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Abstract: Understanding sources of environmental pollutants is critical to environmental management and pollutant control. In this study, 16
polycyclic aromatic hydrocarbons(PAHs ) in 20 surface sediment samples from Huangpu River, China were quantitatively studied using GC/
MS based on US EPA 8270C method. Factor analysis with nonnegative constraints(FA—NNC ) and positive matrix factorization ( PMF )
were employed to identify the sources and their contributions of PAHs. The total PAHs concentrations ranged from 0.723 pg-g™ to 38.541
pg g™, The PAHs with 3~4 rings were the main components of the PAHs. In some sediment samples, the total concentrations of PAHs ex—
ceeded the low risk value(ER-L or ISQV-L), which may cause potential adverse effects on aquatic organisms in this area. Both FA—-NNC
and PMF obtained similar results on PAHs sources. Three main sources of the PAHs in the surface sediments of Huangpu River were identi—
fied as traffic emission, biomass/coal combustion and coking. Their contribution percentages were respectively 71.3%, 12% and 16.6% ob—
tained from FA-NNC, and 57.6%, 32.1% and 10.3% from PMF.
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Figure 1 The locations of sampling
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Figure 2 Distribution of PAHs in surface sediments

Bttt 5380 %

NaP Ach AcNe FI.  PhA  An FIA

BaA Chy [b/k]FB[a]P 1P DBahA thlp

B 3 HfIRETRY PAHs (L &K
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Table 1 Concentration of PAHs in surface sediments of Huangpu River(pg-g™)

L Ul BLIT S BUEPOTT P RN VI S RRIDS KA KEWE K 7% W BRI fTIC K S0
R o ms s el o KM W % b B B % M i O IF % S W B

H1 H2 H3 H4  H5 H6 H7 H8 ZI 72 73 74 75 76 Z1 78 79 710 Z11 712

NaP  0.064 0.009 0.218 0.127 0.092 0.033 0.072 0.023 0.013 0.031 0.033 0.014 1.024 0.034 0.007 0.007 0.026 0.066 0.022 0.051
AcNy 0.032 0.012 0.020 0.019 0.016 0.039 0.036 0.012 0.026 0.222 0.015 0.008 0.100 0.018 0.030 0.005 0.010 0.121 0.026 0.012
AcNe 0.032 0.006 0.109 0.109 0.049 0.055 0.055 0.059 0.023 0.031 0.031 0.017 3.821 0.088 0.050 ND 0.017 0.028 0.037 0.014
FI ~ 0.073 0.016 0.196 0.157 0.099 0.182 0.090 0.090 0.035 0.254 0.146 0.090 1.526 0.135 0.245 0.019 0.062 0.103 0.121 0.060
PhA  0.296 0.170 0.663 0.672 0.770 1.564 0.873 0.354 0.160 2.082 0.764 0.420 6.781 0.531 3.537 0.215 0.310 0.518 1.042 0.354
An  0.037 0.034 0.090 0.115 0.180 0.181 0.166 0.041 0.038 0.371 0.072 ND 1.292 0.061 0.354 ND 0.047 0.032 0.121 ND
FIA  0.246 0.348 0.285 0.449 1.597 2.498 1.494 0.226 0.340 1.599 0.776 0.153 4.083 0.339 5.405 0.129 0.365 0.182 1.665 0.139
Py 0305 0.296 0.223 0.358 1.307 1.974 1.229 0.147 0.307 1.088 0.546 0.111 2.783 0.220 3.471 0.093 0.310 0.133 1.316 0.112
BaA 0.166 0.216 0.110 0.293 1.249 2.046 0.655 0.089 0.223 1.006 0.612 0.053 1.444 0.134 5.202 0.008 0.145 0.116 1.364 0.059
Chy 0.187 0.255 0.168 0.363 1.236 1.804 0.620 0.130 0.234 0.727 0.657 0.099 1.199 0.196 4.239 0.098 0.266 0.131 1.203 0.139
B[b/k]EF 0.150 0.261 0.110 0.294 1.227 1.727 0.586 0.093 0.255 0.615 0.523 0.067 0.939 0.140 4.311 0.043 0.207 0.098 1.151 0.088
Bla]P 0.164 0.240 0.085 0.227 1.089 1.493 0.517 0.113 0.232 0.680 0.417 0.056 0.766 0.170 3.777 0.036 0.191 0.084 0.995 0.069
IP 0.112 0.175 0.056 0.194 0.707 1.324 0.405 0.102 0.180 0.410 0.347 0.041 0.510 0.153 2.998 0.025 0.126 0.065 0.882 0.048
DBahA 0.046 0.070 0.031 0.072 0.315 0.556 0.162 0.077 0.089 0.147 0.139 0.023 0.237 0.116 1.249 0.008 0.052 0.027 0.371 0.017
BghiP  0.166 0.237 0.098 0.273 0.935 1.588 0.542 0.127 0.239 0.491 0429 0.063 0.619 0.191 3.667 0.038 0.185 0.101 1.059 0.063
> PAHs 2.077 2.344 2.463 3.723 10.869 17.064 7.502 1.684 2.395 9.753 5.505 1.214 27.125 2.527 38.5420.723 2.322 1.805 11.376 1.225
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Table 2 The foundations of FA-NNC selecting factor number Table 3 Some parameters diagnosis of PMF model
PLE RER? PAHs AR (S R
PAH: 1 2 3 4 5 NaP -0.02 1.20 0.98
NaP 0.572 0.971 0.974 0.999 0.999 AcNy 0.01 0.21 0.19
AcNy 0.040 0.045 0.996 0.997 0.998 AcNe 0.02 0.39 1.00
AcNe 0.614 0.988 0.996 0.999 1.000 Fl -0.02 1.07 0.99
Fl 0.746 0.990 0.991 0.992 0.993 PhA 0.16 0.67 0.98
PhA 0.960 0.981 0.991 0.991 0.992 An -0.02 1.05 0.94
An 0.854 0.975 0.988 0.989 0.996 FIA 0.01 0.91 0.95
FIA 0.832 0.992 0.992 0.992 0.998 Py -0.06 1.05 0.93
Py 0.808 0.969 0.969 0.969 0.992 BaA 0.04 0.82 0.99
BaA 0.490 0.996 0.996 0.997 0.997 Chy 0.02 0.94 1.00
Chy 0.466 0.995 0.998 0.998 0.998 B[b/k]F 0.03 091 1.00
B[b/k]F 0.416 0.993 0.998 0.998 0.998 Bla]P 0.01 0.97 1.00
Bla]P 0.401 0.996 0.998 0.998 0.998 Ip 0.02 0.95 1.00
1P 0.367 0.994 0.998 0.998 0.999 DBahA 0.00 0.93 0.99
DBahA 0.376 0.987 0.995 0.995 0.996 BghiP 0.01 0.98 1.00
BghiP 0.360 0.994 0.999 0.999 0.999
ZBzE 0661%  0958%  0.993%  0.997%  0.998%
Exner (I 0356 0013 0008 0007  0.004 PMF 1247 2514, BERIAY 5 45 B8, O (Robust ) 2
762.7,
PMF 327 ST LUAR AR 0 95 0 (1 5 7 PMF 1 FA-NNC #2816 16 Fit PAHS YFEH)

ME LA AR BRR R 55 1 . MR TR TSR AN SR R £ (B985 DL 4 FT LB Y, T
30, WSS RN 3 s, e R ZEUb S abR  FEREIA B R ILA RCR ,PMF /) R* y 0.987 4,
i 1, EEHEE 0,R>>0.9, =B A4 K4k i 2 FA-NNC >/ 0.999 6,
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Table 4 Source profiles and source contributions using
PMF and FA-NNC

gn _ BUERT %2 EWT 93 EHT

PMF FA-NNC PMF FA-NNC PMF FA-NNC

NaP 0.000 0.000 0.012 0.013 0.100  0.054
AcNy 0.001 0.001 0.007 0.040 0.004  0.000
AcNe 0.002 0.000 0.008 -0.001 0.126  0.204

Fl 0.004 0.007 0.039 0.043 0.108  0.075
PhA 0.052 0.087 0.249 0.284 0.187  0.299
An 0.013 0.009 0.009 0.049 0.118  0.060
FIA 0.155 0.142 0.138 0.172 0.125  0.150
Py 0.121 0.098 0.105 0.134 0.097  0.101
BaA 0.120 0.132 0.052 0.069 0.093  0.024
Chy 0.110 0.111 0.100 0.056 0.012  0.021
B[b/k]F  0.109 0.111 0.074 0.033 0.015  0.010
Bla]P 0.102 0.097 0.067 0.048 0.007  0.003
Ip 0.080 0.078 0.050 0.022 0.002  -0.001
DBahA  0.033 0.033 0.020 0.007 0.006  0.001
BghiP 0.100 0.096 0.069 0.030 0.000  -0.002
TIRR 57.6%  71.3%  32.1% 120%  103%  16.6%
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Figure 5 The correlation of factors loading between
PMF and FA-NNC
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