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Abstract

In order to explore the pollution status and spatiotemporal distribution characteristics of heavy
metals in the atmospheric deposition in Shanghai urban areas, we monitored the concentrations
of heavy metals Cd, Co, Cr, Cu, Ni, Pb, Sr, Zn in the atmospheric deposition in commercial, park,
residential, educational and traffic areas respectively in 2021 and assessed the potential ecologi-
cal and health risk. The results showed that the order of heavy metal concentration in atmospher-
ic deposition was Zn > Sr > Cu > Pb > Cr > Ni > Co > Cd, and they were all higher than the soil back-
ground value. Cu, Pb, Sr and Zn had the highest deposition concentrations in the residential area.
Cd, Co, Cr, and Ni had the highest deposition concentrations in the traffic area. The heavy metal
concentration of atmospheric deposition in autumn was significantly higher than those in the
other three seasons. The average values of the deposition flux of each heavy metal in the traffic
area and the residential area were higher than those of the other areas, and they in the spring or
autumn were higher than those in the other seasons. The results of the potential ecological risk
assessment showed that Cd was the highest degree of potential ecological hazard and was the key
element to control. The order of ecological risk index of different functional areas was traffic
area > residential area > educational area > commercial area > park area. According to the results
of health risk assessment, none of the studied heavy metals had non-carcinogenic risk and/or car-
cinogenic risk for human being.
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KA ZE JER T BRI R RO, 102 2 RO i a8, ik R p AR Bk
ISR B R[] B DR N SR IR BRI TS e & B EE ) E SRR it — 2
faHNEARE2]. He BTG Y, "B RPREEAN . T - DRI A 3 oy
Ttk N AR I3 8 7E A6 3 [3]

W 5t 22 W 3% [ /g 5 A KRS B2 b Cd. Cr. Cu. Ni. Pb. Zn. Fil Hg Pk R AL 5 68.0%.
34.2%. 60.9%. 7.3%. 137.5%. 44.2%#125.0%, As 1 Mn MMETFAbt /5[4, £ KA EDESRTEIF- 0
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T REEEAEB TR —, SXEE A, RS RIE . TERN T BT KSR
2D G V5 PRI TS RO . A T AE BT R . AR FBAEX . SCBX AL
X BEERAE AL, AR A E SR 175 JOIRGURI 23 0 AR AR, AT 18 7 A 25 XU AR e B JXU G P
W, R ElTRRES BTGRP S % .

ik

DOI: 10.12677/aep.2023.131005 38 IR AT


https://doi.org/10.12677/aep.2023.131005
http://creativecommons.org/licenses/by/4.0/

2. 5 HZE
21 HREBSREFRE

RHF T UL T8 17 PR B P B i X RT 11 [X s I3 5 A UMD IX (kX . AR,
(EIX . SCHX . SCBIX) BB SRR, THREXRLE LK 1. 21 ORI MRE - EH) (GBIT
15265-1994), SR FAMEARAE KA, AFARBEL S 3 MR, HIHE I BT 5~15 m (1R
TP 6 b BT 2RI, YREYCIR, SRAE T 048 20.0 cm. % 25.0 cm. £l 314 10% HCI
YRR 24 h, FTRIAUK SRR R T B 0.8 m IO RGR I L. SRRERT 1] 2021 4F 4 Y
fosest 4 J: A1 A 552 H29). HEGH15-4H299). HET H 6 5-8 1 2 5)RKE®0
A5 5~11 [ 25), WAEEAHARAER: S, WSO B RE R 244 4, JLh2Z8 ERER, 4 4

mE \_
Q wmxum’| ¥ @V/‘

—— WK \

Jrucehe, L L

B i O \
B-FiLIX 'f
G-AFIX . Y%
RoJEHEIX !
E-X#HKX 4
V-RIBX A\ -

Figure 1. Schematic diagram of study area and sampling sites
1. REESRERREE

2.2, HERERE. NBMNE

LA g B B (] B A o, AT 5 5% I8 i [ S0 00 = 3 OR AT, AT L HH 98 N AT PN A 25 5340,
WG RE A RS M I AE B PR 78 R R 45 2 10~20 mL, INad B 25 B 1K R 4~5 SR Bl B A R i 4
R % 100 mL RS LM 2 O, TEUKFE 0°C~4"C N IRAT R E SR AE 4 JA FE i A3 # 2[R — 250 mL
RV O, KA EPA3050b Vi 2 [9] [10]REAT W ME, VM 5¢ G & Al [ 1ICP-MS
(Agilent7700, EE )AL+ 8 FhE4JEt&K Cd. Co. Cr. Cu. Ni. Pb. Sr. Zn WK, FEMHOHT4
FEAETAT I N2 (28, SR B X brife - B GBWO7429 (GSS-15)1F AF ke, ik 8 FESE TR
[ Y5 F A 93.3%~104.3%.

2.3. W AZE

2.3.1. BEESRNEIEEGE
KRB A S G ERBEN E4L R Cd. Co. Cr. Cu. Niv Pb. Zn ZEZS KUK HEAT WAL (Sr W 7 A A5
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FEARIG, TRIE518) (7], F AR ).
RI=YE =Z(Ti E—J &)

X, o NEMELSEORIKRE, b NHSWE(ET L8 5E) [11], T hHEERE, EH4A
JriEEM 48 Cd. Co. Cr. Cu. Niv Pb. Zn 8% £%0571°8 304 5. 2. 5. 5. 5. 1[12], E N
M GREELESEE R RINZMESEN GBS KSR
2.3.2. EERERRETM

T HUSE E PS5 R B 1 N A B A R RS VP B AL AT PPN (8], it AR S F & @ imad PR . F - [,
Bk 3 PR NEAR F35 8 #% & ADDiyy» ADDing. ADDgerm FIEUE B4 JRENFIIE 1R N I E H B e i
LADD, VUi HEAFAEE0E MRS HQ FEBUE RS Fa £ HI R EuiE 4 A6 %L CR, H 5 H S HEH
of Eb AT 41 0 ik e XU A B2 [ 13] o

2.4. BEAIE
e S RIkE AR(2). VikEEETHEAK(3)A:

¢, = 201000 @
m
Q, X365
Q= 5 28x1000 )

b, o AR LR E SR K (ma/kg): Qo NHEME R IRAER T T NES: 4 I VIFFEE (pg): m
TERZEN L 4 FUARE AR R ()  Q NI & )& I s I B AE DB E B (mg-m™>a Y): S AR
M, 235 0.0314 m%,

{1 Origin 8.5 (OriginLab, %[ T4:K; i SPSS 23.0 (IBM, &) IR FE R 7 2 5k s
MIASRIZETT A F D Re X TR il s i) 2 7%, P<0.05 RIFAFREMES.

3. &R5118
3.1. KEEALESERESRIFMAERFHTAFTE

LT, KA SR ESEIREIF N Zn > Sr>Cu>Pb > Cr>Ni>Co>Cd. AREIFEX KX
B b R ESRIRE WK 2, HrhESEJE Cu. Pby Sr. Zn JEEIX HEASE X WK Kt s, X AT RE—J7 1
552238 X R A A0 2200 520 ek S 17 S e R0 i I B R, T IRE R KA %, 59— B ipL
BN 2515 Y HE bR AE AR AR U S AR, BT RV AR R R E R, A ARIEE R L
W VLA EHER P PM2.5. PM10 8695 349 2o [14]. ARZENTH, KERIFELNESRKRE
m A 3 AR, S5k E S5 HIR T EINFE AL RAHIE, ESREF IR BT ’KE il
T 52 58 i RO o e i, R R b U A E 5 B XGE R R, BARBE R SR [16], (H AR ik 1Y
TR, ANIR R A R E R R 1 I TR AR T X R RRIR[17], SRR AT E AR
IR FEEARNT AR H .

AR5 E4JE Cd. Co. Cr. Cu. Ni. Pb. Sr. Zn 432 335 BHE[11]# 32.54 1. 3.86 . 1.41
f5. 12,15 fi%. 19.31 fi5. 12.44 fi%, 3.98 fif. 19.31 f5, HH Zn. Cu. Pb 1 Cd FI-FIME AR & S m -+
LA L, 3X 4 FOCRWEEHON WK X5 BT DR X AR R [18]. S b
BE 1910 AL LGB AT 1, A4Sk g I X B 2R Cr y5 Je38 hn , 1f FoAth 55 6 o 3R BE 35K T 2011 42K°F,
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DGR IRE 1995~2015 HIGEHBE 4]0 FAEAR L, A H Cre Niv Cu. Zn. Cd. Pb HI¥RE 437
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Bl b X (FF 5L[10]-
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Figure 2. The concentrations of different heavy metals in atmospheric deposition in different seasons and different functional
areas/mg-kg*
B2 SEEBRAREFRET. FTRMERASKELHHRE/Mg-kg*

32. REHEESRINMEEERFTHENRE

HELSFUEEBEENERINF AN Zn (529 mg-mZal) > Sr (16.6 mg-m2al) > Cu (12.4
mg-m%a') > Pb (10.2 mg:m %a ') > Cr (3.52 mg:m%a ') > Ni (2.75 mg-m%-a ™) > Co (1.70 mg:m %-a*) >
Cd (0.15mg-m2-a™t). AFIIHAEX E & FUTFFB RN LK 3. 48 Cd. Co. Cr fEASEIX 19T
BB EERA, EEJE Cu. Pb. Sty Zn fEERAEXMPIHFEENERK, ELBXKZ. AR
Wi AR E 48 Cuy Cdy Niv Pb EERH T2l IE My - HE R SRR IG BE 4 [24] . 2858 AT ot
TAPHIEE)E Cus Zn A —ERM[25], RN A TS b R . HERUAHLIZ[261 0L R KA as . HHIE
S it ) RS 5%t S O IX P R KU < S 15 G 27 S AN TE BV AT R R TR R AR
JRT P, TEARNRIHR SE M B S/ 2 N BB PR P BEINME TS 5% [28]. Ni 7ER L
XylpFEESERE K. CHXEFELBIIFEEER/NIThEEX . W TAREZEY, ELBEER SN
ME R R, AFEFEKENESEVFERKRE. BN SHHEANS, ZWERMEEELIIGX
EFPREEE R SHARIE R R T AR RS RKMZ R KRS MmN N5 Rl . H
WHAR I BT R 2 R S E A R F R RS E AL PR SR [17], W i RS s ge el
HAMERINAL NIRE AR BAIXOE SN A, AR AR B KRS R R EERA, 5 Rl
JET5 5 S LA_E 1) 45.8% [29], WEERFGANE D, AL b B g 2 BL B 23.7%.
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Figure 3. Seasonal flux variation of heavy metals in atmospheric deposition in different functional areas

3 NEINRERASAETEEERUFEELL

5 E AT 41ME, BRESE Cus Zn 4, LEilEHiIX E4 )8 Cd. Cry Niv Pb TR IE &k ik

FRAGKT, KREHFREBDESBIRER G, EEFR LR ARG ea B RUR B35 [20] [30], (13
SRR AR/, AR H R E G EA 1.2~8.8 g/(m?-30d), MH A 3.5 g/(m?-30d), EA%T 2018 4
A A PR R AT (KR E 9 g/(m?-30d) .

DOI: 10.12677/aep.2023.131005 43 N RI R Y


https://doi.org/10.12677/aep.2023.131005

%

3.3. XEiEM

3.3.1. SRS EM

HIEEX 7 FhEE42JE Cd. Co. Cr. Cu. Ni. Pb. Zn [ Ei A1 Rl W4 1. JB:7E AR5 AR PPN 25 4K
JE[31] [32], 7 Fft H 4 () 2 256 HAE FE I /NI & Cd (58) > Pb (FF145) > Cu (%) > Zn (#43) > Co (&
) > Ni (#7150) > Cr (5214) . % IRE X LR SIS E B B R ERI K/NIF HASE X > JFEX > CHIX >
X > AR, Cd FIVETEASGE KRBT ATRIEA SRR EH SR &, X %F] 87.5%~91.7%,
Ui Cd 2 KA R D 4 B I A AR A e T 1 R s e 2=

Table 1. Evaluation of potential ecological risk index of heavy metals in atmospheric deposition in different functional areas

#* 1 TRMERMARSEEESRBEESKEIEEITN
AP G RIS EH RYE

ThRelX ARG TEE RI
Cd Co Cr Cu Ni Pb Zn
pivIX  823.85  21.88 2.3 55.57 18 38.3 16.65 938.25
ARIX  648.46 7.03 1.51 31.23 6.77 27.37 11.91 706.91
JEMEX 116769  13.94 2.53 85.1 1627 11221 2476 1310.29
YHIX  826.15 25.3 2.82 58.56 10.57 49.47 21.11 944.51
ASEIX 143077 28.35 4.9 73.18 19.44 83.73 2212 1578.76
J¥iN 979.38 19.3 2.81 60.73 14.21 62.22 19.31 1095.74

3.3.2. ERREITAMN

LU BT R R E R RN 2. SESBAET - B B AR
TN TR FR 12 N RS0 RS HR 2 HI YR8 5 E R R RUE I PRAE 1, 3t 1AESUE RS BN AR LE,
HERMNETILE, F - O8N > Bk > IR ST RAR)LE, & E4 8 JES0s XS5 HI
JIEi 43 %) 9 Pb > Cr > Cu > Zn > Cd > Ni > Sr > Co il Pb > Cr > Cu > Zn > Ni > Cd > Sr > Co.

Table 2. Health risk index of heavy metals in urban atmospheric deposition

#F 2 bEmHEXSHEEESRERAKIES

B R HQ Ha R
L2 RS HL gy
%? UZEEN F - DA I i CR (M1
- 9N JLiKE 9N JLiKE 9N LK EIN L #12)
Cd 438E-07 7.77E-07 2.98E-03 2.78E-02 4.46E-04 3.20E-03 3.43E-03 3.10E-02  1.37E-09
Co 3.27E-07 5.81E-07 1.15E-05 1.07E-04  2.67E-06 1.91E-05 1.45E-05 1.27E-04  2.54E-08
Cr 3.82E-04 6.78E-04 2.48E—02 2.31E-01 1.86E—-03  1.33E-02 2.70E-02  2.45E-01  2.27E-07
Cu 8.95E-07 1.59E-06  6.12E-03  5.71E-02  3.05E-05 2.19E-04  6.15E-03 5.73E-02 -
Ni 4.56E-07  8.09E-07 3.19E-03  2.98E-02 1.77E-04  1.27E-03  3.37E—03 3.11E-02  3.90E-09
Pb 933E-06 1.65E-05 6.38E—02 5.95E-01 6.43E-04 4.61E-03 6.44E-02 6.00E-01 -
Sr 8.36E-08 1.48E-07 5.68E-04  5.30E-03 4.26E-06 3.05E-05 5.73E-04  5.34E-03 -
Zn 5.74E—07  1.02E-06 3.90E-03  3.64E-02 2.92E-05 2.10E-04 3.93E-03  3.67E-02 -
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H4JE Cdy Co. Cr. Ni i FFI & 42 1 350 XU 5 2 CR i34 Cr > Co > Ni > Cd. 4 fi#E 4 )& CR
B3/ T 25 ERAME R E R 107°, Bb s BB Be e 25 33T U AH ), 4 Fh 5 4 B S AN B A B0y XU 10X

KN .
4, 4Eip

1) g3 KA B E LRI ENF A Zn > Sr > Cu > Pb > Cr > Ni > Co > Cd, H¥jmT 13l &
fH. Cu. Pb. Sr. Zn fEEAEX MM RIKERE, Cd. Cov Cr. Ni fEACHE XK E RS KR
HERRENFEE AR, KERE.

2) EJ® Cd. Co. Cr fEAZIEXKUIMEEELEBR A, Cu. Pby Sr. Zn REX &K, Ni fERILX
TREERERKR, YHXNSESRTIFEENERD . EHEFIKEN % EemIFREER .

3) IEASAFREERANNESRITERE Cd, RINRBAEESEERL, LRBIER TR, %
IREX ZR BRSNS AR BB NZHEIX > FBEX > X > mlkX > AfX.

4) BANE BB R ADIFNT - DR > Al > MRER N, B EAREE K. i
WA Cd. Co. Cry Ni (A HA B R .
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