55 48 445 1 1] /BTN
2024 42 A

5 t #®

GEOPHYSICAL & GEOCHEMICAL EXPLORATION

Vol. 48,No. 1
Feb. ,2024

doi: 10. 11720/ wtyht. 2024. 2432

SR X, e, A5, BT 75 L0 AT R AR TR IR 5 4 JB JT R 40 A0 RRAE SORIE AT [ )] AR 5408, 2024,48 (1) :237-244. hup.//

doi. org/10. 11720/ wtyht. 2024. 2432

Cai K K,Zhao Z Q,Meng L, et al. Distribution characteristics and source analysis of heavy metals from dry and wet atmospheric deposition in northern Xi-

ushan County, Chongqing[ J]. Geophysical and Geochemical Exploration,2024,48( 1) ;237-244. http://doi. org/10. 11720/ wtyht. 2024. 2432

B PR 7 I E AL R R TR A
VI RS W E 35w )
B RER, EZW, EEH 4, TR

(LLERTHFT Z8EF LR 607 T, ER 400054;2. EXRHFTHT FH K, X
401120;3. EJR K% MG EAFK,E/R 400044)

8 E. O TRE LSRRI h 48 S O, % X R 15 YL B TA AR e 4R O BT X6
P£,2019 4F 4 H ~2020 4 4 H iELe300 55 1L B AR 18 MR KA TRUTREY) , 91 R HH Cd . Cr Cu \Ni Pb,
Zn Hg %5 7 MESIRITEN S & 456 HE RS, o001 75 1 B3RS IR UL b 2 48 19 /0 1 JUEE Ok
P8, R b BREFEECE AR KR TR U b E 28 % H A5 YR, 25 R KW % Hg 4,6 RSB LR T
FEBA S8 0 43 DX UTRR S (B DX A v 4 AR A2 )1 T 25 P R AR, i X IR S FIR TR Y h 6 R EE & 8 A i = T4
] S T PR T I Hoe— MR X 6 FhoT 2 Uikl i /N F 4 EIE 25% E 4, J1 a5 1 3458 8 i ST
UUR T8 kA7 ZR AR LR T R SRR MY MU AR ) 255 55 i, BE G 1) A AR TR b 7 A & B E i3 1 49
A%, IS S T M 5 DX R85 22 4 B W 504k TAE . 28 M BMARFR B0 A, )1l 35 B3R KR IR U 4 8
Cd N TG Ye— T AR ETT YL, Ph RV Ye— P TG Y Zn NIRRT Ye— P R A E G YL

KERE KA TRUE; EEE  RIESH; 1
FESES: X142 XERARIZAD . A

0 55

KAV R T DURE AR IR WA =28, 00
REJEFE A I AR 4 7 1 ek H At g Al e
e TN BRI AT ez =TT BuN SN ey W T T
YIRS LRl 2 SR E 48 Uk e 1
WMEEESERE BRI RANERRREZ
— U MR BORTEF 2 Tk Rk E R, KA
R X6} 4 38 22 495 v o 4 I T DTk SR AE 5 Tl A IR B A
R HEE 1 20 Bl 2 X 2R 8 A9 H 2556
L E IR T 88 £ 5 F RV 4 )8 X 135
HE4 R E B A BT, RERKAR ) Xt 5t
T 3R)2 L E 4 8 15 YL o0 A S RS DT ik i iF 9% 3%
W, b %2 1P E 48 Cd . Cr.Cu Ni Zn fil Pb

Igfs HHA . 2022-08-29; f€E HEA . 2023-07-03

XEHS: 1000-8918(2024)01-0237-08

) RADREBI BTS00 17. 4% 21. 2% 14. 6% |
12.2% .16. 0% F1 20. 0%, KA UL 42 )8 1ok
PRS2 3 AR 5 1) FR A [R) R, 22 01 5 R v A Bk
7 AP RS TT BRI T DA B SRR X BB 5E A
1, Cd ZHRETRMEE 4 A Toll A8 LA ™
FFR,Zn P 2R T8 FEIR BYERDTF R AN R
4, Cr ZoRETRREE A g B2 5, Ni 2k 16 T4k
LIBRRHMIRES SN, He ZRIETRE TR KW
Bepe T BUABFIE IR, R KA DT R AT
ok SR g R 28 2 A HE R | B R R 1 B R R
FEE RGN 3 e I 3 5 1
X RSO B 4@ 52, AR BT L% 5 PR T 75
L LGB X 2, B 9 XA T35 44 O A = X, 4%
BRI R AL B AR A YRR X, ARGl T
A AR W AT 55 L B R AR T IR DR

ESTE . R QAR BIRITE“EIR 1 2 5 J7 4 50 B0 e i 0 B SR E 75 LR A B 6 i 5T e M e A (I R R

[2020]188 &)

E—1EE . MR (1985-) , %, 2011 AREEL T AR ER TR 2y, 25007 o) M HLST 7 M AEIE BT . Email :345789102@ qq. com



. 238 - W w5 b K 48 %

7 FIE 4 AL R S AR AL, 455 HOE A

o 0 HE G SR IR BEA T AT, T LR R R X e
LA™ it (22 AR BEAT 00 A PPAl S0 ER X 1 IXR
DU B Jm R IR 20 A, A BB IR PR 58 15 e 4R it
27 JFRF5 I B AL X PR 75 G B ia A L
S DR

1 BTk

1.1 #HREHR

WFFEIXASr F 8 PR 75 11 BB, AR 48 108042
36" ~109°18'53", b4 28°27'21"~28°53" 11", J& ik b
Ll 2R R A P B, M P | Ml A0 A2 b B A e 4 T
Ik Z 2 NE—SW Jm] JB A, R 5« =1l g =
R (KRS R, e = HFHR 1 663 m, e S 4k 245.7 m,
AR 16.5 °C, E XU AR RS KL, 485D
W E, MR IXNHLZ RS2, Z R UTRVE A
RN T B XA TS A T X, R
R R AEAE o 4 YRR T X (BT 1)
1.2 H@mXE&E

FERE 1 AN 25769 km® [1)% B AR B HEUTET , HE 1T
T BE R i ] PR OG5 s SR A B s B T, — i iR
B Z) 11 m BT 1.5 m B k324 ik AT [

E ISR B MEDURL BT, DU 2019 4 4 H
1 HZE 2020 F4 A1 H Gk 18 MR TR
RHER,

WCRERT , Jo PR BCREAT T 1R DT R P A0 422 UG A9
s IR DR 6T O B AR, RS B 3 72 i
FEXE) BT 000 mL 2 A SRR, 3 51K BUCE K R
JEYBRDR T, SRR g S BRI
1.3 SHEK

J3Hriilid Cd \Hg .Pb .Cr.Cu.Zn Ni % 7 Fl 8 4>
JEITEE, WA TAE b 2 P b B 7=l o 11 53
FHUT W 24 225 ULTE 10 LT VL B TR S UL e Atk
1743 B JF It 0 SRR, B R DU vE )
0.45 pm P RFERET 2 38 40 L U8, 1 Sk U8 VR 2
FARFH, A Ph Zn R X BHRHOOERER:,
Cd,Cu Ni Cr R % B IR %75 He R A
RAE—IRFIEOCIEL AT 0T, 43 B A Ef B
P 0 R — AR R 2 1, EIEWRH Cd, Cu,
Ni Cr Pb Zn R HLBHE & 45 B F IR 7L He R
FHEFHECE AT 44T, o D4 A ER B 4 1) [
KA T 2 1, B 5K — im0 {1
WA EE G A% R4 0 100% , 2 PR 50 546 100%
FE R 100% 5 52K 53 BT, BURE 25 5 169 4H X6 g
2% RE/%¥4/NF 30%,

T

_-§,;'
o

7
g
%
s
H
B
g
%

o
O

II =

10 km

1 HARREERKKAERERMLSH

Fig.1 Study area and distribution of atmospheric dust sampling sites
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Fig.2 Symbol diagram of heavy metal element deposition flux at various points
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Table 1 Flux of heavy metals in atmospheric dry and wet deposition mg -+ (m® - a)”
I3IX e TR cd Cr Cu Ni Pb Zn Hg
JCOo1 0.077 0.935 1. 150 0.550 2.014 4.765 0. 155
JCO2 0. 059 0.948 0.909 1.597 1. 506 3. 664 0. 040
JCO3 0. 042 1. 067 1.091 1.179 1.528 4.723 0.129
JCO4 0.113 2.505 1. 046 0. 628 1.762 5.096 0.048
JCO5 0.058 0.679 0.617 0. 441 1.459 3.689 0.042
JC06 0. 053 0. 656 0.649 0.492 1.532 3.131 0. 065
JCO7 0.120 0.766 1.053 0.433 2.432 5.658 0. 059
— X JCO8 0.071 1.371 1. 141 0.788 5.550 5.516 0.173
JCO9 0. 061 1.353 1.024 1.653 1.695 3.753 0.083
JC13 0.213 2.043 3.109 1.558 4.678 13.765 0.063
JC14 0.138 0.784 1.209 0.459 2.853 6.769 0.162
JC15 0.082 3.491 1.478 1. 041 3.199 6.476 0.079
JC18 0.115 0. 837 1. 065 0. 341 3.393 4.935 0.102
JC20 0.162 0. 643 0. 655 0.352 2. 647 8. 851 0.176
S 0.097 1.291 1. 157 0. 822 2.589 5.771 0. 098
JC10 2.500 40. 500 17.200 14. 500 65. 400 108. 000 0.138
- JC11 76. 100 388. 800 298. 400 237.900 1395. 600 3482. 200 0. 146
I3 P35 JC16 0.737 9. 689 8.284 5.076 21.439 66. 948 0. 101
Rif k755 L IX
JC17 1.250 3.530 3.542 1. 621 15.753 93.506 0.078
SEHME 20.981 117.633 85.052 64.271 376.904 960. 891 0.097
FRME 76. 100 388.8 298. 400 237.900 1395.6 3482.2 0.176
i/ME 0. 042 0. 643 0.617 0.341 1.459 3.131 0. 024
X TFH51E 4.554 25.585 19. 087 15.032 85.246 212. 859 0.102
FRifEZ 17.31 88.54 67. 85 54. 14 318. 15 793. 58 0.05
S R 3.81 3.46 3.55 3.60 3.73 3.73 0.45
4 SEAH 0.71 18.21 15.55 7.57 36.72 147. 85 0.07
TR ERK PR T 0. 44 2.9 13 2.22 30. 25 76.26
®2 RETFEREMEERAELEFESCETERE
Table 2 The content of heavy metal elements in the soil around the atmospheric dry and wet deposition sample site 107°
FeEfgRS  Cd Cr Cu Hg Ni Pb Zn Hhg's  Cd Cr Cu Hg Ni Pb Zn
JCo1 0.20 68.0 27.8 0.08 34.4 32.6 84.1 JC13 0.40 81.2 32.4 0.24 33.6 33.9 99.1
Jco2 0.21 71.1 28.5 0.06 34.4 32.1 89.5 JC14 0.34 72.9 28.3 0.57 34.5 42.8 95.1
JCO3 0.19 68.6 253 0.07 33.0 29.8 86.4 JC15 0.36 86.7 26.0 0.21 33.5 40.7 95.8
Jco4 0.16 59.2 19.0 0.07 25.8 26.3 69.5 JC18 0.43 77.9 29.2 0.55 32.9 39.9 102.6
JCO5 0.33 82.3 29.5 0.17 34.1 46.9 88.6 JC20 0.39 77.6 32.6 0.17 39.0 44.0 104.0
JCO6 0.46 69.5 27.0 0.30 30.2 47.6 90.2 JC10 0.28 75.2 28.2 0.09 34.2 33.7 85.9
JCO7 0.94 98.1 50.2 1.46 49.9 29.1 122.2 JC11 0.32 74.0 47.7 0.07 34.5 357 87.9
JCo8 0.26 76.1 28.6 0.35 355 31.1 84.3 JC16 0.33 74.5 46.7 0.07 39.3 34.9 89.8
JCO9 0.39 830 26.8 0.23 32.9 46.0 94.9 JC17 0.53 71.4 32.1 0.22 34.4 48.8 9%4.2
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13 ST A L DT 5 LU B AR TR 5 463 T 3R oA e ik SOk IR - 241 -

FEMG 5 L He A7 FESEAR S 4 3R dh 4, AT
R AR T IR (R 3) 1A SR IR
L, X EE TR TIE R ERE H K3 T,
W DAZR IR AR KR FE ., JCTL S BRI 35 AR 4 24
3.2 km,JC10 fSHE)IAT 25 P66 29 3. 3 km, P KA
RIS 22 HIAR R, /T & 7 Fh e 43 08 A9 DR
WA NEHE M 23.7 fi5, AWTER, @A R E R
R Zn Cr Pb Ni (9 & {E X BLAE F2 fR ik
Y S B A o7 S8 78 s AT [ B O S S |
B, B3R 4 AU 5 AT IR £ 1 S8 = (EDR R

TN S TR A AT et
%3 JC10.JC11.JC16 JC17 5)IAETER
TEHEHEERE ST

Table 3 Proportion comparison of heavy metals between
JC10,.JC11,JC16.JC17 and soil of Chuanhegai

e it/ %

HoRS & @ N P zn He
JC10 1.0l 16.30 6.93 5.84 26.35 43.51 0.06
Jcil 1.20 6.61 5.08 4.05 23.74 59.23 <0.01
ic16 0.66 8.63 7.38 4.52 19.09 59.63 0.09
c17 1.05 2.96 2.97 1.36 13.21 78.39 0.07

JINTHZTH+HE 0.26 30.73 9.91 12.77 12.37 33.90 0.06
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Fig 3 Section of atmospheric dry and wet deposition points
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Table 4 Geoaccumulation index of atmospheric dry f ‘ © EBEEREA
and wet deposition in two wings of Chuanhegai O@QM ‘ o %%Ffjfﬁ LR
. 1o E R : e
Cd Cr Cu Hg Ni Pb Zn A AFERE
jco 3.6 -0.2 -0.1 0.7 -0.6 15 0.9 [ ‘ G Y )
€1 46 -0.8 0.2 -3.1 -0.4 20 2.0 y el e
JC16 2.5 -1.6 -0.4 1.0 -1.4 0.6 0.9 S5 TR
jc17 42 -21 -0.7 1.5 -21 11 2.3 N Refeh
T AR JC11,JC17 KA UM Cd Zn ¥5 5 O 1km
EREHH B ACPE . JC10.JC16 f Hor i Yed f
Za/jzgﬂ 1@;@5‘:] JC16 j= o, Horpig Yefe B4 JCI1 TS EE 1 kan 35
VeIl e o MEELERRIENE ST
(LA TR PR AL P L) (DZ/T 0295— Fig 4 Surface soil and crop sample
2016) FHLE , Cd FFUIREE =% E KT 3 mg/ ( m’ - points around JC11 within 1 km
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0295—2016) fff % F2 H pr 5] 10 4F J5 ik 3| GB
15618—2018 HrifE Hr 4438 B e (B R < T IR UT B v
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MR UTRE AT MR 9 o — 5
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O A ZHib s R W, KUK E 48 vl Al
YRR R im, BRI AR AR N, KA
P 4 S V5 Y ) B BRI AR YR T UL
B JC1 S 4R 5 1) 242,802,953 965 m 4>
TR K IKFT LD SR 4 PR SSRAEYIAE S
S (B 4)  HorbokRg £ S AT HIER ) Cd
SR 0.216%107° 0. 135x10°°, Mt (& &
1S HYIIRE) (GB 2762—2017) H A FR &

ZA A 1 km 8 N CORAE R 20 1 B BEAE S
(Bl 4)H,Cd. Cr.Cu Hg Ni Pb Zn & & 1) H
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Distribution characteristics and source analysis of heavy metals from dry and

wet atmospheric deposition in northern Xiushan County, Chongqing

CAI Ke-Ke', ZHAO Zhi-Qiang' , MENG Li*’, WANG Xiao-Meng', LIU Jian', LUO Ren-Feng'

(1. Chongqing Geological and Mineral Resource Exploration and Development Bureau 607 Geological Team, Chongqing 400054, China; 2. Chongqing
Institute of Geology and Mineral Resources, Chongging 401120, China; 3. College of Environment and Ecology, Chongqing University, Chongqing
400044, China)

Abstract: This study aims to determine the contents of heavy metals from dry and wet atmospheric deposition in northern Xiushan
County for targeted environmental pollution prevention and control and safe farmland soil utilization. Based on the dry and wet atmos-
pheric deposition samples continuously received from 18 sampling sites in northern Xiushan County from November 2019 to November
2020, this study tested the contents of seven heavy metal elements, including Cd, Cr, Cu, Ni, Pb, Zn, and Hg. Considering the top-
ographic features, this study analyzed the distribution patterns and sources of heavy metals from dry and wet atmospheric deposition in
northern Xiushan County. Moreover, this study assessed the soil pollution caused by heavy metals from dry and wet atmospheric deposi-
tion using the geoaccumulation index method. The results show that except Hg, the other six heavy metal elements exhibited significant
zoning, with their high-value deposition areas distributed primarily in the flanks and eastern segment of Chuanhegai, where their con-
tents were much higher than the national and Chongqing’s averages. In contrast, their depositional fluxes in other general deposition ar-
eas were less than the national averages by 25%. The high dry and wet atmospheric deposition in the flanks of Chuanhegai was subjec-
ted to both the mining of the lead-zinc deposit in Huayuan County in the east and the special topography. The abrupt topography in-
creased the fluxes of the seven heavy metals in the dry and wet atmospheric deposition by 49 times. Therefore, the monitoring and as-
sessment of environmental safety in this type of landform area should be strengthened. According to the assessment results of the geoac-
cumulation index method, the flanks of Chuanhegai were moderately-severely to extremely polluted by Cd, slightly-moderately polluted
by Pb, and slightly-moderately to severely polluted by Zn.

Key words: dry and wet atmospheric deposition; heavy metal; source analysis; Xiushan
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