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Abstract ; This study was caiied out to elucidate the hydroaf;emibal characleristics, fluorine ion (F ™) distribution ,;and causes of formation in different water hodies driven hy
coal mining in“ the Pingshuo mining_area. A total of 468 samples f surface water; i groundvwater, and mine water were collected in®2020-2021. Hydrochemical diagrams,

prlnmpaﬂ component analysis, and geochemlcal simulation were compy&lenswel) u§ed’ Tor sample analysis. The results showed that the surface water, groundwater, and mine
water fveré neaﬂy neutral to.slightly alkaline. The dominant anion of surface” water and mine water was 504 , whereas the dominant anion in groundwater was HCO, ; Ca 2
was the dogfinant cation in all water bodies. The main hydrochemical types of surface water and mine water were SO, - HCO;-Ca+Mg. The main type of groundwater was
HCO, -Ca'Mg. HCO, -S0,-Ca - Mg type existed in shallow or deep groundwater of the coal mining area. The hydrochemistry of water bodies was mainly affected by the
weathering and dissolution of carbonate rocks and silicate rocks, coal mining activities, as well as the weathering and dissolution of fluorine-hearing minerals. Human activities
such as coal mining and industry and agriculture have accelerated the conversion of water chemistry between different water bodies, especially shallow groundwater. The
concentration of F~ in the study area ranged from 0. 10 to 1. 76 mg+L. ™" The '~ concentration of 42% of the shallow groundwater exceeded the national permissible limit for
drinking. In terms of spatial and temporal distribution, the average concentration of F~ in groundwater from northwest to southeast showed an increasing trend, and the
concentration of F~ was higher in March and August. Alkalinity and high Na ™ were the main hydrochemical environmental characteristics of shallow groundwater with high
F~ concentration. F~ enrichment of water bodies in the study area was mainly controlled by coal mining activities and weathering dissolution of fluorine-hearing minerals
accelerated by the saturation of calcite.

Key words: groundwater; surface water; mine water; hydrochemical characteristic; fluorine ion
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Fig. 1 Geological distribution of coal mine and sampling sites in the study area
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Table 1 ~ Summary of physicochemical parameters of different water bodies in Pingshuo mining area
KB GitFHME pH EC DS Sal Ca’*  Mg**  Na* K* cl- SO2-  HCO;  NOj F-
=2 7.58  763.30 658.04 0.50 72.68 36.42 57.07 1.55 52.58 193.01 231.64 17.97  0.24
m PN 8.39 1482.801276.53 1.00 164.00 80.83 132.64 11.28 180.65 529.82 344.91 41.41 0. 80
* S 8.14 1005.85 839.71 0.64 110.55 63.23 83.30 4.90 9508 299.48 297.29 29.83  0.51
K 2 018 15411 145.36 0.1 28.44 1124 20134 2,93 3200 85.13 2694 T.72  0.12
ARSERRC 0,02 0.15 0.17 0.17 0.26  0.18  0.26  0.60 0. 34 0.28 0.09 0.26 0.24
e/l 7.02  252.70 211.51 0.16 4.28 10.18 576  0.09 1.91 9.13 124.78 4.75  0.11
% R 8.81 1517.241463.66 1.16 217.38 138.74 174.37 2.61 189.09 503.90 491.93 270.39  1.76
Hh Ty 7.99  592.62 518.39 0.39 6580 35.17 55.88  0.95 42.69 97.73 282.15 47.08  0.84
E FRfEZ 0.31  305.82 258.81 0.20 45.75 21.78 36.95 0.55 42.15 109.18 82.46 55.13  0.38
BRERE 0.04 0.52  0.50 0.51 0.70  0.62 0.66  0.58 0.99 L2  0.29 1.17 0.45
. B 7.32  255.72 240.22 0.18 27.25 13.42  7.41  0.28 5.74 8.97 147.76 2.8 0.25
f;lf R 8.50 1299.83 921.53 0.72 151.89 60.92 77.40 10.85 186.53 287.22 395.80 38.16  0.78
Hh -4 7.92  552.43 446.95 0.34  67.61 32.07 29.85 1.78 23.53  69.86 303.84 18.20 0.5l
E FRfEZ 0.23  162.83 117.43  0.09 21.69  8.02 11.88 1.50 29.44 47.89 49.70 6.79  0.12
WRZEK 0.03 0.29 0.26 0.26 0.32  0.25 0.40 0.84 1.25 0.69 0.16 0.37 0.24
=2 7.42  762.81 580.26 0.44 90.58 39.72 50.91  2.34  43.88 131.61 203.59 0.36  0.15
v PN 8.26 2035.651653.21 1.32 325.67 108.08 129.92 21.96 186.59 913.19 449.52 13.23  0.77
T 7.89 1322.121121.71 0.87 195.94 71.65 79.36 8.80 111.45 518.61 343.94 5.95  0.40
K Gz 025 31377 24926 0.20  65.47  18.85 22.02 479 4168 205.05 62.63 4.04  0.17
TRFEE 0.03 0.24 0.22 0.23 0.33 0.26 0.28 0.54 0.37 0.40 0.18 0.68  0.43

1)pH Fl

AR RETC RN EC 1A A pS - em ™!

JEETEARAY AL Ky mg - L



12 4] NS IR XN R KR A2 R I B 73 A A 5551

Tl R ACRIA 38 5 K HEBOIT B SR N HLR i
AN KR A A K AR A2 A 2 ) B iR v | A8
S RBORBRHIE , R, 728 57 RBCR/INAT LR 7R A6
TE S K R IR AR 550 fr 3 1 mT A, A b
TR JZ M 7K v 2% KAk 2 2B b v 2 R0 S R A0
R ZEH T KR, 2 W J2 1R K K Ak 27 P o e 25
li) b7 S v K, AT e a2 BN 280 B0 45 R &R 1Y 52 e
LI
2.2 KAk

FIH Piper =2k V7 X /KA 32 2 8 72 A8 1k
FE R UEATRAE , DT Z1 1 BIF 58 DXAS [R] A4 1) 7K A2
FA. R HEF RO T AR AR 73 77 (B 3) b
FoKk E%H SO, - HCO,-Mg- Ca+Na, SO, -HCO,-Ca-
Mg Fl HCO, -SO,-Mg- Na - Ca 7. 60% ()l 32 /K R FE
MM B T Catt, AR AR N
BAOAG (e AF10 H) Iz R EU, X 2

(a)

o Hiderk i‘\so
itk £

w KAREK 5_} 40

T TEZR AW dn o 72 b, 85 ER A /K v i A B /N T B
Y Ca’t S MERIRASULIE , FEUK T Ca”* W E
FEAK" ) RA &K Ry HCO,-Ca - Na B BEHI KK
R K 7K A2 RE 37 24 Hh 4= 38 M TR A sg i, 2 KR
R 2 (0 5 i 0. [ R 3 5 1T 38 W P K S03 -
Ca’* 1 Mg™* 71 A5 1, 7K Ak 2% 2538 2y SO, -
Ca-Mg 7 32 H TR RO R R X b 3R 7 5 )
(HETR A0 JRE I AN RERT A7 45 ) v (9 AT 3 M) B A
FAE. 5 HIK LA SO, -HCO,-Ca-Mg KRy . )2
1R 7K 32k HCO,-Ca+ Mg,  HCO, - SO,-Ca - Mg,
HCO,-Na-Mg. SO, -HCO,-Ca-Mg Il HCO,-Na %I Jf
d A3 50 °h 37% . 23% . 23% . 10% F1 7% . H1 T
TRIZ M T KA 5 32 R A NG B0 T8 HoAMG K

IR A, R R R B M. th 8 4 (a) AT,
% HCO,-Ca-Mg ﬂﬁaﬁﬁ%,ﬁ%@% 54{(**5(
%ﬁﬂ%ﬁcﬁb)‘ﬂﬁ HCO, - S0,-Ca :

MgfiFﬂso

R

B3 AEKE Piper =4 E
Fig. 3 Piper diagrams of different water bodies



5552 7D BB % 43 %

HCO,-Ca-Mg B FEZ /M AEDE 5 X PG ALFBED TR K BRI RZ2 P K2 8] — e TS
(Al P ) LA Kb B YA I ST g 7 0 f MM@%B%%EM%M%V@m%ﬁﬁVn
TR KB AT BEAZ B T R BEE S5 . HCO,-Na - SRRH] ZIXHRZ 0 T KRB ZH# T K i for 2 B 5
Mg Fll HCO,-Na %Y =220 A5 T0F 98 K SAIREEAL L — 3 HCO,-Ca - Mg . i AR 55 25 5 3 B 1 2 Al
Bl A== X KAl ez BIZE R AR A IG5 KB T Ak 2s 28 St R | BE 2 B[R] R 4R
Wi 2 R K 3284 HCO,-Ca - Mg A1 HCO, - SOZ™ F1 Na * ¥ EE M6 N, /K Ak 2 260 g B3 o —
SO,-Ca- Mg #, B (5 FL 1) 43 51} 78% #1 22%. % HCO,-Ca- Mg %! [i] HCO,-Ca - Mg, HCO,-Na + Mg #
HCO,-Ca-Mg #3243 4 4}, HCO, - SO,-Ca- Mg B E  HCO, -SO,-Ca-Mg FIR A RIFEAS . X gt — Ul T 1
B AR X PRSI RAMEX Y I SR D B3 SRR R I AR A 5 R4 N Bl AN AT 45

(b) {FEHF K
W HCO;-S04-Ca-Mg
[ HCO;-Ca-Mg r

(a) REH T

B SOy HCO;-Ca-Mg
- HCO;'SO;‘*’CE‘Mg
[ HCOs-Ca-Mg
[J HCO3-Na-Mg
- HCO}-N&

PR FERES X

hiydrochemical types 1nﬂ:fmdw ﬂ-
o

EE%%%

. §
VI
@?mkwm mﬂmfgﬁ

GIRAL B Gi
K AR KR 5, TR E

zf’gt;EQ% o H‘;'- v
%wﬁ %;m'aanmﬂﬂku;’ y

7/
1
—_—

10

10° 10

a Mk
104 L 104 L
T, 100 10°
=111
E
=T :
810} 10
10t ¢ 10' -
10 P 10°
0 02 04 06 08 10 0 02 04 06 0.8 1.0 0 02 04 06 08 1.0 0 02 04 06 08 1.0 0 02 04 0.6 08 1.0
p(Na*)/p(Na™ + Ca®) p(Na®)/p(Na® + Ca®") p(Na*Vp(Na* + Ca™™) p(Na*yp(Na® + Ca®") p(Na*)/p(Na* + Ca®)
10° 10°¢ 10° 10° 10°
o Wk o {REH Tk
10° L 104 L 104 L 104 L 104 L
F i
T__, 10° 10° L 10° 10° 10° L
=1
E {
E d
a2 2 2 b 2 b
210 10° b 10 \\ 10° \\ 10
| \ 6 | [ i 1l
L o' R o' il o' B .
-Iil -ﬁl -ﬁi
—F —Hi =
0 10" [ SH . 100 | ‘” 100 . 5H 10"
0 0204 060810 0 0204 060810 0 0204 060810 0 02 04 06 08 1.0 0 02 04 06 08 10

PCI)p(CI+ HCOY) P(CI)p(CIm+ HCOY) P(CI)p(CI+ HCOy) P(CI)p(CI+ HCOY) PCIYp(CI+ HCOY)

5 AEKHE Gibbs
Fig. 5 Gibbs diagrams of different water bodies



12 34 PNIEAE : SFIRT DXA [R] AR A2 R E K2 583 A B A 5553
AN, Fa7m HA A A E R BE T XA K BT K32 PCL 2R, RIBRIREL 7 | RERRER & B

PRIRA2 B 1) R IR 2R Qiu 4510 X e AL I
R [X A1 Wang 457 % 5B /R 22 10 8 G2 M X5 5t
Gibbs FIX A FE KR BEAT 20 HT, 45 R R W X
KA F B2 A AR IR .

MR AR FH 7K B ACRE 23 i b i 72 L
X R W F KA FH KA 22 o T It 52 2 555
R TR X FIBIESE DAL TP 5 X 5%
IKEBTE T ARG, LA A I oK 32 RS N
SINEZ R EAR 3,8 A —F s AW, K 5
HEJZ T K B KRR 1020 B R o0 I, D A 2
WO E T B A% AN AT BRI JE R K
RAFSRVETE Gibbs IR X K LLAL, B &8 70 1 2
o R oK B SE d r — AR b2 BIRIE 345
RIS VR R K FEAERTEA A KX,
Hor A b R HZH T AR ia e,
AR AOK A SR .

T HE—BARFITE X AR R AR K A28 (L

TR R, % BT A KRR UG HE T U4 4 T

( PCA). EERIET IEJ7J<12IS7J<4J6%T'§1‘E§&17'%'1__;

7 Kaisér- Meyer Qlkm (KMO) Hi Bartlett Iik /rﬁu
%xMO#%ﬁﬁo74k$oy)mMmﬁﬁ
t%%moo%%ﬁ%Tu@mmﬁmmc
ﬁﬂtﬁ%%ﬁ%tﬁ,zﬁﬁ%ﬂﬁ AT I
*Mm%f”}z'
A%%ﬁkﬁﬁﬁﬁ%ﬁ%mmjfmﬁﬁﬁﬁ
mfﬁiﬁ%ﬂ%ﬁi@k?bj&fﬁk%ﬁ e RN S

SERFH AR 4 A T O 25 RIT Bk RN
Wﬁw@%—imﬁufwﬁéﬁﬁ$ﬁ%$w@
FRIEAE A 7.39, Bl FA48 i /F Ca®" | Mg*" | Cl™ |
SO;™ . EC. TDS F1 Sal A # & 1E 847, 454 Gibbs
L, AR £ — 2 B 43 5 i TR 2 R TR 5 0 KL
PRV it LA SRR B 3 T B gk fn sk A Ak XUAE A oK.
S ST (PC2) T TR N 13. 20%, FEIE(E
172, 778578 F~ |, Na® Fl pH A BB IFE 2
for, VAT — 0 5 & 0 00 5 A R AR
Na-Ca B F3CHA 5, fmbsi Al Na* % Ca®* KA
FIF F-m D W, F Mo 2 ml e Ok i 4N
T B = FE RS O 22 TTERR R 10, 16%, FRAEAE K
1.32,5 NO; A% B IE 2 AT, BEHH R R Z 40 T
AV 2 A A% Bh otk A K. 58 DY S 4 O 22 TTRkR
7. 48% FFAEE A 0.97, 5 HCO, A % i 1E 2%
i, 3X A fE S KRN cO, CRTA fe T s ek
B KRG IR B N

REIKARLE PC1 A PC2 14 A48 43 LA B 725

BT T4 A A 6. MK | B K F Ak

tE%

T UL R R

Py KA i MR BK Bl 5 853V Z R K 7
TR FR K 32 PC2 S0 3K, BV 55 5600 10 145 fik
KA Na-Ca B 7354, thIE 6 0] LIE 7 R)ZH
KA, TE M R Kb X Al b
& Gibbs El3Hr 45 - — 2 MK | K2k A
WK MAES, UL =F A M K22 P
AEH, IR 8l N =& A fE—E R
KR F.

25 BRTIR IRk 22 A8 A 5 K AR v S
MF%ﬁﬁﬁ%%%ﬁﬁmimﬁﬂéﬂﬁtk
PRAIF 5% DX N H A7 AE — 52 110 LB 28 R 30 B 0 25 9
TG, I, A B KA P g B | Inpas %ﬁ%

TIELL B R — 2R 5. -
£2OKTHRUSBEERS A IER

. Py
Table 2 Principal ‘componént analysis of hydrogeochemieaTTindicators

s

bR sk O 1 BB 2 R3S EAUN 4
F- I BECVE RS 0.29" #7018
NO; fL ot Loo4 0.77 & /06>
o
Ca®* ! A0.33 15019 -0.07. #0405
Mg * s L0383 Vo007 0.10 .02
Na* A o.z} 0. 55 0. 06 10.73.
K* 0.26 0.11 ~0.42 =20, 154
cl- o 0.33 10.06 0.17+%  -0.19
S0;~ & 0.33] —0.01 -0.19 - 0:24
HCO; S04 0.17  -0.13 0.89
pH -0.10  #0.57  -0.20 -0.20
EC 0.36 0.04 0.03 -0.01
DS 0.36 0.03 0.05 0. 00
Sal 0.36 0.02 0.04 0. 00
FHIE{E 7.39 1.72 1.32 0.97
JrE TR % 56.81  13.20 10. 16 7.48
Bl %oiik®/%  56.81  70.01 80. 17 87.65
PC1#§ 1
-0.2 0 0.2 0.4
pH . o deFK 0.6
4 Fy ] \]jr! . Wk
o RIZH TR
o REMTK] 04
5L _:‘“‘"‘ et
= A7 ; HGOS) . ____\ 102 o
& o/ CIp =
] EC) o
S0 =Ibs 1y ©
g sy
1-0.2
=2
1-04
__.1 L L L
-4 T2 0 2 4 6
PC1 (56.8%)
El6 AREKEEEHS1MERS 2 WEFES

Fig. 6 Plot of variable loading and factor scores

for PC1 and PC2 in different water bodies



5554 ¥

i

B 43 %

2.4 GRS ATERRE

ek 1 AT AT HFRK T p(F) 0. 24
~0.80 mg-L™"  #{E H0.51 mg-L~",8 FHHUH 3 4b
THABK PR & TP H RS REK e (F)
AF0.10 ~0. 15 mg-L~", B 52 K T 3t & 7K AT i
HEK. FRETE K F R B & W RE R T RR
R 7K AR IRV (i 1 2 7 55 0 v AL s i vl IR
7 AT BOREAE 8 HRIIRAE 3 R MR K Bk EER
ey U 3K S VAT K F O BE AR s 1 R — 3,8 A
MEr# % . 3 A vk I sk £, W2 3 55 W) 1 ki
YERSRZL B K . RZH N K2 T kA
PRI, 22 B AR K A bRV 4 R 098 IXAS
KR b w40 AR (i R Z/E M. 0 Kk
p(F7) 2 0.15 ~ 0.77 mg-L™", ¥ {8 K 0.40
mg- L™ 07 IHOK i F 22 8 52w, A ARk

1.0

) Ak
T ik
08 |
T, 06F
:i}
£
’e& 04}
02 F
0
20
WM A
15 :
B H
£ 1oy ! b ] M
® N E
R
0 1 1 L 1 1 1 'l
6 8 10 12 1 3 5

A

BRNERR HEA BRI 8 HRER . (RZEH
TAKF p(F ) R0.11 ~1.76 mg-L~" ¥t K 0. 84
mg-L™" RZHFKp(F ) }0.25~0.78 mg-L™",
BIEHR0.51 mg-L~' JRZHUFK Pk B & T
RIZH T K ,42% RIR)ZH T K p (F) #EE O
IKARUERRE 1 mg-L~". NI 7 A1 8 n] Z1, fF 5% IX.
PR )Z LT 7K F ™k BE i 23 AR AR IR B 3 LU R 2 b
IKR X 52T KRR, o 2 BN 28 L AN
REESNFAR B AV A, 5 Gibbs K15 38 (1) 45
WAHIAL. KL 8 (a) AT LAE bR X AR 2
IKF e BERAIR, 3 2 PR R i X AR A SR T 3
N AR/, 5 R 2 KK, 5T X
FEONFERIFR X, SRR Z T K EEAE
P AR A2 I, 52 KA KRN SRR H 2
WA/, R, B F 9k fEmRse X it

1.0

Witk

08F

06

p(F Ymg.L™!

04}

h

02r

0.8

06

B4
04l 4]

p(F ymg L™

02F

6 8 1012 1 3 5
Ay

BE7 FRERES FREREE SR

Fig. 7 Temporal distribution characteristics of F~ concentration in different water bodies

p(F)/mg L7

1.25
1.15
1.05
0.95

0.85
0.75

(a) SREHFK

- 0.65
0.55
0
045 0

(b) MRk

p(F7)/mg-L™!
g 0.70

Il 0.60
0.50
0.40

4 km

B8 KA F RENZEESHFE

Fig. 8 Spatial distribution characteristics of F~ concentration in groundwater



12 3

NS IR XN R KR A2 R I B 73 A A

5555

BB AR AR R 2 R OK R PR R R, B
T T 1) bR K 3 5 12 DX R JE T 20 5 e 2
S ANTE Y. B DX PG b8 A A e b v J2 MR KR
Pz Mﬁi(ﬁzﬁﬁfﬂnrk HHp(F ) ®mE, N
1.10 ~1.20 mg-L™" ,iX 5% = R M2 75 — & 3K
RBERM)Z %ﬁiz BARESET Y,
TR R B E TR K PR S
g —NJE L NI 8 (b) W LA Y, AL A P b
WIEHT K PR, B g AR RS F - vk B
1o, SR F TR e T A DK 1A 8 R
FEAS ] bR K F - EE AR T o] S B a5 iX
I I TRl A K ARTE B 7K 2 H 45 B I TR A4 7K A AR
ARSI, MR K F e B Ty
2.5 GIRIE K il P 2
SEET XN R AR T F 5 H e K2 A
HXRWME 9 FrR. HiFKH NO, 'ﬁ F~ R 2 1R A
*%,5 pH, EC, TDS, Sal, Na* . Cl° %u soz-
3 T SE. MR K NO; E'Ji*ﬁux}\jjm B
£ G (19 E’Ji*hum'?}@s{ﬁzb&@ﬁﬁaé /32}:'1111

Tk pH I Nat 5 FT 5 A Bk AT

HOO; 4, 3 Mﬁw iﬁﬁ%ﬁﬁ*ﬁa@ ?f’%

l. U

ik
0.8
0.6
0.4
o
= 02
¥ o
= LI L
04 = -
=3 EE3 Ead T3
-0.6 >
-0.8
_]8 1 1 1 1 1 1
T 923 & s L Lo e
LSRR RN S
06 REH T
0.4
***
~ 02
]
by
¥ 0
= l_JI_l -
=
02 -
04 T FEE gy
0.6 . W , ,
T Q2 EA A w4
o m E W S il) z %} &) 8 g

RIS Na* ST 00 A 2 M /K B B AR
B AED) | 25416 4 (a) I 8 (a) BB, K AL
K1}y HCO,-Na- Mg #l HCO,-Na B i1 F /K b F -
B HEM R K Ca®t | Mgt H SO Y
PR AR EC B Na® 5 F - 12 2 TE AR
S ACHF K PR pH B EAC LR, £
HUF AR pH e A R T S M R R4, B3
v T 5 AT AR AL B S LS RS T
H1OH ™ (B FRARHT , 720 1) S AR T 4 W A0 B R
1R, B3 F BRI R R 5ok £ e Sl
W2 1K S HL T AR oK 8 5 Lk
AR EFA KK F-5 ca® fl Mg® BRI T
ORI 2, 3 B2 PR K (A o S v BE 1 Ca®* A
M2 S T A 0 e, LK B L Ca? S 2
BT T Cal,  FAE T AP TR i)
SOP 15 B~ AFAT K PR 95 0 e R K
fhst SO3 I | wk f F- Eﬁ/ﬁﬁﬁiﬁﬂ%ﬁ%ﬂﬁ
el | ¥4
RS EE F Ca® m/ﬁﬁw@x%’x
Rk vag;mfeéeﬁiﬁfﬁﬂl% AR
%WDW Hiksy ﬁ#%ﬁzéﬂﬁ T AR

0.5
0.4
0.3
0.2
0.1

= O [

LIS S

=

HFHIG R ER

-0.5 *
-0.6 L 1 1 ' '
T U @ g & 4y o A e
(=P U5 R = T L] 20 B o k4
= v 5 < % =) S
0.5
HEH TR
04} ki

0.3

0.2}

iWﬂﬂﬂ
L]

HFHIX AR

[

]

Sal

S T oo
F4

TDS

I L & &
8 m m b i‘
© =

504
HCOy [

s s il e S BIFRAE 0. 05, 0.01 H10. 001 B/ EEA BF:
B9 AREKEFF- 5SHAMERHELXER

Fig. 9 Correlation between F~ and other hydrogeochemical parameters in different water bodies



5556 7D 53

B 43 %

TR 5 T I B s B | SR IR AT R U 1 220y
T RE— ARG AR ADLTE AR, TR
HeE PHREEQC BEAEL 1 AN [R]ZK A4 b J7 fiff A A1 8%

TN ZR A TR 10 S AN [RL K AT il A 4 R R ORI A
TR AR B AR, AT LA, B A R AR D7 figt A1 ) A
RES & R (R e (R I o e R L N

AR RS R ISR A KRR P AR PR 5T T 1Y

. SR KA R T i A ) R 2 AL E R i

1L s B 6H  p(F)mgl™! 3L 7
Mok B o F Ik
10 579
2 Bl 2H o3 2r
14 020
- . »
a2 L., A . 2 Lo -
= | wrf e A = WA A A
% [ s Iy i MR % [ R i e MR
2 Heti MR W AMA 2 Wi R IR Wi RN
flsg Ji it At i A 1\ 7 0 AT A Ji e e A
ol % e  APNEST
bt -
_2 - . : —2 -
_3 - _3 -
-1.5 -1.0 =03 0 0.5 1.0 1.5 =1.5 -1.0 =0.5 0 0.5 1.0 1.5
3L REHTK 3L HEMTK
2L 2|
;c% 1F R WA % 'r A PR A1 TR
gkl ; 1 e {1 HA T
| kg A S W | iR I it O
SR TE AN S *[wprnm LA
e ] TG ARR ."’.é i i A | ek TR A
#IF 0® Lo h. 2o @l P ’
i é:'. *' & ‘- o° o a{zgmﬂp - &
=3} e . &, 2L atts <
-3t -3t
=1.5 -1.0 -0.5 0 0.5 1.0 1.5 -1.5 —II.U —{;.5 0 0..5 II.O 1.5
Ji R R R S i MR R ST
‘u | .":: o Pl P 1 _"__..,-"'
fe f 9 | E 10 FEAGFRE N RBMER QMRS

Fig. 10  Calcite saturation index and fluorite saturation index of different water bodies

JRE L Mg A P S A R AR A R 2R RO A
FE 77 A0 R 2R BRI A R RN R B R I P T 1Y
R KRR . W IR KRR DL B R 4 v 2 R UK B
(96% ) FIR)Z LT KA (98% ) o FEIMGHISE IV 4
B, BV 75 i Ay b AR RS R A A RNy | e BH 5 A
TR SEAN R AR F - v B T = B E R 3R
J5 fi A AR R AR T K A4 Ca® Wk B2, i 1 5 9
WY, FEOA T 10 E P —MRssh, 8k
NG 7 3 A= £ B DI D S R | S nA W N 3
PH F e B 5 7 A AR RN 2R B0 ST 35 5 B X ok
F,HAR MR . F ok BB Ry, A TR R 4R ST
ERILBR AR, F28 ¥ [ f RNy S 3. MR K L5 T 72
y=-0.98+0.61 In(x-0.12), R* =0.86; Ik
MPIE T FE y =0.70 +0.65 In(x -0.07), R* =
0.92;, ¥ 2 # F K W W & F
y=-1.08+0.50 In(x -0.08), R’ =0.74; )2
TARBIIE T y= —0.89 +0.70 In(x —0.08),
R* =0.82. NI a] LU H BT IX A4 SR i st Ay

WARBIEANT 0, L, ASFE KA F-ok i B
Hit—EThEeg . FOwEMRT, #amaER
RN 7K > HREH T K > B2 H R K > H#i
K.

0
¥y =-1.08 + 0.50 In(x - 0.08)
R2=0.74
_0_5 -
y==0.70 + 0.65 In(x - 0.07) , , .*
2 = 2 w800 e
oL B=092
@ o
=5t 852 't
= y=-0.89 +0.70 In{x ~ 0.08)
20 R2=082
= © y=-098+0.61 In{x—0.12) »
251 R2=086 o PR K
BTk
0k E S
= Mok
_3_5 1 1 L
0 0.5 1.0 1.5 2.0
p{F'}.-"mg-[.'J
E11 FORESHAEMRAHXER
Fig. 11  Relationship between F ~ concentration and

fluorite saturation index



12 3

PN I XA RIK K A7

A KSR A A

5557

3 i

(1) FERBESREN T 18 X oK | R KA
WK S5 b E SR . K R L 2 K K T
AL, T5% F 14% [ FE i B 3 T AROK A R BRAE

Ca’* il Mg®* AR A ) = B0 4 BHES 1, L3R Ak
T IHAK PR B 710 SO; -~ HU T /K 4 B
FRHCO, . SRAEIR SN T i K FE K f 7k fk 2
FAPL SO, - HCO,-Ca- Mg 20 &, i kb T 7K fb 2% 25 7
i 5.4 8 — HCO,-Ca - Mg & [i] HCO,-Ca - Mg,
HCO,-Na-Mg Fl HCO, - SO, -Ca - Mg Z51R & Bl 415

(2) W KR [ AR AR K A 24 R AT 3 2 A7 ik i b
A A AR L BRI DR 3R B in
A PR AE G B i, BTk %k 56. 81% . ik,
W5 KR E S0 3 #  Na-Ca B3 758404 €,
TR R 13.20% .

(3) VI KX AR AT p(F) A F0.10 ~
1.76 mg-L™" , ¥J{EH 0. 65 mg-L~", Hrfr, 42!7’13’]/32
JZHLTR K p(F- )m?ﬁi. KK 1 mg'L 0]
LA PR{E. 4 lEﬂﬁz\%ﬁJ: U L éﬁ%i’m&ﬁ}k
Ejtmﬁﬁﬁﬁﬁzi*bntﬁ HTIEMHEJ; ﬁ{fﬁET
ﬂﬂiﬁilaWBHﬁIE@HF WSS

(4) Ok - I%?E/)?TA%&W%&%/@
ﬁMﬁHﬂ T KRR AN T 5 S R R e . R

i &Fiﬂmﬁwﬂﬁu& A e ,f

ﬁ%ﬂ?ﬁi’ﬂ:% R IR R KAk i*'ﬁi PHREEQC
RIS SR ] A e 0 RV 7 1 e
AERR A F B i o —HE R R,

S 2k

[1] Han Y, Zheng G Q, Pan J X,

hydrogeochemistry and isotope characteristics of Ordovician

et al. Study on the
groundwater in Yanzhou coalfield, North China [ A ]. In;
Progress in Mine Safety Science and Engineering Il [ C].
London; CRC Press, 2014.

[2] HEFHFW, sk, M, 55 MR X8 8 K oA FHE
FIEHLRILY]. B, 2021, 46(6) : 1966-1977.
Hao C M, Zhang W, He R M, et al. Formation mechanisms for
elevated fluoride in the mine water in Shendong coal-mining
district[ J]. Journal of China Coal Society, 2021, 46 (6) : 1966-
1977.

[3] SRV, BRI, KB 5. PR X9 KA
AR R 380 KO B K -5V I PLERI (D]
2021, doi: 10. 13225/j. enki. jees. 2021. 0388.
Guo Y N, Yang J Z, Zhang Z, et al.

isotope characteristics of mine water in the Shendong mine area

AN E
2B,

Hydrogen and oxygen

and water-rock reactions mechanism of the formation of high-
fluoride mine water[ J]. Journal of China Coal Society, 2021,
doi: 10.13225/j. enki. jees. 2021. 0388.

(4] AEARSA, B, XIS, 4. T K K SCH R (b7
FREE R AR A 215 1l 380 B 28 10 G R —— PR L
JFORBILT]. HipkEAR, 1996, 17(1) ; 85-97.

(7]

(8]

[9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[18]

Ren F H, Zeng J] H, Liu W S,

environment of high fluorine groundwater and the relation between

et al. Hydrogeochemical
the speciation of fluorine and the diseased ratio of endemic
fluorosis——a case study of the North China plain[J]. Acta
Geoscientia Sinica, 1996, 17(1) ;. 85-97.

, FRAEI], BUKREE, % NSEH IS S LR K
/Hﬁ%ﬂ&nzl_l[ J]. *‘fﬁﬁ%& 2016, 23(2) ; 260-268.
Mao R'Y, Guo HM, Jia Y F, et al. Distribution characteristics
and genesis of fluoride groundwater in the Hetao Basin,
Mongolia[ J]. Earth Science Frontiers, 2016, 23(2) ; 260-268.
Fuge R. Fluorine in the environment, a review of its sources and
geochemistry[ J]. Applied Geochemistry, 2019, 100 393-406.
Meenakshi, Garg V K, Kavita, et al.
some villages of Haryana, India: focus on fluoride and fluorosis
[J]. Journal of Hazardous Materials, 2004, 106(1) : 85-97.
Abu Jabal M S, Abustan I, Rozaimy M R, et al. Fluoride

enrichment in groundwater of semi-arid urban area; Khan Younis

Inner

Groundwater quality in

City, southern Gaza Strip ( Palestine) [ J]. Journal of African
Earth Sciences, 2014, 100 259-266. -
Rashid A, Guan D X, Farooqi A, et al. F.luogide,-yifgvalerlqe in
groundwatep-around alfluorite mining area in the ﬂgod'ri)iain of the
Pdkibtdn [T
2018, 635 203-215, r Vo
Nayak B Roy M M, Das IB et al. Health effects of -"Uroundwater
ﬂuorldelconlamlr}gnon{J] Clinical Toxicology, 2009 47(§sj'
292-295. v \ i

Beg M K, Srlvastav S K, Caraanza EJM, e al ngh ﬂuonde
1n01dence in groundwdtjr alid its potential heahh effects in p':irls_-_‘,
of Ralgarh District, Chhattisgarh, India[ J].
20114 100(5) - 750 754 :
Donath ¥ M, Daughney C 7],
Hydrochemical d

River Swat, Science of the Total E'nviru?lment,

CuITPnt Scienée,
-
Morgenstern U, Jet al.

interpretation; of  groundwater-surface  water
interactions at catchment and local scales, Lake Rotorua
catchment, New Zealand[ J]. Journal of Hydrology, 2015, 54
(1), 11-32.

Qian J Z, Wang L., Ma L,

of water chemistry in evaluating groundwater

et al. Multivariate statistical analysis
geochemical
evolution and aquifer connectivity near a large coal mine, Anhui,
China[ J]. Environmental Earth Sciences, 2016, 75(9), doi:
10.1007/512665-016-5541-5.

Yang Z Y, Huang P H, Ding F F.

hydrogeochemical mechanisms and the connectivity of multilayer

Groundwater
aquifers in a coal mining region [ J]. Mine Water and the
Environment, 2020, 39(4) . 808-822.

Huang P H, Chen J S. Recharge sources and hydrogeochemical
evolution of groundwater in the coal-mining district of Jiaozuo,
China[ J]. Hydrogeology Journal, 2012, 20(4) ; 739-754.
Batabyal A K. Hydrogeochemistry and quality of groundwater in a
part of Damodar Valley, eastern India: an integrated geochemical
and statistical approach[ J]. Stochastic Environmental Research
and Risk A%%P%sment 2018, 32(8) : 2351-2368.

WOV, SRR, B O K AR [ 3 K A2 R AE B
K], KB, 2013, 24(2) ; 272-279.

Zeng H A, Wu J L. Water isotopic and hydrochemical
characteristics and causality in Tajikistan[ J]. Advances in Water
Science, 2013, 24(2) ; 272-279.

Wriiom, ShiE, BREITT, 5. JR BT IR0 Z & Rt T K 4 A
R[], suskBl, 2021, doi; 10.3799/dqkx. 2021.237.
Chen Z Q, Ma T, Chen L Z, et al. Distribution and formation of
shallow groundwater with high fluoride in Houtao Plain[ J]. Earth
Science, 2021, doi: 10.3799/dqkx. 2021.237.



5558

w5

2 43 %

[19]

[20]

[21]

[23]

[24]

L2570

[26]
[27]

[28]
[29]
[30]

[31]

[32]

[33]

~groundwater: ,
and Abbesb{hent |2011 173(1-4) . 955-968.

"';Cee'iogy of China,, 20185730(8) : 13-17. 4 JJ_/’"
7 R, 2009,

fapis, Zeak 2y, WXL, SRR H M X HL R 7K s 43 A B
HAKFELI]. KBRS, 2008, 24(6) : 53-56.

He J, An Y H, Han S B,
fluorin ion in groundwater in Ganzhou District of Zhangye City
[J]. Water Resources Protection, 2008, 24(6) : 53-56.

GaoZ J, Shi M J, Zhang H Y,
treatment of high fluoride concentrations in shallow groundwater of
a semi-arid region; China [ J].
Journal of Environmental Research and Public Health, 2020, 17
(21), doi: 10.3390/ijerph17218075.
Zhang SZ, Liu GJ, Sun RY, et al.
heavy metals in groundwater of coal mining area: a case study in
China [ J].
Ecological Risk Assessment; An International Journal, 2016, 22
(7): 1469-1479.

SAH, A, FHESC, A AR R Y
[J]. PREERl2, 2005, 26(1) : 7-11.

Wu D S, Zheng B S, Tang X Y,
of fluorine in Chinese coals[ J].

26(1): 7-11.

Yadav K, Raphi M, Jagadevan S. Geochemical appraisal of

et al. Distribution and sources of

et al. Formation and in situ

Jiaolai Basin, International

Health risk assessment of

Dingji coal mine, Huainan coalfield, Human and

i K Lo A

et al. Content and distribution

Environmental Science, 2005,

fluoride contaminated groundwater in the vicinity of a coal-mining
region: spatial variability and health risk assessmer:{t.-f“,] 1.
Geochemistry, 2021, 81 (1), doi: 10. 1016/j. chemer. 2020.

125684.

Dar M A, Sankar K, Dar I A. Fluonne contaminatiop”™ in
anlronmentdl Moimop-rfbl‘

& major challenge [ J].

1‘/]\ e T e R
B Jn

%aﬁﬁﬁ
HEBER BT, 2018, 30(8): 1847,

/' Sun F M.| Permo-carboniferous main mmeabla coal seamJ ﬂuonne

Coal ;

contént and’ distribution features in Shanxi Provch LI

FH. WO T .
SunXM LinJ; GuW Z,
renewablllty of the deep groundwater in the Huaihe River Basin,
China[ J]. 2021, 80(3), doi:
10. 1007/s12665-020-09355-y.

HJ/T 91-2002 , Hb3R/KANG A M I H ARG S].
HJ 164-2020, ﬂﬂ?ﬂ(%fﬁﬂﬁ(ﬂ!ﬂﬁﬁum[ 1.

dent. 77

et al. Analysis and evaluatlon of the

Environmental Earth Sciences,

WHSE, RS, 15, M SR T K A B
W5 lﬁlﬁﬁ&,ﬁﬂf‘wﬂn WARF, 2008, 20(5) -
591-599.

JuJ T, Zhu L P, Wang Y,

distribution and environmental significance of water ions in Lake

et al. Composition, spatial
Pumayum Co and its catchment, southern Tibet[ J]. Journal of
Lake Science, 2008, 20(5) : 591-599.

WREGER , VP4, Briemt, 5. AL RBES X~ K ik
5 RO R 2R A B —— LA AR BT X 32 25K 5K 2 S
[T]. HEmepdk, 2017, 42(4) ; 996-1004.

Chen LW, Xu D Q, Yin X X, et al. Analysis on hydrochemistry
and its control factors in the concealed coal mining area in North
China: a case study of dominant inrush aquifers in Suxian mining
areal J ]. Journal of China Coal Society, 2017, 42 (4 ). 996-
1004.

Yang P H, Luo D, Hong A H,

geothermometry of the carbonate-evaporite aquifers controlled by

et al. Hydrogeochemistry and
deep-seated faults using major ions and environmental isotopes
[J]. Journal of Hydrology, 2019, 579, doi: 10. 1016/j.
Jjhydrol. 2019. 124116.

Ali W, Aslam M W, Junaid M,

et al. Elucidating various

[34]

[35]

[36]

[37]

[38]

[39]

[40]

[41]

[42]

[43]

[44]

[45]

geochemical mechanisms drive fluoride contamination in
unconfined aquifers along the major rivers in Sindh and Punjab,
Pakistan[ J ]. Environmental Pollution, 2019, 249 . 535-549.
LiD N, Gao X B, Wang Y X, et al. Diverse mechanisms drive
fluoride enrichment in groundwater in two neighboring sites in
Northern China[ J]. Environmental Pollution, 2018, 237 430-
441.

XN, A, FEAL U IR 2 T KK AL S AR R
JE R 2RI AR /R L[ T]. BREERLaE, 2021, 42(4) :
1739-1749.

Liu X, Xiang W, Si

characteristics in the shallow groundwater of the Fenhe River

B C. Hydrochemical and isotopic

Basin and indicative significance [ J].
2021, 42(4): 1739-1749.

EEE, Wi v, BEARE. R AT IR ZE MR KA SRR
FICHURILT]. HIkBR:, 2020, 45(6) : 2232-2244.

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

Environmental Science,

and formation mechanismof shallow groundwater in Yongcheng
Earth Science, 2020, 45 ( 6) +.2232-
2244. "

City, Henan Province[ J].

Piper A M. A graphlc procedure in the c'eochem1caﬁ]_,iﬁ"i.i{'rpretat10n

of water- dndlyses[ J]. Eos, Transactions Amerl(,dn (JCOII)-hyMLdl

Union, 1944/ 25(6) 914-928. & —
VLI PRAGAE, e .| KR A gm;m A
TR L 19937 u -

- *

Al- Mlkhlafl A8, Das;B K|, (Kaur P. Water chemtistry of, Mansar
Lake (Iﬂcha) s=an 1nd1cat10r) of source area weathermg and
seasonaf varldbnllty[] i Enmronmenlal Geology, 2003 , 44(6")

645- 65} 4
Zhai /Y LfWanu ]S ILhang Y, et al. Hydrochemlcal and

.
isotopic mvesuganon of 'atmospheric precipitation in Béijing,

China[]. Science of the Total Environment, 2013, 456-457;
202-211. :
% 4%, EM\ N =) S RE S W e o
L E R 1], P EFERE, 2021, 41(11): 5201-
5209.

Liu X, Xiang W, Ma X ], et al.
and controlling factors of shallow groundwater in the Chinese
Loess Plateau [ J ]. 2021, 41
(11): 5201-5209.

SR, TR K OSOBERAL AR B AR T KRS R 4
FHIEA 4 R 5 LNl PY Rk SR OB T ]. MR
%, 2006, 25(3) : 85-88.

Guo Q H, Wang Y X. Hydrogeochemistry as an indicator for

Hydrochemical characteristics

China Environmental Science,

karst groundwater flow: a case study in the Shentou karst water
China[ J]. Geological Science and Technology
Information, 2006, 25(3) . 85-88.

Mize, ZEmas. ol M Tl AL G AR R R SRR [T ]
HALIBRT 2R, 1995, 10(4) : 597-602.

Chen L, Li Z Q. Beixingjiahe natural mineral water, Shuozhou,
Shanxi [ J ].
China, 1995, 10(4) : 597-602.

LA, 2, MR, 55 AL RETIE X AR
USLVN %’L?E&,\Efuwl%fm AR, 2017, 29
(5): 1158-1167.

Kong L J, Jiang C L, Zheng L G,

hydrochemistry and their influenced factors of different waters in

system, Shanxi,

Journal of Geology and Mine Research of North

et al. Characters of
the Linhuan coal mining subsidence area of Huaibei City [ J].
Journal of Lake Sciences, 2017, 29(5) : 1158-1167.

GyFev, IMIS TR, L, F. XK AR 4 i e SR BT
B DX K S8 T R ) B8 O B AR A B S R AR SR [ ) ). MR RL A



12 3

PN I XA RIK K A7

A KSR A A

5559

[46]

[47]

[51]

2013, 34(10) ; 3894-3903.
YiQ T, Sun P F, Xie K,

chemistry on the phosphorus

et al. Impact of regional water
isothermal adsorption of the

sediments in three subsidence waters of the Huainan mine areas

[J]. Environmental Science, 2013, 34(10) ; 3894-3903.
Qu H L, Gui H R, Cui L, et al. Hydrogeochemical
characteristics and water quality assessment of shallow

groundwater: a case study from Linhuan coal-mining district in
northern Anhui Province, China[J]. Water Supply, 2019, 19
(5): 1572-1578.

Wang Q M, Dong S N, Wang H,

processes and groundwater quality assessment for different

et al. Hydrogeochemical
aquifers in the Caojiatan coal mine of Ordos Basin, Northwestern
China[ J]. 2020, 79(9), doi:
10. 1007/512665-020-08942-3.

Vil , REE, RUR, S RV DE R R)Z T KR 415y

Environmental Earth Sciences,

fif 2 SR A REAE SR ALAR [ ). K BEIRORS, 2022, 38(3)
181-188, 197.

Xu C C, Wen Y, Cheng S,

distribution and mechanism of hydrochemical composition of

et al. The temporal and spatial
shallow groundwater in the coast of Yangtze River estuary[]J].
Water Resources Protection, 2022, 38(3) . 181-188 ,~197.
Davis J C. Statistics and data analysis in genlog)ﬁ;;[-.] 1.
Biometrics, 1986, 44(3) . 526-527.
Cloutier V, Lefebvre R, Therrien R,““.

et al. -“Mphivariale

statistical analy%ié“ of geochemical data' as indicative, of~the™,

l_.-hydroweochemlbal evolution of groundwater in a sedlmenlaI"y rp(“k

. aquifer system[ J1. Journal of Hydrology, .»-2008" }63(_ 4):
Y

»

294-313. ¥ -
XA preybrodl W, i ﬁﬁﬂ%f*/ﬁffﬁﬁfzﬁiﬂ‘]—f

BT Co, LTI, B, 2007, 52(20) : 24182422,
[52],

[53]

[54]

Subbi{ Rao N, Subrahmanyam A, Babu.Rao'l Gy Fluorldm;bearlng
i grm';ndwater in Gummanampadu Sub-Basin, .Cul’ltlf;‘ Dlitll-:;;:/(“
/ Andhra Pfadesh |

India [ J ].
2018, 70(2) ; 575-586.
Robinson W 0O, Edgington G.
Science, 1946, 61(5) : 341-354.

Gibrilla A, Fianko J R, Ganyaglo S, et al. Nitrate contamination

Environmefital Earth Science ,

Soil

Fluorine in soils [ J ].

[55]

[56]

[57]

[58]

[59]

[60]

and source apportionment in surface and groundwater in Ghana
using dual isotopes ('*N and 0-NO;) and a Bayesian isotope
mixing model [ J]. Journal of Contaminant Hydrology, 2020,
233, doi: 10.1016/]. jeonhyd. 2020. 103658.

Guo H M, Zhang Y, Xing L N, et al. Spatial variation in arsenic
and fluoride concentrations of shallow groundwater from the town
of Shahai in the Hetao Basin, Inner Mongolia [ J]. Applied
Geochemistry, 2012, 27(11) : 2187-2196.

TARY:, BEEMR. PEICT 5 XK R 43 A B S R B AR AE
[1]. IR, 2000, 20(2) ; 153-159.

Wang G X, Cheng G D. The distributing regularity of fluorine
and its environmental characteristics in arid area of northwest
China[ J]. Scientia Geographica Sinica, 2000, 20 (2); 153-
159.

XU, XK, ., TR IR I8 S o i RO T K A
MEEFRMBIT[I]. KBRS, 2015, 31(4) . 27-31,
66.

Liu H F, Deng B, Gu Y Y. Enrichment condition and causes of
high fluorid e groundwater in Fugou and other regions in.Yudong
plain[ J]. Water Resources Protection, 2015 3]_,{4) 27 31,
66. | =

LR, Iﬁi XM, A ARUART R X ﬂﬁ?fkrf“ﬁﬁ?ﬁ
%ﬁﬂj&}bﬁk)ﬁ?lﬂ VAR B A BT Hf*‘ﬂ' ’__,20-15 36
(11); 405144059, | |1 &

Kong X L Wang 570 Zhao H, et al. Distribution™ characfens fes
and sourrP of floridés i groundwater in lower plain ‘area-of North
Chinal plafm acase study m Nanpi County[J].

Science,, 2015, 36(11): 4651-4059. -
Li C G, Gao X B, Wang 1Y X. HydrogPO(’hemlstry of hlgH
fluoride glﬁf.mdwater at Yuncheng Basin, Northerr China [J].
Science of the Total Envirunmenl, 2015, 508 . 155-165..““"‘*
WRBtEE, (R, SRS, 45 JEdUBE RS 4H R S K K SCH
N ﬁ/ﬁﬂ’ﬁfﬁ&fiﬁﬁﬂﬁﬁ[ﬂ MR, 2021, 46
(12) : 3999-4009.

Chen L. W, Ren X X, Zhang ],

formation and inverse simulation of limestone groundwater in

Environmental _

et al. Hydrogeochemical

Carboniferous Taiyuan formation of Huaibei coalfield[ J]. Journal

of China Coal Society, 2021, 46(12) ; 3999-4009.



HUANJING KEXUE Vol.43  No. 12

Environmental Science (monthly) Dec. 15, 2022

CONTENTS

Temporal and Spatial Evolution Pattern of PM, 5 and Its Influencing Factors in Guanzhong Plain Urban Agglomeration ZHANG Jun, JIN Zi-han, WANG Yue, et al. (5333)
+ ZHOU Zhi-heng, ZHOU Ting-gang, QIN Ning (5344 )
Analysis of Spatiotemporal Distribution Characteristics and Influencing Factors of PM, 5 and 0-5 in Changsha-Zhuzhou-Xiangtan Urhan Agglomeration, China ««+eeseesessesereneneniencnenenns

LIU Xian-zhao, ZHANG Guo-qiao, YANG Wen-tao, et al. (5354

Linkage Effect and Nonlinear Impact of PM, 5 Concentration Driving Factors in Central Plains Urban Agglomeration -

)
Chemical Composition and Source Apportionment of PM, 5 in Zhangye City =~ «+errerreerrseeresrersmrsssnnen st PAN Cheng-ke, HUANG Tao, GAO Hong, et al. (5367)
Pollution Characteristics and Health Risk Assessment of PM, 5 Heavy Metals in Tianjin and Qingdao in Winter of 2018-2019 -+++-+e+ee-- ZHAO Ming-sheng, REN Li-hong, LI Gang, et al. (5376)
KONG Ling-dong, QI Jian-hua, ZHANG Xu (5387)
)
)

Concentration, Solubility, and Sources of Metal Elements in Atmospheric Precipitation in Qingdao

Trends of Ozone Pollution in Guanzhong Urhan Agglomeration from 2015 to 2021 -+ -+ ZHAO Wei, WANG Shuo, PANG Xiao-die, et al. (5399
Pollution Characteristics of Ozone and Its Precursors in Background Region of Hainan Province e XIE Wen-jing, XING Qiao, XIE Dong-hai, et al. (5407
Identification of Ozone Formation Mechanism Long-term Spatio-temporal Evolutions in PRD Based on Two-dimensional Mutual Verification +««+«+s+eeeseseererseresemenennsnneneniinnnn

* YANG Lei-feng, XIE Dan-ping, YANG Jun, et al. ( )
QI Yi-jin, WANG Ling-ling, NI Jing-wei, et al. (5429)
YANG Yan-ping, CHEN Qiang, MENG Xian-hong, et al. ( )
+ LIU Yan, YANG Ning, SUN Lu-na, et al. (5453)
)

)

)

)

Characteristics and Source Apportionment of Ambient Summer Volatile Organic Compounds in Zhengzhou, China -+

Summer Pollution Characteristics and Sources of Volatile Organic Compounds in Lanzhou

Characteristics and Health Risk Assessment of VOCs in an Underground Parking Garage

+ LI Jia-chen, GE Yun-shan, WANG Hao-hao, et al. (
YAN Wei, LIU Shu-le, WU Zheng-fang, et al. (5470
(
(

Chemical Characterizations of Particles from Direct-injection Gasoline Vehicles +++++++sesseseees

Scenario Simulation and Prediction of Greenhouse Gas Emissions from Incineration of Solid Waste
- LIU Jia-ming, WU Wen-tao, LIU Xiao-tian, et al.
GUO Shu-fang, CHEN An-giang, XI Bin, et al.
Transformation Relationship of Groundwater and River Water in Riparian Wetland During Water and Sediment Regulation of Xiaolangdi Reservoir in Yellow River «eoesvseereereeresienicreneeees
++ XIAO Chun-yan, LIU Yi-fan, ZHAO Tong-gian, et al. (5499)
ZHANG Kun-feng, CHANG Sheng, ZHANG Qi, et al. (5509)

Distribution, Sources, and Export of the (Sub-) Metal Elements in the Changjiang River -

Analysis of Nitrogen and Phosphorus Pollution and Nitrogen Sources in the Lancang River «++:+++-+:

Spatiotemporal Variation in Water Quality of Modaomen Waterway Conveyance Reservoir Drinking Water Sources -+

Pollution Characteristics and Risk Assessment of PPCPs in Typical Drinking Water Sources in the Middle Reaches of the Yangtze River Dunng the COVID-19 Pandemic ~ ++eeeeeerreseereneeeees
Pollution Characteristics and Risk Assessment of PAHs and PCBs in Surface Water and Sediments in Middle and Upper Reaches of Bel]lang River woeseeresssmsmmsniine
............................................................................................................................................................... CHANG Sheng, BAI Yun-song, TU Xiang, et al. (5534)
Hydrochemical Characteristics and Fluorine Distribution and Causes of Different Water Bodies in Pingshuo Mining Area »«+eseseereereeeseneens SUN Long, LIU Ting-xi, DUAN Li-min, et al. (5547)
Characteristics of Dissolved Organic Matters and Their Influence on Labile Cadmium Release from Soils of Typical Water Level Fluctuation Zones of Three Gorges Reservoir «+++sessesseeeeess
............................................................................................................................................................... ZHANG Bao-hao, WU Ya-zun, XU Dong-yu, et al. (5560)
Phosphorus Cycling in a Sediment-water System Controlled by Different Dissolved Oxygen Levels of Overlying Water LIU Xiao-tian, LIU Jun, WANG Yi-bin, et al. (5571)
Water Quality Evolution Characteristics and Pollution Factor Analysis in Poyang Lake from 2011 to 2019 XIE Hui-yu, HU Mei, JI Xiao-yan, et al. (5585)
Distribution and Risk Assessment on the Nutrients and Heavy Metals in Surface Sediments of Wuliangsuhai Lake «-«+«++sesseeeseresessienicnenninnne DU Cai-li, LI Jia-xi, LI Guo-wen, et al. (5598)
Effect and Mechanism of Biochar Adsorption on Unbiodegradable Organic Nitrogen in Stormwater Runoff «+:«+:+sseseeessesenensessenennens SU Zeng-hui, SUN Ping, CHEN You-yuan, et al. (5608)
Phytoplankton Community Structures and Their Relationship with Environmental Factors in Rivers Supplied with Different Water Sources «++++++++++++: HOU Ying, LI Xin, BAI Ling, et al. (5616)
Adsorption of Typical Quinolone Antibiotics by Manganese Oxide-Modified Biochar Substrate and Its Application in CWs ««+seseeeeeeseereens GAO Hui-zi, TIAN Wei-jun, ZHANG Zi-yu, et al. (5627)
Effect of KOH Activation on the Properties of Biochar and Tts Adsorption Behavior on Tetracycline Removal from an Aqueous Solution ~ ++++++++++ XU Jin, MA Yi-fan, YAO Guo-ging, et al. (5635)
Preparation of Modified Attapulgite-supported Iron Sulfide and Its Adsorption Mechanism for Mo( V) - +eresesseressmsmsesmnsniniiinenns LIAN Jian-jun, WU Hong-yan, YE Tian-ran, et al. (5647)
Removal of Cr( VI) from Water Using Green Synthesis Nanoscale Zero-Valent Tron Supported on Eucalypius Biochar +++++++ssseseseeeesseeenes LIU Qin-wen, DING Ai-zhong, LIANG Xin, et al. (5657)
Removal of Ph( II') and Zn( II') from Wastewater via Magnesium-Modified Diatomite Product Recovering Nitrogen and Phosphorus «+++++eese2s WU Ying-giu, XIA Peng, LI Yuan, et al. (5667)
Adsorption of Methylene Blue on Sodium-Modified Bentonite from Southern Part of Henan —+«+seseeseerseseeeseneneimnieneneinnens CHENG Fei-peng, YANG Dong-liang, CHANG Le, et al. (5676)
Compound Pollution Characteristics and Ecological Risk Assessment of Heavy Metals in Soil and Groundwater of Typical Industrial Lands in Shanghai «++:eseeesrererersermenensininennn
..................................................................................................................................................................... LI Xiao-man, LI Qing-qing, YANG Jie, et al. (5687)
Pollution Evaluation and Quantitative Traceability Analysis of Heavy Metals in Farmland Soils Around the Gangue Heap of a Coal Mine in Chongging «++:+-esseseeseersesssesenensseninennnen
........................................................................................................................................................................... MA Jie, LIU Ping, LIU Jin-zhao, et al. (5698)
Species Distribution and Source Analysis of Heavy Metals in Surrounding Soil Around Typical Petroleum Sites GONG Jian, HE Lian-sheng, LI Qiang, et al. (5710)
Source Analysis of Heavy Metals in Farmland Soil Around a Waste Incineration Plant Based on PMF Model ZHANG Tian-yu, HU Gong-ren, YU Rui-lian, et al. (5718)
Ecological and Health Risk Assessment of Heavy Metal Pollution in Farmland Soil of Xianghe County =~ ++++sesseoversersssssnennennssnennennns CHEN Yu-jia, QU Xing-chen, ZHANG Bin, et al. (5728)
Comparison of the Concentrations, Sources, and Distributions of Heavy Metals in Topsoils of the Junction Zone of Geological Tectonic Units; A Case Study in Chengkou County, China -+
........................................................................................................................................................................... LIU Yong-lin, WU Mei, LIU Rui, et al. (5742)
Occurrence, Source Analysis, and Health Risks of Polycyclic Aromatic Hydrocarbons in Plants and Soils from Typical Areas of Xinjiang, China eeeoesesessersissnnisiiiiins
............................................................................................................................................................... YANG Bei-chen, XIE Qi-lai, ZHENG Qian, et al. (5751)
Effects of Strengthening Pennisetum purpureum Schumach with Fertilizer Application Strategy on Remediation of Severely Cadmium-polluted Farmland —«++vereeesresererserseneninniinennn
..................................................................................................................................................................... WU Gang-fan, ZHOU Hang, TANG i, et al. (5761)
Tobacco Stem Biochar and Phosphate Application Decrease Wheat Grain Cadmium Accumulation in Alkalescent Soils «+eesseereeseeeses YANG Yan-zheng, ZHANG Yin-ge, LI Chang, et al. (5769)
Polyamine-producing Bacteria Improve Cd Resistance and Reduce Uptake of Cd in Wheat «««+eseeorerseesemenensesnenennininessncnenns JI Ming-fei, WU Xue-jiao, LI Xiao-zhe, et al. (5778)
Effect and Mechanism of Sulfate-Reducing Bacteria on the Passivation of Heavy Metals in Alkaline and Acidic Agricultural Soils +««++++++++:- GAO Yu, LIU Yu-chen, GUO Xiao-fang, et al. (5789)
Effects of Bacillus megaterium on Soil Physicochemical Properties and Its Effects on the Accumulation of Cd and Zn in Plant +veseeeeeeeeene WANG Ping, LI Yi-man, WANG Xue-jia, et al. (5798)
Soil Fungal Community Structure and Function Diversity of Different Land Use Types in the Waterfront Area Along the Jialing River «+++++ ZHU Lan-ping, XU Fei, WANG Jia-ying, et al. (5808)
Effect of Biochar Application on Biological Nitrogen Fixation in Double Cropping Paddy Field in Northern Hainan — «++veeeeeeeereseeeeeees ZHAO Yan, YUAN Xin-sheng, TANG Rui-jie, et al. (5819)
Photodegradation Behaviors and Toxicity Characteristics of Trimethoprim into Different Environmental Media with the Presence of g-CiN, vereereseeesssssmmsennssinsciiincnne
............................................................................................................................................................ ZHU Na, WANG Xing-yang, JIAO Jun-heng, et al. (5832)
Analysis of Provincial CO, Emission Accounting in China Under the Carbon Peaking and Carbon Neutrality Goals — +++esresreereeseresrsssenesennnenenene YANG Bai, QIN Guang-peng, WU Qin (5840 )
Temporal and Spatial Differences in Carbon Conduction and Prediction Effect of Land Type Transfer in Chang-Zhu-Tan Urban Agglomeration »«+:«ssessereeresseseereens YANG Xu, LIU Xian-zhao ( 5850 )
Environmental Benefit Analysis of Municipal Solid Waste Typical Disposal Scenarios in Zhangjiagang City Based on Classification -+ ZHANG Tao, ZHENG Jun-wen, SUN Yu-can, et al. (5861)





