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Table S1 The four PASHs selected in this study

	PASHs
(Abbreviations)
	Chemical formula
	CAS
(Molecular weight)

	Dibenzothiophene
(DBT)
	

	132-65-0
（184.26）

	4-Methyldibenzothiophene
(4-MDBT)
	

	7372-88-5
（198.28）

	4,6-Dimethyldibenzothiophene
(4,6-DMDBT)
	

	1207-12-1
（212.31）

	Benzo[b]naphtho[1,2-d]thiophene
(BbN[1,2-d]T)

	

	205-43-6
（234.32）




Table S2 Meteorological conditions during each sample collection period

	Sample Code
	Description
	Sampling Period
	Precipitation
(mm)a
	Temperature
(℃)
	Humidity
(%)
	Sunshine hours
(h)
	PM2.5
(ug/m3)b
	O3
(ppb)
	NO2
(ppb)
	SO2
(ppb)
	CO
(ppm)

	#1
	JP-PM2.5-29
	2022/7/11~9/13
	8.93
	26.93
	79.90
	5.74
	5.70
	34.00
	8.00
	0.00
	0.10

	#2
	JP-PM2.5-30
	2022/9/13~11/28
	10.82
	18.90
	72.33
	5.16
	5.70
	31.00
	13.00
	0.00
	0.20

	#3
	JP-PM2.5-31
	2022/12/1~2023/2/20
	4.72
	7.54
	55.28
	5.82
	5.00
	27.00
	19.00
	0.00
	0.30

	#4
	JP-PM2.5-32
	2023/2/21~5/16
	8.95
	13.96
	61.64
	6.94
	6.40
	43.00
	13.00
	0.00
	0.20

	#5
	JP-PM2.5-33
	2023/5/17~8/18
	8.60
	25.16
	76.19
	6.97
	6.40
	39.00
	10.00
	0.00
	0.10

	#6
	JP-PM2.5-34
	2023/8/21~11/21
	6.47
	22.90
	70.81
	6.82
	5.00
	32.00
	12.00
	0.00
	0.20

	#7
	CHN-PM2.5-31
	2022/5/9~6/6
	1.67
	22.17
	56.78
	8.56
	24.10
	59.00
	14.00
	1.00
	0.40

	#8
	CHN-PM2.5-33
	2022/7/27~9/2
	3.48
	28.09
	66.33
	9.54
	21.40
	59.00
	9.00
	1.00
	0.40

	#9
	CHN-PM2.5-34
	2022/9/2~10/7
	2.94
	19.54
	76.52
	6.27
	28.90
	43.00
	15.00
	2.00
	0.40

	#10
	CHN-PM2.5-35
	2022/11/23~2023/3/13
	0.39
	3.28
	59.45
	7.13
	69.70
	24.00
	24.00
	2.00
	0.70

	#11
	CHN-PM2.5-36
	2023/3/13~4/10
	2.49
	12.24
	59.64
	7.28
	41.90
	41.00
	15.00
	2.00
	0.50

	#12
	CHN-PM2.5-37
	2023/4/11~6/13
	3.59
	18.64
	66.79
	6.72
	25.20
	55.00
	11.00
	2.00
	0.50

	#13
	CHN-PM2.5-38
	2023/6/13~7/11
	1.78
	26.58
	59.53
	9.02
	14.40
	62.00
	8.00
	1.00
	0.40



a, The meteorological parameters in China, including precipitation (mm), temperature (℃), humidity (%), and sunshine duration (h), are all sourced from the Mirror Earth - Meteorological Big Data Platform. The meteorological parameters in Japan, including precipitation (mm), temperature (℃), humidity (%), and sunshine duration (h), are all sourced from the Japan Meteorological Agency. 
b, The air quality parameters such as PM2.5 (ug/m3), O3 (ppb), NO2 (ppb), SO2 (ppb), and CO (ppm) for China and Japan are all sourced from the World Air Quality Historical Database.







Table S3 PASHs concentration (pg/mg) in each sample

	Sample Code
	Description
	Sampling Period
	DBT
	4-MDBT
	4,6-DMDBT
	BbN[1,2-d]T
	∑PASHs

	#1
	JP-PM2.5-29
	2022/7/11~9/13
	45.7263
	18.3249 
	6.9320 
	21.3287 
	92.3119

	#2
	JP-PM2.5-30
	2022/9/13~11/28
	53.3452 
	20.8664 
	10.5491 
	42.1914 
	126.9521

	#3
	JP-PM2.5-31
	2022/12/1~2023/2/20
	43.6352 
	17.8277 
	12.8702 
	84.7001 
	159.0332

	#4
	JP-PM2.5-32
	2023/2/21~5/16
	24.5873 
	11.0031 
	6.6954 
	15.5429 
	57.8287

	#5
	JP-PM2.5-33
	2023/5/17~8/18
	46.4937 
	16.0265 
	8.2020 
	37.3262 
	108.0484

	#6
	JP-PM2.5-34
	2023/8/21~11/21
	32.3408 
	13.7730 
	8.4673 
	17.1416 
	71.7227

	#7
	CHN-PM2.5-31
	2022/5/9~6/6
	35.5802 
	29.8028 
	14.5145 
	52.7743 
	132.6718

	#8
	CHN-PM2.5-33
	2022/7/27~9/2
	42.3956 
	29.2556 
	16.1416 
	119.7201 
	207.5129

	#9
	CHN-PM2.5-34
	2022/9/2~10/7
	43.8817 
	25.3336 
	15.0079 
	114.9504 
	199.1736

	#10
	CHN-PM2.5-35
	2022/11/23~2023/3/13
	55.7716 
	43.2794 
	23.4704 
	89.9798 
	212.5012

	#11
	CHN-PM2.5-36
	2023/3/13~4/10
	39.4658 
	26.0191 
	15.0570 
	43.4519 
	123.9938

	#12
	CHN-PM2.5-37
	2023/4/11~6/13
	27.6149 
	22.8197 
	11.1517 
	26.4828 
	88.0691

	#13
	CHN-PM2.5-38
	2023/6/13~7/11
	38.9151 
	25.5413 
	13.4677 
	54.5147 
	132.4388















Table S4 PAHs concentration (ng/mg) in each sample 

	Sample Code
	Description
	Sampling Period
	Ace
	Fl
	Phe
	Ant
	Flu
	Pyr
	BaA
	Chr
	BbF
	BkF
	BaP
	DbA
	BgP
	InP
	∑PAHs 

	#1
	JP-PM2.5-29
	2022/7/11~9/13
	0.89 
	0.73 
	1.61 
	-
	0.16 
	0.45 
	0.29 
	0.84 
	1.47 
	0.49 
	0.39 
	-
	1.11 
	0.68 
	9.11 

	#2
	JP-PM2.5-30
	2022/9/13~11/28
	1.24 
	1.03 
	1.85 
	-
	0.31 
	0.78 
	0.45 
	1.41 
	1.88 
	0.65 
	0.57 
	0.04 
	1.80 
	0.90 
	12.93 

	#3
	JP-PM2.5-31
	2022/12/1~2023/2/20
	1.15 
	1.32 
	1.49 
	-
	0.41 
	1.10 
	0.36 
	2.04 
	2.72 
	0.86 
	0.39 
	0.28 
	2.04 
	1.24 
	15.41 

	#4
	JP-PM2.5-32
	2023/2/21~5/16
	1.09 
	0.74 
	1.26 
	-
	0.93 
	0.87 
	0.90 
	0.84 
	0.88 
	1.08 
	0.97 
	-
	1.13 
	-
	10.68 

	#5
	JP-PM2.5-33
	2023/5/17~8/18
	1.25 
	0.79 
	1.35 
	-
	0.94 
	0.92 
	0.93 
	0.90 
	1.00 
	1.12 
	0.99 
	1.16 
	1.16 
	0.88 
	13.36 

	#6
	JP-PM2.5-34
	2023/8/21~11/21
	1.09 
	0.71 
	1.26 
	-
	0.93 
	0.88 
	0.92 
	0.82 
	0.88 
	1.07 
	0.97 
	1.11 
	1.12 
	-
	11.78 

	#7
	CHN-PM2.5-31
	2022/5/9~6/6
	-
	-
	1.27 
	-
	0.98 
	0.91 
	1.30 
	0.79 
	1.27 
	1.16 
	0.98 
	1.30 
	1.22 
	1.02 
	12.20 

	#8
	CHN-PM2.5-33
	2022/7/27~9/2
	-
	-
	1.38 
	-
	1.01 
	0.92 
	1.58 
	0.79 
	1.50 
	1.20 
	0.99 
	1.40 
	1.27 
	1.12 
	13.13 

	#9
	CHN-PM2.5-34
	2022/9/2~10/7
	-
	-
	1.37 
	-
	1.00 
	0.95 
	1.59 
	0.80 
	1.51 
	1.23 
	1.01 
	1.45 
	1.31 
	1.16 
	13.37 

	#10
	CHN-PM2.5-35
	2022/11/23~2023/3/13
	-
	-
	1.68 
	-
	1.11 
	1.67 
	1.86 
	1.21 
	2.23 
	1.69 
	1.25 
	2.18 
	1.92 
	1.96 
	18.75 

	#11
	CHN-PM2.5-36
	2023/3/13~4/10
	-
	-
	1.42 
	-
	0.97 
	0.97 
	1.11 
	1.02 
	1.30 
	1.22 
	1.00 
	1.45 
	1.35 
	1.22 
	13.04 

	#12
	CHN-PM2.5-37
	2023/4/11~6/13
	-
	-
	1.25 
	-
	0.96 
	0.89 
	0.96 
	1.06 
	1.16 
	1.12 
	0.97 
	1.22 
	1.18 
	0.93 
	11.69 

	#13
	CHN-PM2.5-38
	2023/6/13~7/11
	-
	-
	1.23 
	-
	0.99 
	0.91 
	1.51 
	0.79 
	1.34 
	1.13 
	0.98 
	1.23 
	1.19 
	1.02 
	12.30 
















Table S5 Water soluble ion concentration (μg/g) in each sample

	Sample Code
	Description
	Sampling Period
	Cl-
	NO3-
	SO42-
	Na+
	NH4+
	K+
	Mg2+
	Ca2+

	#1
	JP-PM2.5-29
	2022/7/11~9/13
	9804 
	32375 
	62978 
	12110 
	2035 
	2012 
	1290 
	16207 

	#2
	JP-PM2.5-30
	2022/9/13~11/28
	9480 
	35537 
	52610 
	12047 
	2632 
	1199 
	906 
	12797 

	#3
	JP-PM2.5-31
	2022/12/1~2023/2/20
	4490 
	37229 
	37389 
	9259 
	8610 
	3033 
	1631 
	7459 

	#4
	JP-PM2.5-32
	2023/2/21~5/16
	3883 
	18085 
	12828 
	3071 
	836 
	2719 
	980 
	5863 

	#5
	JP-PM2.5-33
	2023/5/17~8/18
	5374 
	25032 
	41295 
	8557 
	3764 
	3907 
	1987 
	13369 

	#6
	JP-PM2.5-34
	2023/8/21~11/21
	4436 
	15599 
	25491 
	5655 
	1325 
	2439 
	1040 
	9502 

	#7
	CHN-PM2.5-31
	2022/5/9~6/6
	2454 
	74289 
	50005 
	3320 
	9381 
	3264 
	2183 
	35133 

	#8
	CHN-PM2.5-33
	2022/7/27~9/2
	2095 
	77307 
	66323 
	3422 
	10028 
	4589 
	2962 
	33885 

	#9
	CHN-PM2.5-34
	2022/9/2~10/7
	1634 
	44926 
	105541 
	2118 
	5676 
	3500 
	3334 
	42881 

	#10
	CHN-PM2.5-35
	2022/11/23~2023/3/13
	6751 
	76840 
	46600 
	3707 
	24219 
	4442 
	2187 
	25053 

	#11
	CHN-PM2.5-36
	2023/3/13~4/10
	3681 
	59907 
	42770 
	3003 
	8252 
	3761 
	1739 
	25363 

	#12
	CHN-PM2.5-37
	2023/4/11~6/13
	2739 
	42902 
	55719 
	2600 
	6109 
	2455 
	1837 
	30646 

	#13
	CHN-PM2.5-38
	2023/6/13~7/11
	1641 
	51285 
	94811 
	2332 
	10777 
	3602 
	1815 
	40632 















Table S6 EC/OC concentration (μg/g) in each sample 

	Sample Code
	Description
	Sampling Period
	OC1
	OC2
	OC3
	OC4
	OCpyro
	EC1
	EC2
	EC3
	TC

	#1
	JP-PM2.5-29
	2022/7/11~9/13
	89 
	10551 
	93193 
	13781 
	46257 
	9915 
	17106 
	7535 
	198427 

	#2
	JP-PM2.5-30
	2022/9/13~11/28
	167 
	9993 
	65302 
	10310 
	37424 
	9388 
	16144 
	5246 
	153974 

	#3
	JP-PM2.5-31
	2022/12/1~2023/2/20
	824 
	94998 
	54024 
	11159 
	42688 
	9687 
	18688 
	8182 
	240251 

	#4
	JP-PM2.5-32
	2023/2/21~5/16
	218 
	19401 
	97244 
	17977 
	49954 
	11110 
	12502 
	3347 
	211754 

	#5
	JP-PM2.5-33
	2023/5/17~8/18
	0 
	17139 
	80219 
	21705 
	38374 
	48705 
	19724 
	13218 
	239085 

	#6
	JP-PM2.5-34
	2023/8/21~11/21
	0 
	22799 
	133343 
	31602 
	58658 
	71572 
	23809 
	8726 
	350509 

	#7
	CHN-PM2.5-31
	2022/5/9~6/6
	83 
	55083 
	25749 
	14132 
	34366 
	42088 
	14774 
	1027 
	187302 

	#8
	CHN-PM2.5-33
	2022/7/27~9/2
	0 
	17865 
	23773 
	13289 
	30125 
	35416 
	5971 
	924 
	127363 

	#9
	CHN-PM2.5-34
	2022/9/2~10/7
	55 
	26281 
	35528 
	15816 
	35572 
	43982 
	12668 
	1049 
	170951 

	#10
	CHN-PM2.5-35
	2022/11/23~2023/3/13
	720 
	30438 
	33366 
	16951 
	47497 
	55616 
	12153 
	1192 
	197934 

	#11
	CHN-PM2.5-36
	2023/3/13~4/10
	927 
	44524 
	36037 
	17769 
	34224 
	45845 
	15776 
	2003 
	197107 

	#12
	CHN-PM2.5-37
	2023/4/11~6/13
	373 
	28952 
	24132 
	11643 
	26705 
	33260 
	9300 
	643 
	135007 

	#13
	CHN-PM2.5-38
	2023/6/13~7/11
	662 
	40348 
	47603 
	19676 
	42486 
	50540 
	8868 
	794 
	210978 
















Table S7 Metal elements concentration (μg/g) in each sample 

	Sample Code
	Description
	Sampling Period
	Mg
	Al
	S
	K
	Ca
	Ti
	V
	Cr
	Mn
	Fe
	Co
	Ni
	Cu
	Zn
	As
	Se
	Cd
	Pb

	#1
	JP-PM2.5-29
	2022/7/11~9/13
	4300 
	29000 
	21000 
	5800 
	19000 
	1400 
	62 
	580 
	650 
	24000 
	8 
	230 
	710 
	2700 
	17 
	17 
	3 
	400 

	#2
	JP-PM2.5-30
	2022/9/13~11/28
	5900 
	38000 
	24000 
	6300 
	27000 
	1600 
	71 
	300 
	830 
	24000 
	10 
	210 
	500 
	3100 
	25 
	22 
	5 
	290 

	#3
	JP-PM2.5-31
	2022/12/1~2023/2/20
	6400 
	45000 
	16000 
	6700 
	27000 
	2400 
	100 
	200 
	820 
	31000 
	13 
	110 
	330 
	2200 
	22 
	14 
	4 
	230 

	#4
	JP-PM2.5-32
	2023/2/21~5/16
	4500 
	27000 
	6100 
	6500 
	20000 
	2100 
	64 
	99 
	750 
	20000 
	7 
	47 
	210 
	990 
	17 
	5 
	1 
	150 

	#5
	JP-PM2.5-33
	2023/5/17~8/18
	4800 
	32000 
	18000 
	6400 
	21000 
	1500 
	62 
	350 
	640 
	23000 
	8 
	130 
	520 
	2100 
	20 
	16 
	3 
	280 

	#6
	JP-PM2.5-34
	2023/8/21~11/21
	5500 
	30000 
	21000 
	9100 
	29000 
	1700 
	76 
	370 
	750 
	24000 
	10 
	120 
	630 
	2900 
	28 
	19 
	4 
	390 

	#7
	CHN-PM2.5-31
	2022/5/9~6/6
	9800 
	32000 
	13000 
	12000 
	51000 
	2000 
	52 
	77 
	610 
	23000 
	9 
	31 
	170 
	780 
	33 
	12 
	5 
	150 

	#8
	CHN-PM2.5-33
	2022/7/27~9/2
	9100 
	49000 
	33000 
	11000 
	47000 
	1700 
	44 
	87 
	920 
	20000 
	7 
	51 
	190 
	1200 
	61 
	32 
	10 
	310 

	#9
	CHN-PM2.5-34
	2022/9/2~10/7
	3700 
	16000 
	16000 
	4600 
	22000 
	760 
	20 
	42 
	410 
	9700 
	3 
	15 
	90 
	550 
	36 
	16 
	4 
	150 

	#10
	CHN-PM2.5-35
	2022/11/23~2023/3/13
	5200 
	18000 
	7600 
	6800 
	24000 
	1000 
	26 
	39 
	330 
	10000 
	5 
	18 
	57 
	370 
	24 
	6 
	3 
	88 

	#11
	CHN-PM2.5-36
	2023/3/13~4/10
	9000 
	32000 
	13000 
	12000 
	42000 
	1700 
	46 
	65 
	530 
	19000 
	7 
	29 
	100 
	560 
	38 
	10 
	4 
	130 

	#12
	CHN-PM2.5-37
	2023/4/11~6/13
	11000 
	37000 
	16000 
	13000 
	43000 
	2000 
	54 
	63 
	610 
	22000 
	9 
	30 
	100 
	590 
	37 
	12 
	4 
	140 

	#13
	CHN-PM2.5-38
	2023/6/13~7/11
	6300 
	27000 
	31000 
	10000 
	45000 
	1600 
	42 
	80 
	680 
	20000 
	7 
	31 
	180 
	920 
	64 
	26 
	8 
	280 
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