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Abstract  20 

As a ubiquitous carcinogen, polycyclic aromatic hydrocarbons (PAHs) are closely 21 

related to anthropogenic activities. The process of urbanization leads to the spatial 22 

interlacing of farmlands and urbanized zones. However, field evidence on the 23 

influence of urbanization on the accumulation of PAHs in crops of peri-urban 24 

farmlands is lacking. This study comparatively investigated the urbanization-driven 25 

levels, compositions, and sources of PAHs in 120 paired plant and soil samples 26 

collected from the Yangtze River Delta in China and their species-specific human 27 

intake risks. The concentrations of PAHs in crops and soils in the peri-urban areas 28 

were 2407.92 ng g−1 and 546.64 ng g−1, respectively, which are significantly higher 29 

than those in the rural areas. The PAHs in the root were highly relevant to those in the 30 

soils (R2 = 0.63, p < 0.01), and the root bioconcentration factors were higher than 1.0, 31 

implying the contributions of root uptake to plant accumulations. However, the 32 

translocation factors in the peri-urban areas (1.57 ± 0.33) were higher than those in 33 

the rural areas (1.19 ± 0.14), indicating the enhanced influence through gaseous 34 

absorption. For the congeners, the 2- to 3-ring PAHs showed a higher plant 35 

accumulation potential than the 4- to 6-ring PAHs. Principal component and source 36 

analyses show that the PAHs in the peri-urban plants predominantly resulted from 37 

urbanization parameters, such as coal combustion, vehicle emissions, and biomass 38 

burning. The mean values of estimated dietary intake of PAHs from the consumption 39 

of peri-urban and rural crops were 9116 ng d−1 and 6601.83 ng d−1, respectively. The 40 

intake risks of different crops followed the order rice > cabbage > carrot > pea. Given 41 



the significant input of PAHs from urban to farmland, the influence of many 42 

anthropogenic pollutants arising from rapid urbanization should be considered when 43 

assessing the agricultural food safety. 44 

 45 
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1. Introduction 50 

With the rapid urbanization and industrialization in many developing countries, 51 

many problems, such as land insecurity, worsening of water quality, excessive air 52 

pollution, scattered waste disposal, and elevated carbon emissions, are causing 53 

environmental degradation (Song et al. 2008). The problem on various anthropogenic 54 

organic pollutants, such as polycyclic aromatic hydrocarbons (PAHs), phthalic acid 55 

esters, pesticides, polybrominated diphenyl ethers, and polychlorinated biphenyls 56 

(PCBs), has been a growing concern (Liu et al. 2014, Sun et al. 2016, Sun et al. 2018). 57 

Through the incomplete combustion of organic matter and the use of industrial 58 

additives, these pollutants are released, dispersed, and stored in environmental media 59 

through the pathways of airborne pollution, reclaimed water irrigation, and waste 60 

disposal (Gune et al. 2019, Witter et al. 2014, Wu et al. 2019) and consequently place 61 

tremendous direct or indirect pressure on ecosystems around cities (Karageorgou et al. 62 

2020, Li et al. 2016). Extensive agricultural planting areas have been closely adjacent 63 

to the expanding cities from the land urbanization process, immediately interlacing 64 

urban areas and farmlands (Zhou et al. 2021). As a result of the migrations and 65 

accumulations, the risk related to the urban source environmental hazards could be 66 

magnified through agricultural production, food chains, and human intake, and 67 

ultimately affect human health (Sun et al. 2021, Zhu et al. 2011). Therefore, exploring 68 

the interactive relationship between urbanization and the agricultural eco-systems 69 

around cities at the level of environmental pollutants has great scientific and practical 70 

significance.  71 



PAH is a typical anthropogenic persistent organic pollutant with lipophilic, 72 

environmental persistent, long-distance transmitting, and toxic properties (Lou et al. 73 

2019, White et al. 2016). PAHs are widely present in the natural environment. The 74 

U.S. Environmental Protection Agency listed 16 PAHs as priority pollutants, and 75 

some of them are even human carcinogens (Wang et al. 2012). They are mainly 76 

produced by the incomplete combustion process and pyrolysis of organic matter. 77 

Factitious sources include traffic emissions (such as motor vehicle exhaust), industrial 78 

waste gas from coal combustion, coal emissions for commercial and household 79 

heating, and the combustion of other biomass fuels (especially the burning of straw in 80 

rural areas). PAHs are ubiquitously presented in agricultural soils and plant. Given 81 

that PAHs pollution mainly occurs in densely populated main urban areas, industrial 82 

centers, and main traffic arteries, they can be directly transported through the 83 

atmosphere by adsorption through the surface of particles and finally deposited in 84 

soils and plants in peri-urban agricultural planting areas. For example, the average 85 

concentrations of ΣPAHs in amaranth, spinach, leeks, and rice tissue in the Yangtze 86 

River Delta of China were 1710.49, 1176.96, 1218.36, and 352.12 ng g−1 dw, 87 

respectively (Wang et al. 2017). 88 

As the main source of energy of human beings, several edible crops can absorb and 89 

transport PAHs. The primary uptake of PAHs for crops is through absorption by the 90 

root part and the aboveground tissue (Houshani et al. 2019, Wild et al. 2005, Zhang 91 

and Tao 2009). Subsequently, PAHs are bio-amplified, -enriched, and -accumulated 92 

through the food chain, causing harm to human health (Ding et al. 2013, Usman et al. 93 



2016, Wang et al. 2012). In addition, the risk of human exposure to PAHs is objective, 94 

and the incremental lifetime cancer risk (ILCR) could be elevated through the dietary 95 

intake of contaminated edible plants. A field study proved that the concentration of 96 

PAHs in the soil in urban areas was significantly increased by urbanization (Wang et 97 

al. 2020b). Nevertheless, field evidence of the influence of urbanization on the 98 

accumulation of PAHs in plants is still lacking. 99 

In this study, the Yangtze River Delta urban agglomeration in China was chosen as 100 

the representative area with rapid urbanization, and PAHs were chosen as the model 101 

of urbanization-driven pollutants. This study aims to elucidate the relationship 102 

between the PAHs in crops in peri-urban farmlands and the urbanization sources by 103 

collecting paired plant and soil samples from peri-urban and rural farmlands, 104 

analyzing the levels and compositions of 16 PAH congeners in different tissues, and 105 

evaluating the sources and the plant uptake and accumulations. 106 

2. Materials and methods 107 

2.1. Chemical reagents and materials 108 

Standards of PAHs (> 99.0%), acenaphthene-d10 (> 99.0%), phenanthrene-d10 (> 109 

99.0%), chrysene-d12 (> 99.0%), perylene-d12 (> 99.0%), and naphthalene-d8 (> 110 

99.0%) were purchased from Sigma-Aldrich (Shanghai, China). The physical and 111 

chemical properties of PAHs are shown in Table S1. 112 

The stock solutions of all the standards were prepared in n-hexane and stored in 113 

amber glass vials. All the organic solvents used were of HPLC grade (JT Baker, 114 

Shanghai, China). Deionized water was prepared using a Milli-Q plus water 115 



purification system (Millipore Corp, Shanghai, China). Anhydrous sodium sulfate 116 

(Na2SO4), silica gel (60−100 mesh), florisil (60-100 mesh), and alumina oxide 117 

(100−200 mesh) for clean the samples were baked at 400 °C for 4 h before use to 118 

eliminate potential environmental pollution. 119 

2.2. Sampling program design 120 

Soil and plant samples were collected from 60 locations in the Yangtze River Delta 121 

in 2019, and 50 of which are adjacent to cities. Ten paired samples were collected 122 

from 10 rural areas for comparison with the 50 samples collected from the 50 123 

peri-urban locations. Four kinds of plants were used as samples, namely, carrot 124 

(Daucus carota), cabbage (Brassica pekinensis), pea (Pisum sativum), and rice (Oryza 125 

sativa). The aboveground and the underground parts of each plant sample were 126 

analyzed separately. Sampling site information is provided in Figure S1, and a global 127 

positioning system was used to identify the precise location of each site. The samples 128 

were collected from farmlands and stored at -20 °C until analysis. 129 

2.3. Chemical treatments of samples 130 

The sample processing method was slightly improved based on its predecessors 131 

(Cao et al. 2017, Sun et al. 2015). The samples were freeze-dried, crushed, and 132 

ground through a 100-mesh sieve, and some of the crop samples that were difficult to 133 

grind were processed using a tissue grinder. According to Soxhlet extraction, we 134 

mixed 10.0 g of soil samples with diatomaceous earth and copper powder, added 250 135 

ng g−1 of the substitute standard, and then used 160 mL of the acetone/n-hexane (1:1, 136 

v/v) mixture as the extracting solution for 48 h. Meanwhile, 20 mL of the 137 



acetone/n-hexane (1:1, v/v) mixture was used for extracting 0.2 g of crop sample 138 

ultrasonically for 20 min, and this procedure was repeated three times. Then, the 139 

extract was concentrated and purified through a silica gel column. PAHs were eluted 140 

with 40 ml of n-hexane/dichloromethane (1:1, v/v), and then the eluate was converted 141 

to hexane and concentrated to approximately 1 mL. The internal standard 142 

anthracene-d10 (> 99.0%) was added before GC-MS/MS analysis. GC-MS/MS was 143 

used to detect the 16 PAHs (Table S2).  144 

2.4. Instrumental analysis  145 

The PAHs were measured using a SIMADAZHU GC-MS/MS-TQ8040 gas-mass 146 

spectrometer with an electron impact ion source during multiple reaction monitoring 147 

(MRM). The column was an SH-Rxi-5SiLMS (30 m × 0.25 mm × 0.25 μm) silica 148 

capillary column. In the temperature program, the initial temperature was 60 °C and 149 

maintained for 1 min, increased to 160 °C at 10 °C/min and maintained for 1 min, 150 

increased to 180 °C at 2 °C/min and maintained for 1 min, increased to 185 °C at 151 

0.5 °C/min and maintained for 1 min, increased to 190 °C at 1 °C/min, and finally 152 

increased to 260 °C at 2 °C/min and maintained for 5 min. The carrier gas was high 153 

purity helium with a flow rate of 1 mL/min. The inlet temperature was 250 °C. Table 154 

S2 shows the ion fragments and the retention time. Figure S2 shows the 155 

chromatogram of the PAHs. 156 

2.5. Quality control and quality assurance 157 

The known concentration of the tracer (250 ng) was mixed into the soil and crops 158 

of the blank group experiment, and the recovery rate experiment was carried out. The 159 



recovery rate ranged from 84% to 118%, and a blank experiment was performed every 160 

12 samples. The concentration with a signal-to-noise ratio of 3:1 was defined as the 161 

limit of detection (LOD), and the LOD of the PAHs was 0.016 (BKFR)–0.72 (ACY) 162 

ng/g. 163 

2.6. Statistical analysis 164 

In this study, the PAH ratio and PCA were used to determine the PAH source in soil 165 

and crops. The isomer ratios of BaA/(BaA + CHR) and IcdP/(IcdP + BghiP) can be 166 

used to distinguish petroleum combustion from other types of combustion. We 167 

performed statistical analysis using the SPSS version 23.0 software and PCA to 168 

identify the possible sources of PAHs (Wang et al. 2020a). The input variables were 169 

16 PAH concentrations measured in 60 sets of soil and crop samples, and the three 170 

main components were extracted using PCA. We used ArcGIS 10.2 to generate the 171 

sampling maps. In addition, Origin was used to deal with the correlation between 172 

crops and soil. 173 

2.7 Risk assessment 174 

The ILCR model is widely used in soil and vegetables. To assess the degree of 175 

human exposure to PAHs through the intake of crops, the following formula is used to 176 

estimate the daily intake of the local population (Li and Ma 2016, Sun et al. 2019a): 177 CS = ∑𝐶 i × 𝑇𝐸𝐹𝑖,     (1) 178 𝐸𝐷𝐼 = 𝐶𝑆 × 𝐼𝑅,        (2)   179 𝐼𝐿𝐶𝑅 = 𝐶𝑆𝐹×𝐸𝐷𝐼×𝐸𝐹×𝐸𝐷×𝐶𝐹𝐵𝑊×𝐴𝑇 ,     (3)    180 

where the EDI is the estimated daily intake through the consumption of crops (ng/d), 181 



and ILCR is the increase in the lifetime cancer risk of an individual. As shown in 182 

Table S3, CSF represents the carcinogenic slope factor of ingestion, that is, 7.3 (mg/ 183 

kg/ day)-1. IR is the intake rate (mg day−1), and the IR values of cabbage, carrot, pea, 184 

and rice are 147670, 71950, 3780, and 252690, respectively. 185 

EF is the exposure frequency (day/year), ED is the duration of PAH exposure 186 

(years), BW is the body weight (kg), AT is the average life span (days), and CS is the 187 

sum of the specific PAH concentrations calculated by the toxicity equivalence factor 188 

(TEF) method. Ci is the concentration of each PAH (mg/kg), and TEFi is the 189 

corresponding toxicity equivalent coefficient. CF is the conversion factor (10-6 190 

mg/ng). 191 

3. Result and discussion 192 

3.1. Elevated plant accumulations of PAH  193 

All the plant samples were divided into aboveground tissue (leaf or fruit) and 194 

underground tissue (root). The total concentrations of PAHs in the plants ranged from 195 

984.88 ng g−1 to 3888.46 ng g−1 with an average of 2192.43 ng g−1.  196 

As shown in Fig. 1, the PAHs concentration of the aboveground part was 197 

significantly higher than that of the root part (p < 0.01). The average concentrations of 198 

PAHs in the aboveground and root tissues were 2645.6 and 1846.8 ng g−1, respectively. 199 

In both tissues of all the species, the average concentrations of PAHs in the peri-urban 200 

locations were higher than those in the rural areas. Among the different kinds of plants, 201 

the average concentrations in the entire plants followed the order carrot > cabbage > 202 

pea > rice. However, when the edible parts of each species were compared, the order 203 



changed to cabbage > pea > rice > carrot. The PAHs concentrations in the 204 

aboveground tissue among the four species have a large difference, while those in root 205 

are relatively close (Fig. 1 and Table 1). The PAHs concentration in the edible parts of 206 

leafy vegetables is higher than that in the root-edible plant, which may be affected by 207 

two factors, namely, the absorption and transport of soil roots and the absorption of 208 

gaseous pollutants by leaves (Li et al. 2020, Zhou et al. 2020). Plant accumulation is 209 

affected by its own absorption capacity and metabolic potential and the intensity of 210 

exogenous pollution (Sun et al. 2015, Sun et al. 2021). Therefore, the relationship 211 

between the aboveground and underground parts must be established, and the soil 212 

pollution, the composition, and the source trace must be analyzed further.  213 

3.2. Concentrations of PAHs in agricultural soil 214 

The total concentrations of PAHs in the 60 groups of soil samples range from 109.5 215 

ng g−1 to 2451.89 ng g−1, with an average of 507 ng g−1. The concentrations of PAHs 216 

in soil presented in this paper are of medium magnitude and comparable to those in 217 

the Yangtze River Delta Urban agglomeration of China (Wang et al. 2017), Shanghai, 218 

China (Yang et al. 2020), and Khyber Pakhtunkhwa Province, Pakistan (Waqas et al. 219 

2014) and lower than those determined in Lebanon (Soukarieh et al. 2018) and the 220 

Dilovasi in Kocaeli region of Turkey (Cetin 2016).  221 

The total amount of PAHs in the farmlands in the 50 peri-urban areas was 547.42 222 

ng g−1, and that in the 10 suburban areas was 310.57 ng g−1. Both plants and soil are 223 

higher in peri-urban than in rural areas. As a city originated pollutant, similar trends 224 

were world-widely observed in many countries. For instance, in Lebanon, the BaPeq 225 



values in industrial and urban soils were 777 and 256 times higher than those in rural 226 

soil, respectively (Soukarieh et al. 2018). The concentration of PAHs in the urban 227 

areas of the Monterrey Metropolitan Area, Mexico is higher than that in the rural areas 228 

(Lopez-Ayala et al. 2019). Therefore, the process of urbanization has a certain impact 229 

on the emission of PAHs, which is also the reason why the concentration of PAHs in 230 

urban crops is higher than in that in the rural areas. 231 

3.3. Plant uptake of PAHs from agricultural soil  232 

Soil and plant are a pair of indispensable components in the agricultural 233 

environment. The fate of PAHs in soil–plant systems could be attributed to their 234 

transfer process by connecting its levels in soil and plant. Fig. 2 shows that a good 235 

correlation exists between the root part concentrations and the soil concentrations (R2 236 

= 0.63, p < 0.01), indicating that PAHs migrate from farmland soil to the roots of 237 

plants through root uptake (Tao et al. 2009, Wei et al. 2021, Wild et al. 2005). 238 

However, the correlation between the aboveground part and soil is not high as that 239 

between the root part and soil (R2 = 0.31, p < 0.01). This phenomenon might be the 240 

result of different environmental factors, including traffic source and biomass 241 

combustion, which lead to differences in the adsorption process through leafy uptake 242 

(Zhang et al. 2019). The absorption of PAHs in the gas phase reportedly accounts for 243 

90.6% of the total absorption of vegetables, and the absorption of PAHs in soil 244 

accounts for 9.4% of the total absorption of vegetables (Jia et al. 2019). Therefore, the 245 

urbanization process has an impact on the pollution of the aboveground tissue. 246 

All the bioconcentration factors (BCFs) of the root exceed 1.0, implying the 247 



contributions of root uptake to the plant accumulations. No significant difference in 248 

BCF value exists between different species. However, the concentrations in the 249 

aboveground tissue are higher than those in the root, probably because that the 250 

aboveground part is more prone to accumulate PAHs than the root part. The 251 

translocation factors (TFs) in the peri-urban areas (1.57 ± 0.33) are higher than those 252 

in the rural area (1.19 ± 0.14), indicating the enhanced influence through gaseous 253 

absorption. In these samples, the aboveground tissue of low-molecular-weight (LMW, 254 

< 4 rings) accounts for 41%–93%, with an average of 78%, and the underground 255 

tissue of LMW accounts for 55%–90%, with an average 73%, indicating that LMW 256 

has a greater contribution to the aboveground part than to the underground part. The 257 

TFs of the LMW PAHs also exceed 1.0, indicating their easy accumulation in crops, 258 

which is consistent with the results of previous studies (Ding et al. 2013, Jia et al. 259 

2018, Wang et al. 2017b, Waqas et al. 2014) (Figs. S3–S6). This phenomenon may be 260 

attributed to the high water solubility and vapor pressure of LMW PAHs, which 261 

facilitate their absorption by the root and aboveground parts (Li et al. 2020, Zhou et al. 262 

2020). Moreover, LMW PAHs have a low condensation temperature, indicating that 263 

their volatility increases and they can exist easily in the gas phase (Kameda 2011). 264 

Although LMW PAHs are considered less toxic than other PAHs, they can react with 265 

other substances (such as ozone and nitric oxide), and the pollutants formed may be 266 

more toxic than the PAHs themselves (Park et al. 2001).  267 

By contrast, high-molecular-weight (HMW, < 4 rings) PAHs can easily accumulate 268 

in the soil compared with LMW PAHs (Huang et al. 2017). This phenomenon may be 269 



attributed to the disappearance of LMW PAHs through photolysis and volatilization. 270 

This result is consistent with those of previous studies (Marques et al. 2016a, b, Qu et 271 

al. 2020). In urban areas with high pollution levels, soil may become the ultimate 272 

environmental fate of PAHs through atmospheric deposition (Agarwal et al. 2009, 273 

Feng et al. 2017, Zheng et al. 2015). Some studies point out that the HMW PAHs in 274 

soil easily enter the human body through sebum (Beriro et al. 2020). Therefore, the 275 

HMW PAHs in soil pose a higher risk to human health than the LMW PAHs because 276 

of their higher concentrations. 277 

3.4. Sources related with urbanization  278 

The PAH isomer ratio has been widely used in environmental media for source 279 

identification. In the soil samples, the BaA/(BaA + CHR) ratios exceed 0.35, and the 280 

IcdP/(IcdP + BghiP) ratios exceed 0.5, indicating that the combustion of biomass and 281 

coal is the main source of PAHs in soil. For the crop samples, the results are 282 

consistent with those of the soil samples (Figs.3 and S7), which is consistent with the 283 

conclusion of Wang et al. in their study of the Yangtze River Delta (Wang et al. 2017). 284 

To explore the composition and sources of PAHs in soil and crops, PCA is used to 285 

obtain the component contributions from different sources. The aboveground and root 286 

parts of crops and soil have three main components, which account for more than 70% 287 

of the total components (Tables S4-S6). PC1 in soil accounts for 46.782%, of which 288 

FRT (0.877), PYR (0.823), BaAN (0.845), CHR (0.876), BbFR (0.886), BkFR (0.792), 289 

BaP (0.935), DahA (0.592), IcdP (0.858), and BghiP (0.835) account for a large 290 

proportion, reflecting the emissions from transportation and industry exhaust and the 291 



combustion of petroleum (Sari et al. 2020). These are some elements related to the 292 

city. PC2 accounts for 17.486%, of which ACY (0.828), ACE (0.582), PHE (0.771), 293 

and ANT (0.799) account for a large proportion. PC2 indicates the combustion of 294 

biomass and coal. PC3 accounts for 9.403%, of which FLR (0.471) and NAP (0.383) 295 

account for the most part. PC3 represents the mixture of crude oil emissions and coal 296 

combustion (Tables S4–S6) (Qu et al. 2020).  297 

For both the aboveground and underground tissues of crops, PC1, which is 298 

dominated by PHE, FRT, PYR, BaAN, CHR, BbFR, BkFR, BaP, DahA, IcdP, and 299 

BghiP, reflects the traffic and industrial waste gas emissions and the burning of oil and 300 

coal. ACE, FLR, and ANT dominate the second component (PC2), indicating that the 301 

combustion of biomass and coal is the main source. NAP and ACY mainly indicate 302 

that the third component (PC3) is the emissions from crude oil and the combustion of 303 

diesel. Therefore, the PAHs pollution in cities mainly comes from traffic emissions, 304 

followed by biomass and petroleum combustion. 305 

3.5. Health risk assessment 306 

The ingestion of vegetables and soil contact are major PAH exposure pathways for 307 

humans. Thus, we are concerned about crops and soil. In this study, the ILCR and the 308 

EDI were calculated based on ingestion to assess the potential risks imposed by the 309 

PAHs in soil and crops to human health (Sun et al. 2019b). According to the literature, 310 

we conducted a comparative analysis between urban and rural areas, different plants, 311 

and adults and children (Wang et al. 2018). Generally, an ILCR lower than 10-6 is 312 

considered safe, an ILCR between 10-6 and 10-4 indicates low risk, and an ILCR 313 



above 10-4 indicates health problems.  314 

In soil, the ILCR result indicates that almost all samples contaminated with PAHs 315 

of below the acceptable risk level, in which are consistent with previous studies (Zhou 316 

et al. 2021). The edible part of the vegetable is not the same as the soil, which the 317 

ILCR and EDI values are higher in cities than in rural areas. This may be caused by 318 

more serious levels of pollution in the city. 319 

Therefore, we further analyze the risk involved in the ingestion of crops from the 320 

peri-urban areas. For adults and children, 84% of the samples have an ILCR risk 321 

higher than 10-6, and the ILCR of the children is slightly higher than that of the adults, 322 

indicating that the exposure risk of children is higher than that of adults. Among 323 

different crops, peas have the lowest risk, which is less than 10-6. Those of the other 324 

crops exceed 10-4, which indicate health risks. The intake risks of different crops 325 

follows the order rice > cabbage > carrot > pea. Rice has the highest risk because of 326 

its relatively high daily intake, followed by cabbage because of its large leaves and 327 

high pollutants concentration (Table 2). Rice and cabbage are the most easily 328 

accessible crops, so their intake risks deserve attention. Thus, the long-term 329 

cumulative risk of the intake of these crops to the human body cannot be ignored. 330 

4. Conclusion 331 

This study explored the levels, compositions, and sources of PAHs in soil and crops 332 

in the peri-urban farmlands in the Yangtze River Delta urban agglomeration of China 333 

and the influence of urbanization on their plant accumulation and human intake risks. 334 

The concentrations of PAHs in soil and crops in the peri-urban farmlands are 335 



generally higher than those in the rural areas, indicating the relatively higher risk of 336 

ingestion of those in the agricultural products planted in the peri-urban zones. A 337 

significant correlation between the PAHs in the plant roots and the corresponding soil 338 

samples was observed, and the calculated root BCF values exceed 1.0, implying the 339 

contributions of the root uptake from the urbanization-influenced PAHs in soils to the 340 

elevated plant accumulations. However, the correlation between the aboveground part 341 

and soil was not as high as that between the root part and soil. Furthermore, the 342 

concentrations in the aboveground part were generally higher than those in the root 343 

part, with an average TF value of 1.57 ± 0.33 in the peri-urban areas, indicating the 344 

enhanced influence through the pathway of gaseous absorption of urbansource-PAHs. 345 

In addition, the main sources of PAHs in crops are anthropogenic activities, such as 346 

traffic emissions and the combustion of coal and oil.  347 

Thus, under the influence of cities, the plant uptake and accumulation of PAHs in 348 

peri-urban farmlands could be elevated through two pathways, namely, root uptake 349 

from soils contaminated by urban-source-PAHs and direct gaseous uptake through 350 

plant leaves. This study has a certain reference significance for alleviating the adverse 351 

effects of urbanization and reducing the impact of urban anthropogenic activities on 352 

agricultural eco-systems, such as conservation of farmlands in urban planning steps, 353 

and planting low-ingestion species of crops.  354 
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Table 1 Concentration of PAHs in different crops 

Plant tissue Species 
LMW PAHs (ng/g) HMW PAHs (ng/g)   PAHs (ng/g) 

Mean Median Min Max Mean Median Min Max Mean 

Aboveground 

part 

Cabbage 2189 1980.71 906.95 4288.90 551.50 531.97 159.78 1163.85 2741.49 

Carrot 2412.56 2669.48 1249.98 2949.18 1068.73 563.24 331.73 3692.21 3558.65 

Pea 1779.72 1890.66 1230.55 2178.17 643.72 504.05 390.45 1221.95 2423.44 

Rice 1640.79 1533.90 821.54 2930.87 474.22 452.39 117.52 691.29 2116.77 

Underground 

part 

Cabbage 1355.70 1269.47 729.02 2554.51 518.77 467.35 187.24 1289.52 1874.18 

Carrot 1489.44 1411.66 744.47 2301.33 494.99 392.40 92.62 1295.73 2048.94 

Pea 1150.30 1079.22 860.94 1579.85 483.94 507.13 292.62 719.12 1635.79 

Rice 1285.37 1232.65 672.78 1750.01 498.92 460.39 219.46 1156.83 1784.32 

 

  



Table 2 Human ingestion risk of PAH of edible parts 

 ILCR 

EDI (ng/d) 
Adults Children 

Peri-urban 2.06712E-04 3.23468E-04 9116.00 

Rural 1.49701E-04 2.35779E-04 6601.83 

Cabbage 1.98775E-04 3.09679E-04 8765.99 

Carrot 

Pea 

Rice 

1.34855E-04 

1.41559E-05 

3.44266E-04 

2.12397E-04 

2.22956E-05 

5.4222E-04 

5947.12 

624.28 

15182.15 

  



Figure Captions 

Fig. 1. Concentrations of PAHs in different crops collected from peri-urban and rural 

areas. 

Fig. 2. Correlation analysis between soil and crops of aboveground (a) and 

underground (b). 

Fig. 3. Isomer ratio of PAHs of aboveground part (a) and underground part (b) in 

crops in peri-urban areas.  
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Figures

Figure 1

Concentrations of PAHs in different crops collected from peri-urban and rural areas.



Figure 2

Correlation analysis between soil and crops of aboveground (a) and underground (b).

Figure 3

Isomer ratio of PAHs of aboveground part (a) and underground part (b) in crops in peri-urban areas.
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