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Table S1 Data sources of seven major Basins

No Basins Region Water body Sampling Sampling time PAH Reference
Points compound
s

1 SRB Heilongjiang Surface water 14 Jun.2010 16 Wang, 2012
2 Jilin River 9 2009-2010 16 Xu, 2011
3 Heilongjiang River 15 2014 16 Zhao and Zhou, 2015
4 Heilongjiang Reservoir 16 Jul.2010 15 Xiao et al., 2015
5 Jilin River 25 2012 16 Liu, 2013
6 Heilongjiang River 48 Jul.2010 16 Huetal., 2017
7 Heilongjiang River 21 May.2009 16 Ma et al., 2013
8 Jilin,Heilongjiang River 42 Apr.Aug.2007 16 Zhao et al., 2014
9 Heilongjiang,Jilin River 14 May.2009 16 Chen et al., 2016
10 Heilongjiang River 10 Jan.May.2007 8 Sun et al., 2010
11 Inner Mongolia River 18 Sep.2021 16 Qin et al., 2023
12 Inner Mongolia River 45 Sep.2021 16 Qin et al., 2023
13 Heilongjiang River 18 2010 15 Ma et al., 2012
14 Jilin River 9 May.Aug.2013 Jan.2014 16 Zhang et al., 2015
15 Heilongjaing River 14 Apr.Aug.2007 Jan.2008 16 Ding, 2008
16 Jilin River 17 Nov.2014 May.Aug.2015 16 Sun et al., 2017
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Table S2 Concentrations of 16 PAHs in seven major basins. (ng/L)

Nap Acy Ace Flu Phe Ant Fla Pyr BaA Chr BbF  BkF  BaP  DahA IcdP BghiP
SRB  524.15 1512 1328.61 557.7 1509.76 304.14 607.58 43795 70.2 121.29 140.1 7194 35322 8.1 337 2.09
LRB 208.54 1595 17.06  57.18 187.44 101.43 127.74 122.67 1933 7746 70.26 28.75 60.78 70.74 21.12 30.81
HaRB 61.25 6.11 14.04 21.63 5044 1531 2348 1451 3542 11.18 1292 89 8.48 2.34 7.6 6.47
YRB 221.19 42.06 86.71  97.54 164.59 2445 5338 53.04 5621 70.07 37.62 21.65 3127 41.79 30.85 40.71
HuRB 621.36 470.11 2381 68.87 22642 3623 3508 4196 82.11 4731 2846 6.61 1657 745 2224 9.11
YtRB  81.3 21.25 28.1 4042 109.02 45.64 5489 5695 3496 37.07 21.65 18.75 26.77 6.6 13.86 10.02
PRB 241.62  25.73 10.65 19.14  46.99 9.19 12.64 8.18 3.73 4.23 4.9 6.44 52 244 388  5.19
MAX 3463.8 11275.87 7555.13 3700 11300 2340 4660 3070 1266.46 650 1050 520 2789.9 683.82 1523 304.44
MIN ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND
SD  460.83 1241.35 858  402.73 1218.15 276.86 508.73 341.55 167.66 117.53 138.32 73.15 308.63 79.22 3349 47.62

Note:"nd" indicates that it is not checked out.

River Basin; PRB: Pearl River Basin

SRB: Songhua River Basin; LRB: Liaohe River Basin; HaRB: Haihe River Basin; YRB: Yellow River Basin; HuRB: Huaihe River Basin; YtRB: Yangtze



Table S3 Physical and chemical properties of PAHs.

PAHs Abbr. Ring Molecular formula  Melting point (°C) Boiling point (°C)  Water solubility(mg/L)  logKow
Naphthalene Nap 2 CioHs 80.5 218 31.7 3.33
Acenaphthylene Acy 3 Ci2Hg 92-93 280 3.93 4.07
Acenaphthene Ace 3 Ci2Hio 96.2 279 1.93 3.98
Fluorene Flu 3 CizHio 116 295 1.68-1.98 4.18
Phenanthrene Phe 3 CisHio 101 340 1.2 4.45
Anthracene Ant 3 CicHio 218 340 0.076 4.45
Fluoranthene Fla 4 CicHio 111 383 0.2-0.26 4.9
Pyrene Pyr 4 CisHiz 156 404 0.0013 4.88
Benzo[a]anthracene BaA 4 CisHiz 158-159 448 0.01 5.61
Chrysene Chr 4 CisHiz 255-256 435 0.0028 5.16
Benzo[b]fluoranthene BbF 5 C20H12 168.3 481 0.0012 6.04
Benzo[k]fluoranthene BkF 5 C20H12 215.7 481 0.00076 6.04
Benzo[a]pyrene BaP 5 C20Hi2 179-179.3 496 0.0023 6.06
Dibenzo[a,h]anthracene =~ DahA 5 C22Hi4 262 535 0.0025 6.84
Benzo[g,h,i]perylene BghiP 6 CxHi2 273 542 0.062 6.5
Indeno[1,2,3-cd]pyrene IcdP 6 C22Hi2 163.6 534 2.6x107 6.58




Table S4-1 Toxic equivalent concentration of seven carcinogenic monomers in seven major basins. (ng/L)

carcinogenic BaA Chr BbF BkF BaP DahA IcdP Mean SD
PAHs
SRB 7.02 1.21 14.01 7.19 353.22 8.01 0.34 390.99  986.52
LRB 19.33 0.77 7.03 2.87 60.78 70.74 2.11 163.63 396.95
HaRB 3.54 0.11 1.29 0.89 8.48 2.34 0.76 17.42 35.21
YRB 5.6 0.7 3.76 2.16 31.27 41.79 3.08 88.36 149.42
HuRB 8.21 0.47 2.85 0.66 16.57 7.45 2.22 38.44 52.94
YtRB 3.5 0.37 2.16 1.88 26.77 6.05 1.39 42.12 101.41
PRB 0.37 0.04 0.49 0.64 5.2 2.44 0.39 9.57 9.02

SD is the standard deviation.



Table S4-2 Monte Carlo model results for carcinogenic risk assessment in seven major basins (Children).

SRB LRB HaRB YRB HuRB YtRB PRB
Mean 1.36x10°® 6.78x1077 6.21x108 3.22x107 1.50x1077 1.42x107 3.88x10®
Median 3.16x107 1.27x107 1.70x10%® 9.36x10%* 4.77x10°® 3.73x10°8 1.48x10°®
Coeff. of Variation 3.05 4.45 3.18 2.51 242 2.32 2.93
Minimum 6.09x10710 6.61x1071° 1.62x1071° 4.47x1071° 3.70x10°1° 2.15x1071° 1.58x1071°
Maximum 6.57x107 7.68x107 4.73x10°® 1.48x10% 6.08x10°° 5.18x10°¢ 2.86x10°
Mean Std. Error 1.31x10° 9.55x10® 6.24x107 2.56x10%® 1.15x10® 1.04x10® 3.59x10?
Percentiles
5% 1.5x10°8 7.23x107 1.14x10° 7.06x107° 3.90x10” 2.56x10 1.48x107
10% 2.88x10® 1.36x10® 1.97x10° 1.37x10® 7.11x107 4.26x10° 2.62x107
50% 3.15x107 1.27x107 1.70x10%® 9.34x10%® 4.76x10® 3.72x10°8 1.48x10°®
75% 9.6x107 4.36x107 5.09x108 2.61x107 1.36x107 1.24x107 3.74x10°8
90% 2.92x10°® 1.30x10°¢ 1.39x1077 6.97x107 3.40x107 3.32x107 8.74x108
95% 5.17x10°¢ 2.57x10°° 2.41x107 1.48x10°° 5.60x1077 6.26x107 1.26x107




Table S4-3 Monte Carlo model results for carcinogenic risk assessment in seven major basins (Teenagers).

SRB LRB HaRB YRB HuRB YtRB PRB
Mean 1.93x10°¢ 6.18x107 9.18x108 4.41x107 2.02x107 1.85x107 5.81x10°8
Median 4.30x107 1.76x107 2.13x10® 1.35x107 6.98x10® 4.72x10°® 2.53x10®
Coeff. of Variation 2.76 2.47 5.46 2.42 2.38 3.29 1.86
Minimum 2.48x107 9.63x10°1° 2.04x1071° 1.45x107 8.54x1071° 2.13x10°1° 4.87x1071°
Maximum 6.64x107 2.31x107 1.45%107 1.50x107 8.05x10°¢ 1.10x107 1.72x10°¢
Mean Std. Error 1.68x107 4.83x10® 1.59x10°® 3.38x10%® 1.52x10°® 1.92x10°8 3.42x107
Percentiles
5% 2.9x10® 1.1x108 1.63x10° 1.16x10® 7.49x107 2.62x107 3.26x107
10% 4.53x10°® 2.02x10%® 2.96x10” 2.08x10%® 1.06x10® 5.09x107 5.00x10”
50% 4.3x107 1.76x107 2.12x10°% 1.35x107 6.97x10°% 4.71x10°® 2.52x10%®
75% 1.37x10°¢ 5.41x107 6.26x1078 4.07x107 1.91x107 1.36x1077 6.10x10°8
90% 4.59x10° 1.34x10°° 1.70x1077 1.02x10°¢ 4.73x1077 3.74x107 1.33x107
95% 9.12x10°¢ 2.76x10°° 2.95x107 1.56x10°® 7.61x107 7.14x107 2.09x1077




Table S4-4 Monte Carlo model results for carcinogenic risk assessment in seven major basins (Adults).

SRB LRB HaRB YRB HuRB YtRB PRB
Mean 6.19x10°¢ 2.12x10°° 2.40x107 1.20x10°® 5.77x107 6.76x107 1.40x107
Median 1.57x10°¢ 6.25x107 7.46x107® 4.68x107 2.39x107 1.63x107 7.46x107®
Coeff. of Variation 2.94 2.93 2.48 2.16 1.86 3.69 1.47
Minimum 8.7x107 3.17x10”? 2.48x1071° 7.58x107 3.85x10” 1.98x107 2.40x107°
Maximum 3.8x10* 1.37x10* 9.46x10°¢ 3.16x107 1.62x10° 5.01x107 2.48x10°°
Mean Std. Error 5.76x1077 1.96x107 1.88x10® 8.19x10° 3.40x10%® 7.88x10® 6.49x107
Percentiles
5% 1.13x107 5.18x10°8 6.91x107 4.94x10%® 2.47x10°8 1.36x10°8 1.20x10°®
10% 2.05%107 8.87x10°8 1.20x10°8 8.12x10°8 4.37x10® 2.41x10® 1.73x10°®
50% 1.56x10°¢ 6.24x107 7.45x10® 4.68x107 2.39x107 1.63x107 7.54x10%®
75% 5.20x10°¢ 1.74x10° 2.06x1077 1.17x10°® 6.45x107 4.74x107 1.63x107
90% 1.42x107 4.42x10° 5.73x107 2.49x10°® 1.39x10°¢ 1.38x10°¢ 3.13x107
95% 2.46x107 8.38x10°¢ 1.04x10°¢ 4.22x10°® 2.11x10°¢ 2.29x10%° 4.64x107




Table S4-5 Values and probability distributions of parameters.

Parameters Units Distribution Children Teenagers Adults
(0-10 years) (11-20 years)  (21-70 years)
IR 2¢ L-d! Lognormal 1.28,1.69 1.44,1.69 1.85,1.56
BW b¢ Kg Normal 23.03,1.01 52.23,1.04 59.25,1.05
EF © d-a! Triangle 180, 345, 365 180, 345,365 180, 345, 365
ED ¢f A Triangle 0,6, 10 11, 14,20 21, 30, 70
AT? D — 25550 25550 25550
CSF ¢ Kg-D- mg ™! — 1 1 1
2 Adapted from USEPA;

® Adapted from Department of Health, ROC (http://www.doh.gov.tw/cht/index.aspx#);

¢ Adapted from USEPA 2017;

4 Adapted from Ma et al., 2013;

¢ Adapted from Liao and Chiang, 2006;
f Adapted from Yang et al., 2014.
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Base Factor Profiles - Run 3 Legend: ® % of Species
(a ) = Conc. of Species
1

10 | — — A
m m — u — 80
10° H 2 B @ m | [
T i 60 o
SE107H - I R
86 42 = H a0 3
ki 107 R ] -
|
-3 H |m | | | |
10°H, - - {20
10" - = 0
o 100
10° U o — - [ ] :I [ — — 80
o4 - ] -
5210"H . 1.2
- o 2 n i 2
2° 10K o =1 =
|
10°H" |a : - . H 20
104 L] [ L L 0
\ — 100
A r ™ 1 M 180
- _ _ B _
- Ul A - leo 2
510 17z 8
3] = m 4 2
29107 H 1 04
10°H - - o 1" . {20
gl L = 1= _ 0
' [F — 100
10.;._ i ] ] _-Sﬂ
o -
= &3 11| 60 o
gs10r . {1 #®3
® O 2] 0 2
- 10 u | =
10°H . 20
10 - 0
E Ge.

&
o
Y
&
#*]
N
Y
¥ T
£7]
el
S}‘Q'
g,%
ép
&
3@6

(b)

100 100
Eacior Legend
a0 o5 W - Factort
W - Facses 2
B - B0 W - Factord
« Factor &
T = 70
s ¥
4
g o0 Je0 §
= -
: H
G q% g
: :
fo fo f
. H
an 2 30
20 = 20
10 R
o B Ly ' e 0

% T T “% ‘31, 1. % - d'" Gy B L' ‘Gﬂc- Q"-f 1‘%‘ ﬁaka.
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individual PAH species (b) from PMF model in water from HaRB.
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Figure. S7. Fractional source concentrations (a) and average source contributions of

individual PAH species (b) from PMF model in water from HuRB.



Base Factor Profiles - Run 16 Legend: ® % of Species
B Conc. of Sp e:ie51

10° - [ u - - 80
T 10 — - 60 =
5 . u| L
501071 . ] 40 2
0L [ m [m | 20
|
10..‘. = | 0
100
10° =[] [ = [ 80
T g0 H60 &
£5 = - m| — —1.. %8
5010 = [ ] 40 5
o3 = ]
10 . i . i 20
10° = = =10 |8 Igll,
100
a = ] ]
10 5] = = [H [ —— 20
] A [ " m
% E‘ 10-‘- — - - i Euaﬂ §
S0 107H " » 140 o
1071 L H 20
10"‘ BN | L] a8 | I 0
100
[ ] —
a —l — — — ’
107 (. n - 80
T 107h 460 @
=5 5 |m u| 1 #35
SO 107 H - a0 2
10°H
R
45::: 1} ‘?%
100
!
b0 490 B - Facee t
f W - Factas2
B0 qa B - Facter 3
1 < Fachar d
T s ]
g ’
Zw 60 §
g s 40 2
; :
5 w0 e §
’ g
20 430
20 420
10 = 10
0 E=t . + . . . . + . + . . L]

?h 1, T t% -3; 1, - - &H S o % % Q&' -‘% &%4

Figure. S8. Fractional source concentrations (a) and average source contributions of

individual PAH species (b) from PMF model in water from YtRB.
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Figure. S9. Fractional source concentrations (a) and average source contributions of

individual PAH species (b) from PMF model in water from PRB.
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Figure. S10. Organ chart of TEQgar in the surface water of seven main river basins

across China.
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