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Source Apportionment of Dioxin-like Polychlorinated Biphenyls in Soil of the

Modern Yellow River Delta
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Abstract: The concentrations of 12 dioxin-like polychlorinated biphenyls (PCBs) in twenty two soil samples collected from modern Yellow River
Delta were determined by dual capillary GC-ECD associated with GC-MS. Principle component analysis (PCA) was applied in analysing the
dioxin-like PCBs data to obtain types, sources, percentages of source contribution and the congener composition of PCBs in the Delta on the
congener level. The results indicated that four types of PCBs contamination sources affecting the PCBs distribution pattern were apportioned in
the Delta. The first source was water runoff (non-point source), which was from the industrial production and use by the enterprises along the
Yellow River; and it contributed 49.6% of the total contamination burden in the Delta, its dioxin-like PCBs profile was similar to native PCBs
and Aroclor1221; the second and third types of PCBs sources were point sources, whose percentages of contribution were 15.0% and 10.1%
respectively, the composition of the second source was similar to that of Aroclor1221 and Aroclor1242; the composition of the third source was
similar to that of Aroclor1260; the fourth source is believed to be non-point source which was from the atmospheric dry and wet precipitation,
it contributed 8.4% > its profile have similarity composition of the integration of Aroclor1242, Aroclor1248 and Aroclor1260.

Key words: modern Yellow River Delta; soil; dioxin-like polychlorinated biphenyls (dl-PCBs); source apportionment; principle component
analysis (PCA)
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Fig.1 Map of the Yellow River Delta and sampling sites

1.1.2  SEERRER 72

JCKBR AN : 400°C 7K s 1 CLbe I L FHRE L S
Fpt s R R [ e F5 7m0 o T UK PCBs
FrFF 4 PCBs-mixd1 V& br ¥ W, W H 4% [ Dr.
Ehrenstorfer Augsburg 5% % =, 4 #§ 12 ' PCBs
(TUPAC %i ‘5 A 77 81+ 105 114+ 118+ 123+ 126+ 156+
157167169+ 189), RFFI 41 73 % A 10 ng/pL, ¥
MIE & 8E: Florisil £ (1000 mg, 6 mL, & [ 5% [H
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Table 1 Concentrations of dioxin-like PCBs in upper soils for 22 sample sites (dry weigh)/ng*kg ™"

KAER OBl CB77 CBI05  CBl114  CBII8S  CBI23  CBI26  CBI67  CBI56  CBI5S7  CBI69  CBI89  SPCBs
1 18.3 691.8 ND 114.5 364.3 5.2 30.5 29.3 9.1 ND 30.3 ND  1380.4
2 ND 18.8 8.4 65.3 53.4 9.9 9.3 101.8 4.5 74.1 38.2 ND 469.0
3 2.2 4.5 21.1 53.4 31.2 ND ND ND ND 5.4 ND ND 179.7
4 17.8 13.0 ND 57.6 143.7 26.9 39.4 ND 72.4 33.1 ND 18.7 422.6
5 12.2 13.7 ND 24.5 2.4 10.8 17.9 2.4 13.1 11.5 ND ND 108.7
6 40.9 23.9 11.3 13.8 117.7 ND ND ND 6.3 11.0 ND ND 225.1
7 9.0 ND ND 5.4 3.6 ND ND 110.4 8.8 28.2 ND ND 166.4
8 174.5 71.5 ND 189.8 156.3 52.2 ND 29.9 25.1 9.2 170.2 ND 884.7
9 59.2 197.4 19.7 54.6 1687 ND 32.7 12.4 11.0 13.3 50.9 14.6  2152.7

10 33.9 ND 6.3 38.0 9.7 ND 47.3 20.1 28.0 73.2 8.5 ND 349.1
11 1061.9 91.9 ND 40.2 26.4 2479 ND ND ND 226.1 84.4 ND  1778.9
12 ND 64.4 6.4 33.6 330.1 ND ND ND ND 21.1 ND ND 455.8
13 9.6 218.2 ND 69.6 230.8 38.4 ND 3.1 93.1 17.7 78.6 ND 759.4
14 12.5 13.3 ND 9.1 8.6 1.2 ND ND 30.1 28.5 ND 4.7 118.0
15 35.4 7.5 ND 137.6  1243.3 3.8 67.1 4.9 48.2 20.2 61.9 ND  1629.9
16 ND 27.3 34.2 46.8  1863.2 17.0 ND ND 59.1 20.1 ND ND  2067.6
17 30.8 48.8 6.6 2.9 1264.3 7.5 76.5 40.5 2.2 58.4 339.9 ND  1898.5
18 631.2 108.5 2.2 34.7 29.6  46.5 69.7 ND 3.0 ND 385.9 ND  1351.9
19 43.7 ND 47.0 200.9 249 ND ND 4.6 ND 5.8 ND ND 551.0
20 20.1 13.9 ND 55.9 9.6 ND 8.9 ND 24.9 22.0 ND 12.2 250.5
21 19.2 29.2 ND 30.9 18.2 7.9 4.3 ND 14.1 7.6 ND ND 134.2
22 9.4 13.5 ND 4.5 215 5.4 8.3 6.7 ND 32.0 ND 14.3 349.0
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Table 2 Resuls of cigevalue analysi PRt o LR 4 AU e T
T Hr FEAE(H TIETTRE /% BARTT ZETTBREE % x3 EWMSHE"
1 10.912 49.600 49.600 Table 3 Principle component matrix loading
2 3.308 15.038 64.637 SRR ERONT RS2 BRI B4
3 2231 10139 747716 12 0.971" -0.166 - 5.474E-02 -0.114
4 e 8.382 83157 22 0.968" -0.206 ~4.164E-02  5.115E-02
e e 15 0.959" -0.239 -0.128 1.006E-02
2.2.2 LRIPFFHES T 9 0.955" ~0.216  -0.149  -9.007E-02
E RO BT RS 3 M 3, fikds 2k 3 K, 16 0.945" ~0.271  -0.138 - 4.780E02
A LUVE A JE AR AR s ChR AR fED I R 7~ 3R 5K 6 0.941° 1.986E-02 —0.240 2.324E-02
XCm,s 2) =0.971 F1 - 0.166 F2 20 0.937" 9.179E-02  0.146 0.176
—0.055 F3 - 0.114 F4 17 0.899" -0.297 -0.259  —4.218E-02
XCm, B) ~0.968 F1 — 0.206 F2 4 0.878" -8.123E-02  0.207 0.111
_0.042F3 + 0.051 F4 19 0.858" 8.725E-02  3.763E-02 0.19%4
...... 13 0.759" 0.234 0.121 -0.473
10 0.702" -0.178 0.170 0.567
12[ 21 0.507 0.782" 0.325 - 1.093E-04
10 5 1.766E-02  0.629 0.599 0.363
8 3 0.538 0.611 0.191 - 8.992F-02
w6 1 ~7.596E-02  0.569 ~0.549 0.442
§§ Al 8 0.508 0.532 -0.378 0.224
L 18 - 9.46F-02 0.521 ~0.755" 0.252
7 -0.190 -0.433 0.156 0.367
° 1 0.527 0.351 0.240  -0.554
B B B R TR TR TR TR TRt 2 0.127 ~0.428 0.421 0.531
SRS 14 9.32F-02  0.331 0.405 0.120
Ha ASEESS ﬂ%ﬁ@ﬁt 10.772 0.782 0.754 0
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Table 4 Component scores of samples

At BVl FHY 2 )3 LY 4
PCBS81 -0.9448 1.697 8 -1.859 1.378 2
PCB77 0.1891 1.4412 0.7913 -1.9555
PCB114 -0.5521 -0.5262 -0.5007 -0.8629
PCB105 -1.5518 1.3262 1.2947 0.9246
PCB118 2.9799 -0.9020 -0.5080 -0.1279
PCB123 -0.5390 0.064 63 -0.1514 -0.3839
PCB126 -0.3968 -0.6106 0.6659 0.713 4
PCB167 -0.6414 -1.4536 0.2785 0.7211
PCB156 -0.1923 0.2105 0.94996 -0.3323
PCB157 -0.2018 -0.3711 0.936 6 1.188 6
PCB169 -0.4195 -0.1790 -1.5018 -0.3459
PCB189 -0.6073 -0.6980 -0.39%61 -0.9174
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