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Supplement S1 PMF

The amount of pollutant is calculated from

p
Xij = Y. Qikfki + €ij
k=1 ’

where xij is the observed mass concentration of the jth species in the ith sample; gij is
the contribution of the kth source to the ith sample; fij is the mass fraction (or source load-
ing) of the jth element in the kth source; and e is the residual of the jth species in the ith
sample, and p is the number of pollution sources.

The PMF model is solved by iterative minimization in the source resolution process,
and the solution of the objective function must be as small as possible. The objective func-
tion Q is calculated from

(ST)

2
P

- xgj—Zgﬂfkj
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=1
i=l j=1 Uij

(S2)

where ij is the uncertainty of the jth species in the ith sample.
The uncertainty U for each sample data is calculated from

U:%xMDL ¢ < MDL,
(S3)
U =+(EF xc) +(0.5x MDL)? ¢ >MDL,

(S4)

where MDL is the detection limit; EF is the error rate, which was set to 20% in this
study; and c is the pollutant concentration.

Supplement S2 Backward clustering trajectory

Potential Source Contribution Factor analysis (PSCF) is a method based on condi-
tional probability function to identify possible pollution sources. Based on the results of
the backward trajectory simulation, a rectangular grid (i, j) with given resolution was cre-
ated to cover the study area and a threshold value was set for the pollutant concentration.
The pollution trajectory was marked when the pollutant concentration of a trajectory was
higher than the threshold. PSCF was obtained by comparing the number of contaminated
trajectory endpoints mij passing through grid (i, j) with the number of endpoints of all
trajectories falling within that grid (i, j). It was calculated as
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To reduce the error on the conditional probability function due to the small samples
n, a weight coefficient Wj is introduced and the trajectory is calculated as

m;
WPSCE, =—LW,
n

ij 2

(S6)
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1 0<nij<20

n;<10, (S7)

The concentration-weighted trajectory analysis (CWT) indicates the degree of pollu-
tion by calculating the weight concentration of the trajectory. It is calculated as

M.c ii
PR ity (S8)

Ci=
T
Xi=1Tijt

Where Cj is the average weight concentration (pg-m=) on the grid (i, j), M is the total
number of trajectories, [ is the trajectory, Ci is the particle concentration (ug-m-3) when the
trajectory I passes through the grid (i, j), Ty is the time when the trajectory [ stays in the

grid (i, j).

Supplement S3 Health risk assessment

Since atmospheric pollutants enter the human body mainly by respiration, this study
mainly considers the health risks of metals via the respiratory route for adult males, adult
females and children. It is calculated from

LADD&ADD_CX]RXEFXED (S9)
BW x AT

where LADD (mg/(kg-d)) is the life average daily dose of carcinogenic pollutants;
ADD (mg/(kg-d)) is the average daily dose of non-carcinogenic pollutants; and ¢ (mg-m-?)
is the measured concentration of metallic elements. The values for each of the other pa-
rameters are shown in Table S1.

The carcinogenic risk of an element, CR, is calculated from

CR = ADDxSF , (S10)

where SF is the slope coefficient of carcinogenicity. If CR<10-, there is no carcino-
genic risk; if 10-6<<CR <10+, the carcinogenic risk lies within the generally acceptable
range; if CR>10-, there is a high risk of causing cancer to the human body. The SF and
reference dose RfD for each element are available from the US Department of Energy Risk
Evaluation Information System (DOE-RIS) and the California EPA Chemical Information
Network (CIN) (Table S2).

The non-carcinogenic risk value of an element is calculated from

Ho=4PD (S11)

RfD

where HQ2>1 indicates a possible non-cancer risk, with higher values indicating
greater risk.
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Table S1. The meaning and value of each parameter in the exposure formula.

Value
Parameters Implication Unit Data source
Adult male Adult women Children
IR Respiratory rate m’/d 16.6 13.5 8.6 [1]
EF Frequency of exposure  d/a 365 365 365 [1]
ED Years of exposure a 30 30 18 [1-2]
BW Body weight kg 67.3 57.5 15 [1]
AT/(carcinogenic) Average exposure time d 10950 10950 6570 [1-2]
AT(non-carcinogenic) Average exposure time d 26426 28251 6570 [1]

Table S2. Values of SF and RfD for related elements.

Element SF [mg/(kg-d)]! RfD [mg/(kg-d)]
Cr 42 0.000028
Cu 0.04
Mn 0.0000143
Pb 0.3
Zn 0.3

Table S3. Mean concentrations and standard deviations of elements during the sandstorm and non-
sandstorm (ug/m?3).

PM,

PMa5

PMio

TSP

Species

Sandstorm

Non-sand-

Non-sand-

Sandstorm

storm

storm

Non-sand-

Sandstorm
storm

Non-sand-

Sandstorm
storm

470.10+225. 216.26+165.5 695.38+436. 267.39+221.9 1492.45+783.

PM

69 6 28 1
Al 34.31+10.14 32.84£11.13 37.87+10.34 39.48+0.50
Ba 13.1145.47 12.97+1.17 13.78+£5.74 12.02+1.24
Fe 4.26+1.84 2.46+0.56  7.34+4.84  2.74+0.85
Mg 4.94+1.34  2.02+0.56  5.81£1.91  4.60+2.06
Sr 7.14+£1.38  6.96+1.46  6.54+1.21  7.07+0.89
Ti 0.61£0.19  0.71+0.31  0.94+£0.54  0.47+0.14
Zn  23.00+4.69 22.56+£5.45 18.30£9.28 23.10+3.13
Cr 0.84+0.30  0.63+0.25  0.64+£0.35  0.85+0.21
Cu 0.01£0.00  0.01+0.00  0.03+0.03  0.02+0.02
Mn 0.75£0.40  0.24+0.21 1.24£1.50  0.224+0.05
Pb 0.02+0.01  0.05+0.06  0.02+0.00  0.05%0.05
Sn 0.03£0.01  0.02+0.01  0.03+0.02  0.02+0.00
Ca2+
K* 11.06+6.04 25.44+12.28 13.98+6.47 32.45+7.21
Mg 9.28+8.88 12.50+4.35 11.64+10.00 11.12+9.11
Na* 1.39£0.01  0.01+0.00 28.57+£0.00 2.06+5.02
F 0.12+0.05  0.33+0.14  0.13+0.08  0.37+0.19
Cr 1.43+0.91  4.06+0.01 1.94£1.79  4.06+0.32
NOs  2.18+1.47 15354577 2.18+1.82 15.52+5.80
SO/  1.39+0.01  0.09+0.15 28.57+0.01 5.97+0.01

52
41.21+10.57 36.91+0.50
13.81+6.89  13.28+4.90
9.06+4.48 2.95+0.55
6.43+1.88 3.37+0.94
6.83+1.21 7.18+0.44
1.08+0.65 0.53%0.12
21.01+4.12  22.73+1.52
0.95+0.44 0.59+0.39
0.0340.02 0.02+0.01
1.82+1.20 0.18+0.13
0.01+0.01 0.0340.01
0.04+0.03 0.01+0.01

21.11£9.11  13.214+3.84

29.67+47.41  0.31+0.73
0.18+0.10 0.35+0.08
3.67+3.27 4.81£0.78
4.03+3.03 19.7549.68

41.69+43.57  4.59+0.01

307.844134.19 2209.08+1378.368.83+£167.2

79 7
60.33£29.25  15.74+0.50
19.57+15.33  16.84+0.52
16.41+14.52  2.80+0.26

8.42+3.80 2.96+1.30
8.68+3.01 7.02+0.36
1.36+0.84 0.57+0.05
26.02+8.49  22.94+0.90
1.21+0.43 0.45+0.24
0.04+0.03 0.01+0.00
2.77+1.82 0.17+0.15
0.02+0.01 0.02+0.01
0.03+0.02 0.01+0.02

63.47+62.08 108.42+61.30 85.56+83.19 101.17+87.03 159.41+£60.90 125.18+42.31 217.56+144.19 144.51+£21.66
28.21+11.88 31.57+19.45

34.72+£17.23 28.69+16.07
28.91+21.40 12.94+2.47
70.88+126.68 0.01+0.00
0.25+0.09 0.37+0.02
6.28+7.42 4.07+0.44
4.77+3.56 16.13£7.46
82.81+123.26  0.32+0.01
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Table S4. Emission sources of different chemical components in particulate matters.

Species Sources

Al soil, secondary aluminum smelter [3-4]

Ba re-suspended dust, non-emission (brakes and tire wear debris), metal smelting [5-6]

Mn road dust and natural soil [7]

Cr industrial emission (metal smelting, steel manufacturing, heavy industry), secondary aluminum
smelter [3,,8-10]

Pb, Zn industrial emission, automobile exhaust, coal combustion, garbage incineration and gasoline
emissions [8-10]

Fe, Ti industrial emission, the major constituents of airborne soil and road dust [8-12]

Sn industrial emission, non-emission (brakes and tire wear debris) [8-10,13-14]

Sr secondary aluminum smelter [3]

Cu non-emission (brakes and tire wear debris) [13-14]

Ca*,Mg?" soil, local sources (road dust and building dust) [15]

K* biomass burning [16-17]

Na* construction dust, road dust

F aluminum smelting, glass and other industries, soil and organic matter decomposition [18-19]

Cr coal combustion (combustion of power plants and incinerators), biomass combustion [20-21]

SO& coal-burning emissions (fossil fuel)

NOs~ motor vehicle exhaust

Table S5. The characterizing elements of each source for PM1, PM2s, PMio and TSP based on PMF model.

Particu-
Sources Characterizing elements
lates
Industrial emission Mn (77.6%), Al (69.2%), Zn (68.6%), Ti (65.8%), Sr (64.4%),
(35.2%) Fe (64.3%), Sn (57.8%), F- (57.8%) and Cr (57.7%)
Dust and coal combustion
PM, S04 (87.7%), Pb (54.5%), Ca>" (48.8%) and Mg>" (47.3%)
(27.7%)
Traffic emission (21.8%) Cu (66.9%, brakes and tire wear debris)
Biomass burning (15.3%) K" (67.4%)
Non- Industrial emission F~(79.0%), Ti (64.6%), Zn (47.2%), Cr (41.5%) and Al
sand- (33.6%) (41.2%)
storm
oM Dust (27.9%) Pb (70.9%), Ca*" (58.5%) and Mg?" (58.5%)
25
Traffic emission (21.5%) Cu (67.9%)
Combustion source  NOj3™ (70%, vehicle exhaust), Mg (61.5%) and K* (56.4%, bio-
(17.0%) mass burning)
Industrial emission
PMo Cr (66.8%) and Mn (60.3%)

(42.7%)
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Sand

storm

TSP

PM;

PMzs

PMio

TSP

Dust (20.5%)

Traffic emission (24.3%)
Combustion source
(12.5%)

Industrial emission
(26.2%)

Dust (3.4%)

Traffic emission (70.1%)

Combustion source (0.3%)

Industrial emission
(37.2%)

Dust (8.0%)

Traffic emission (4.3%)
Combustion source
(50.5%)

Industrial emission and bi-

omass burning (40.1%)

Combustion source

(31.0%)

Traffic emission (8.4%)
Vehicle exhaust (20.5%)
Industrial emission
(53.2%)

Coal combustion (8.6%)
Dust and traffic emission
(14.1%)

Vehicle exhaust (24.1%)
Industrial emission and bi-
omass burning (87.4%)
Dust and coal combustion

(8.6%)
Traffic emission (3.2%)

Vehicle exhaust (0.8%)

Ca?" (45.5%) and Mg?" (42.0%)

Cu (50.0%) and Pb (43.0%)

NOs (72.7%, vehicle exhaust) and K* (57.0%, biomass burn-
ing)

Mn (63.4%), Cr (54.4%) and Ti (52.7%)

Ca?" (36.5%) and Mg?" (35.2%)

Pb (54.3%), Cu (51.5%) and Zn (41.4%)

K* (41.1%, biomass burning) and CI- (37.5%, coal combustion)

Sn (50.4%) and Mn (42.3%)

Mg?* (47.0%) and Ca?* (41.5%)
Pb (54.6%)
NOs (69.4%, vehicle exhaust) and K* (66.5%, biomass burn-

ing)

Sn (50.0%), Cr (43.4%) Zn (37.2%) and K* (40.9%)

CI" (50.7%, coal combustion), NOs3™ (41.2%, vehicle exhaust)

and SO4% (38.5%, coal combustion)

Cu (74.4%) and Mn (71.9%)

NOs™ (45.5%)

Cu (57.5%), F- (53.1%), Sn (53.0%), Ti (51.0%), Mn (48.9%)
and Fe (48.3%)

SO4% (46.8%)

Na* (82.6%), Pb (64.8%) and CI (56.9%)

NO5 (90.6%)
Cu (94.8%), Mn (87.3%), Fe (82.8%), Ti (78.4%) and K*
(74.6%)

Na* (82.9%), SO4> (69.2%) and CI (46.9%)

Ba (64.3%), F~ (32.4%), Sr (31.4%) and Zn (30.4%)

NO5 (64.2%)
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Figure S1. Profiles of four sources identified from the PMF model for PMi, PM2s, PM1o and TSP
during the (a) non-sandstorm and (b) sandstorm.
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