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BEATHLTERERAGE LT ELESEHHIATT KRR, SEATLHAE LSRG
TR, AR B RARAS S B TR LE R (ICP-0ES) M 2 E & R EMR, ARG ERTF*
AR KAELT 6o ELEGERR, RABELSREIIEFTNLESAE, LR AW .6 4
F A B T34 SR K A Cd<Ni<Cu<Cr<Pb<Zn, M % 4 €4 & T EF 2R EAR B 1996 F 5 %
T 3.0~ 6.8 45;Cd Pb.Zn Cu Cr Ni ‘& & B F EF -F 3155 7] % 24.544 8.085,5.552,
3.397.1.334 #= 1.412;Cd %9 RIA A 1 397.38 ,i2 4 4k 5 #7428 RIEA2E & 3,6 A ELBTLE
REWMEY ZNEZFAR RMBAREDRBLETRAGLEPELENEILFTERR,; 55
RAFEN Cd ZRB TEIREIE, Zn 095 B THZ R R R L EAER ,Ph £ %
WAERAFAENEHBEEZA CuCr NI 220 T AR KRR —RALESD;Cd AR T
BREAARRRAERRGHLERATE ,Pb A ARAFHw,Cu.Zn Cr F= Ni 89 & FE ],

KER . KAKL ;5 EB T AN, ©RAABEF & T A4 % (ICP-0ES) ; £4 5
FE 2S5 . X826 XHEkFRIZEG A M EHS:1006-8759(2020) 04-0086-06

Pollution and ecological risk assessment of heavy metals from
urban atmospheric deposition in Xi‘an
QIAO Lijie,LI Wenfei,JING Lin, MENG Chenxing, LI Rongrong, HOU Xin,
CHEN Jiadong, DONG Jixian
(Collage of Mechanical and Electrical Engineering ,Shaanxi University of Science and
Technology ,Xi’ an 710021, China)
Abstract ; Based on the distribution of heavy metal content in the atmospheric deposition in the main ur-
ban area of Xi‘an city,the potential ecological risks were evaluated. Inductively Coupled Plasma Optical
Emission Spectrometry (ICP —OES) was used to determine the concentration of heavy metals. The
sources of six heavy metals in atmospheric deposition were analyzed by Elemental Enrichment Factor
Method. The potential ecological risk was evaluated by Potential Ecological Risk Method. The results
show that the average contents of six heavy metals are Cd<Ni<Cu<Cr<Pb<Zn in turn. The concentra-
tions of heavy metal elements was 3.0 ~ 6.8 times higher than those in 1996. The average EF concen-
trations of Cd,Pb,Zn,Cu, Cr,and Ni are 24.544,8.08,5.552,3.397,1.334,and 1.412, respectively.
The RI value of Cd is 1 397.38 which is far higher than the other 5 metals and shows the highest risk.

The seasonal and spatial differences of six heavy metal concentration are obvious which indicates that
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human activities are the main source of heavy metal pollution in atmospheric deposition in Xi‘an. Cd,

the most enriched heavy metal, is mainly from garbage incineration. The enrichment of Zn may be

caused by the combined action of coal combustion and garbage incineration. Pb is mainly caused by car

exhaust and the friction of car brake tires. Cu,Cr,Ni are mainly from natural sources and some human

activities. Tourban and suburban ecosystems, Cd is the most hazardous heavy metal, Pb shows an

adverse effect,and Cu,Zn,Cr,and Ni are less harmful.

Key Words: Atmospheric deposition; Elemental enrichment factor; Ecological risk assessment;

Inductively Coupled Plasma Optical Emission Spectrometry (1CP-OES) ; Heavy metal

0 35

KRR Ry« P50 RIFRAZZTE 10 Rk
DL b B A HRe S B ) BEOK i i 5E
FAR N R 7% TR p BB A Rk
YA A R P WO T iR T AR B A
R EE ), A Z 50, KRR Z T &
AR TG G B B SRR S5 A A7

b A — BEAZ O XY T — P
KA Y E, HIEEIIGE T P92 KA )
SRV A T IR A BT AR 5 2R 0 SR 5
T VETT R P 4 R S Y S A AR SR
B 2 A A LA e T ek S X B A TR
SRR 5 Y i B s AR PG e TR A
K B4 B R R T TSR 4, AR E
A X L 0 T R A T 4 S TS YL A A O
AR T U2 AR R AR ) P 8 4 R 1T
YURRAE AP E AR GRS E TA D VTR
WO TS G I Rt BT PR T R A b R
& JE 5 YK P e AR 25 KBS, mT LA 0
T 4 R PG 2 T R A ) A R e AR A ol
FEPREE T PR TS Y B ia T it fe iS5
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TCE BTG YK 6 4 TR HEA TR IR AT, I X
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S IE B 5 A SRAE L, AL A TP 2 T
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SAMTTAL X RS IX) | Ja B SCHUX (PE LR,
FEIX) (HE AL IX (i ERE A Be P9 2L, K%
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DX) R X OB Tl 500 i R IX, B P AR
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R1 RERGER
FE MG EAE FURMEK  ATER
U BRPERHERSE SIS R TR R R X

2 k| PN ZHRN Rl IX HIIX
3 (sl = —. TN VR Joir B SCHIX JERE X
4 PEBTHRF IR BTAkX JERE IX.
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o, ERTER AR
12 #HRLERESERNSHH

FEAT AR R AR K AR ER AR | B A 2 T )
BRIG , — ORI R AR AN (], SR FH vl AR IR T 4 A
AT 3~ 15 /NI HE T4 . &8 RHT)E,
FE 2B B A SR S SRR T AR DU R4 T T —
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T A B B 00 A T 4 JE JC R 1 OCBE
Bof A o T A 3SR P A It T e v, ol P B ) o2
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BLO.1 g FE2RURE B IO M JE T, A 10 mL
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BRI H G B RS Ehedh b s A i 2 B 1 E =T xC./C, (2)

TG VETH AR E , T BRI 2 e B B e,
SR FH RIS EE R 5 B 25 &R T, AR 291 mL
VIR, INA S mL Al FR VW R1 | IS B 2 VKAE S
P, SRR S D UKAE IR B T A aok ) R
FikEZ pH>2, JFPRUERE & Wk FE KT 100 me/L,
FE b s R BTG KR AE FUBA B SE B T R S
(HI ICP-OES) MR AT 0.45 wm JEE S IE , AL
¥ Cu .Pb . Zn Cr.Cd F1 Ni 6 FhE 48 L& il E
Y 26 [ THERMO (4 HL 23 7)) L R B 45 58
TR IDEIEL .

1.3 ENFE

1.3.1 §&AT*

JLE B R T (Elemental Enrichment Factor
Method ) X FRE H Tk, ik ol DL SR 2R KA
Wit v i 4 1 B AR K IR RN HOR IR, AR
TH EF R, TH B bk B —Fh 38 1 2t
R G EESEMSHITR NI EREZ
S 13 S (Hseh) i RS R
FLR RIS EFYY | EF R HIWTE 4 8 oo 2R IR A K
P BHICE M EF>10 B, FEACN E HOR T A
RG2S EF~ 1 B 0 - SR R IZOT R
ORI BERTFITRARS.

EF =(C,/ C)pu/(C 7/ C,) ey (1)

C—EERITE N i, mg/ke;

C, ZHILRE N, mg ke,

Z TR NIRRT A CH, BET iz
ES TR M Al BRI, & R 7k
P AL RS R REE, T H Al REFAETS
PR 2 [ B 3 A7 7 TRE S AR SOk
AVERZ TR R E R HF RN TR B &
FERESN N 5 B ARiE S L 2,

%2 EEEFHRE

EF {8 AR b3
<2 <L EEE/N~2. R MEE 1
2-5 TS 2
5~20 AR 3
20~40 [t dine S 4
>40 e i 4 5

1.3.2 #HAEAZREIHE

A N AR S i ER £k 2% K Hakanson
P& VB A A 2 XU 48 8802, B A5 DT AR 2 £ B P
Hr s GURY  B 4 R VS YR AR
R L% Ph ., Cu Zn  Cr Ni Al Cd #E47 KU 1T
o FRAEEE PSS KSR ECH |

K, C—2F | FhEE 4R W Sk
C,—EHERITRZIE;
T ——H & JE A W e PE e [ FR K
ACHZ E CoR & TCRTERRPE 4 Hh 4
T RERR TSRS
e 10 2R B8, S W12 o 4 T 0T 3R WY R R R B M A A
IRBERTZIC R W BURFL L, A SCHY CF0 T AR 3%
3 Fin,
Z P A B IR AE S faF TR

RI=2E§, (3)
R3 EYSHBERKERESE™
EEJR Cu Pb Cr Zn Ni cd

EYEE N R S 5 2 1 5 30
Bepisis HiF 5 20.1 209 61.1 66.1 27.7 0.0886

T 4 AR AE B R T R A

KU 7K
x4 ELEBEESKBRERELSRRSERAED
TR T AR B E L R
A SRR He SRR
<40 I A= 4&06EFK <150 I A& faEA

40~80 I AAsfaE b4 150~300 DA fa s

80~160  MAEXGERRS  300~600 MARGEERN

160~ 320 VA e e >600 WV A faE R
>320 VRS faF

2 HREITE

21 ELEMRERESHE

2o E AR BN DU T R AL T 4 R
WK 5.6.7 Fion, 4J& Pb Cu . Zn Cr.Cd . Ni
HSF-35 & E R R Cd<Ni<Cu<Cr<Pb<Zn,
ASCIMAE ) Cu ,Pb Zn Cr Ni %50 & i B i e J&F
551996 4120 P 22 T BAE AR EL , AR U H 2 B Y
3.0.5.3.6.8 3.5 1 3.6 1%, S Wt 76 22 i 43 < i
R A — AR

R5 ARTEFASKRLHELETERERE

mg/ kg
RAE AT Cu Pb Zn Cr cd Ni
[SUip=S
. 205.86 420.65 914.25 217.60 6.02  241.5
E

e KA 99.78 188.35 511.20 98.25 2.78  187.05
Fadb R 159.33 157.26 523.73 103.18 3.10  191.60
PELH T R 240.52 249.96 681.26 144.76 2.52  73.42
JEHLET 189.57 314.23 763.58 126.31 525  104.28
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6 ARHMEEASKRLGTESERERE
mg/kg
P=I=¥ivi Cu Pb 7n Cr Cd Ni

BRVURHE K 178.65 408.89 612.25 208.08 5.24 217.8
BN 75.69 106.80 320.40 85.05 2.52 55.97
[k 108.34 98.60 356.2 83.06 2.87 99.69

PELH T RS 161.50 184.49 487.69 127.33 2.16 138.27
AT 153.11 238.99 520.10 82.27 4.52 143.23

KT BARMEFRSBEEPESELERERE
mg/kg

RAE BT Cu Pb Zn Cr cd Ni

BepiRb k2 131.56 226.59 468.30 151.25 5.31 121.83
=[N 59.07 101.75 180.07 56.52 2.26 42.91
LR 80.37 83.07 2385 79.06 1.76 46.11

VU T R%  122.53 133.11 254.22 124.20 2.46 94.79
JEHLIT 136.43 1.668 251.21 66.03 2.89 101.79
# 8 MR M2 & =l &R TR 148

S ZRB0, HIGF A Ni>Cd>Pb>Cr>Cu>Zn, Bi Zn

TR L5 RN, HoAh oo =R A9 7% 5 R 0 i

FT29%, Hoh 8 S R AR ORI Ni TR,

43.2% . "85 FRBOR W 1 4 5 4 8 JC R &5 6] 4y

A 22 Sk, BE A5 B X & e AN IR A [R], A58 1

WWINEE INES
K8 XS BRESERETREE
JLE Cu Pb Zn Cr cd Ni

o e iy 2 53.10 105.30 169.39 48.25 1.59 68.87
FHE 179.01 266.09 678.80 138.02 3.93 159.57
BTN 0.297 0.396 0.250 0.350 0.404 0.432

22 ESREE£ERETF
MNESEZTHWELIR TR S ERE, AHXTM
B AT A v B s T LA Y BT ISR
PR B LR T, R 9 B RAAX (1) A
s RN EEE . a4 s MR AT
i, 1~5 553 B BV RH K2 db K Hr 7
JERF L T R2EFOEHLITFEfh, & 9wl
M, EAEICEEEN T EF ESEA YN Cd
>Pb>Zn>Cu>Cr>Ni, HH1 Cd & E£HFF1E
IKF 24.544 ) R IARGR I B SRR, B EZUNE
IR E G i85 0 W R ITERE Zn F
Pb, HSEH{E 4351 4 5.552 F11 8.085; b4, i F
JE R TR AICE R Cu, HOEYIME R 3.397; 1Mtk
FNRMOE ERERNITEREE C fl N, FBE S
1.334 i 1.412, $4ls R0, r i BAER T 1
K, R 6 FhveE 4 )@ oo 2R AR R IR T #hoe sl

I R AR A TS LR
F9 BAERTEFASHLESEEERT

Cu Pb Zn Cr Ni Cd

1 4.215 9.765 6.87 1.868 1.565 27.560

2 2.865 6.956 4.302 1.188 1.402 22.223

3 3.279 7.235 4.702 1.202 1.479 24.452

4 2.985 7.771 5.865 1.468 1.024 22.684

5 3.642 8.697 6.020 1.333 1.201 25.799

SEHE 3.397 8.085 5.552 1.412 1.334 24.544

&l 2 3 3 1 1 4
BRSO BE OBE B B mH
W RS OB W WS HE
2.3 E&BERIERT

ZE LAk, IR A5 A 10, ABIE SR I %k
SR E 4 0 25 Yok IR, B AR ™ I
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WA peul H A P , 060 T =R LAAR , BRR X
Cd & R X &, Bl T RIMER, 51 IX
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R, BURIE T RE R Zn LR Y EEORIE; Ph 2
Rl TFIRERAMREM E R R =4, Mk
2016 4, P AL B R0/ 1 50 250 T, 4
20 U, BRI Ak i P LR AN E 4 Cu,
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KRR AN—LE N T Zh angk v | 8 AR 3 5 e 4

AL

L) R
10 BSESLEHEHEETEM
. Si Al Fe Ti K ,Ca ,Na Mg Mn Cr.Se Co Eu,
T4
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As .S .Se.Si Al Fe Ti.Ca Mn.Cr.Co.Cu.Pb,

TR
Zn Hg Ni VI .Br La Ce.Th
f/ i V.Ni.Co.Cu
B AR Zn .Cd.Sb.Cu
KRR Pb.Ba . Br.Cl.Ni
AN Na Cl
EA Cr.Cu.Zn . Fe

2.4 BEEEBEETSREEEMG
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1) RUAE R 1 397.38, il At 5 Fh 4 Ja | #e FEXURS:
FERE /Y2 e, I Cd RF T e JR i 50 IX AR 265
RYMAEF ol ™ H  HIK P (% RI{H N 70.88,
i BB 2 3 A 20k vh A X AR S IR A AN R
W M2 R A S G FEEFRMASE Cu Zn Cr Al
Ni, 3 U 4 Ja 2B A KU 8 085/, S /)

z11 EBSXEITFMER
THJE  Cu Pb Zn Cr Ni cd
RI 30.28  70.88 11.52 656  11.95 1397.38
HR I I I I I v

K i g i ik {iS Wi

3 #ig

(D) VELTAET M KA ESE T
B0 R BE R %) 22 0 B, S T AMNIR ) 5T Y
Tk, HEm TR T AL S LB A, i 72 F
HARAF B RZ M ;6 Fi#E 4 )& Pb Cu,Zn Cr Cd,
Ni (#3734 & 2 R IR Cd<Ni<Cu<Cr<Pb<Zn,
ARSI ERBR T Cd Z A Fp T R B ik
tH 1996 FEPGL T 1) 3.0 ~6.8 £iF, LWL P4 %
T2 A () B AR R IR AR R R
BOTLUE 4 Jm TR W B 25 (] 22 S W]

(2)VEEM H AR ITR B &EH T EF F¥{E
f#a#HN . Cd>Pb>Zn>Cu>Cr>Ni, Hid Cd BIHE
SRR TG TR F 24.544 ) 5w AR B 10 B SRR
I EEYONA RIS AR B E R
JCHRAE Zn Al Ph, HAPS4(E 5300 5.552 F11 8.085;
BEAR, B B B R AT R & Cu, HOFIE
M 3.397 ; Ak B s AR BE 1T 2R A& Cr AT Ni,
SEY(E A 1.334 F 1,412, Bdis £ 00, i & SE I
T 1 K, Bal 6 fE SR TR AERET
b i nt e B NG N 5D SRR 3-8

() AEKWES R TR TES B
FEG YRR w5 E 12 Cd, Pb Fl Zn A
KU R H, BAERNEN Cd TR F %
IR TR B FERE ; Zn JTEEORIR )32, 2T
A Zn BRI R AT BE S BT AR I by S A e At
[ Ph JT 3R ) 32 202 B TR R ARG #
FRMEE A, Cu,Cr NI =FloCR & LR
B, R T A AR A — L8 A 2536 B
SR BB B e A AL [R)H R 1Y

(4) P m RAFELT Cd JTTEM RUE N
1 397.38, Gt HAll 5 Fl 4 J , 42 XU 78 B 43 )

Sotfer, UEEH Cd X R8I A S RSN fE
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FEEE R & X ARSI A AN FE 5 AR 2SR
B AR BEAIR Y2 Cu  Zn  Cr AT NI, 3 DU FH EE 4 i W AE
A S RBS R BA N W 2SI 10 RS e /N

S22 3Lk

(1] rhEPRSER G, hE R RERE (M. des: T
FEI FREERb2 L A, 1990.

[2] HAKANSON L. An ecological risk index for aquatic pollution
control; A sedimentologcal approach [ J]. Water Research,
1980, 14 (8): 975-1001.

(3] #EERA, H3CE, wmal, . 2 XA TR FHFE
[J]. V&g lbaBessdi, 1996 (1) 41-43.

[4] SUTHERLAND R A. Bed sediment—associated trace metals in
an urban stream, Oahu, Hawaii [J]. Environmental Geology,
2000, 39 (6): 611-627.

[5] T, skR%, 22 SCF. VLT RABOR Y T35 4 BUIR K H
BT [J]. BTSSR AL, 2003, 20 (6):
359-360.

[6] MR, WAk, 5. WEHARKSFBEART Cu, Pb,
Zn, Ni, Cd WAL2IESRE R ILEYARBE (1], Hsifk
2%, 2011, 30 (7). 1284-1290.

(7] M, XER, R, & P2 RN [J].
Jemtib T, 2002, 14 (1): 23-27.

[8] MENTE, BRAESE, sKAUH, 5. 2N RIBER ML FE
PEO[J]. MR (AARRIFM) , 2002, 38 (5):
115-120.

(9] 5, N2, EESel, %5 WBTEEDEFRBEITM
HEHBEEREOEE (1] BRI 5 H AR, 2008, 31
(2): 112-115.

[10] #375, Wk, Wk, & boNhRARRLES BT R
MEBORIRBE T [J]. BB RSP, 2013, 1 (35):
73-76+80.

(11]  ZRpeley, BBk 6, 45 P92 gk IRsg vh R
Ry s Qe ORI A [J]. FRBE S M ek, 2013, 2

(30): 160-161.

[12] AT, DR, 280, 95 WMHR 1CP-AES &I
KK MG RITE [1]. WL 2014, 33 (4).
701-703.

(13] PHR, £EEH, B SEARFHES R
HEBAMRE S FRE T [J]. HEEREIT S 4,
2015, 28 (4). 7-12.

[14]  BRZHR, BBV, BEHG, & Wit ES BN
WFerkesid (1], RRIRFRIEARYT, 2017, 31 (4): 1-4
+14.

[15] HHEE, HEfF, SR - KOsk, 5. matli k=
R 4 i V5 Gk P B R PR ()], SRR, 2018,
39 (7). 3118-3125.

[16] RERKAR, B, ZRE, 5 LA ERATELEEE
R R EF GG [1]. FEIR, 2018, 39 (9):



www.chinacaj.net

AmMFEF BHETERMRXRAELELEG T RKFZESREFN - 91 -

[17]

[18]

4051-4059.
YR, B, MR T RN RZ TRy E
ERTE RSB AR (1] TR XRS5,
2019, 2 (33): 122-126.

e I PN A R e S R N R By

[D]. 22H. 22JNK, 2014 22-49.

[19] =k, LRI RAFENR [D]. %, K%
K, 2015 40.

[20] SkAFSL. SRMTTRSBRY H E 4R REE 75 YL FRAF K
HKIEMHT [D]. RN FBfFR, 2017 12-14.





