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Abstract10

Were the pollution levels, characteristics and sources of PAHs related to the11

population and GDP on both sides of the Hu line? What was the relationship between12

them? The study summarizes and discusses available data for PAHs in atmospheric13

particulate matter (PM) from 93 above prefecture-level cities in China in 2000-2019.14

The results suggested that the concentration of PAHs in PM varied with 7 regions of15

China in descending order: Northeast (NE) > North China (NC) > Northwest (NW) >16

South China (SC) > Southwest (SE) > Central China (CC) > South China Sea (SCS).17

Meanwhile, the mean value of carcinogenic PAHs, non-carcinogenic PAHs, PAHs18

derived from the burning of organic matter, low molecular weight PAHs, medium19

molecular weight PAHs, and high molecular weight PAHs in 16 priority PAHs was20

53.5%, 46.5%, 80.0%, 16.9%, 45.2%, 37.9%, respectively. Moreover, from NW to21

NC, the content and pollution of PAHs increased with the increase of population and22

gross domestic product (GDP). From CC to SW and NC, the content and pollution of23

PAHs increased with the increase of population and the decrease of GDP. From SW24

https://www.researchsquare.com/article/rs-164512/v1
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to NW and CC to SC, the content and pollution of PAHs increased with the decrease25

in population and GDP. In part, PAHs pollution, characteristics and sources of26

atmospheric PM in Chinese cities broke the Hu line of population and GDP.27

Therefore, these require the promotion of comprehensive measures that will reduce28

pollution and sources of PAHs in heavily polluted areas.29

Keywords: Hu line; Polycyclic aromatic hydrocarbons; Pollution; Atmospheric30

particulate matter; China31

32

Capsule: To some extent, PAHs pollution, characteristics and sources of atmospheric33

PM broke the Hu line of GDP and population in China.34

35

1. Introduction36

PAHs in the atmosphere can be adsorbed into particulate matter (PM, Ma et al.,37

2020; Zheng et al., 2019; Zhu et al., 2019). With the growing urbanization process in38

China, PAHs pollution in PM is becoming a serious environmental problem (Zhao et39

al., 2020; Zhao et al., 2019). PM comprises suspended particles in the air, varying in40

composition and size, resulting from various anthropogenic activities, and consists of41

soil, building shedding, airborne particulates, fumes, and soot discharged from42

vehicles (Mao et al., 2020; Zheng et al., 2019). PAHs absorbed in PM can also be43

more easily transported (Ghanavati et al., 2019; Han et al., 2015) and remobilized into44

the atmosphere through volatilization, contributing to air pollution for long periods45

(Bai et al., 2019; Chen et al., 2019; Thang et al., 2019). PM is one of the most typical46

pollutants occurring in urban areas and it is used as an indicator of atmospheric47

quality. PM can also enter the human body via inhalation, ingestion, or dermal contact48

due to its long-range transportation remaining in the air periods (Kim et al., 2015; Liu49
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et al., 2015a; Patra et al., 2016), which could increase risks on human health50

(Bortey-Sam et al., 2015; Yu et al., 2012). Since 2000, the increase in the levels of51

PAHs worldwide has increased, especially in those areas with greater urbanization52

and industrialization (Cao et al., 2018; Zhang et al., 2019). Some studies have also53

highlighted the problem of increasing contamination by PAHs in China due to its54

great population and industrial development. Therefore, there is a need to analyze to55

what extent it is increasing and how it relates to population and GDP on both sides of56

the Hu line (Cao et al., 2018; Liu et al., 2017; Ringuet et al., 2012; Zhang et al.,57

2019).58

The content of PAHs in PM is source governed. PAHs come mainly from59

industrial and natural sources. In 2004, 520 thousand tons of PAHs were emitted into60

the atmosphere in global with consumer product usage (6.9%), wildfire (17.0%),61

biofuel (56.7%) as the major sources (Zhang and Tao, 2009; Umweltbundesamt,62

2016). China emitted 114 thousand tons more than any other country in the world in63

2004 (Zhang and Tao, 2009). PAHs originate from human sources (industrial64

pyrolysis, city coal and oil heating, and the direct release of oil and its associated65

products, ship and automobile exhausts) and natural sources (forest fires, ancient66

sediment erosion, etc.) (Aryal et al., 2006; Brown et al., 2015; Li et al., 2020b; Pies et67

al., 2008; Schwarzbauer et al., 2000; Wang et al., 2009; Xu et al., 2006; Yuan et al.,68

2012; Zhang et al., 2008). However, due to a lack of long-term monitoring data,69

comparatively less attention has been paid to change trends of PAHs pollution,70

distribution, sources on both sides of the Hu line.71

In summary, the above studies have shown that pollution caused by PAHs72

adsorbed in the atmospheric PM was very serious. However, there are remaining73

knowledge gaps and pending questions regarding the emission of PAHs, its pollution74
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level and characteristics on both sides of the Hu line. As of today, the relationship75

between content and distribution of PAHs, population and GDP can reflect the extent76

to which production systems are cleaner. On both sides of the Hu line, its evaluation77

remains pending.78

The Hu line (Hu Huanyong line or Heihe-Tengchong line) is a geographical line79

stretching from Heihe (a city in NE) to Tengchong (a city in SW), which divides80

China into two roughly equal parts, with a semi-arid region in the west and81

semi-humid region in the east (Chen, et al., 2019; Hu, 1935). Western China, 6% of82

the nation's population lives on 57% of the land, is characterized by harsh areas (such83

as desert and alpine regions), and ecosystem degradation that is affecting human84

well-being and economic development. On the other side of the Hu line, the east has85

access to many natural resources, which have contributed towards a large-scale86

socio-economic and cultural development (Wang & Deng, 2016; Zhang et al., 2018).87

Ninety-four percent of the nation's population lives on 43% of the land (Lu et al.,88

2016). This great imbalance that threatens industrial development, cleaner production,89

environmental sustainability, urbanization degree, and the most vulnerable90

populations is called the Hu line pattern (Zhang et al., 2015). There is a growing body91

of literature on the influence of the Hu line on and development of China (Hu et al.,92

2016; Zhang et al., 2015).93

However, in the 20 years since China's accession to the World Trade94

Organization (WTO), were there any correlation relationships between the95

concentration, distribution and source of PAHs emitted by China's rapid economic96

and social development and the Hu line? Could pollution levels, characteristics,97

sources of PAHs in atmospheric particulate matter break the Hu line based on98

research in 2000-2019?99
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2. Data and methods100

2.1. Data101

For nearly twenty years (2000-2019), PAHs in PM have become one of the102

pollutants of major concern in urban areas of China. Despite several studies on PAHs103

levels have been published, there are indeed disparities in variables such as energy104

consumption, development status, and the concentration of PAHs in PM in different105

urban areas. To better understand the pollution level and exposure of atmospheric106

PAHs throughout China, a large amount of information has been collected and107

processed. More than 6970 samples at more than 219 sites covering 93 urban areas in108

34 provincial-level administrative regions and 7 background regions throughout109

China. The concentration levels of the 16 priority PAHs identified by the U.S. EPA,110

were collected from six major databases for the period 2000-2019: Science Direct111

(www.sciencedirect.com/), Springer Link (link.springer.com/), Wiley Online Library112

(onlinelibrary.wiley.com/) and three of the most common databases used in China,113

China National Knowledge Infrastructure (www.cnki.net/), Wanfang Data114

(www.wanfangdata.com.cn/index.html), and Cqvip (www.cqvip.com/). Data were115

collected from at least one city in each provincial-level administrative region. More116

details on these references can be found in the supplementary material (Table S1).117

The following criteria were applied in the search of scientific literature. First of118

all, most relevant literature concerning PAHs pollution in PM from urban and119

background areas was included. The currently selected literature focused on research120

on the control of priority PAHs identified by the U.S. EPA (Keshavarzi et al., 2018).121

Furthermore, we aimed to evaluate the pollution across the whole country, selecting122

study sites thoroughly dispersed across the above prefecture-level city. The most123

recent data was always considered when multiple references were available for the124



6

same city. On the other hand, it has been taken into account the fact that after the125

implementation of reform and opening-up policy in China, there was a growing126

industrialization and urbanization process. In parallel, the PAHs pollution in the urban127

environment has become increasingly serious. Because of this, literature published in128

the last twenty years (2000-2019) was selected to study the impact of the rapid129

social-economic development experienced in China, on the pollution caused by PAHs,130

considering the increase of population and GDP, number of vehicles in use, the131

growing demand for energy and the increase in industrial production. The132

concentrations corresponding to the 16 priority PAHs according to U.S. EPA, time,133

number, and size of PM for all urban and background areas for each region are shown134

in Table S1 of the supplementary material.135

The collected data corresponds to PAHs adsorbed on atmospheric fine particulate136

matter (PM2.5), inhalable particulate matter (PM10), and total suspended atmospheric137

particulate matter (TSP). Laboratory analysis, in general, has involved the extraction138

of PM samples with dichloromethane, acetone, n-hexane, or a mixture of these139

solvents. The total concentration of PAHs has generally been determined by gas140

chromatography (GC), gas chromatography-mass spectrometry (GC-MS),141

high-performance liquid chromatography-mass spectrometry (HPLC-MS) or142

high-performance liquid chromatography (HPLC) (Chai et al., 2017; Mo et al., 2019;143

Ohura et al., 2019; Soltani et al., 2019; Zhang, 2012; Zhu et al., 2019). These are144

validated and widely applied methodologies for the qualitative and quantitative145

analysis of PAHs.146

2.2. Geographical division of China147

Based on geographical conditions, climatical conditions and distance from 7148

national atmospheric background monitoring stations (Mountain of Shengnongjia,149
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Pangquangou, Waliguan, Nanling, Tengchong, Wuzhi, Changbai in Hubei, Shanxi,150

Qinghai, Guangdong, Yunnan, Hainan, Jilin province, respectively), China can be151

divided into 7 regions: NE, NC, NW, SC, SW, CC, SCS.152

In this study, we collected data corresponding to the concentration of the153

∑16PAHs from 93 urban areas, including 23 urban areas in 7 provinces or154

municipalities in CC (Hefei, Huainan and Tongling in Anhui; Wuhan, Yichang and155

Huangshi in Hubei; Changsha and Xiangtan in Hunan; Nanjing, Changzhou, Xuzhou,156

Wuxi, Zhenjiang and Nantong in Jiangsu; Nanchang and Jiujiang in Jiangxi; Shanghai;157

Hangzhou, Huzhou, Ningbo, Wenzhou, Taizhou and Jinhua city in Zhejiang); 19158

urban areas in 7 provinces, autonomous region or municipalities in NC (Beijing;159

Shijiazhuang, Zhangjiakou, Baoding, Tangshan, Handan and Hengshui in Hebei;160

Zhengzhou and Xinxiang in Henan; Hohhot, Baotou, Dongsheng, Hangjin and Jungar161

Banner in Inner Mongolia; Jinan and Qingdao in Shandong; Taiyuan and Jinzhong in162

Shanxi; Tianjin); 12 urban areas in 5 provinces or autonomous region in NW (Xi'an163

and Yulin in Shaanxi; Lanzhou and Jinchang in Gansu; Yinchuan in Ningxia; Xining164

in Qinghai; Urumqi, Hotan, Miquan, Changji, Karamay and Shihezi in Xinjiang); 17165

urban areas in 6 provinces in SC (Xiamen and Longyan in Fujian; Nanning, Baise and166

Liuzhou in Guangxi; Guangzhou, Shenzhen, Qingyuan, Shaoguan, Shantou and167

Dongguan in Guangdong; Macau; Hongkong; Taipei, Taichung, Miaoli and Hsinchu168

in Taiwan); 8 urban areas in 5 provinces, autonomous region or municipalities in SW169

(Chongqing; Mianyang and Chengdu in Sichuan; Guiyang in Guizhou; Lhssa and170

Linzhi in Xizang; Kunming and Yuxi in Yunnan); 13 urban areas in 3 provinces in171

NE (Harbin and Jiamusi in Heilongjiang; Changchun, Jilin, Siping, Tonghua and172

Baicheng in Jilin; Shenyang, Dalian, Jinzhou, Fushun, Anshan and Panjin in173

Liaoning); Haikou city in Hainan province in SCS (Table S1).174
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3. Results and discussion175

3.1. Pollution level of PAHs in PM on both sides of the Hu line176

Fig. 1 summarized the concentrations of PAHs in airborne PM based on177

literature in 2000-2019. There were significant differences within the urban areas of178

the seven regions which took part in the surveys for the determination of the179

∑16PAHs. In CC, NC, NW, SC, SW and NE, the concentrations that were detected180

were: Xuzhou (164.6 ng/m3), Jinzhong (910.1 ng/m3), Urumqi (802.5 ng/m3),181

Longyan (350.0 ng/m3), Chongqing (108.0 ng/m3), Jilin (1201.4 ng/m3) with the182

highest levels of ∑16PAHs, respectively. Jinhua (8.6 ng/m3), Hangjin (3.7 ng/m3),183

Lanzhou (5.3 ng/m3), Hsinchu (1.8 ng/m3), Linzhi (0.5 ng/m3), Harbin (23.5 ng/m3)184

with the lowest levels of ∑16PAHs, respectively for the same regions. Unlike the185

above six regions, the concentration of PAHs in PM in Haikou was 4.7 ng/m3. The186

level of PAHs in PM for SCS did not experience significant increases compared to the187

other six regions. This, in turn, indicates good preservation of the environmental188

conditions or endowment in SCS, where existing measures control emissions of PAHs,189

given the fact that ∑16PAHs occurred in a relatively low level.190

In Jilin and Linzhi city, the highest and lowest concentrations of PAHs ranged191

from 141.5 to 3100.1 ng/m3 and from below the detection limits (BDL) to 2.3 ng/m3,192

respectively. Across the whole of China, the level of ∑16PAHs in NE (mean 404.0193

ng/m3) was the highest and followed by NC (177.0 ng/m3), NW (169.1 ng/m3), SC194

(57.2 ng/m3), SW (38.0 ng/m3), CC (29.0 ng/m3) and SCS (3.1 ng/m3). Within NE,195

high levels of PAHs pollution were found in Jilin, Fushun, Shenyang. Lower levels of196

pollution were detected in CC, such as in Jinhua, Huzhou, Huangshi (Fig. 1 and Table197

S1). It can be seen that, in urban areas of China, contamination of PAHs absorbed in198

PM has been shown to have a higher incidence, indicating the need for mitigation199
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measures to protect health.200

3.2. The relationship between PAHs pollution, population and GDP201

The pollution level of PAHs in PM in the whole of China was drawn by ArcGIS202

10.2 (Fig. 2). As can be seen in Fig. 2, at similar latitude on both sides of the Hu line,203

from NW to NC, the concentrations and pollution levels of PAHs increase (Fig. 2a)204

with the increase of population (Fig. 2b) and GDP (Fig. 2c). From CC to SW, the205

concentrations and pollution level of PAHs increase with the increase of population206

and the decrease of GDP (Chen et al., 2019; Zhang et al., 2015; Zhang et al., 2020).207

While at similar longitudes on both sides of the Hu line, from NW to SW, the208

concentration and pollution of PAHs decrease with the increase of population and209

GDP. From NC to CC, the concentration and pollution of PAHs decrease with the210

decrease of population and the increase of GDP. From CC to SC, the concentration211

and pollution of PAHs increase with the decrease of population and GDP (Chen et al.,212

2019; Wang et al., 2016; Zhang et al., 2015; Zhang et al., 2020).213

In Fig. 2b and Table S1, the descending order of population in China, in millions214

of people, is as follows: SW (8.5) > NC (7.0) > CC (6.7) > SC (4.7) > NE (4.3) > NW215

(2.8) > SCS (2.3). In Fig. 2c and Table S1, the descending order of GDP in China, in216

billion yuan, is as follows: CC (850.2) > SC (724.9) > SW (708.8) > NC (633.1) > NE217

(259.7) > NW (211.6) > SCS (167.2).218

In Fig. 2b, Fig. 2c and Table S1, the average population in CC (6.7 million219

people) and NC (7.0 million people) is almost the same. Although the average GDP in220

CC (850.2 billion yuan) is 1.3 times higher than that in NC (633.1 billion yuan),221

PAHs pollution in NC (177.0 ng/m3) is 6.1 times higher than that in CC (29.0 ng/m3).222

Similarly, the average population in SC (4.7 million people) and NE (4.3 million223

people) is nearly the same. Although the average GDP in SC (724.9 billion yuan) is224
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2.8 times higher than that in NE (259.7 billion yuan), PAHs pollution in NE (404.0225

ng/m3) is 7.1 times higher than that in SC (57.2 ng/m3).226

Except for SCS, in the cold and dry NE, NC and NW, residential heating boiler,227

heavy industry and energy mining are the main emission sources (Yan et al., 2019;228

Zhang et al., 2016). These factors may be the key agents causing the significant lower229

GDP and higher PAHs pollution in NE, NC and NW. While in the warm and humid230

SW, CC and SC, light industry, textiles, electronics and electrical appliances,231

machinery manufacturing and other related industries are the main emission sources232

(Yan et al., 2019; Zhang et al., 2016). These factors may be the key agents causing the233

significantly higher GDP and lower PAHs pollution in SW, CC and SC. Therefore,234

the adjustment or upgrading of industrial structure and the implementation of a235

cleaner production strategy of industrial enterprises in NE, NC and NW is the main236

way to reduce PAHs pollution.237

3.3. Composition of PAHs in PM on both sides of the Hu line238

A similar proportion has been observed regarding the composition of the 16239

PAHs in PM (Fig. 3 and 4). As shown in Table S1, the low molecular weight PAHs240

(LMW-PAHs, including species with 2 rings: Nap; 3 rings: Acy, Ace, Flu, Ant, Phe),241

medium molecular weight PAHs (MMW-PAHs, including species with 4 rings: Fla,242

Pyr, BaA, Chr) and high molecular weight PAHs (HMW-PAHs, including species243

with 5 rings: BbF, BkF, BaP, DA; 6 rings: BP, IP) were detected in urban areas in the244

range of 0.1~221.3, 0.1~850.0, 0.3~564.1 ng/m3, with mean concentrations of 20.7,245

62.0, 51.2 ng/m3, respectively. Although the concentration levels varied significantly246

between urban areas, the composition of PAHs remained similar, being the main247

species MMW- and HMW-PAHs, since they accounted for 40% and 45% of the248

Σ16PAHs, respectively. The contribution of PAHs congeners in PM was also249
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described by Li et al. (2016) and Wang et al. (2015) were similar.250

In Fig. 4 and Table S2, according to the U.S. EPA, seven of Σ16PAHs are251

potentially carcinogenic (CAN-PAHs, Kong et al., 2010), including BaA, BbF, BkF,252

BaP, Chr, DA, and IP. The mean concentration of CAN-PAHs was 70.3 ng/m3, which253

varied from 0.3 ng/m3 in Linzhi to 937.1 ng/m3 in Jilin, accounting for 9.4% and254

81.3% of the Σ16PAHs, respectively. Furthermore, the proportion of CAN-PAHs was255

similar, with a higher proportion (58.6%) in NC and a lower proportion (47.7%) in256

NW. The 9 remaining PAHs are potentially non-carcinogenic (NCAN-PAHs, Kong et257

al., 2010), including Nap, Acy, Ace, Flu, Ant, Phe, Fla, Pyr, and BP. The258

concentration of the NCAN-PAHs varied from 0.2 ng/m3 in Linzhi to 699.9 ng/m3 in259

Fushun, with an average concentration of 63.5 ng/m3, accounted for 18.7% and 90.6%260

of the Σ16PAHs, respectively. The proportion of the NCAN-PAHs also followed a261

similar pattern, with a higher proportion in NW toward a lower proportion in NC.262

Combustion-derived PAHs (COM-PAHs, Kong et al., 2010), which include Fla,263

Pyr, Chr, BbF, BkF, BaA, BaP, IP, and BP, are used to identify the combustion264

sources of PAHs. The content of COM-PAHs in urban areas varied from 0.3 ng/m3 in265

Linzhi to 1161.8 ng/m3 in Jilin, with a mean value of 109.5 ng/m3, accounting for 31.2266

and 96.7% of the Σ16PAHs, respectively (Fig. 4 and Table S2).267

It was observed that although the components of PAHs may differ depending on268

urban areas, the compositions of PAHs also vary across regions. This is the case for269

the NC (177.0 ng/m3) and NW (169.1 ng/m3), the SW (38.0 ng/m3) and CC (29.9270

ng/m3), with comparable concentrations of ∑16PAHs but with different components.271

The content of HMW- and MMW-PAHs in NW and SW were relatively higher than272

NC and CC, respectively (Fig. 4 and Table S2). This may be in part due to the273

different sources of pollution among urban areas and/or the emissions and pollution274
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characteristics.275

3.4. Pollution characteristics of PAHs in PM on both sides of the Hu line276

The maximum, minimum, background concentrations of PAHs in each region277

are shown in Fig. 5 and Table S3. In the mountains of Shennongjia, Pangquangou,278

Waliguan, Nanling, Tengchong, Wuzhi, and Changbai, the range background values279

were 0.1 to 3.4, 1.1 to 25.4, 0.3 to 7.8, 0.1 to 1.9, 0.1 to 17.0, 1.8 to 4.6, 0.3 to 8.1280

ng/m3, with average values of 1.9, 12.0, 2.1, 0.6, 2.4, 3.1, 2.7 ng/m3, respectively.281

Except for SCS, the maximum concentrations of PAHs, in six regions, were found in282

Xuzhou (164.6 ng/m3), Baotou (230.2 ng/m3), Urumqi (802.5 ng/m3), Longyan283

(350.0 ng/m3), Chongqing (108.0 ng/m3), and Jilin (1201.4 ng/m3). The minimum284

concentrations of PAHs, in six regions, were found in Jinhua (8.6 ng/m3), Hangjin285

(3.7 ng/m3), Lanzhou (5.3 ng/m3), Hsinchu (1.8 ng/m3), Linzhi (0.6 ng/m3), and286

Harbin (23.5 ng/m3) (Fig. 5 and Table S3).287

The maximum concentrations of PAHs were 86.6, 19.2, 382.1, 583.3, 45.0, and288

445.0 times the background values detected in Shengnongjia (1.9 ng/m3),289

Pangquangou (12.0 ng/m3), Waliguan (2.1 ng/m3), Nanling (0.6 ng/m3), Tengchong290

(2.4 ng/m3), and Changbai mountain (2.7 ng/m3) in the CC, NC, NW, SC, SW, and291

NE, respectively. The minimum concentrations of PAHs were 4.5, 0.3, 2.5, 3.0, 0.2,292

8.7 times background values detected in Shengnongjia, Pangquangou, Waliguan,293

Nanling, Tengchong, and in Changbai mountain, respectively. Besides, in Haikou294

city, the maximum (5.3 ng/m3), mean (4.7 ng/m3 ), minimum concentration (4.1295

ng/m3) of PAHs was 1.7, 1.5, 1.3 times the background value (3.1 ng/m3) detected in296

Wuzhi mountain, respectively (Fig. 6 and Table S3).297

The level of BaP, a highly carcinogenic compound, was also detected in urban298

areas in levels that varied from BDL in Linzhi to 61.6 ng/m3 in Jilin with a mean299
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concentration of 6.7 ng/m3. The BaP concentrations in 73 of 93 urban areas, which300

accounted for 78.5%, exceeded the limits established in 1.0 ng/m3 as annual mean301

content of PM10-bound BaP in China (Table S3 and S4; MEP and GAQSIQ, 2012)302

and the air quality standard set by the World Health Organization. On the other hand,303

in CC, NC, NW, SC, SW, and NE, it was found that the average BaP concentration304

exceeds the first-level concentration limit of BaP in the only PM10 in the ambient air305

quality standard (1.0 ng/m3, Table S3 and S4; MEP and GAQSIQ, 2012). Meanwhile,306

in NC, NW, SC, and NE, it was found that the average BaP concentration exceeds the307

second-level concentration limit of BaP in the only PM in the ambient air quality308

standard (2.5 ng/m3, Table S3 and S4; MEP and GAQSIQ, 2012). Therefore, in NE309

(such as Jilin, Tonghua, Anshan), the level of pollution caused by BaP was also310

higher than that detected in CC (such as in Hangzhou, Huzhou and Jinhua; Table S3).311

These areas can be considered highly polluted and, therefore, require decision-making312

for better pollution management and control.313

3.5. Sources characteristics of PAHs in PM on both sides of the Hu line314

The highest and lowest average concentration of PAHs were 1201.4 and 0.6315

ng/m3, detected in Jilin and Linzhi, respectively. Jilin city is located in Jilin province316

in the NE, a highly industrialized city with a cold climate that requires the use of317

heating systems for several months (Li et al., 2005). Fushun city in Liaoning province,318

in NE, was also affected by the pollution of PAHs with the second-high concentration319

recorded. High levels of contamination in Fushun city may be due to activities related320

to oil processing, iron and steel smelting, and heating systems (Zhang, 2011). Linzhi321

city is located in Xizang in SW with little industrial activity (Chen et al., 2014).322

Fig.7 presents the ratio of different ring numbers of PAHs. Fig.7 and Table S2323

show the proportion of LMW-, MMW-, and HMW-PAHs, concentrated in the range324
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of 0.3-68.5%, 11.1-78.6%, and 4.5-82.8%, with an average value of 16.9%, 37.9%,325

45.2%, respectively. Since the value of LMW-PAHs/HMW-PAHs was less than 1,326

presumably PAHs mainly derived from combustion sources (Yan et al., 2019).327

HMW-PAHs are primarily associated with coal sources, MMW-PAHs with biomass328

sources and LMW-PAHs with engine emissions (Duan et al., 2009; Xu et al., 2006;329

Yan et al., 2019; Zhang et al., 2016). The increase in the COM-PAHs may be related330

to human activities. Unlike for HMW-PAHs, given the lower weight and higher331

volatility of the LMW and MMW-PAHs, these can be transported over long distances332

by air over a long time (Hou et al., 2006; Hung et al., 2005; Wang et al., 2008). The333

ratio of (LMW- + MMW-PAHs)/HMW-PAHs was used to identify the sources of334

PAHs in PM (Hou et al., 2006; Li et al., 2016), in such a way that when the ratio has a335

low value indicates local emission, whereas a high ratio, a long-distance336

transportation (Hou et al., 2006). The mean ratio (2.0) was much lower than those in337

remote from the emission sources, implying that local emission was the main source338

for PAHs in PM. The ratio decreased from 21.2 to 0.2 with a median ratio (1.2), also339

indicating relatively local emission sources. Whereas the ratio in Dongguan (10.5),340

Nanning (21.1), Longyan (11.9), and Lhasa (10.1) were much higher. These results341

indicated clearly that in these cities most of the PAHs were likely from long-range342

transportation (Table S2, Hou et al., 2006; Li et al., 2016). This fact is in line with an343

increased proportion of HMW-PAHs. Besides, individual compounds implied344

different distribution patterns, that is, BbF, BP and IP were dominant.345

The compositions of PAHs were different across China, showing that the sources346

of LMW-, MMW-, and HMW-PAHs were different (Zhang et al., 2012; Zhang et al.,347

2018; Zhang et al., 2019). The composition profiles are affected depending on348

industrial production activities and the different emission patterns generated in urban349
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areas. For example, in cities of NE, the emission sources of PAHs were350

predominantly from coal producers (Fu et al., 2016), while in NW and NC, from coal351

and firewood (Lu et al., 2015; Song et al., 2018; Ma et al., 2020).352

Therefore, PAHs content in PM should be reducible by physical (such as situ353

cappings, sorption method of activated carbon, biochar, carbon nanotube, and their354

derivatives), chemical (such as incineration, thermal conduction, solvent extraction or355

soil washing, chemical oxidation), thermal and biological technologies (such as356

bioaugmentation, biostimulation, phytoremediation, composting or bio-piles, and357

bioreactors) during industrial production, winter heating, vehicles with energies, etc.358

(Kuppusamy et al., 2017; Li et al., 2020a; Li et al., 2020b).359

As can be concluded from all information contained in this study, there are urban360

areas in China with high contamination of PAHs in PM. This study also reveals that361

the Hu line, delimits two very different areas, both socioeconomically, populationally362

and geographically, climatically, directly influencing the degree of contamination363

caused by PAHs. China's urban areas, densely populated and with further industrial364

development, are experiencing higher levels of pollution. With this analysis of365

information, the scientific value and applicability of this study were found. On the one366

hand, relevant control measures to reduce PAHs pollution should be formulated at the367

level of government and relevant administrative departments. Cutting consumption of368

coal and biomass by using green and clean energy (such as solar energy, wind energy,369

tidal energy, hydroelectric power and so on) as a substitute and applying fossil-fuel370

cleaning and green techniques are recommended for PAHs pollution control. More371

use of public transportation should be encouraged to lower emissions of PAHs into372

the atmosphere. Urban greening, planting trees, strengthening the control of PAHs373

pollution, and protecting the environment could be desirable solutions to pollution374
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removal. On the other hand, at the level of individual protection, especially when375

residents are outdoors in the haze, sandstorms, fog and other heavy pollution weather,376

some protective measures should be taken to minimize the health risks caused by377

PAHs. Reducing outdoor exposure time and wearing a protective mask, gloves,378

glasses, etc. are recommended as effective means to avoid PAHs exposure.379

4. Conclusion380

This overview, for the first time, assesses the relationships between levels,381

composition, pollution, sources of PAHs in PM and population and GDP, at the above382

prefecture-level cities on both sides of the Hu line in China from 2000 to 2019. The383

pollution levels varied greatly among urban areas. Especially, the concentrations of384

PAHs in PM generally indicate that PAHs pollution is more severe in NE, NC, NW385

than in SCS, CC, SW. The proportions of HMW-PAHs and MMW-PAHs in CC, NE386

were relatively high compared with NE, SW, respectively. The total concentration387

corresponding to the ∑16PAHs was similar in NW and NC, SW and CC, respectively.388

The highest levels of contamination were detected in NE. At the same time, the lower389

levels of pollution were distributed in SCS. In NE, NC, and NW, where the sources of390

PAHs were predominantly from coal and biomass. Moreover, the concentrations and391

pollution level of PAHs gradually increase according to the existing gradient of392

population density at the same latitude, from NW to NC and CC to SW. This finding393

is consistent with the level of population growth at both sides of the Hu line. While at394

the same longitude (from NW to SW, SC to CC), the concentration and pollution of395

PAHs decreased significantly with the decrease of PAHs sources, and it is opposite to396

the level of GDP and population growth on both sides of the Hu line. Therefore, In a397

sense PAHs pollution, characteristics and sources of atmospheric PM broke the Hu398

line of GDP and population in China. To achieve sustainable development and the399
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dream of "Beautiful China", China needs green, high quality, coordinated400

development, such as the implementation of measures for national rural revitalization,401

new urbanization or urban-rural integration development on both sides of the Hu line.402
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