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SI Table S1. Nomenclature and Ion Fragment for the Target Analytes Used in this Study

Analyte
TBB
TBPH
BTBPE
DBDPE
DP
TBBPA
HBCD
TDBPP
PBCCH

IUPAC nomenclature

2-ethylhexyl 2,3,4,5-tetrabromobenzoate
bis-(2-ethylhexyl)-tetrabromophthalate
1,2-bis(trbromophenoxy)-ethane
1,2-bis(2,3,4,5,6-pentabromophenyl)ethane
bis(hexachlorocyclopentadieno)cyclooctane
tetrabromobisphenol A
hexabromocyclododecane
tris(2,3-dibromopropyl) phosphate

pentabromochlorocyclohexane

HCDBCO hexachlorocyclopentadienyldibromocyclooctane

“ The superscripts are the reference numbers for log Koy

Log K, *
8.75"

11.95,' 10.08 *
7.88,29.15°
13.24, 11.102
11.27"

4.5*

7.74,' 6.16°
4.29°

4.72°

791!

Ion fragments
356.7/358.7/469
463.7/514.7/512.7
250.8/252.8/330.6
81/79/810.3
617.8/653.8
542.6/554.7/550.7
640.6/652.7
496.6/498.6
115.8/79/81
539.7/541.6
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42
43
44
45
46
47
48
49
50
51
52
53
54

SI Table S2. Quality Assurance and Quality Control Results

Analyte

YBDE
BDE-209
TBB

TBPH
BTBPE
DBDPE

DP

TBBPA
HBCD
TDBPP
PBCCH
HCDBCO
BDE-51
BDE-115
BC-BDE-138
BC-BDE-209
HBCD-d;5

Matrix spiking blank Procedural blank

66 +3.2%—78 £8.7%

85+ 15%

55+ 18%

58 +20%

82 +£6.2%

87 £10%

71 £9.6%

62 £ 15%

76 £9.5%

65 + 14%

75+ 11%

79 £ 14%

86 £ 18% 104 +9.7%
77 £ 12% 88 £6.2%
71 £ 16% 81 £6.2%
85+ 17% 110+ 8.3%
67 £ 19% 80+ 13%

Solvent spiking blank

77 + 6%—89 + 4%
96 + 10%
61+ 16%
59 + 18%
86 +4.3%
91 + 12%
80+ 6.3%
76 +11%
78 + 8.8%
66 + 12%
80 + 8.4%
76 +9.8%
92 + 10%
80 + 8.4%
80+ 12%
93 +7.2%
87+ 16%

Sample

90 + 15%
86 £ 14%
82 £9.0%
89 £ 17%
81 £ 14%
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56
57

58
59

60
61
62
63
64
65
66
67
68
69
70
71
72
73
74
75
76
77
78
79
80

81

SI Table S3. Coordinates of Sampling Sites, Concentrations of Target Analytes (ng g'l) and Contents of Total Organic Carbon (%) with the
Surface Sediments from Daya Bay and Hong Kong

Site

D1
D2
D3
D4
D5
D6
D7
D8
D9
D10
D11
D12
D13
D14
D15
D16
D17
D18

Hl

Latitude

22°43.264'
22°43.894"
22°42.672'
22°42.188'
22°41.935
22°42.492'
22°39.510’
22°45.950'
22°45.550'
22°45.517
22°43.470'
22°41.252'
22°38.050'
22°36.450'
22°39.400’
22°43.217
22°34.200'
22°34.717

22°29.930’

Longitude

114°34.132'
114° 35.249'
114°34.373'
114°34.617'
114°32.975'
114°32.257'
114° 33.065'
114°41.867'
114° 43.633'
114°39.667'
114°37.519'
114°35.505'
114° 36.950'
114°41.633'
114° 41.850'
114°42.267'
114°37.433'
114°37.633'

113°59.265'

YBDE ¢

2.6
1.1
23
1.4
1.9
1.3
0.57
0.39
0.25
0.066
0.21
0.57
0.091
0.40
0.12
0.33
0.14
0.25

1.2

BDE-209 TBB

47
33
44
50
24
15
19
11
8.4
2.6
4.0
15.
6.1
13
1.9
9.5
6.8
52

34

0.54
0.36
0.50
0.18
0.18
0.31
0.09
0.054
0.16
0.15
0.081
0.15
0.096
0.065
0.062
0.050
0.12
0.044

0.24

TBPH BTBPE DBDPE DP’

Daya Bay
0.57 2.1
0.27 1.1
0.68 1.6
0.16 1.1
0.14 1.4
0.36 1.6
0.17 0.94
0.14 0.51
0.056  0.61
0.047  0.88
0.084  0.63
0.19 1.26
0.15 0.73
0.15 0.68
0.085  0.96
0.10 0.48
0.096  0.21
0.052  0.11

Hong Kong
0.21 0.64

sS4

35

22.
28

24

16

11

93
3.6
6.0
6.6
2.6
9.1
5.3
1.6
4.0
1.9
3.8
24

33

1.8
0.90
1.8
1.1
0.56
2.5
0.34
2.2
0.15
1.1
0.24
0.90
0.48
0.33
0.56
0.32
0.96
0.33

1.4

TBBPA

6.1
34
4.7
3.6
4.1
3.1
2.1
091
1.1
0.49
0.50
14
0.92
0.23
0.70
0.53
0.32
0.29

24

HBCD “ TDBPP

14

9.0
17

11

7.6
11

6.7
1.6
32
42
6.8
4.1
5.8
5.7
4.6
3.8
3.7
6.3

73

0.040
0.039

0.026
0.024

0.007

0.036

0.033

PBCCHY HCDBCO TOC

14

0.77
2.0

0.88
0.97
0.63
0.38
0.24
0.15
0.16
0.28
0.37
0.32
0.26
0.13
0.15
0.23
0.13

0.21
0.14
0.18
0.065
0.087
0.16
0.13
0.093
0.088
0.061
0.056
0.084
0.038
0.053

0.018

0.020

0.62
0.82
1.1
1.2
1.0
1.1
1.5
1.0
1.3
1.0
0.9
1.1
0.93
0.56
0.81
1.1
0.90
0.78

0.54



82
83
84
85
86
87
88
89
90
91
92
93
94
95
96
97
98
99
100
101
102
103
104
105
106
107
108
109
110
111

H2

H3

H4

H5

Ho6

H7

H8

H9

H10
Hl11
H12
H13
H14
HI15
H16
H17
HI18
H19
H20
H21
H22
H23
H24
H25
H26
H27
H28
H29
H30
H31

22°28.399'
22°26.800’
22°25.298'
22°23.801"
22°21.402'
22°21.401
22°20.803’
22°17.302
22°09.200’
22°09.201"
22°12.203'
22°15.203’
22°16.493'
22°18.604'
22°17.500
22°18.102'
22°09.196’
22°09.202'
22°09.200’
22°13.799’
22°13.795'
22°17.500
22°17.501"
22°20.902’
22°23.700
22°28.295'
22°26.299'
22°26.800'
22°28.299'
22°29.300

113°57.798'
113° 55.600'
113°53.497'
113°53.500'
113°54.801"
113°57.304'
114° 02.290'
113°52.597'
113°56.204'
114° 02.694'
114°04.296'
114°07.398'
114°03.498'
114°06.301"
114°09.500'
114°11.898'
114°07.394'
114°14.399'
114°23.401'
114°15.903'
114°23.400'
114° 15.596'
114°20.900'
114°17.099'
114°25.900'
114°25.507'
114°13.001"
114°15.600'
114°18.000'
114°19.502'

0.91
0.49
0.32
1.1
0.33
0.34
0.59
0.080
0.11
0.29
0.065
0.80
0.80
1.9
1.1
1.3
0.12
0.29
0.28
0.13
0.29
1.3
0.12
0.30
0.22
0.15
1.2
0.30
0.53
0.16

29
28
14
44
36
14
7.9
11
2.8
4.7
7.7

0.17
0.41
0.37
0.38
0.077
0.15
0.34
0.30
0.14
0.27
0.26
0.56
0.80
0.58
0.53
0.64
0.16
0.28
0.12
0.047
0.094
0.48
0.082
0.080
0.23
0.047
0.084
0.13
0.12
0.29

0.14
0.13
0.20
0.31
0.22
0.13
0.56
0.46
0.35
0.21
0.55
0.43
0.49
0.59
0.37
0.74
0.10
0.15
0.11
0.11
0.24
0.38
0.13
0.15
0.12
0.062
0.19
0.067
0.12
0.10

0.64
1.5
1.2
5.6
34
1.5
39
0.88
0.90
22
2.9
4.2
32
6.2
5.1
53
1.4
0.55
0.27
1.3
0.88
3.1
1.0
0.50
0.53
1.3
22
39
3.3
0.74
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37
28
39
26
12
26
14
9.9

0.86
1.2
0.71
2.1
1.5
0.94
24
0.56
0.28
0.93
2.0
2.9
2.2
33
42
3.7
0.78
0.65
0.41
1.7
0.53
24
0.67
0.98
0.35
0.42
2.1
1.1
14
0.93

34
2.7
2.0
1.3
2.2
1.8
3.6
1.6
0.83
1.4
2.1
5.7
4.9
7.6
9.0
8.5
24
0.90
1.2
4.4
1.4
35
24
0.54
1.5
1.2
35
2.8
1.4
1.2

7.7
13
5.7
11
5.9
10
43
3.0
1.7
43
8.1
15
19
26
30
27
9.8
7.9
6.0
7.2
6.6
17
8.1
12
34
32
10
8.0
54
54

0.0081

0.030

0.11

0.040

0.15

0.12

0.058

0.14

0.082

0.20

0.11

0.024

0.076

0.063

0.014
0.004

0.45
0.85

0.55

0.40

0.57
0.84
13
0.95
24
1.9
23

0.57
0.42

0.088
0.039
0.11
0.021
0.094
0.056
0.18
0.041
0.082
0.10
0.060
0.25
0.42
0.34
0.25
0.49
0.049
0.11
0.029
0.020
0.086
0.22
0.13
0.052
0.11
0.051

0.041
0.039
0.039

0.98
1.0
0.61
1.0
0.66
0.90
1.2
1.0
0.70
0.82
1.2
0.84
1.0
0.67

0.93
0.69
0.70
0.64
1.2
0.78
1.1
0.51
1.7
0.52
0.36
0.76
1.8
2.2
1.9



112 H32  22°30.49¢' 114°22.802' 0.32 9.1 0.14 0.078 1.1 6.2 042 25 1.9 — — 0.019 1.2

113 H33 22°31.501" 114°17.999' 0.24 2.2 0.22 0.071 0.38 43 042 0.82 2.9 0.010 0.13 0.042 1.9
114  H34  22°33.600' 114°19.499' 0.50 6.0 0.19 0.12 0.50 23 0.96 14 6.7 0.073 1.0 0.11 1.2
115 H35 22°33.200’ 114°21.699' 0.19 5.4 0.078 0.051 1.1 6.3 0.61 0.53 5.2 0.016 0.52 0.044 1.1
116

117 ¢ Sum of BDE-15, -17, -47, -71, -85, -99, -100, -126, -153, -154, -181, -183, -190, -196, -203, -204, -206, -207 and -208. ’ Sum of anti-DP and syn-DP. ¢ Sum of B-HBCD and y-
118  HBCD, and 0-HBCD was not detected.  PBCCH-D. ¢ Not detected.
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119
120
121

122
123
124
125
126
127
128
129
130
131
132
133
134
135
136
137
138
139
140
141
142
143
144
145
146
147
148
149
150
151
152
153
154
155
156
157

SI Table S4. Comparison of Global Sediment Concentrations (ng g'l) of Halogenated

Flame Retardants

Analyte

YBDE “

BDE209

DBDPE

HBCD”

TBBPA

BTBPE

Concentration

0.12-5.5
0-0.55
0.04-6.3
0.04-95
0.09-2.6
0.06-1.9
0.16-95
21-240
0-7300
240-1700
1.9-50
1.5-53
39-360
23-430
0-24
0.11-2.8
1.6-34.8
2.3-76
0.2-6.9
0.04-3.1
0.43-3.9
0.06-2.3
1.6-17
1.7-30
3.8-230
330-3800
0.3-1.3
0.8-4.0
0.23-6.1
0.53-9.0
0.05-2.07
0.27-21.9
0.13-8.3
0-0.3
0.10-2.1
0.27-6.2

Sampling site

Qingdao coast, China

Yangtze River Delta, China

The Great Lakes, North America
Pearl River Delta, China

Daya Bay, China

Hong Kong, China

Yangtze River Delta, China

The Great Lakes, North America
Pearl River Delta, China

Scheldt estuary, The Netherlands
Daya Bay, China

Hong Kong, China

Zhujiang estuary, China
Dongjiang river, China

Western Scheldt, The Netherlands
The Great Lakes, North America
Daya Bay, China

Hong Kong, China

North Sea, The Netherlands

The Great Lakes, North America
Lake Ellasjeen, Norway

Tokyo Bay, Japan

Daya Bay, China

Hong Kong, China

Dongjiang River, China

English Lakes, England

Western Scheldt, The Netherlands
Dutch rivers, The Netherlands
Daya Bay, China

Hong Kong, China

Pearl River Delta, China

Pearl River Delta, China

The Great Lakes, North America
Western Scheldt, The Netherlands
Daya Bay, China

Hong Kong, China

S7

Reference

6
7
8

9

present study

present study
7

8
9

10

present study

present study
11

12
3,13

14

present study

present study
15

14
16

17

present study

present study
12

18
19

19

present study

present study
11

11
14

3

present study
present study



158
159
160
161
162
163
164
165
166
167
168
169
170
171
172
173
174
175
176
177
178
179
180

181

DP* 5-590
0.04-0.11
0.25-0.70
0-4.9
0.15-2.5
0.28-4.2
0.03-0.72
0.13-2.0
0-2.4
0.21-2.3
0-0.21
0-0.49
TDBPP 7.8-89
0-0.066
0-0.20
TBB 0.044-0.55
0.047-0.80
TBPH 0.047-0.68
0.051-0.74

PBCCHY

HCDBCO

The Great Lakes, North America
Songhua River, China

Yellow Sea, China

Jing-Hang Grand Canal, China
Daya Bay, China

Hong Kong, China

Western Scheldt, The Netherlands
Daya Bay, China

Hong Kong, China

The Great Lakes, North America
Daya Bay, China

Hong Kong, China

Baltic Sea (Vistula river)

Daya Bay, China

Hong Kong, China

Daya Bay, China

Hong Kong, China

Daya Bay, China

Hong Kong, China

20-23
24
25

26

present study
present study
3

present study
present study
14

present study
present study
27

present study
present study
present study
present study
present study
present study

“ Sum of BDE-15, -17, -47, -71, -85, -99, -100, -126, -153, -154, -181, -183, -190, -196, -203,
-204, -206, -207 and -208. b Sum of S-HBCD and y-HBCD, and no a-HBCD was detected in
our samples.  Sum of anti-DP and syn-DP. 4 the isomer PBCCH-D.
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182
183
184
185
186
187
188
189
190
191
192
193
194
195
196
197
198
199
200
201
202
203
204
205

206

207
208

209

SI Table S5. Assignment of Sampling Sites to the Council Districts of Hong Kong, the
Corresponding Average Concentrations of all-HFRs (ng g'l), Concentration Deviation

and Population Density (person km?)

Council district Sampling site Concentration * Deviation Population b
South H21 20 4.0° 6160
North H33, 34 26 209 1946
Tai Po H27, 28, 29, 30, 31, 32 29 104 1807
Sai Kung H20, 22, 23, 24, 25, 26 34 234 2813
Tsuen Wan HS8 38 7.5°¢ 4330
Islands H9, 10, 11, 12, 13, 14, 18,19 53 35¢ 693
Tuen Mun H4,5,6,7 69 17¢ 5096
Yuen Long H1,2,3 78 254 3652
Central & Western ~ H13 98 29°¢ 17950
Yau Tsim Mong Hl16 152 30°¢ 39593
Kwai Tsing H15 154 31° 20158
Kowloon City H17 180 36°¢ 33278

“ Average concentration of HFRs for all sampling sites in each council district, and the HFRs
in each site include PBDEs and alternative HFRs. ” The data were calculated with values of
district area ** and population size.”  Estimated using an instrumental analysis uncertainty
of 20% i.e., deviation = Cyrr % 20%. 9 Estimated as the standard deviations of HFR

concentrations at all sampling sites within the same district (i.e., deviation =

\/i(CHFR,i _EHFR)Z

= " ;whereirepresents the ith sampling site, # is the number of sampling sites
n-1

within the same council district, and Crrr is the average HFR concentration for all sampling

sites within the same district.
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210  SI Table S6. Doubling Time (z,) for PBDEs “ and Alternative HFRs in Two Sediment
211  Cores and Three Socioeconomic Indices (Production Volume, Production Value and
212 Population Size) in Huizhou, Fitted with a First-Order Kinetic Model

213

214 Analyte t (yr) r D

215 sediment core D13

216  Penta-BDE 87+7.9 0.80 <0.0001
217  Octa-BDE 82+ 8.7 0.75 <0.0001
218 Deca-BDE 23+23 0.75 <0.0001
219 TBB+TBPH 23+2.3 0.85 <0.0001
220 BTBPE 27429 0.81 <0.0001
221 DBDPE 55+ 83 0.65 <0.0001
222 DP 43 +4.1 0.79 <0.0001
223  HBCD 27+33 0.71 <0.0001
224 sediment core D16

225  Penta-BDE 89+9.6 0.69 <0.0001
226  Octa-BDE 107+ 11 0.47 <0.0001
227  Deca-BDE 32+£2.8 0.81 <0.0001
228 TBB+TBPH 18+1.4 0.91 <0.0001
229 BTBPE 21+£5.5 0.72 <0.0001
230 DBDPE 59+73 0.70 <0.0001
231 DP 29+2.38 0.79 <0.0001
232  HBCD 59+ 10 0.47 <0.0001
233 socioeconomic index

234 Production volume®  5.2+0.49 0.90 <0.0001
235  Production value ¢ 42+0.12 0.99 <0.0001
236  Population Size 24+£0.93 0.97 <0.0001
237

238  “ Considering the complex compositions of technical products with different predominant
239  constituents,”® BDE-71, -47, -100, -99, -85, -126, -154 and -153 were classified as the

240  constituents of Penta-BDE product, BDE-183, -181, -190, -203, -204 and -196 of Octa-BDE
241  product, and BDE-209 of Deca-BDE product. In addition, the detectable rates of BDE-15
242 and -17 are extremely low in these PBDE-technical products,*® thus the two components were
243 not included in any tech product. BDE-206, -207 and -208 were also not classified, because
244 they may be derived from Octa-BDE tech product, as well as from the degradation of BDE-
245 209 in the environment. ” Production volume of electronic devices in Huizhou. ¢ Production
246  value of electronic industries in Huizhou, with the historical data being obtained from the
247  Statistics Bureau of Guangdong Province, Huizhou Statistics Information Network.”!

248
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de+6 Analyte Retention time
(A PBCCH-A 7.983
PBCCH-B  8.153
PBCCH-C  8.277
2e+6 1 PBCCH-D 8527
BDE-15 9.237
BDE-17 10.323
1e+6 BDE-69 11.568
BDE-51 12.129
BDE-71 12.396
BDE-47 12.810
o . TDBPP 13.327
13C-PCB-208 15.263
(B) BDE-100 15.683
Be+& 1 BDE-99 16.263
= HCDBCO  16.360
c BDE-115 16493
ag de+5 TBB 16.650
= BDE-85 17.380
2 BDE-126  17.507
T Je+5 - BDE-154 17.991
E BDE-153 18.720
BDE-183 19.103
0o 13C-BDE-139  19.387
3C-BDE-138  19.613
BTBPE 20.587
A (©) BDE-181 21.474
BDE-190 21.603
TBPH 22.007
Fe+i 4 syn-DP 22.130
BDE-203 22.213
BDE-204 22.380
qe45 BDE-196 22.430
anti-DP 22,538
BDE-208 22.800
BDE-207 22.907
a . : . : BDE-206 24.432
5 10 15 20 25 30 (13C-)BDE-209 24.584
249 Retention Time (min) DEDPE 26.913
250  Figure S1. Chromatograms of (A) a standard mixture of halogenated flame retardants, (B) a
251 sediment sample, and (C) a solvent blank. The retention time of each analyte is
252 presented on the right.
253
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10 1

20 1
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40 A
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210 210
Ln ( PbeXCeSS) Ln ( PbeXCeSS)
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D13 D16
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Y =-16.83 Ln(x) + 27.75 y = -15.45 Ln(x) + 23.30
2 =0.92 #=0.95

Figure S2. *'°Pb age dating of sediment cores D13 and D16 in Daya Bay.
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Figure S3. Box plots (10th, 25th, 50th, 75th, 90th and mean) of the concentrations of
PBDE:s and alternative halogenated flame retardants in surface sediment

collected from (a) Daya Bay (DYB) and (b) Hong Kong (HK) waters.
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291
292
293
294
295
296
297
298
299

and the concentrations of BDE-209 and DBDPE. The red point in the first
figure was deleted when fitting the linearity. Herein, BDE-71, -47, -100, -99, -
85, -126, -154 and -153 were classified into Penta-BDE product, BDE-183, -
181, -190, -203, -204 and -196 were classified into Octa-BDE product, and
BDE-209 was classified into Deca-BDE product. BDE-15 and -17 generally
have very low detection rate in these PBDE-technical products and have high
background concentrations in air, the two components were not classified into
any tech product. BDE-206, -207 and -208 were also not classified, because
they may come from the Octa-BDE tech product, and also may be the

degradation products of BDE-209 in environment.
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