
("Lft ..'.1.4..1’ A4k
0.1 . . 0.01 - .
0.1 I 10 100 0.1 1 10 100
n(Ca®")/n(Na") n(Ca®")/n(Na")

E6 HRRELEMTKE(Ca’)/n(Na*) 55
n(HCO; )/n(Na* ) #l n(Mg?*)/n(Na*)
Fig. 6 Plots of n(Ca**)/n(Na*) versus n(HCO; )/n(Na*),

n(Mg**)/n(Na*) of groundwater in the study area

3.4.2  FEEXA R KoKk A AL
A y(Na® +K*)/y(Cl7) (=5 Y& HE X
Z, FRD AT Wk AR ag Na* 5 K* A0 FEER T,

EEVEIR T A y(Na® K7 ) /y(Cl7) =1, fEBREh A
WAL= H 8 y(Na® +K*)/y(C17) >1 [ 7(a)
ATLAE 82 T 7K b 3K BRAS ”U%ﬁénﬁ%,jﬁ
RO BV T M 255 18 6 455, 1
HH 1 7K B A2 hek 2 R XA AR 4B, I 8 sé,ﬁJMEFH
B B 5.

LR S B K AE b A, FIH p (Ca®F )/
p(Na™) (FiEvE) Fl TDS A X506 R AT # F ok
s 3t AR A 2 A A B i PR S I
R AE 3 W KK &, B A R TDS p(ca“ ) Al
p(Na ™) EH{H K 32.49 , 4.98 F10.28 mg-L~", A
ek L EAE, 45 & & 25 T I i 25 B, & ST
lg(Ca®"/Na™ ) Fil Ig(TDS) & R MRS, Q& 7 (b) fF
IR RERITRAE AL A WA I, SR 5 T
Gibbs H/MHT 45 IR — 3, FLIR KW3 24k %
BT RSN, 5 3 K R R A T BT S
AR FE M. SRt — i e 5 %H%E’JV\%WFE
B R KR 1, S0, W ACo,) s
Na* +K* {ZU“L# G PSEV R TN 7(c)vﬁl@‘7
(d)@%iﬁtﬂ % T F K H,Si0, 5 Na# +K*
ﬁ“@%ﬁiﬁfﬁa@é% kvﬁ%ﬁﬁtﬁf%ﬂ]kﬁ%ﬂ
AR A S B O ML, BRI LRI RIF . &

2Na K, 4 AISLO, (K A1) + CO, + TH0—=
A]251205(OH)‘1 +2xNa™ +
2(1 - x)K* + 2HCO; + 4H,Si0, (1)
y(Ca>* +Mg** ) /y(HCO; +S02™ )& FHHr
iRk Ca®t | Mg® . HCO; H1SO;~ HyskIR, #57K
f2 R bR S HE y(Ca™" + Mg®" ) /y (HCO; +S0;7)
FHOCH BVRE 10 12504, Ui Wl il R /K HCO; |
SO; ™ | Ca’* 1 Mg” " 4=k F R £k 75 WAL S 2% &
HHCAT) T mER . B 7(e) FBR T KW3
FIKLAFN LT K b2 R b B SR 0 10 1447
i, HFRBH Ca® Hl Mg™ ™ 55 24 A RE A, UL IR 57
X &R R 7Kk H HCO, | SO; ™ | Ca** fil Mg’ %
K A BRIR LA WAL iR A1 iR N AEE R R S
K Ca?* Fl Mg " BT I % 55 B 4%

SRR SRR TR ER A0 5 A R 2 KA T A
X 7K AR T 32 B AL AR BTk OC R E R
y(Mg**)/y(Ca’ ) vs. y(HCO; )AL KT
ZATVESREIS y (Mg™ ) /y (Ca® ") =1, (L7 il A1 5 it
Bfy(Mg® ") /y(Ca®") =0, MM [l 2 5 g,
y(Mg> ") /y(Ca’") =0.5"" FER 7 (1), 3K 2/3
KFE AR 0.5 BRI B A=A HiZEX S
SRR VA R R B AL 4y, 5 ORAT L XK T
PR E R B R A=A i .



2608 7D 53

oo 44 %

y(Ca’* + Mg’* )/y (HCO; ) Fil y (SO;™ )/
y(HCO; ) & MR Hriki . fifk 2 5 i Kk iR
AN, CUR RIR S 5 R 35 % i i,
y(Ca** + Mg’* )/y (HCO; ) =1, y (S0; )/
y(HCO; ) =0; LA BIR S 5 ik FR £k 4 % i i,
y(S0;7)/y (HCO; ) =1, y (Ca®" + Mg’ )/

o PWIFLEK o KWIEEK
& PW2AFLBRK = KW2EEHEK

. L I
A A R
. ®)
2 L
- 4 .:\
J: AP
%) @ ’Q
E = e ®ur| un
) E 15 b a Plife] e
3 “u i A
‘. 5 B
- E (]
72 r‘,.: 1ot LN e
= 2 )|
'Eﬂ KM
0.5+ Bk
ki S E] K" / |: 1‘,’
= B¥ K

0 L L i i
-35-25-15-05 05 15

30 1.8
(e} (8]
. 1.6}
42
* 14}
~ 20} . F ol T o
"o 2 L]
, S 3 $ 1ot ‘.E =
+ 15t = . BET R
f, 081 e
Rk m, s w
= 10 & = N
04l .
5 "~
| 02r KRGwR
0 : . 0 . x
0 10 20 30 0 5 10 15
AHCO: + S047) AHCOy)

lg[(CagumpteNasampie ) ( CarainNarin)]

y(HCO; ) =272 & 7(g) Fias, B KW2 A4~ 5i2%
RSP ERIR 2 5 B TR 3h 25 1 fif i oAb, 45 281
T AKCRAE 5 B A TERRTR S 5 Wk TRk Vs ik o
I, AR S B B A I R A, DA R K
Ca>* | Mg’ " fl HCO; FEZRIE TR S5 1K IR
AT ARAE .

& KW3IREEK

* MK
700 80
(c) (d)
600 | LA
~ 500t 7, @1
2 250t
2 400 =
= ol: =40 e
S 300+ + °
= ‘= 30} « B
- )
= x
200 - |
100 10
0 k A 0 . :
0 20 40 60 (1] 00 1000 1500
Pp(H:SI0:)Ymg-L™! PH2Si0:)mg-L™!
6 2
(g) & (h) .
2 1t /
Ay q iy
g - 3 /
x < -1} o o
= 3
20
= § -2 3
+ [
o 3 3t '
o
- -3
-4 |
0 500 1000 1500
ASO ) HHCO:) p(TDS)/mg-L™!

B7 FESBTFLLHIXHE

Fig. 7 Relationship between ion concentrations

W7 (a) FE 7 (e) fin, T 2/3 REEHAETE
B Na* + K* 78 Ca®" + Mg®" BARIER, A
- SR BT R A9 B B RS S5 T K R A B
A BH S - 32 4 Tl v N 2 B0 4. SR A B R AL
(CAT) R 7 BH 5 - 3 #a 4 J7 [) AT B, Hb T 7K rp
1) Ca®* Fl Mg®* B¢ /K20 Wi Na* | K™ 384 il
K, ABFEEL CAL-1 MIAfE; R, M T /K H Na*
K 325 K20 W iy Ca®* it Mg, B4 5k
CAI-1 SAIE(E™  EisEOTH = (2) .

CAI-1 = y(Cl" = Na" = K*)/y(Cl") (2)

A AE 5 S DS A& LLE B[ K 7
(h) ],75. 60% b /K 06 BN A, 5 BIFSY
XA T 7K S A e ) BH B F S 4R T BV R
KHE) Na® | K™ e & K2 Y1) Ca®*
Mg (AR Na® | K* FEAIL, Ca®* | Mg®* & it 1
fn,Hoh EE A 61 1% B9 KW1 25, 91.7% 1Y
KW2 5% 7K H1 55. 6% ) PW1 25| 66. 7% 1) PW2

ALK ; bk . KW3 59K K /b3 o HiAth
FEA K RAE i (R R BCR A, AW DL E SR AR A
KA O [a] BH B T 28 e /E ), 5 E Na® . K™ Tk,
Ca” " Fll Mg”* FEAIR IR 4.

KW3 ZE 57K 1Y i — R A% i SP43 HUH 160 m
TR A TR IR, KAk 2F B S A (R B 5 SO;-
WRERRE (R 1), BeAh, 24 ik 25 5 op Sr vk
JERIE 16. 42 mg-L~". Bz 5 I & 45 5%, SP43 -
FHAL T IFER G 18 S 2 b iU By, FEHUK)Z
B H FHEEA S E EhTF5As
FEEAE R A (L2ER SIS0, ) BRI Y i it
TR SO; ™ WBEFNE Srok BERY 4G
3.4.3 NKE MW

T AEIRER . SR B R Eh 0 2 AT
Bl AR TS G W R SO A 4y, v R
n(NO; )/n(Ca** ) vs. n(SO;” )/n (Ca’")
n(Cl™)/n(NO; ) By R M5 NS0 sh %t o R 7K 4k



581 XUTCHE S . 7048 G- Bt T K Al 2 iE B FE R R 43 #r 2609
SRS B B 0 FE FECS B 51X 45 26 K A s

n(NO; )/n(Ca™) 5 n(S007)/n(Cal ™) KR I, i
B KW3 B0k Hguk M2 A B3R AU I sor = & PuzRARK
(8), @ﬁmmmww% 5T R kAR A sl N EVIR A
IYHTE A, BRI KW2 25 F1 KW 2855 % 7K 52 5 '
FREEETK; BT KW3 28K A ME— K 45 SP43  H ~ 20F o

WA AT T 03, W e B 2 = g, "
U 5 . T 3 0 A 5 B KL AL S T w ae

ST X 45 2 BK A n (L) 5 n(NOS ) X5 ol % " T o s

AR, X P KW2 3 8 K B T A 7 K e

IE, KW Al PW1 25 HoAl 2 R 7k 3% fr T I 3 i L

SECIE 9) B 15k 515 T KW2 25K i . o S

KA L5 6T 1, A b 2 7 3 30 o B B £t ) I 4

FAXT KW A7 KR PW1 FI PW2 2551 K 52 15
FREERK.

20

B9 &ERKkFn(Cl-)5n(NO; )HIXE
Fig. 9 Plots of n(Cl~ ) and n(NO; ) of varlousfgrg),mﬂ-;v-ater

3.44 R H#«Eﬁﬂ%ﬁﬁﬁﬁk “F L

¥ ik
& PWIZALBIA itk — iﬁ* ?ﬁjﬁk Tﬁ AN :JZ{
A PW2RALHUK ol
" © KWIREWK XTﬂﬁT7J< % E¢J FH%?JE%
15k |3 B KW22 ATk
% * KW3sHIK | =, F&‘EI@‘I‘%%H@)?E’M‘HX@J\ ik 0 ?L%&E' T X
~ LA o ﬁ%mm@’"@xﬁl%%mmﬁih f;%«a
S ol - @%Eai'*%%ﬂﬁ@amﬁﬂwﬁi&"FMf’ﬁﬂ@J\
« m TR (I ﬁ)ﬁ*ﬁ’*iﬁgﬁﬂ? Y
o) .
E . Xﬁiﬂﬂl [X] jc% + [X] osima + 7
sty | RummmemEk ,,:/\J [X]ﬁwm il X s (3)
oo un '’ & [CU Jygrne = [C1 D + [CU e (4)
* By @ b e LC D psmm = [Na™ ] s (5)
% 0.2 04 06 08 1.0 [HCO; Jyrx = [HCO; |y + [HCOS Jippemn +
n(NO3Yn(Ca®") [Hcog]%ﬁ@ﬁ'F[Hcog]wmmw (6)
B8 &%kt n(NO;)/n(Ca?*) 5 [K* D = LK Do + LK ]y (7)
n(SO{™)/n(Ca’" ) IR [Na" ]y = [Na® ]y + [Na'™ ] jpm +
Fig. 8 Plots of n(NO; )/n(Ca**) and [N3+Jﬁmﬂ~ﬁ + [Na+]mg7—5¢‘& (8)
n(SOi')/n(CaT’) of various groundwaters [C32+]m1:k - [Cab]ﬁ/— + [Ca“]a L+
7] = pay
100 u ORGSR A W REAGERE w AFERD = RAMEK
soH- AR RE-I- ] IEENENERNEEENERS IENNENUEANENENN
5
&=
i 40 - 14 EHEEEEARESENERERUSNRNS IEREEEEERRESRUNA
20H- 411 SEENHURNEEEN 11§ EEEEEEEEA
0 1 1 ! 1 1 1 1 1 1 1 1 ' 1 ' i ' ' 1 ! 1 i 1 1 1
M2 Ll eSS 8858228 el S naRRtnsIgSogoR-oxn2RR3R899
P PR R AR R ARAARRARAAAS SRR SRR SR %%&%%&&%%3%%&%&%%%&5%&?%
Mk PW2sk PW137k KW1 3k KW2ok  KW33ok
Febbrs

10 B X AR i T3 T 7K 2 BE B F I STk

Fig. 10  Contributions of different sources to the total dissolved cations of the samples inthe study area



2610 ®

oo 44 %

[Ca® ] s + [Ca® Jpusraon (9)

[Mg™ Jygpx = [Mg™ Jyrg + [Mg™ ] s +

[Me™ 1 s aem (10)

PFEIETF T JE ) ORF 5 X RS AK B 25
BHHE[CL ] o 4 0.042 mmol-L7"; @ PHEERR
XA E FSHER K5 HCO; M Na® 5 HCO;
BILK™ J s 155 T [ HCO; Ty » [ Na™ D
%?[Hco; T s 3 IR FHES T 38 ALK A 7

at 5 Ca’ o+ Mgt Z A, MRS R SEOfE,
[C32+ Thsram + LM Do 55 T 2 A5 B0
[Na ] B FAcHn 5 @[ HCO; }ﬁzgﬁﬁfg‘f, j@ﬁﬁ%@i%&féﬁ%m
TR ZE R 43485 2/3 B = A0 W RALFT 1/3 T7 i
A PRAE.

SEIE R MW 5 vt 7T X B 5T X M R K F PWIL
PW2, KW1 I KW2 &3 T 7K o iy BH 25 14 STk AR
FHRRBEARUCH IR EE A Ak . NTEZh | RERREY &
AT R SR IK, 25 BT Bk 28 4 (E KRN 66413 %,
16.82%. 11.87% F15.18% ; KW3 *i’@,_Fﬂi':F‘FH%—

T EBOR A REM Hhi AL, TRk 58. 38 %, bk

S TRER LR K, Tk N 39. 69% ; K ﬁ“ﬂ%‘i&
ek At A 7 TR wézkﬁsm
TR B A 17 09%~7 949%. -

4 Z5 'L/l’: f Vo [ d

s ._J
i
d 7

(7B (A FE 7. 45~ 8. 45, #1015 8. 07; TDS 7k i F
223.54 ~1347.80 mg-L~"  ¥4{H 447. 32 mg-L™"; B}
BFLLHCO; HE, HPIE AW 65. 18%,
WA SO, FINO; L BHEFLL Ca® A, I 1
WY 62. 63% , Hk oy Mg”* . FLER/K 4 pH {251k
JFE 7. 70 ~8. 50, $4{E 8. 05, TDS A& 4k 35 [l 245. 89
~430.00 mg-L~", 418 327. 88 mg-L~"; FHEF LU
HCO; J &, 5 FHE 7 Bk A 80. 73%, Hk h
Cl; HE T C° A E, HHE FEWREN
64. 65% , Hyk g Mg?* . [ €1~ #l H,Si0, 4b, HiAthk
28 bR R A K L FLIR K B = A SR
(B ST TR AR S R R, AR T I XA K T S
2 NG BN 52

(2) KRR ARAL A FE S R 2538, Al b R 7K Rl
A PWIL, PW2 ZEFLBR/K AT KW, KW2, KW3 2§
BRI 5 28 x5 2 T OKAE Y AL R e bR
HA BEN . FURKE2EFE bR 30055087, 53
SBR B FLBIR A R K K B AL 4% 3 A R0
Bl F, it 22 STk #5351 hy 83.75% F176.92% .
LB K A5 T P12 N 2890 B AR iR 58 &

) MR b T ok e 5 S K

RARAE RS, P2 A2 ek RSk RS R £ IR A I 3
Wi 5 K B IR T K1 320k R 25 AR AR 5%
M), K2 37 56 AW il MG sl 2, K3 32 ik R 5 K
TEAE 5.

(3) FIH Gibbs EIf# A E T HIH L RELZEED
FHRM, llﬁ¥%%§$iﬂﬂﬁ?7k£%ixaﬁﬂm’ﬁﬁﬁ
sl A A B A S o B R R R A
LA 2R F B W) B RIR R 7 WL I 5Tk T
FEME ALy BeAh, B BH B 58 e 7 AR
T 75.60% (i Hei b ™ /K Na* i K* FRAIG, Ca* Al
Mg’ S, A2895 3h B % KW3 20k
IKASN bR 7K K A 2 ) 20 B, R ) 2 2 3 75 K ket
KW2 ZEA KA i 3 52 e, IR A X PWL
PW2 ZEFLIBK A KW A K AF e B 2 5.

(4) P L BB 5 Sk V5525 R IR0 M K Ak
ST I TR, 26 W B RR 462 RLAL | Ajs-fﬁ"ﬁl fik
M 2 KA i A I RO B 58 X 4 2 /R PWL
PW2., KW KW2 28 HI K /K iﬁkiﬂji‘a‘%mﬁ
66. 13%. 16.82% 1. 87% 1 5. 18% ; K3 ST

7J<£E5EE&M%£%H4»BE’JJ\WK,EU\7§ i th s
s, J f o

[1] Gleeson Tnyefus K M Jasechku S, et al. The global volfifae
and Ristriputonfbf modertt groundwater[ J].

2016, 9(2) : 161-167.

.
Nature Geoseience,

S 2] hERER. R R - T AKRE M. ks B

A, 2018.

[3] skdz, WEGE, Frin, 5. ST b E L 5 K 8 5 ) B 7
R[], KEL2AHERE, 2013, 24(3) ; 303-310.

Zhang J Y, He R M, Qi J, et al. A new perspective on water
issues in North China[ J]. Advances in Water Science, 2013, 24
(3):303-310.

[ 4] Gleeson T, Cuthbert M, Ferguson G, et al. Global groundwater
sustainability, resources, and systems in the anthropocene[ J].
Annual Review of Earth and Planetary Sciences, 2020, 48 . 431-
463.

[ 5] Siebert S, Burke J, Faures J] M, et al. Groundwater use for
irrigation-a global inventory [ J]. Hydrology and Earth System
Sciences, 2010, 14(10) . 1863-1880.

[6] LiP Y, Karunanidhi D, Subramani T, et al. Sources and
consequences of groundwater contamination [ J]. Archives of
Environmental Contamination and Toxicology, 2021, 80(1); 1-
10.

(7] fUspd, (L, shaksl, 55, DB N KT Jegi 4 iF Mt
FEHLR S]], MRS, 2022, 29(3) : 51-63.

He BN, He J T, Sun J C, et al. Comprehensive evaluation of
regional groundwater pollution: research status and suggestions
[J]. Earth Science Frontiers, 2022, 29(3) : 51-63.

[ 8] Kreins P, Henseler M, Anter J, et al. Quantification of climate
change impact on regional agricultural irrigation and groundwater
demand[ J]. Water Resources Management, 2015, 29 (10) .
3585-3600.

[ 9] RenC B, Zhang Q Q. Groundwater chemical characteristics and

controlling factors in a region of northern China with intensive



51

XITEE S AL F B R 7K Ak

A SRR 3 A 2611

[10]

[11]

[12]

[13]

[14]

L

[16]~

[17]

[18]

[19]

[20]

[21]

human activity [ J ]. International Journal of Environmental
Research and Public Health, 2020, 17 (23 ), doi: 10. 3390/
ijerph17239126.

Hua K, Xiao J, Li S J,
characteristics and their controlling factors in the Fen River of
China[ J]. Sustainable Cities and Society, 2020, 52, doi:10.
1016/j. scs. 2019. 101827.
Jiang L G, Yao Z J, Liu Z F,
controlling factors of rivers in the source region of the Yangtze
River on the Tibetan Plateau [ J ].
Exploration, 2015, 155, 76-83.
BB, TR, RIEE, . RS RSO X T
HKOKAL A REAE BIE BPLER [ J]. HL B4, 2021, 95(6) :
1973-1983.

Wei S M, Ding G T, Yuan G X,

characteristics and formation mechanism of groundwater in

et al. Analysis of hydrochemical

et al. Hydrochemistry and its

Journal of Geochemical

et al. Hydrochemical

Yi'nan, East Wenhe River basin in Shandong Province[ J]. Acta
Geologica Sinica, 2021, 95(6) . 1973-1983.

Giiler C, Thyne G D. Hydrologic and geologic factors controlling
surface and groundwater chemistry in Indian Wells-Owens Valley
area, southeastern California, USA[J].
2004, 285(1-4) . 177-198.

Villegas P, Paredes V, Betancur T,

hydrochemistry of the Uraba Aquifer,

Journal of Hydrology,
et al. Asses‘;i.i.ng the
Colombia by principal
component analysis [ ] ].

2013, 134 120 129,

Journal of Geg‘“t:hemical F:xpluration,

~Ma R, Shi J S Liu'J C, et al. Combmed use 0? muh}\faljare

oundf ater

quality on],pﬁon acase study in North -Cham"f’lam[]]' Joumal

statistical a'nalysgs and hydrochemical anal)slsc’ﬁ)r

| of Farth Seience [2014, 25(3); 587-597.1 /i ¥

XISEE | b2 ok, %uﬁﬁé P Bk e A R

@ T eRasn. 1E. b s A )
202‘1 ‘ . ; p ﬁ(/
J Liu XQ Lv L, Meng S X, et al. Report On research results:

1nve<t1gat10n and evaluation and scientific development and
utilization of water resources in Shunping County[ R].
China Geological Survey, 2021.

FEE, BR S, BRAREL TR KR TR R KA 2 R R
FIERMLHILT]. HbBREHS:, 2020, 45(6) : 2232-2244.

Wang P, Jin M G, Lu D C. Hydrogeochemistry characteristics

Beijing:

and formation mechanism of shallow groundwater in Yongcheng
City, Henan Province[ J]. Earth Science, 2020, 45(6) : 2232-
2244.

AP, 2=, S, AR T DO R K A A
EBTEALHIL)]. BRBERkE:, 2020, 41(9) : 4011-4020.
CuiJ Q, Li X Y, Shi H B,
formation mechanism of groundwater in Hetao irrigation area[ J].
Environmental Science, 2020, 41(9) : 4011-4020.

KB, PRALE, REJE, . mFFEE MM T KKk
FEE BRI AT ()] FRBERLS:, 2019, 40(6) : 2686-
2695.

Zhang Y, Guo C Q, Zhu Y G, et al. Chemical characteristics of
groundwater and material sources analysis in Buckwheat field,

2019, 40 (6) -

et al. Chemical evolution and

Yunnan Province[ J]. Environmental Science,
2686-2695.

LiM]J, Liu Z W, Zhang M D,
seasonal hydro-chemical analysis using multivariate statistical
techniques[ J]. Water Research, 2021, 188, doi:10. 1016/]j.
watres. 2020. 116550.

Piper A M. A graphic procedure in the geochemical interpretation

et al. A workflow for spatio-

of water-analyses[ J]. Eos, Transactions American Geophysical

[22]

(23]

[24]

[25]

[26]

[27]

(28]

[29]

[32]

[33]

[34]

Union, 1944, 25(6) : 914-928.
Li CZ, Li B H, Bi E P. Characteristics of hydrochemistry and
nitrogen behavior under long-term managed aquifer recharge with
reclaimed water; a case study in North China[ J]. Science of the
Total Environment, 2019, 668 1030-1037.

Wang W H, Wu T H, Zhao L,
characteristics of ground ice in permafrost regions of the Qinghai-
Tibet Plateau[ J]. Science of the Total Environment, 2018, 626 ;
366-376.

i, TRANTE, BTN, S5, BEAA T 28T IR L 4 e i
R ARZAASAE R R R (], HEERE, 2019, 40(3) :
1236-1244.

He J, Zhang Y K, Zhao Y Q,

characteristics and possible controls of groundwater in the

et al. Hydrochemical

et al. Hydrochemical

Xialatuo Basin section of the Xianshui River[ J]. Environmental
Science, 2019, 40(3) : 1236-1244.

ik, EUE, SN, 55 K5 WU R AR AL R E
KRR E[I]. AEER#, 2020, 41(9) : 4003-4010.
Zhang T, Wang M G, Zhang Z Y,
characteristics and possible controls of the swfage wafer in Ranwu
Lake Basinf-J ]. Environmental Science, 2020 j4_].—('"9“) 4003—
4010. -
WEATIE, ?ll\%# XU 5, 55 ﬁ@&ﬁ‘%{lﬂ"}:ﬂﬁﬁﬁ{ﬁﬁ
P2 T 8 %umﬂ HEEFHE, 2015, 36(9) : 3220-
3229. [ P S 4
Huang Q B, th X Q, LiuP Y, et al Influencerof iu]fquc acid
to karbt, }ﬁydrochemlcal and 513CD1C in the upper and m.lddlell
reaches of 'the Wujlangﬁwef[] Env1r0nmental Sclence 2015,
36(9) 3220 3229. &
S SRR, AR A | R VT K AR S e
IR (). SRBERIE, 2017, 38(11) : 4537-4545. "
Zhang T, Cai W T, Li Y Z, et al. Major ionic features and their
possible controls in the water of the Niyang River Basin[]].
Environmental Science, 2017, 38(11) ; 4537-4545.

Liu P, Hoth N, Drebenstedt C,

of multi-layer groundwater system in coal mining regions-Using

et al. Hydrot,hemi(,dl

et al. Hydro-geochemical paths
multivariate statistics and geochemical modeling approaches[ J].
Science of the Total Environment, 2017, 601-602; 1-14.
Ravikumar P, Somashekar R K. Principal component analysis
and hydrochemical facies characterization to evaluate groundwater
quality in Varahi riverbasin, Karnataka state, India[ J]. Applied
Water Science, 2015, 7(2) . 745-755.

Shekha Y A. Evaluation of water quality for Greater Zab River by
principal component analysis/factor analysis[ J]. Iraqi Journal of
Science, 2016, 57(4B) : 2650-2663.

Yang W J, Zhao Y, Wang D, et al. Using principal components
analysis and IDW Interpolation to determine spatial and temporal
changes of surface water quality of Xin’anjiang River in
Huangshan, China[]J]. International Journal of Environmental
Researchand Public Health, 2020, 17 (8), doi:; 10. 3390/
1jerph17082942.

Ewaid S H, Abed S A, AL-Ansari N, et al.
evaluation of a water quality index for the Iraqi Rivers [ J].
Hydrogeology, 2020, 7(3) , doi:10.3390/hydrology7030067.
Mgbenu C N, Egbueri J] C. The hydrogeochemical signatures,

Development and

quality indices and health risk assessment of water resources in
Umunya district, southeast Nigeria[ J]. Applied Water Science,
2019, 9(1), doi: 10.1007/s13201-019-0900-5.

Arora S, Keshari A K. Pattern recognition of water quality

( India )

agglomerative cluster and principal component analyses [ J].

variance in  Yamuna River using  hierarchical



2612

w5

Bl

=2 14 %

[35]

[39]

[40]

[41]

(437

e

| of 'small Iakes in/horthern Ireland [ J].
A 30( 1): i
Zhu B Q) Yu JIF,'Qin X G, et al. Climatic .:Hld genlbgloal fa(’tor%
| 'I: con’['rlbuting to the natdral*water Chemmry infan arid ?_Qwronmen _,,.f

Environmental Monitoring and Assessment, 2021, 193(8), doi:
10. 1007/S10661-021-09318-1.

Liu C W, Lin K H, Kuo Y M. Application of factor analysis in
the assessment of groundwater quality in a Blackfoot disease area
in Taiwan[ J]. Science of the Total Environment, 2003, 313(1-
3):77-89.

Marghade D, Malpe D B, Rao N S. Identification of controlling
processes of groundwater qualityin a developing urban area using
principal component analysis[ J]. Environmental Earth Sciences,
2015, 74(7) : 5919-5933.

Gibbs R J. Mechanisms controlling world water chemistry [ J].
Science, 1970, 17(3962) : 1088-1090.

LiZ]J, Yang QC, Yang Y S,

interpretation  of

et al. Isotopic and geochemical

groundwater under the influences of
anthropogenic activities [ J ].
576 : 685-697.

Marandi A, Shand P. Groundwater chemistry and the Gibbs
Diagram[ J]. Applied Geochemistry, 2018, 97 209-212.

Gaillardet J, DupréB, Louvat P, et al. Global silicate weathering

Journal of Hydrogeology, 2019,

and CO, consumption rates deduced from the chemistry of large
rivers[ J]. Chemical Geology, 1999, 159(1-4) . 3-30.
Gan Y Q, Zhao K, Deng Y M,
hydrogeochemical evolution in the Jianghan Plain, central*China
[J]. Hydrogeology Journal, 2018, 26(5) : 1609-1623.
Mukherjee A, Fryar A E. Deeper grou“ﬁawater ché..n}istry and

et al. Groundwater-flow and

geochemical modéling of the arsenic affected western, Berigal™,
~basin, west Be‘i;gal, Ihdia[ J]. Applied Ceochemist,l'y,“ ZQﬁ.S“.,;Z.S_I
! é"

(4): 863,894 | [ :
Wu Y, Glb"_sﬁ-n C E Mechanisms mnt.mihngdﬁe watér (‘hgrmsty
Water Research 1996
178-182. I KX

ir
g & J ¥

Ay

[45]

[46]

[47]

[48]

[49]

China [ J ].

from watersheds in northern Xinjiang,
Geomorphology, 2012, 153-154; 102-114.
Ma R, Wang Y X, Sun Z Y, et al.
groundwater in carbonate aquifers in Taiyuan, northern China
[J]. Applied Geochemistry, 2011, 26(5) ; 884-897.

PuJ B, Yuan D X, Xiao Q,
characteristics in karst subterranean streams ;
Chongqing, China[J].
(3):307-319.

Thakur T, Rishi M S,
hydrochemical properties

Geochemical evolution of

et al. Hydrogeochemical
a case history from
2015, 30

Carbonates and Evaporites,

Naik P K, et al. Elucidating
of groundwater for
agriculture in parts of Punjab, India[ J].
Sciences, 2016, 75(6) , doi: 10.1007/512665-016-5306-1.
Fan B L, Zhao Z Q, Tao F X,

evaporite and silicate weathering in Huanghe River

drinking and
Environmental Earth
et al. Characteristics of
carbonate ,
a comparison among the upstream, midstream and

Journal of Asian Earth Sciences, 2014, 96, 17-

basin ;
downstream|[ J ].
26.

Meng Z L, Yang Y G, Qin Z D, et al. Evaluating tempoldl and
spatial variation in nltrogen sources along the lower reaeh of
Fenhe rivers Shanxi Province, China) using slal'a_].&"r‘éompe and
hydrochemical tracers| J] ., Water, 2018, 10¢2), 21._01,10-3390/
wl0020231. [ o _

XuZ F, LidC Q. Chemmal weathering in the” upgp'r reaches of
Xijiang . River dra.l-mng the Yunnan-Guizhou Pldteau Sguth_yest
Chlna[ﬂ Chehllcal (Eyeologl, 2007, 239(1-2)+83- 9;
Tl T fﬁknﬁmxzﬁ«@m.hﬁma
AR A E B R % [0]. SR MR, 202243 )
(4):1885-1897. | =
Tu G'L,
characteristics and control factors of Xiaohuangni river b&é‘fn in

Environmental Science, 2022, 43

n L. H, He ¢ 7, et al. Hydrochemi'é-al coml;ositi'on

the upper Pearl River[J].
(4):1885-1897.



HUANJING KEXUE Vol.44  No.5

Environmental Science (monthly) May 15, 2023

CONTENTS

Pollution Characteristics and Factors Influencing the Reduction in Ambient PM, 5 in Beijing from 2018 to 2020 LIU Bao-xian, LI Qian, SUN Rui-wen, et al. (2409)
Spatio-temporal Distribution Characteristics of Secondary Aerosol in Beijing-Tianjin-Hebei Urban Agglomeration in Winter —+-+ YAO Qing, YANG Xu, TANG Ying-xiao, et al. (2421)
Changes in Secondary Inorganic lons in PM, s at Different Pollution Stages Before and After COVID-19 Control «+:«s«sseseseseeresesmsisnsenesisneee JIANG Nan, HAO Xue-xin, HAO Qi, et al. (2430)
On-line Measurement of Trace Elements in PM, 5 in Winter in Urban Taiyuan, China; Levels and Source Apportionment CUI Yang, GUO Li-li, LI Hong-yan, et al. (2441)
Characteristics and Source Apportionment of Black Carbon Over the Eastern Tibetan Plateau «+++-+++ WANG Hong-lei, LIU Si-han, ZHAO Tian-liang, et al. (2450 )
Characteristics and Source Apportionment of Volatile Organic Compounds in Zhanjiang in Summer - B LRI PANG Xiao-die, GAO Bo, CHEN Lai-guo, et al. (2461)
0zone Pollution Characteristics and Sensitivity During the Ozone Pollution Days in Summer 2021 of Xinxiang City + HOU Mo, JIANG Xiao-mei, ZHAO Wen-peng, et al. (2472)
Influence of Typhoon Nangka Process on Ozone Pollution in Hainan Island — «+«+sesseeseesereeseemssnenennmnneinsn e FU Chuan-ho, DAN Li, TONG Jin-he, et al. (2481)
Health Impacts of Air Pollution in Tianjin +++ HUA Kun, LUO Zhong-wei, JIA Bin, et al. (2492)
Analysis of Change and Driving Factors of River Environmental Quality in China from 2002 to 2020 +++= YANG Chuan-xi, XUE Yan, GAO Chang, et al. (2502)
Spatiotemporal Pattern and Driving Force Analysis of Ecological Environmental Quality in Typical Ecological Areas of the Yellow River Basin from 1990 to 2020 ««eeeseesesserseseneseseneenens
.................................................................................................................................................................. WANG Fang, LI Wen-hui, LIN Yan-min, et al. (2518)
Response of Water Quality in Small Reservoirs to Landscape Composition, Landscape Configuration, and Reservoir Characteristics in the Upper Reaches of the Yangtze River During Dry Season
............................................................................................................................................................ ZHONG Yong-lin, RAN Jiao-jiao, WEN Wen, et al. (2528)
Pollution Characteristics and Risk Assessment of Typical Endocrine Disrupting Chemicals in Drains Flowing into the Yellow River of Ningxia «+«t-«seseeseereesessesserensimnenicneninincnenennes
.................................................................................................................................................................. LI Ling-yun, GAO Li, ZHENG Lan-xiang, et al. (2539)
Occurrence Characteristics of Microplastics and Metal Elements in the Surface Water of Huangpu River and Their Associations with Metal Resistance Genes «+-«+xesxersereeresennenseenenennnnens
........................................................................................................................................................................ LU Jia-wei, XU Chen-ye, HU Chun, et al. (2551)
Spatial Distribution Characteristics and Source Analysis of Heavy Metals in Urban River Surface Sediments from the Lanzhou Reach of the Yellow River +ereereeesresesssccnnssiisiciininen
LI Jun, LI Xu, LI Kai-ming, et al. (2562)
Distribution and Release Potential of Soil Phosphorus Fractions in Water-level Fluctuation Zone of the Tributary Bay, Three Gorges Reservoir «+:eweseeeeseenesseseneenes ZHANG Xue, ZHU Bo (2574)
Distribution and Pollution Assessment of Nutrients in the Surface Sediments of Lake in Huogiu County - R IR * LIU Hai, ZHAO Guo-hong (2583 )
Analysis of Influencing Factors of Chlorophyll-a in Lake Taihu Based on Bayesian Network «+«+:e+e+-+:+ LIU Jie, HE Yun-chuan, DENG Jian-ming, et al. (2592)
Hydrochemical Characterislics and Control Factors of Groundwater in Shunping County, Hebei Province -+ LIU Yuan-ing, ZHOU Le, LU Lin, et al. (2601)
Distribution, Tansformation, and Fate of Per-and Polyfluoroalkyl Substances in Drinking Water Treatment ««+«+«ssxsssssessesssssenenssnssnennnnieniens ZHONG Ting-ting, LIN Tao, LIU Wei (2613)

Removal of Cr( VI) via a Nickel Ferrite@Activated Carbon Composite Under Batch Experiments: Study of Characterization, Performance, and Mechanism ++++++seesessssssnsssmseessiinines
ZHANG Hua, LI Rong-hua, CHEN Jin-xiong, et al. (2622
ZHENG Ting-lu, ZHANG Long-long, CHEN Jia-bin, et al. (2635

Degradation of SMX with Peracetic Acid Activated by Nano Core-shell Co@NC Catalyst

)

)
Adsorption Characteristics of Arsenic and Cadmium by FeMnNi-LDH Composite Modified by Fulvic Acid and Its Mechanisms ««+«+-xsseseeeeees HE Ya-xin, KE Xin-yi, WEI Shi-qiang, et al. (2646)
Adsorption Mechanism for Phosphate in Aqueous Solutions of Calcium/ Aluminum-rich Sludge Biochar Composite «++++++-- * OUYANG Zhu, CAO Lu, WANG Bing-qian, et al. (2661 )
Sludge Biochar Modified by B-doped and Its Adsorption Behavior and Mechanism of 1,2-DCA in Water - + ZHOU Jia-wei, SHI Wei-lin, XU Wei, et al. (2671)
Response of Forest Ecosystems to Decreasing Atmospheric Nitrogen Deposition «««+««+stsetessessesesssenenensninineneninin i XIE Dan-ni, YANG Dong-xing, DUAN Lei ( 2681 )
Impacts of Climate Change and Human Activities on Vegetation Restoration in Typical Grasslands of China = ««+eseeereseeeseseeineees ZHANG Liang-xia, YUE Xiao, ZHOU De-cheng, et al. (2694 )
Spatial-temporal Variation in Net Primary Productivity in Terrestrial Vegetation Ecosystems and Its Driving Forces in Southwest China «-+++* XU Yong, HUANG Hai-yan, DAI Qiang-yu, et al. (2704 )
Effects of Different Carbon Inputs on Soil Stoichiometry in Tianshan Mountains «v+«ssssseeresessesssmsimsinnininiinii MA Xin-yu, GONG Lu, ZHU Hai-giang, et al. (2715)
Effects of Nitrogen and Phosphorus Addition on Soil Nutrient Content and Stoichiometry in Desert Grassland LIU Shu-xuan, AN Hui, ZHANG Xin-wen, et al. (2724)

)

Effect of Spartina alterniflora Invasion on Soil C: N: P Stoichiometry in Coastal Wetland of Hangzhou Bay -+ LI Wen-qi, XIANG Qi, XIE Xue-feng, et al. (2735
Effects of 24 Years Different Straw Return on Soil Carbon, Nitrogen, Phosphorus, and Extracellular Enzymatic Stoichiometry in Dryland of the Loess Plateau, China +eeesesrereesesesenseens
............................................................................................................................................................ YAO Zhi-xia, ZHOU Huai-ping, XIE Wen-yan, et al. (2746)
XU Xiao-ming, ZHANG Xiao-ping, WANG Hao-jia, et al. (2756)
JIAN Jun-nan, LIU Wei-chao, ZHU Yu-fan, et al. (2767)
CHE Yan, QIU Long-xia, WU Ling-yun, et al. (2775)

Carbon Sequestration Characteristics Under Natural Vegetation Restoration in Ziwuling Area of the Loess Plateau

Effects of Short-term Nitrogen Addition on Soil Organic Carbon Components in Robinia pseudoacacia L. Plantation

Response of Soil Organic Carbon Accumulation in Paddy Fields in Fujian Province to Future Temperature Increases

Species, Habitat Characteristics, and Screening Suggestions of Cadmium Hyperaccumulators in China «+«eseseessessessssssmsnninsnensinienens ZHAO Xiao-feng, LEI Mei, CHEN Tong-hin (2786)
Research Progress on Spatial Differentiation and Influencing Factors of Soil Heavy Metals Based on Geographical Detector * * GONG Cang, WANG Shun-xiang, LU Hai-chuan, et al. (2799)
Geochemical Background and Baseline Value of Soil Chemical Elements in Hebei Provinge — «eoetoeeereessessesvenmsininsinsenennes ZHANG Li-ting, CHENG Hang-xin, XIE Wei-ming, et al. (2817)
Distribution Characteristics, Ecological Risks, and Source Identification of Heavy Metals in Cultivated Land Under Non-grain Production ++++++++ QIU Le-feng, ZHU Jin-xia, PAN Yi, et al. (2829)
Source Analysis and Ecological Risk Assessment of Heavy Metals in the Arable Soil at the Geological High Background, Based on the Township Scale «++:ereeeseeseersessenmeneninninenin
........................................................................................................................................................................ YU Fei, WANG Jia-bin, WANG Rui, et al. (2838)
Solid-solution Partitioning Coefficients and Environmental Risk of Cd and Pb in Soil in Chang-Zhu-Tan Area «+:+sssessereersenseneseneneninenicnens LI Yu-ying, PENG Chi, LIU Le-le, et al. (2849)
Ecological Risk and Migration Patterns of Heavy Metals in Soil and Crops in the Lead-Zinc Mining Area in Guizhou, China «++++eseeeeeseseveeeees MA Hong-hong, ZHANG Li, GUO Fei, et al. (2856)
Mercury Pollution in Dryland Soil and Evaluation of Maize Safety Production in Guizhou Province MA Li-jun, ZHOU Lang, SONG Bo, et al. (2868)
Pollution Characteristics and Risk Assessment of PAHs in the Soil of Wild Forsythia Suspensa in Shanxi «++++eseseereereeesenee GUO Jia-jia, WANG Qi, KANG Min-jie, et al. (2879)
Effects of P on the Uptake and Transport of Cd and As in Wheat Seedlings «+«+ssseseeeeeemessenenennnens WANG Yun, ZHAOQ Peng, LI Guang-xin, et al. (2889)
Effects of Silicon Application on Arsenic Sequestration in Iron Plaque and Arsenic Translocation in Rice **+* LI Linfeng, WEN Wei-fa, XU Zi-sheng, et al. (2899)

Characteristics of Soil Microbial Community in Different Habitats in the Process of Ecological Restoration of Haifeng Wetland in Guangdong

............................................................................................................................................................ MA Jia
Taxonomic and Functional Diversity of Soil Microbial Communities in Subalpine Meadow with Different Degradation Degrees in Mount Wutai -
............................................................................................................................................................ LUO Zheng-ming, LIU Jin-xian, HU Yan-qiu, et al. (2918)
Effects of the Transformation from Natural Alpine Grassland to Mixed Artificial Grassland on the Characteristics of Soil Microbial Community -+ ++++ YU Hao, LIU Yue, DENG Ye, et al. (2928)
Effects of Chinese Milk Vetch Returning Incorporated with Chemical Fertilizer Reduction on the Composition and Function of Soil Bacterial Communities in Paddy Fields —weoveoeeeresneseeeee
...................................................................................................................................................... ZHANG Ji-shi, LIU Chun-zeng, ZHENG Chun-feng, et al. (2936)
Effects of Long-term Sod Cultivation on Chinese Hickory Plantation Soil Fungal Community and Enzyme Activities ~«+eecereseseereseeeseseseees HU Ying-bing, LIANG Chen-fei, JIN Jin, et al. (2945)
Effects of Microplastic High-density Polyethylene on Cotton Growth, Occurrence of Fusarium wilt, and Rhizosphere Soil Bacterial Community = «+«+seseesserseesenenensenimenennsininene

ZHANG Hao, SUN Jie, YANG Hui-ying, et al. (2955
ZHAO Zhi-rui, WU Hai-miao, MA Chao, et al. (2965
++ WU Jian-sheng, JIN Xue-ru, WANG Han, et al. (2974
How Do Carbon Trading Policies Affect Industrial Carbon Productivity; Quasi-natural Experiments from Chinese Provincial Data -+ FANG Qi, LI Shao-ping (2983
Influence of the Classification of Municipal Solid Wastes on the Reduction of Greenhouse Gas Emissions; A Case Study of Qingdao City, China «+ressereereererememeneenmenennsininennen
...................................................................................................................................................... CHEN Ji-hong, BIAN Rong-xing, ZHANG Ting-xe, ! al. <2995>
Quantitative Analysis of Spatio-temporal Evolution Characteristics of Seasonal Average Maximum Temperature and Its Influence by Atmospheric Circulation in China from 1950 to 2019 -

.................................................................................................................................................................. SU Yue, LU Chun -yan, HU,\NG YU fel, el ll]. (3(X)3>

Nitrogen Metabolism and Flora Characteristics of Bacteria Algae Complex System

Analysis of Carbon Emissions and Influencing Factors in China Based on City Scale




