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Text S1. The backward trajectory analysis

To identify the potential directions of air masses and the effect of different transport
routes on particle chemical compositions in TI, the backward trajectory was calculated
during the sampling period. Five groups of air masses were identified according to their
transport directions and area of travel (Figure 3). Cluster 1 (the southeast direction: SE)
accounted for 17.7% of the total trajectories, originating from the Huang Sea and passing
inland over Yantai, and clearly showed shorter transport patterns. Cluster 2 (the northern
direction: N) accounted for 11.8% of the total, beginning in Inner Mongolia and passing
through the Liaoning. Cluster 3 (the northwest direction: NW) accounted for 14.0% of the
total, originating from Outer Mongolia and crossing over Inner Mongolia and Liaoning
province, constituted long-range transport patterns. Cluster 4 (the west-northwest direc-
tion: WNW) accounted for 15.0% of the total, beginning in Outer Mongolia and passing
through the Inner Mongolia and the Beijing-Tianjin-Hebei region. Cluster 5 (the south-
west direction: SW) accounted for 41.6% of the total, originating in the Bohai Sea before
arriving at TT.

Text S2. Diagnostic ratios

Hopanes and steranes are emitted by lubricating oils in gasoline and diesel vehicles,
while hopanes are also present in the smoke of coal combustion [1-4]. Configurations of
hopanes can be employed to identify fossil fuels of different levels of maturity [2]. Alkanes
with different carbon numbers can distinguish natural sources from anthropogenic
sources [5-7]. What is more, diagnostic ratios of tracers were also used to identify the
sources [8]. Usually, V and Ni are considered as tracers of heavy fuel oil combustion, and
they are employed as typical tracers of ship emissions when V/Ni and V/Pb are higher
than 0.7 and 0.27 [9-10], respectively. The IcdP/(IcdP + BghiP) and Flt/(Flt + Pyr) are used
to distinguish different fossil fuels[8, 11-12]. BaP degrades faster than BeP, which may be
strongly influenced by photodegradation and long-distance transport [11, 13-14]. The
lowest C29ap/C30ap value for hopane can also be used to judge fossil fuels [15]. The
homohopane index C34[S/(S+R)] can distinguish fuel maturity, which is defined as:
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C34apS
C34apS + C34apR

For n-alkanes, the carbon preference index (CPI) can reflect the comparison between
natural and anthropogenic contributions, which is defined as the ratio of the total concen-
tration of odd n-alkanes to that of even n-alkanes [16]:
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where i is the carbon number. Due to the fact that plant wax n-alkanes show strong odd
carbon number predominance, biogenic n-alkanes should have CPI values greater than
unity, whereas anthropogenic n-alkanes should have CPI values close to unity [16].

Lower values of C29/C17 for n-alkanes and terrigenous-to-aquatic ratios (TAR) im-
plied increased contributions from aquatic inputs [16].

TAR=C27+C29+C31/C15+C17+C19

C34[S/(S + R)] = (1)
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Figure S1. Location of the sampling site and the adjacent provinces and municipalities.
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Figure S2. The atmospheric boundary layer height and temperature of the sampling site during the
sampling periods.
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Figure S3. The warm and cold seasonal percentages of K*, Mg?, Ca?, Cl, and SO+ from sea salt
accounting for total amount of the corresponding chemical species.
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Figure S4. The warm and cold seasonal proportion of the HQ of each component (PAHs and HMs)

relative to the total HQ.
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Figure S5. The warm and cold seasonal proportions of ILCR of each component (PAHs and HMs)

relative to the total ILCR.
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Figure S6. The percentages of K*, Mg?*, Ca%, CI, and SOs* from sea salt accounting for the total

amount of the corresponding chemical species from inland- and marine-origin clusters.
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Table S1. The detailed researched compounds for conventional and organic components.

Full name Abbreviation Manufacturer Full name Abbrivmtlo Manufacturer
Aluminum Al As-One, Japan Indeno(1,2,3-cd)pyrene IcdP 02si, USA
Arsenic As As-One, Japan Dibenzo(a,h)anthracene DBA 02si, USA
Calcium Ca As-One, Japan Benzo(g hi)perylene BghiP 02si, USA
Cadmium Cd As-One, Japan Coronene Cor 02si, USA
Cobalt Co As-One, Japan 17a(H),21(H)-(22R)- C34apS  02si, USA

Tetrakishomohopane
Chromium Cr As-One, Japan  17a(H),21B3(H)-(22S)-Tetrakishomohopane = C34af3R 02si, USA
Copper Cu As-One, Japan 17a(H)-22,29,30-Trisnorhopane™ C27a 02si, USA
Iron Fe As-One, Japan 17a(H),21B(H)-Hopane C30a3 02si, USA
Potassium K As-One, Japan 17B(H),21a(H)-Hopane C30Pax 02si, USA
Magnesium Mg As-One, Japan 176(H),218(H)-Hopane C30BpB 02si, USA
Manganese Mn As-One, Japan 17a(H),213(H)-30-Norhopane C29a3 02si, USA
Sodium Na As-One, Japan aaa (20R)-Cholestane C27acR 02si, USA
Nickel Ni As-One, Japan aaa (20S)-Cholestane C27aaaS 02si, USA
Lead Pb As-One, Japan n-Tridecane C13 02si, USA
Silicon Si As-One, Japan n-Tetradecane Cl4 02si, USA
Titanium Ti As-One, Japan n-Pentadecane C15 02si, USA
Vanadium A% As-One, Japan n-Hexadecane C16 02si, USA
Zinc Zn As-One, Japan n-Heptadecane C17 02si, USA
Organic carbon OoC As-One, Japan n-Octadecane C18 02si, USA
Elemental carbon EC As-One, Japan n-Nonadecane C19 02si, USA
Nitrate ion NOs SIMS,Chlna n-Eicosane C20 02si, USA
Sulfate ions SO SIMS,Chlna n-Heneicosane C21 02si, USA
Ammonium ion NH4* SIMS,Chlna n-Docosane C22 02si, USA
Chloride ion Cl- SIMS,Chlna n-Tricosane C23 02si, USA
Sodium ion Na* SIMS,Chlna n-Tetracosane C24 02si, USA
Magnesium ions Mg?* SIMS,Chlna n-Pentacosane C25 02si, USA
Calcium ions Ca?* SIMS,Chlna n-Hexacosane C26 02si, USA
Potassium ion K+ SIMS,Chlna n-Heptacosane Cc27 02si, USA
Naphthalene Nap 02si, USA n-Octacosane C28 02si, USA
Acenaphthylene Any 02si, USA n-Nonacosane C29 02si, USA
Acenaphthene Ana 02si, USA n-Tricontane C30 02si, USA
Fluorene Flu 02si, USA n-Hentriacontane C31 02si, USA
Phenanthrene Phe 02si, USA n-Dotriacontane C32 02si, USA
Anthracene Ant 02si, USA n-Tritriacontane C33 02si, USA
Fluoranthene Flt 02si, USA n-Tetratriacontane C34 02si, USA
Pyrene Pyr 02si, USA n-Pentadecane C35 02si, USA
Chrysene Chr 02si, USA n-Hexadecane C36 02si, USA
Benzo(a)anthracene BaA 02si, USA n-Heptadecane C37 02si, USA
Benzo(b)fluoranthene BbF 02si, USA n-Octacosane C38 02si, USA
Benzo(k)fluoranthene BkF 02si, USA n-Nonacosane C39 02si, USA
Benzo(a)pyrene BaP 02si, USA n-Tetradecane C40 02si, USA
Benzo(e)pyrene BeP 02si, USA

SIMS: Shandong Institute of Metallurgical Sciences.
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Table S2. The limit of detection (LOD) and limit of quantitation (LOQ) for conventional and organic components.

Name LOD (ugm?® LOQ (ugm3) Name LOD (ugm?® LOQ (ugm?3 Name LOD (ugm? LOQ (ugm3)
Al 0.0476 0.1904 K+ 0.05 0.2 C13 0.00199 0.00796
As 0.0064 0.0256 Nap 0.0002 0.0008 C14 0.01556 0.06224
Ca 0.2605 1.042 Any 0.00657 0.02628 C15 0.00552 0.02208
Cd 0.0003 0.0012 Flu 0.0006 0.0024 Cle 0.03227 0.12908
Co 0.0008 0.0032 Phe 0.0005 0.002 C17 0.02142 0.08568
Cr 0.0007 0.0028 Ant 0.0004 0.0016 C18 0.02864 0.11456
Cu 0.0073 0.0292 Flt 0.0004 0.0016 C19 0.01334 0.05336
Fe 0.0416 0.1664 Pyr 0.0004 0.0016 C20 0.01836 0.07344
K 0.0191 0.0764 Chr 0.0007 0.0028 C21 0.00692 0.02768
Mg 0.0126 0.0504 BaA 0.0005 0.002 c22 0.02002 0.08008
Mn 0.0004 0.0016 BbF 0.0009 0.0036 C23 0.0217 0.0868
Na 0.021 0.084 BKF 0.0007 0.0028 C24 0.01376 0.05504
Ni 0.00033 0.00132 BaP 0.0009 0.0036 C25 0.01596 0.06384
Pb 0.0044 0.0176 BeP 0.0003 0.0012 C26 0.01218 0.04872
Si 0.0304 0.1216 IcedP 0.0009 0.0036 c27 0.0116 0.0464
Ti 0.0002 0.0008 DBA 0.0007 0.0028 C28 0.02412 0.09648
\% 0.0008 0.0032 BghiP 0.0006 0.0024 C29 0.01316 0.05264
Zn 0.006 0.024 Cor 0.0001 0.0004 C30 0.01893 0.07572
ocC 0.82 3.28 C34a8S 0.0001 0.0004 C31 0.01479 0.05916
EC 0.2 0.8 C34apR 0.00015 0.0006 C32 0.01265 0.0506
NOs- 0.12 0.48 C27ax 0.00013 0.00052 C33 0.0088 0.0352
SO 0.34 1.36 C30ap 0.00094 0.00376 C35 0.00212 0.00848
NH4* 0.25 1 C30Ba 0.00148 0.00592 C37 0.00069 0.00276
Cl- 0.11 0.44 C30Bp 0.00016 0.00064 C38 0.00136 0.00544
Na* 0.06 0.24 C29aB 0.00002 0.00008 C39 0.00037 0.00148
Mg? 0.06 0.24 C27aaaR 0.00003 0.00012 C40 0.00024 0.00096
Ca? 0.26 1.04 C27aaaS 0.00011 0.00044
Table S3. Diagnostic ratios of tracer species.
Gasoline Diesel Coal Ship Photo- Aquatic Refere
. . .. . . macrophytes Cluster1  Cluster2  Cluster3
vehicles  vehicles emission emission degradation nces
and plankton
OC/EC High Low Low Low [2,17] 3.43 3.45 2.96
V/Ni >0.7 [9,10] 0.42 0.17 0.43
V/Pb >0.27 [9,10] 0.16 0.14 0.25
Cu/Zn Low High High [1] 0.15 0.13 0.15
Flt/(Flt+Pyr) 04-0.5  0.60-0.70 >0.5 [11,12] 0.55 0.56 0.61
BaP/BeP <0.4 [13,14] 0.51 0.44 0.57
IcdP/(IedP+Bghi 0.12-0.22 >0.3 (>0.5)
0) (0.18) 0.37) 0.58 [11,12] 0.26 0.41 0.29
Cmax C23,C25  C17,C20 C17 [16] C17 C18 Cl6
TAR High High High High High Low [16] 0.33 0.41 0.43
C29/C17 High High High High High Low [16] 0.18 0.15 0.24
C34ap35/C34a3S
+ C34aBR 0.6 0.5 0.1-0.4 [15] 0.54 0.59 0.41
C29a3/C30a3  0.6-0.7 04 0.6-2.0 [15] 0.20 0.16 0.24
CPI <2 [16] 1.25 1.71 1.56
The terrigenous-to-aquatic ratio (TAR) was calculated by C27 + C29 + C31/C15 + C17 + C19.
Table S4. The parameters (EF, ED, BW, AT) used in CDI formulas.
Abbreviation Full name Unit Adult References
C Concentration of components pug m



Toxics 2021, 9, x FOR PEER REVIEW 8 of 9

InhR Inhalation rate m? day™! 20 [17,18]
EF Exposure frequency Days years™!

ED Exposure duration Years 30 [19,20]

BW Body weight kg 70 [19,20]

AT non-carcer Average time Days 10950 [19,20]

AT carcer 25550 [19,20]

Table S5. The SFi values of the HMs and PAHs.

Name RfDinh SF References
BaA / 0.21 [19,20]
CHR / 0 [19,20]
BbF / 0.21 [19,20]
BKEF / 0.02 [19,20]
BaP 5.71 x 107 2.1 [19,20]
DBA / 2.1 [19,20]
1IPY / 0.21 [19,20]
Fe / 42 [19,20]
Mn 1.43x 107 9.8 [19,20]
Cu / 0.84 [19,20]
Zn / 15.1 [19,20]
Pb / 0.28 [19,20]
Cr 2.86x 10 294 [19,20]
Ni 4.00x 10 0.84 [19,20]
As 4.29x 106 15.05 [19,20]
\Y% 2.86x 1073 / [19,20]
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