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Supplementary Information (SI) 

S1. Calculation method of uncertainty input file 

The uncertainty of the variables was calculated based on the method detection 

limit (MDL) and the concentration of each sample: 

(1) for samples of which concentration lower than MDL, 5/6 of MDL was used as 

the corresponding uncertainty (Kim et al., 2004);  

(2) for samples of which concentration higher than MDL, the uncertainty was 

calculated as following (Chueinta et al., 2000): 

𝜎𝑖𝑗 =
MDL

3
+ 𝑐𝑥𝑖𝑗                                               (S1) 

where 𝜎𝑖𝑗  is the uncertainty, MDL is the Method Detection Limit, 𝑥𝑖𝑗  is the 

concentration of the ith variable in the jth sample. c is the constant (0.1 when 𝑥𝑖𝑗 > 

3MDL, 0.2 when 𝑥𝑖𝑗 < 3MDL). 

S2. Positive Matrix Factorization (PMF) 

PMF analyses involve many details about the development of the data, decisions 

of what data to include/exclude, determination of a solution, and evaluation of 

robustness of that solution; reporting of PMF solutions and analyses vary widely. The 

profiles obtained from the modeling must have physically meaningful results, i.e., there 

must be evidence of the potential sources in the study area. The analysis of the Q value 

(indicates the agreement of the model fit;) and the r2 value (indicates the correlation 

between measured and estimated concentrations) can help to determine the best number 

of factors to be chosen for modeling (Wang et al., 2009). In this study, during the PMF 

analysis, the model was run for 3-7 factors and was always with random seeds. Finally, 

the five-factor solution was found to be ideal from 200 random bootstrapping and gave 

the most stable results and the most easily physically interpretable factors. The Q value 

(both robust and true) produced by this solution is close to the theoretical Q value, 

indicating that the PAHs data set in the modeling input provides appropriate uncertainty. 

The diagnostic regression R2 value for the overall concentration of 228 samples is 

0.9458, which is almost the same as the ratio of the predicted concentration of PMF to 

the measured concentration (Figure S6). It shows that the model results are good and 
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can be used as the basis for identifying the source of the target species. The r2 values 

also show a good correlation, and the values of the scaled residuals were in the 

recommended range (-1.5 to +1.5). These parameters indicate that the modeling has 

provided good fitting results and that there was no significant outlier. 

S3. Source identification 

Factor 1 accounted for 9.4% of the Ʃ15 PAHs, the main load was HMW-PAHs such 

as BaP (85.0%), InD (84.5%), BghiP (46.8%), which was similar to the composition 

profile of vehicle emissions (He et al., 2008). BghiP and InD are regarded as markers 

of gasoline engines (Wu et al., 2014). In addition, the Fla/(Fla+Pyr) and 

InD/(InD+Bghip) of factor 1 were 0.30 and 0.50, respectively, the value less than 0.5 

indicates that the main contribution came from vehicle exhaust (Characteristic PAH 

molecular diagnostic ratios were shown in Table S13 of SI). Therefore, factors 1 was 

interpreted gasoline vehicle emissions. 

Factor 2 contributed 10.8% of the Ʃ15 PAHs, it was principally enriched the LMW-

PAHs, Acy (57.6%) and Ace (77.4%). The composition of this factor was similar to the 

emission profiles of thermal power plant, steel plants and coking plants reported in the 

literature (Kong et al., 2013). Actually, there were industrial activities occurring in 

surrounding areas of the sites, such as sites in Tianjin, Liaoning, and Hebei Province. 

The inter-regional propagation of air masses has a great impact on the local 

concentration and distribution of PAHs in the air (Ma et al., 2010; Zhu et al., 2014) 

because of atmospheric diffusion and transport. Therefore, this factor was regarded as 

industrial processes. 

Factor 3 accounted for the highest contribution of 49.6% of the Ʃ15 PAHs, it 

exhibited high loadings of Phe (93.8%), Ant (98.2%), Flu (62.5%) and moderate 

loadings of BaA (48.0%), Fla (26.2%), which corresponded to the profiles of 

incomplete combustion of coal (Huang et al., 2014; Chen et al., 2016). The ratios of 

Fla/(Fla+Pyr) and InD/(InD+Bghip) were 0.64 and 0.56, respectively, both greater than 

0.5, and showed the characteristics of coal combustion emissions. Therefore, factor 3 

was inferred to the coal combustion. 
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Factor 4 contributed 22.0%. Fla (59.3%) and Pyr (86.9%) are the dominant species, 

and moderate loadings of Chr (43.5%), which was similarly to the biomass emission 

components, such as straw, grass, wood (Shen et al., 2013; Ray et al., 2017). Maize and 

wheat are the two main crops in this area, and Fla and Pyr were the representative 

species of PAHs produced by straw burning (Jenkins et al., 1996). Therefore, factor 4 

was identified as biomass burning. 

Similarly to factor 1, factor 5 (8.2%) was mainly characterized by HMW-PAHs, 

which are recommended to be substantially emitted by diesel engines (Guarieiro et al., 

2014). Factor 5 exhibited high loadings of BbF (80.2%), BkF (71.8%), DahA (57.4%), 

BaA (47.2%). BbF and BkF were regarded as characteristic compounds of diesel 

emissions (Zhu et al., 2003; Riddle et al., 2007; He et al., 2008), the diesel vehicle or 

ship exhaust was considered to have high loading of BkF. And the Fla/(Fla+Pyr) and 

InD /(InD+Bghip) of factor 5 were 0.48 and 0.20, respectively, that was suggested to 

the diesel exhaust (Gong et al., 2018). Therefore, factor 5 was respectively classified as 

diesel vehicle exhaust. 
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Table S1. Sampling information for 12 sampling sites (geographical location and sampling days) 

Year 
Sampling Sites Beihuang Dalian Donggang Dongying Gaizhou Longkou Laoting Rongcheng Tianjin Xingcheng Yantai Zhuanghe 

Abbr. BH DL DG DY GZ LK LT RC TJ XC YT ZH 

 Longitude (E) 120.92 121.53 123.89 118.92 122.16 120.27 119.06 122.69 117.44 120.58 121.43 122.99 

 Latitude (N) 38.4 38.87 39.85 37.5 40.25 37.69 39.34 37.39 38.84 40.47 37.59 39.64 

2014 Summer - 76 80 69 92 - 79 87 75 77 71 77 

2014 Autumn 91 89 90 92 74 93 91 94 115 90 93 67 

2014 Winter - 98 84 92 88 91 92 89 89 94 91 88 

2015 Spring - 92 108 106 103 109 105 108 106 99 106 100 

2015 Summer 104 81 81 82 81 82 81 82 81 82 82 81 

2015 Autumn 76 97 97 97 102 97 97 97 98 97 101 97 

2015 Winter - 92 94 86 91 85 92 90 87 90 86 93 

2016 Spring 90 90 87 84 83 84 84 84 86 87 - 88 

2016 Summer 88 85 85 87 87 87 83 91 83 86 86 90 

2016 Autumn 90 101 - 99 99 100 101 106 100 103 99 96 

2016 Winter 85 97 99 91 96 90 93 95 93 93 91 97 

2017 Spring 102 82 81 94 82 97 89 - 92 87 87 82 

2017 Summer 68 93 89 87 88 85 87 91 85 84 94 93 

2017 Autumn 120 89 94 95 94 97 95 105 97 98 98 89 

2017 Winter 84 97 97 92 93 92 93 89 95 95 88 97 

2018 Spring 92 79 79 82 79 82 81 83 78 79 83 79 

2018 Summer - 101 100 93 103 94 100 93 96 98 91 100 

2018 Autumn 92 96 98 101 94 99 89 101 102 95 101 98 

2018 Winter - 84 83 80 - 81 91 81 81 88 81 83 

2019 Spring - 89 88 91 88 92 88 91 88 88 92 88 

Numbers of sampler 13 20 19 20 19 19 20 19 20 20 19 20 

-:Missing sample. 
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Table S2. The ring numbers, method detection limits (MDLs), TEFi, and other information for PAHs in this study 

The target compounds (abbreviation) Ring Numbers MDLs (ng sample-1) TEFi 
a Standard curve Correlations 

Acenaphthylene(Acy) 3 0.13 0.001 y=6326.2x+16600 0.9930 

Acenapthene (Ace) 3 0.10 0.001 y=4837.4x+31320 0.9999 

Fluorene (Flu) 3 0.09 0.001 y=24634x+44631 0.9998 

Phenanthrene (Phe) 3 0.08 0.001 y=97525x+43017 0.9913 

Anthracene (Ant) 3 0.04 0.01 y=96301x+5130.4 0.9958 

Fluoranthene (Fla) 4 0.02 0.001 y=210183x-79803 0.9977 

Pyrene (Pyr) 4 0.03 0.001 y=209836x-75917 0.9979 

Benzo[a]anthracene (BaA) 4 0.03 0.1 y=238735x-141456 0.9948 

Chrysene (Chr) 4 0.04 0.01 y=159007x-74207 0.9928 

Benzo[b]fluoranthene (BbF) 5 0.06 0.1 y=283344x-180199 0.9982 

Benzo[k]fluoranthene (BkF) 5 0.06 0.1 y=254895x-111330 0.9961 

Benzo[a]pyrene (BaP) 5 0.02 1 y=233835x-119274 0.9986 

Dibenzo[a,h]anthracene (DahA) 5 0.05 1 y=126081x-124963 0.9962 

Indeno[1,2,3-cd]pyrene (InD) 6 0.03 0.1 y=240503x-180428 0.9961 

Benzo[ghi] perylene (BghiP) 6 0.07 0.01 y=253793x-174580 0.9990 

a: The toxic equivalency factors (TEFs) (Nisbet and Lagoy, 1992).x is the concentration of PAH, loaded on the gas sample which detected; y is the peak area of target 

compound. No target of PAHs was detected in laboratory blanks. Acy, Ace, Flu, Phe, Fla, and Pyr were detected in field blanks, and the values of Acy, Ace, Flu, Phe, Fla, 

and Pyr were 0.04 - 0.10, 0.04 - 0.09, 0.03 - 0.08, 0.01 - 0.04, ND (Not detected) - 0.01, and ND (Not detected) - 0.02.
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Table S3. The annual concentration of PAHs around Bohai Sea (Mean±SD, ng m-3) 

 

 

Compound 
Summer 2014 

to Spring 2015 

Summer 2015 

to Spring 2016 

Summer 2016 

to Spring 2017 

Summer 2017 

to Spring 2018 

Summer 2018 

to Spring 2019 
Five-year 

Acy 0.63±0.26 0.86±0.56 0.73±0.37 1.07±0.72 1.14±0.86 0.89±0.22 

Ace 0.54±0.07 0.84±0.28 1.33±0.66 1.45±1.06 1.52±0.87 1.13±0.42 

Flu 4.18±3.00 6.51±6.30 6.60±3.98 8.63±7.50 9.40±6.88 6.97±1.92 

Phe 25.64±18.09 26.15±16.14 24.21±17.52 18.05±6.64 14.85±9.2 21.57±5.8 

Ant 2.44±1.95 2.48±2.12 2.19±1.29 2.91±2.08 3.43±2.11 2.67±0.46 

Fla 11.84±5.60 8.08±4.88 13.26±4.89 10.86±6.63 12.35±6.6 11.24±2.05 

Pyr 7.60±3.47 1.47±0.73 8.49±2.97 6.37±3.82 7.47±3.83 6.26±2.8 

BaA 1.16±0.55 1.29±0.30 0.75±0.38 0.66±0.55 0.78±0.60 0.92±0.29 

Chr 1.65±0.44 1.37±0.27 1.39±0.49 1.12±0.64 1.20±0.62 1.35±0.22 

BbF 1.83±0.44 1.46±0.20 0.46±0.27 0.26±0.26 0.47±0.33 0.89±0.71 

BkF 1.15±0.20 0.78±0.09 0.29±0.11 0.29±0.25 0.55±0.35 0.61±0.36 

BaP 0.86±0.17 1.14±0.43 0.34±0.28 0.32±0.16 0.18±0.18 0.57±0.42 

DahA 1.03±0.42 0.74±0.42 0.07±0.04 0.06±0.05 0.04±0.02 0.39±0.47 

InD 1.22±0.57 1.74±0.75 0.32±0.18 0.24±0.26 0.21±0.14 0.74±0.69 

BghiP 1.07±0.67 1.10±0.20 0.27±0.17 0.20±0.20 0.26±0.18 0.58±0.46 

∑15 PAHs 63.55±58.43 55.50±37.94 60.90±31.13 51.39±29.41 52.50±40.08 56.78±4.75 

LMW-PAHs 34.03±18.84 36.42±29.83 35.13±22.41 31.60±24.08 29.02±28.51 33.23±6.81 

MMW-PAHs 22.54±18.51 12.08±9.82 24.04±19.86 18.63±11.63 21.60±11.42 19.77±4.70 

HMW-PAHs 7.18±3.32 6.93±3.28 1.76±1.80 1.19±2.12 1.81±2.15 3.78±2.69 
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Table S4. Significance level between annual mean concentration of PAHs by t-test 

 
year 1-

year 2 

year 2-

year 3 

year 3-

year 4 

year 4-

year 5 

Σ15 PAHs 0.541 0.477 0.139 0.142 

3-ring 0.809 0.768 0.168 0.067 

4-ring 0.002 0.001 0.152 0.575 

5-ring 0.055 0.000 0.108 0.056 

6-ring 0.133 0.000 0.219 0.813 

Note: Bold: p<0.05, the difference is significant. 

 

Table S5. The seasonal concentration of PAHs (Mean±SD, ng m-3) 

Compound Spring Summer Autumn Winter 

Acy 0.48±0.19 0.42±0.2 1.75±0.56 0.89±0.4 

Ace 0.72±0.25 0.88±0.84 1.31±0.60 1.63±1.15 

Flu 2.95±1.71 1.95±1.06 7.60±2.23 15.81±5.19 

Phe 18.83±12.01 9.26±4.61 17.22±5.83 41.39±14.32 

Ant 1.28±0.76 0.65±0.14 3.41±0.64 5.43±0.95 

Fla 9.08±5.54 5.84±4.52 11.03±1.57 19.17±2.68 

Pyr 4.94±3.37 3.77±3.75 6.14±2.64 10.34±4.38 

BaA 0.61±0.34 0.50±0.37 0.91±0.31 1.69±0.24 

Chr 1.27±0.38 0.84±0.42 1.23±0.31 2.05±0.27 

BbF 0.81±0.74 0.61±0.63 0.80±0.75 1.37±0.74 

BkF 0.64±0.44 0.42±0.38 0.51±0.39 0.88±0.37 

BaP 0.42±0.30 0.31±0.33 0.63±0.58 0.91±0.48 

DahA 0.40±0.53 0.13±0.16 0.38±0.47 0.64±0.73 

InD 0.74±0.83 0.38±0.35 0.62±0.79 1.24±1.00 

BghiP 0.72±0.82 0.32±0.34 0.40±0.42 0.88±0.47 

∑15 PAHs 43.89±19.54 26.28±13.42 53.94±9.10 104.32±9.50 

LMW-PAHs 24.26±14.71 13.16±6.62 31.29±8.03 65.15±12.10 

MMW-PAHs 15.90±8.93 10.95±8.48 19.31±3.93 33.30±7.10 

HMW-PAHs 3.73±3.53 2.17±2.14 3.34±3.10 5.93±3.51 
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Table S6. Significant difference between seasonal PAHs concentration and ring number by t-test 

Compound Spring-Summer Summer-Autumn Autumn-Winter Winter-Spring 

Σ15PAHs 0.000 0.000 0.000 0.000 

3-ring 0.000 0.000  0.000 0.000 

4-ring 0.035 0.003 0.000 0.000 

5-ring 0.005 0.007 0.001 0.001 

6-ring 0.001 0.123 0.000 0.045 

 

 

 



10 

 

Table S7. The annual average daily concentration of 15 PAHs at 12 sampling sites from June 2014 to May 2019 (Mean±SD, ng m-3) 

Compounds BH DL DG DY GZ LK LT RC TJ XC YT ZH 

Acy 0.61±0.20 0.61±0.20 0.83±0.37 0.47±0.08 1.39±0.52 0.35±0.24 1.28±0.47 0.46±0.07 0.76±0.20 2.22±0.78 0.46±0.08 1.18±0.58 

Ace 0.82±0.24 0.82±0.24 1.45±0.79 0.65±0.18 1.60±0.65 0.69±0.45 1.34±0.52 0.86±0.25 1.42±0.66 1.64±0.59 0.75±0.24 1.28±0.57 

Flu 3.95±0.61 3.95±0.61 8.10±3.57 4.05±0.80 9.80±2.32 4.81±1.22 10.08±3.15 3.25±1.03 5.85±1.20 15.51±5.59 3.73±1.44 9.31±4.42 

Phe 14.25±2.36 14.30±2.36 27.05±8.31 11.38±2.28 45.20±15.92 14.81±4.18 40.56±10.41 9.96±4.05 23.26±6.57 32.65±27.4 13.79±3.85 37.86±12.78 

Ant 1.07±0.30 1.07±030 2.83±1.44 0.73±0.23 5.72±1.99 1.05±0.35 3.69±0.95 0.90±0.34 1.24±0.22 8.30±3.84 0.91±0.28 3.98±1.76 

Fla 5.30±1.43 5.30±1.43 12.51±3.55 5.65±1.17 22.26±6.69 7.11±2.72 16.76±4.13 4.67±1.70 11.07±4.47 20.90±4.31 7.23±1.78 13.58±4.56 

Pyr 2.78±1.38 2.78±1.38 6.91±3.17 2.28±0.86 13.51±6.45 3.77±2.22 9.43±4.09 2.40±1.07 5.64±3.81 12.10±5.26 3.33±1.00 8.80±4.14 

BaA 0.54±0.40 0.54±0.40 0.97±0.32 0.52±0.34 1.59±0.48 0.46±0.10 1.15±0.27 0.47±0.31 0.79±0.46 2.09±0.60 0.58±0.37 1.19±0.27 

Chr 0.84±0.44 0.84±0.44 1.25±0.47 0.99±0.22 2.30±0.60 0.95±0.38 1.68±0.23 0.83±0.25 1.43±0.72 2.21±0.44 1.05±0.29 1.45±0.32 

BbF 0.70±0.69 0.70±0.69 0.86±0.54 0.73±0.63 1.25±0.63 0.68±0.48 0.98±0.67 0.65±0.60 0.86±0.72 1.33±0.79 0.74±0.65 1.07±0.79 

BkF 0.46±0.42 0.46±0.42 0.65±0.29 0.50±0.36 0.83±0.24 0.44±0.25 0.69±0.33 0.43±0.35 0.57±0.38 0.99±0.50 0.52±0.35 0.70±0.47 

BaP 0.32±0.27 0.32±0.27 0.45±0.21 0.34±0.26 0.90±0.53 0.44±0.37 0.88±0.60 0.21±0.30 0.72±0.62 0.91±0.49 0.59±0.57 0.61±0.40 

DahA 0.17±0.19 0.17±0.19 0.34±0.35 0.25±0.28 0.54±0.54 0.54±0.69 0.56±0.64 0.17±0.15 0.57±0.69 0.62±0.64 0.36±0.49 0.28±0.34 

InD 0.59±0.60 0.59±0.60 0.72±0.49 0.55±0.52 1.04±0.77 0.38±0.25 1.04±0.91 0.36±0.36 0.91±0.89 1.35±1.21 0.69±0.72 0.69±0.53 

BghiP 0.42±0.42 0.42±0.42 0.48±0.29 0.58±0.56 0.76±0.43 0.52±0.41 0.66±0.43 0.31±0.27 0.66±0.58 0.89±0.51 0.57±0.54 0.54±0.37 

∑15PAHs 27.54±10.89 32.87±7.03 65.40±9.68 29.67±3.68 98.80±27.81 37.00±9.60 90.78±17.12 25.92±6.41 55.75±16.92 103.71±39.11 35.30±7.58 72.52±25.42 

LMW-PAHs 16.94±6.94 20.75±2.54 40.26±7.47 17.28±3.32 53.71±16.01 21.71±5.97 56.95±11.73 15.43±5.25 32.53±7.17 60.32±3468 19.64±5.44 43.61±18.91 

MMW-PAHs 8.81±5.10 9.46±3.14 21.64±6.91 9.44±1.83 39.66±13.86 12.29±5.24 29.02±7.90 8.37±2.66 18.93±8.83 37.30±9.57 12.19±2.28 25.02±8.89 

HMW-PAHs 1.89±1.45 2.68±2.52 3.52±2.05 3.00±2.51 5.43±2.89 3.06±2.32 4.90±3.35 2.18±1.72 4.35±3.72 6.27±3.65 3.52±3.03 3.97±2.68 
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Table S8. Pearson correlation coefficients of the proportion of different ring number of PAHs among 12 sampling sites 

from June 2014 to May 2019 

 
BH DL DG DY GZ LT LK RC TJ XC YT ZH 

BH 1 
           

DL .99** 1 
          

DG .99** .99** 1 
         

DY .99** .99** .99** 1 
        

GZ .98** .98** .99** .98** 1 
       

LT .98** .99** .99** .99** .99** 1 
      

LK .99** .99** .99** .99** .99** .99** 1 
     

RC .99** .99** .99** .99** .99** .99** .99** 1 
    

TJ .98** .99** .99** .99** .99** .99** .99** .99** 1 
   

XC .97** .99** .99** .98** .98** .99** .98** .98** .98** 1 
  

YT .98** .98** .99** .99** .99** .99** .99** .99** .99** .98** 1 
 

ZH .97** .99** .99** .98** .99** .99** .99** .99** .99** .99** .98** 1 

Note: **. at the 0.05 level (two-tailed), the correlation is significant, * at the 0.01 level (two-tailed), the correlation is significant. 
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Table S9. Pearson correlation coefficient of 20 seasonal concentrations of PAHs at Tianjin and the four adjacent sites 

 
TJ LT DY LK XC 

TJ 1 
    

LT 0.50* 1 
   

DY 0.61* 0.89** 1 
  

LK 0.66** 0.73** 0.75** 1 
 

XC 0.68** 0.79** 0.72** 0.77** 1 

Note: **. at the 0.01 level (two-tailed), the correlation is significant. 
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Table S10. VARIMAX-rotated factor loadings of PCA of atmospheric PAHs at the BS 

PAHs PC1 PC2 PC3 PC4 

Ace -0.057 0.631 0.003 0.678 

Acy 0.050 0.154 0.266 0.830 

Flu 0.157 0.510 0.553 0.498 

Ant 0.228 0.394 0.690 0.470 

Phe 0.255 0.325 0.867 0.123 

BaA 0.548 0.560 0.462 0.303 

Chr 0.517 0.694 0.324 0.214 

Fla 0.217 0.819 0.400 0.241 

Pyr 0.047 0.930 0.219 0.141 

BaP 0.826 0.048 0.343 0.110 

BkF 0.827 0.474 0.095 0.094 

DahA 0.859 -0.009 0.033 -0.110 

InD 0.886 -0.042 0.302 0.202 

BbF 0.909 0.297 0.200 0.005 

BghiP 0.932 0.168 -0.006 0.038 

Explained  

variance (%) 
35.657 24.130 15.925 12.828 

Sum explained 

variance (%) 
35.657 59.787 75.712 88.540 

Note: The bold value indicates that the PCA load is greater than 0.6. 

 

Table S11. Characteristic PAH molecular diagnostic ratios 

 Petrogenic 
Petroleum 

combustion 

Grass, wood, coal 

combustion 
Reference 

Fla/(Fla+Pyr) <0.4 0.4–0.5 >0.5 
(Westerholm et al., 2001; 

Yunker et al., 2002; 

Tobiszewski and Namiesnik, 

2012) 
InD /(InD+Bghip) <0.2 0.2-0.5 >0.5 
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Table S12. The seasonal mean concentration of PM2.5 (µg m-3) and PAHs (ng m-3) 

sites DG DL DY GZ LT TJ XC YT 

seasons PM2.5 PAHs PM2.5 PAHs PM2.5 PAHs PM2.5 PAHs PM2.5 PAHs PM2.5 PAHs PM2.5 PAHs PM2.5 PAHs 

2014 summer 35 25 43 8 60 16 30  45  77  35  64 55 48  49  44 16 

2014 autumn 44 56 49 29 73 26 37  172  96  82  89 74 45  123  42 31 

2014 winter 61 117 54 70 87 70 53  288  102  178  96 103 65  191  55 74 

2015 spring 47 43 44 20 73 17 47  78  90  53  62 42 55  52  47 21 

2015 summer 29 18 31 12 59 10 28  31  63  31  53 33 45  25  32 19 

2015 autumn 47 69 50 26 76 25 54  79  71  97  62 88 42  215  36 43 

2015 winter 56 88 58 84 104 45 63  126  91  153  83 117 60  396  59 66 

2016 spring 50 22 44 14 64 21 42  41  65  30  65 73 46  35  44 -- 

2016 summer 28 85 24 28 41 11 28  89  51  36  49 20 36  119  25 18 

2016 autumn 38 -- 36 24 65 30 49  167  82  65  73 46 46  91  36 34 

2016 winter 54 114 54 49 96 76 74  212  121  175  110 108 78  281  54 42 

2017 spring 42 13 38 32 54 19 38  59  60  69  58 41 43  53  37 18 

2017 summer 20 19 24 11 38 11 28  27  44  31  45 20 37  34  25 15 

2017 autumn 29 48 27 20 50 25 36  82  62  82  56 36 38  100  27 29 

2017 winter 44 194 38 71 67 45 62  119  67  142  61 65 58  148  41 46 

2018 spring 31 44 31 18 47 19 41  126  59  59  52 30 41  27  29 12 

2018 summer 16 14 19 8 27 8 20  33  41  21  36 14 25  10  19 11 

2018 autumn 26 36 28 11 45 28 39  172  58  115  51 35 40  280  24 22 

2018 winter 50 141 45 42 73 56 61  -- 73  186  71 62 62  325  57 71 

2019 Spring 38 91 40 31 45 33 41  122  51  174  48 21 45  116  35 74 

The data of PM2.5 from https://www.aqistudy.cn/historydata/;--: Missing sample

https://www.aqistudy.cn/historydata/
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Table S13. The Pearson correlation of concentration between PM2.5 and PAHs 

sites DG DL DY GZ LT TJ XC YT 

Pearson correlation .537* .637** .724** .600** .485* .868** .705** .682** 

Sig. (two- tailed) 0.018 0.003 0.000 0.007 0.030 0.000 0.001 0.001 

Number of cases 19 20 20 19 20 20 20 19 

**. At the 0.01 level (two-tailed), the correlation is significant. 

 

Table S14. The annual mean of ILCR caused by PAHs exposure around the BS and TJ from 

June 2014 to May 2019 

Area 2014-2015 2015-2016 2016-2017 2017-2018 2018-2019 Average 

BS 2.22×10
-4
 2.16×10

-4
 5.86×10

-4
 4..07×10

-5
 5.70×10

-5
 1.19×10

-4
 

TJ 3.16×10
-4
 2.94×10

-4
 7.33×10

-5
 2.39×10

-5
 2.72×10

-5
 1.47×10

-4
 

 

 

Table S15. Annual average TEQ of atmospheric PAHs around the BS from June 2014 to 

May 2019 

Year TEQ BaP DahA TEQ-BaP% TEQ-DahA% 

2014−2015 2.55±1.49 0.87±0.56 1.04±0.87 31.5±23.6 29.5±24.0 

2015−2016 2.49±1.63 1.14±0.84 0.73±0.73 36.0±27.7 20.8±22.2 

2016−2017 0.69±0.76 0.34±0.44 0.07±0.07 42.7±16.1 11.8±7.1 

2017−2018 0.46±0.66 0.17±0.27 0.06±0.10 37.5±11.2 12.7±8.0 

2018−2019 0.67±0.84 0.32±0.43 0.04±0.06 43.3±15.6 8.3±11.6 

Average 1.37±1.05 0.57±0.41 0.39±0.47 38.2±8.0 16.6±9.0 

Note: TEQ-BaP% and TEQ-DahA% represent the proportion of BaP and DahA in TEQ, respectively. 
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Table S16. The direct medical costs of lung cancer caused by PAHs exposure around the BS 

Year rr URR PAF Iadd Population (persons) Ct (USD) 

2014 1.0027 4.49 2.68‰ 2.34×10-6 2.29×108 4.35×106 

2015 1.0026 4.49 2.61‰ 2.28×10-6 2.30×108 4.27×106 

2016 1.0007 4.49 0.73‰ 6.36×10-7 2.32×108 1.20×106 

2017 1.0005 4.49 0.49‰ 4.25×10-7 2.33×108 8.03×105 

2018 1.0007 4.49 0.70‰ 6.15×10-7 2.34×108 1.17×105 

Average 1.0014 4.49 1.44‰ 1.26×10-6 2.32×108 3.36×106 

Note: The population data derives from: http://tjj.ln.gov.cn/tjsj/sjcx/ndsj/, 

http://tjj.hebei.gov.cn/hetj/tjsj/jjnj/, 

http://tjj.shandong.gov.cn/col/col104011/index.html?jh=263. 

 

Table S17. The direct medical costs of lung cancer caused by PAHs exposure at TJ 

Year rr URR PAF Iadd Population (persons) Ct (USD) 

Year 1 1.0038  4.49 3.81‰ 3.33×10-6 1.52×107 4.39×105 

Year 2 1.0036  4.49 3.54‰ 3.10×10-6 1.55×107 4.17×105 

Year 3 1.0009  4.49 0.89‰ 7.73×10-7 1.56×107 1.05×105 

Year 4 1.0003  4.49 0.29‰ 2.53×10-7 1.56×107 3.42×104 

Year 5 1.0003  4.49 0.33‰ 2.87×10-7 1.56×107 3.90×104 

Average 1.0018 4.49 1.77‰ 1.55×10-6 1.55×107 2.07×105 

Note: The population data derives from: http://stats.tj.gov.cn/tjsj_52032/tjnj/. 

  

http://tjj.ln.gov.cn/tjsj/sjcx/ndsj/http:/tjj.hebei.gov.cn/hetj/tjsj/jjnj/
http://tjj.hebei.gov.cn/hetj/tjsj/jjnj/
http://tjj.shandong.gov.cn/col/col104011/index.html?jh=263
http://stats.tj.gov.cn/tjsj_52032/tjnj/
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Fig. S1. The locations of the 12 sampling sites around the BS. 

 

 

  

Fig. S2. The five-year average fractions of different rings of ∑15 PAHs at 12 sampling sites. 
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Fig. S3. The annual average concentration of PAHs sub-rings around the BS. 

 

 

DL 2014winter                         DL 2015winter 
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DL 2016winter                             DL 2017winter 

 

DL 2018winter                        DG 2014winter 

 

 

DG 2015winter                                 DG 2016winter 

 

DG 2017winter                                DG 2018winter 
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GZ 2014winter                             GZ 2015winter 

 

 

GZ 2016winter                            GZ 2017winter 

 

 

GZ 2018winter                                XC 2014winter   
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XC 2015winter                            XC 2016winter 

 

XC 2017winter                         XC 2018winter 

 

ZH 2014winter                           ZH 2015winter 
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ZH 2016winter                             ZH 2017winter 

 

ZH 2018winter                             LT 2014winter 

  

LT 2015winter                             LT 2016winter 
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LT 2017winter                            LT 2018winter 

 

Fig. S4. The backward trajectory by Hysplit model of the northern Bohai Sea sites in winter. 

 

 

Fig. S5. Factor profiles of PAHs by the PMF model. 
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Fig. S6. The relationship between predicted and measured concentrations of 228 samples 

analyzed by PMF (a) and (b). 
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Fig. S7. The average contributions of the five sources of PAHs at 12 sites around the BS. 

 

 

Fig. S8. The pollutants emissions of motor vehicle around the BS within five years. 
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Fig. S9. Seasonal contribution of coal combustion and vehicle emission for PAHs around the BS. 

 

 

Fig. S10. The seasonal and average contributions for five sources of Σ15 PAHs derived from PMF 

of TJ; (a): the five-year average contributions of five sources. 
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