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Air pollutants PM, ; and its adsorbed metal elements are important factors affecting public health.

To explore the distribution characteristics and sources of metal elements in atmospheric PM, s in Lanzhou from 2019 to 2020,
and to assess the health risks of metal elements to different groups of residents through inhalation.

From January 2019 to December 2020 in two districts of Lanzhou City (Chengguan District and Xigu District), regular PM, s and
metal elements [antimony (Sb), aluminum (Al), arsenic (As), beryllium (Be), cadmium (Cd), chromium (Cr), mercury (Hg), lead (Pb),
manganese (Mn), nickel (Ni), selenium (Se), and thallium (TI)] were regularly monitored, and their concentrations were described by the
median (M) and 25" and 75" percentiles (P,s, P,) as not following a normal distribution (because the detection rates of the five
elements Be, Cr, Hg, Ni, and Se were less than 70%, the five elements were not included in subsequent analysis), and then compared
with the secondary concentration limits in the Ambient Air Quality Standards (GB 3095-2012). The differences between the medians of
the two groups were compared by the Mann-Whitney U rank sum test, and the differences among the medians of multiple groups were
compared by the Kruskal-Wallis H rank sum test; the enrichment factor (EF) method and principal component analysis were used to
evaluate the pollution degree of the metals and their sources; the health risks of five non-carcinogenic metals (Sb, Al, Pb, Mn, and Tl) and
two carcinogenic metals (As and Cd) in PM, were evaluated by hazard index (HI) and hazard quotient (HQ) using the incremental
lifetime cancer risk (LCR) model and the non-carcinogenic risk assessment model, respectively.

The PM, concentrations [M (P,s, P,s)] in Lanzhou City were 38.50 (26.00, 65.00) and 41.00 (29.00, 63.10) pg-m~ in 2019 and
2020, respectively, and the difference was not statistically significant (Z=-0.989, P> 0.05). The average levels of the metal elements from
high to low were: Al>Pb>Mn >As>Cd >Sb >Tl, and the annual average concentration of each metal element in 2019 was higher than
that in 2020 (P<0.05). The M ( P,s, P;5) of PM, s concentrations in Chengguan and Xigu districts were 52.98 (17.00, 61.00) and 55.40
(17.00, 67.00) pg-m~>, respectively, with no statistically significant differences (P < 0.05); the concentrations of Sb and Al in Chengguan
District were lower than those in Xigu District (P <0.05), and the concentrations of other metal elements were not different between the
two areas (P >0.05). There were seasonal differences in the concentrations of PM, s and seven metal elements in Lanzhou City (except P,=
0.007, the other P,<0.001). The results of the enrichment factor method showed that the EF values of the six metals (Sb, Al, As, Cd, Pb
and TI) were all greater than 1. Among them, except As, the EF values of other metal elements were all greater than 10, and the EF
values of Al and Cd were both greater than 100. The results of principal component analysis showed that the variance contributions of
the three principal components were 45.61%, 24.22%, and 14.42%, and the cumulative contribution reached 84.25%. The principal
component 1 included Pb, As, Cd, and Sb, the principal component 2 included Al and Mn, and the principal component 3 contained TI.
The non-carcinogenic risks of the five metals were, in descending order, Al>Mn >Pb>Tl>Sbh, among which the HQ values of the
remaining four metals were less than 1 for adults and children, except the HQ value of Al for adults, which was greater than 1. The ILC
values of carcinogenic metal As for adult males, adult females, and children were 2.68x107°, 2.51x10°, and 1.45x10~, respectively; the
ILC values of carcinogenic metal Cd for adult males, adult females, and children were 1.53x10°°, 1.43x10°°, and 8.26x107, respectively.

There is pollution of atmospheric PM,; and its adsorbed metal elements in Lanzhou. As and Cd elements may pose
potential carcinogenic risks to the residents.

PM, c; metal element; enrichment factor; principal component analysis; health risk
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Table1l PM,and metal concentrations in the atmosphere of Lanzhou City during 2019—2020 [M (P,s, P-s)]

$IF PMREE/ (ugm™)

ERBITERE/(ngm”)

Sb Al

As Cd Pb Mn Tl

£ 2019 38.50(26.00, 65.00)
2020 41.00(29.00, 63.10)

z -0.99 -6.19 -6.53

P 0.323 <0.001 <0.001

X K 52.98(17.00, 61.00)
FEE|X 55.40(17.00, 67.00)

z -0.88 -2.36 -2.11

P 0.377 0.018 0.035

E=Y #HZ  53.05(39.88, 68.43)
EZ 28.00(23.70, 35.00)

F4Z=  31.00(24.50, 42.00)

K% 61.00(51.30, 95.83)
z 122.44 49.15 12.16
P <0.001 <0.001 0.007

1.52(1.01, 2.53) 311.50(195.75, 458.50) 5.04(3.02,10.01) 1.81(0.77, 3.35) 28.95(18.48, 50.25) 27.55(20.33, 43.43) 0.48(0.32, 0.68)
1.01(0.66, 1.56) 190.66(127.07, 272.41) 2.60(1.90, 4.70) 0.85(0.36,2.22) 16.23(9.72,29.03) 13.09(8.47,21.00) 0.36(0.22, 0.49)
-6.53 -5.59 -6.79 -9.322 -4.53
<0.001 <0.001 <0.001 <0.001 <0.001
1.47(0.69, 1.72) 305.57(136.72, 345.00) 5.87(2.23,7.80) 2.35(0.60, 2.78) 34.63(15.76, 41.80) 33.75(12.31, 39.13) 0.50(0.31, 0.63)
1.80(0.39, 2.16) 340.75(62.53,375.28) 5.62(1.16,7.54) 2.02(0.10, 2.58) 30.74(4.90, 38.60) 26.10(5.66, 28.33) 0.46(0.09, 0.58)
-0.51 -1.04 -1.93 -1.60 -1.55
0.959 0.297 0.054 0.110 0.121
1.17(0.76, 1.54) 295.46(190.19, 480.37) 3.20(2.25,5.08) 1.33(0.71,2.22) 18.54(14.25, 27.83) 16.05(8.84,35.55) 0.30(0.18,0.40)
0.95(0.67, 1.41) 214.00(152.76,341.53) 2.29(1.75,3.25) 0.59(0.40,1.20) 12.40(8.79,19.01) 17.97(11.72,27.15) 0.34(0.24,0.43)
1.33(0.69, 2.46) 224.71(144.50,311.55) 3.67(2.25,4.75) 0.92(0.59, 1.67) 25.50(16.06, 34.42) 22.75(16.70,36.54) 0.66(0.47,0.83)
1.84(1.35, 3.45) 212.19(134.25, 359.25) 10.94(8.75, 15.54) 4.38(2.66, 6.74) 65.27(43.50, 95.48) 26.10(16.85,37.45) 0.45(0.33,0.65)
151.22 13336 162.73 15.11 96.11
<0.001 <0.001 <0.001 <0.001 <0.001
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_ ERHAT
EBTR
1 2 3

Pb 0.940 -0.158 -0.090
As 0.898 -0.199 -0.268
cd 0.790 -0.310 -0.337
Sb 0.676 0.054 0.442
Al 0.187 0.906 -0.194
Mn 0.440 0.843 -0.015
Tl 0.440 -0.010 0.764
1HEE 3.19 1.70 1.01
HERBRE/% 45.61 24.22 14.42
S HAERIE/% 45.61 69.83 84.25

2.3 PM,; HEEHIEEXPLITFMN
TAABRXNERBKENEEAZNTAR
PM, s PEBAREE, WZMH KRS PM,, F 5 Fh3E
BIEEE(Sb. Al Pb. Mn. T # 2 FEUESE(As. Cd)
HIT T REXITEN, ERIE 3. WFIEBX,
F22RBIEBEXKMSEERAKX A Al>Mn>Pb>
TI>Sh, HA Al TEW AN HQEARTF 1, HFR 4
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FEM. RELMR)LED ILCR B 57T 1.53x107°
1.43x10° 1 8.26x107; AT\ 2 FMBUEE B =N
ERAEEFEEATESENXI, BERNAREEEHRS.
REZHERZ. ) | ERK,

&R3 ZMHKRS PM,; PERTRERNL T

Table 3 Health risk assessment of metals in atmospheric PM, 5 in Lanzhou City

ERBTER p/(ng-m~) RfD;/(mg-kg-d™) SF/[(mgkg™-d )] Hasiie
RESM RREZE JLE
EBE Sb 1.62 4x10™ = 1.08x10° 1.02x10° 0.59x10°°
Al 329.59 4x10™ — 1.10 1.03 0.60
Pb 28.60 4.3x10° = 7.63x10° 7.15x10° 4.13x10
Mn 25.04 5x107° = 1.34x10™" 1.26x10™" 0.73x10™
Tl 0.48 8x107 = 1.61x10° 1.51x10° 0.87x10°
HI 1.24 1.16 0.67x107
B As 4.84 1.5x107° 20.70 2.68x10 2.51x10 1.45x10™°
cd 211 1.0x107° 6.30 1.53x10°° 1.43x10°° 8.26x107
R 2.83x10” 2.65x10” 1.53x10°

ZINHERN BB RS RS, Er-lkEi I E
Tl REEFDVELBME, LMIEHERILS, 26F
SIETFIR, BBKELD, KSFH PM, RS BITIBEYT 8,
BRI SEELUAEY, KA, Z M 2015—
2018 &FF PM, s MEEEFIAKRENEFARRZEENT
U, R AT S RIS BB R, XAJfE S5
JLEAMR LTRSS AR R IR B EMEE.
R ERE SR, BRERERALEBEEAF XY,
18 2018 £F PM, JREE (Fh. £ 7579 46.96 pgrm™
76.01 pgm ) MEFREWETSSRENE LR
ERRE, REAZMNHEKIBEEARSRSREI LN,

AT EEIT = MM 2019—2020 E=ZMNH KRS
PM,s & B TT RS REHEH T oM, KM=
2019. 2020 & PM, F 357K E 5 5! /9 38.50(26.00,
65.00) 1 41.00(29.00, 63.10) pg-m>, ¥ = FFKE GB
30952012 (MBS REREY W ZRKRERE,
B2O9FBEEBETEFYRENYE T 2020 F
(P<0.05), WEA=MNmKIBEERSF PM,s REE
S5, SiEJIEREEMIRT PM,s PEBREMELL:
Sh. Al TR REL FRIEKTE, BRFERYEH T,
cd TERRELTFREKE, 8 FLEY ARE &
7T E As. Pb. Mn FI TI FRFHFEKF, 55EY.
FUNPE R T S22, PM,s REAXZHEB TR
FREEUBERS N EMNEXXF Uz TR
FNARXZBERERITERN BRI XME

& X A gEH ER M = N A SERIARIHER. MZETS
DIRE, PM, UNAKZHERTRESALRIINL
555, ENETR, RIALEEREERTE, SER
1B, EMBRIY B, SRS P FRYIE
Z,METEREHR, X5=MH 2015—2016 F (8]
PM, s FEBIET D HIARER—",

MAEERFENMEREEEENERENRE,
6 MEEBITEMN EF EIIAT 1, HIAXEEEIZA
AEShEM, FEARERER;, B2ER As TR,
HMEE TR EF BN ATF 10, FIAAZ A RIERD
SHHNEEBRATE, EEBTEREEREZTTH EF
BEYRNA: AEAXRKFHXX, HEAREE
BRENEMEABRMXEANBPE, e M
R WhEN, TERARXFEERZNA R L.
I N~ 1= = [ S 4

H—E & BHRIFHITER D D, HIRENEY
3MNEMS, £S5 1 E3F Pb. As. Cd # Sb, ER S 2
BIEAM M, ERD3IAT. EEEERFEER
DMENTEETENRE, Pb BEBISERESAK
KUY, BEAREARTHEHTEESBERALHESH, B
P KIBEELEM o, BN E SR SHMN
PP cd ST WES. BRI EENEZMEX, &
RARE R AR FEL T HM AR EB R X EY
IR R ENEE", As Hl sb EEFIRFIRIE, = FH
ERWAIEEEE M, IR Z AT T4 ™=, =N
BARBEWIET, "HARERD 1 EFERFEFVEHE
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KAKE, BHAAERS 3 BFEEEN T IHK.
SEE =N TPk S FRFNEE TR E BRIFAE, 7 24 N5%
X RETHR. TIES. WA E S

MABBENITNERRE, PV, FEEXTA
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EHEERE. 7 BB ITEX AMKABERNY AR
ABTFILE, AT 5 ABNARE, FIRREZFFX, X
S5mR. IREEHHIAR B, H, Al TER
HuhIEBET RS AR 2R MEAE, As F cd BYEL
BEXREEE, X5 UENZNASTEBTEBEX
R —H", EARMX S B RENKNER
A—AEAERAREMXITRED . SREH.
HIEMI BERRSBIZMT AR PV, PEBRIKE
RE;, B—AE, RELRMIL. EESR RENEE
RAEMEEMEBRE, 22, AARERER=M
MASREESESRER EXZMNHERERTEE
FE—ENRE, HEEBENBRNK, T2/ As
Ao LS| e Bk Bt . AT flimEE— R 5M
B, cd REEMIEINSEINEERIE. PEEMFRR.
TREME. ODMERFUREMORRRE X,
Ak, FRE=ZNHEKBRER AT As # cd
HRSEHR, e M HRCRIA TR,

KREFREEN Z M PM,, BRI HIFEA
BESENNMEE AR —BRERLERD,
/DT EINTER, SO RERNAREE, B 12 F$
Bt EHH 5 #7cZ(Be. Cr. Hg. Nis Se) BT HE
HRMRE—F DA EFRERMERNX G, &ErEA
2R, —CREENEERFEELKRBEM. £0
EMESMER, AMRREERT EFRIBANER,;
“RHANBERENABEBRREEE TN RANZ
USEPA HFHIEMIRE, RERBRSHERE LB
MEERE. FL, ZHRER: ZMHKRIEEEKR
SPM, REEBSRIBE R, HE As # cd 3 AR
BEETE B IE BB NG, IR 4R 05855 R B SR AR
M, BT B TR ATE, LB AT AR M. SE1T
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