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28 Abstract
29 Measurement of ambient fine particulate matter (PM2.5) is often used as a proxy of 

30 personal exposure in epidemiological studies. However, the difference between 

31 personal and ambient exposure, and whether it biases the estimates of health effects 

32 remain unknown. 

33 Based on an epidemiological study (AIRLESS) and simultaneously launched intensive 

34 monitoring campaigns (APHH), we quantified and compared the personal and ambient 

35 exposure to PM2.5 and the related health impact among residents in Beijing, China. In 

36 total, 123 urban and 128 peri-urban non-smoking participants were recruited from two 

37 well-established cohorts in Beijing. During winter 2016 and summer 2017, each 

38 participant was instructed to carry a validated personal air monitor (PAM) to measure 

39 PM2.5 concentration at high spatiotemporal resolution for seven consecutive days in 

40 each season. Multiple inflammatory biomarkers were measured, including exhaled NO, 

41 blood monocytes counts and C reactive protein. Linear mixed-effect models were used 

42 for the associations between exposure and health outcomes with adjustment for 

43 confounders.

44 The average level of daily personal exposure to PM2.5 was consistently lower than using 

45 corresponding ambient concentration, and the difference is greater during the winter. 

46 The personal to ambient (P/A) ratio of exposure to PM2.5 exhibited an exponentially 

47 declining trend, and showed larger variations when ambient PM2.5 levels <25 μg m−3. 

48 Personal exposure to PM2.5 was significantly associated with the increase in respiratory 

49 and systemic inflammatory biomarkers; however, the associations were weaker or 

50 became insignificant when ambient concentrations were used. Exposure to ambient 

51 PM2.5 might not be a good proxy to estimate the health effect of exposure to personal 

52 PM2.5.
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54 Introduction

55 Exposure to air pollution, especially particulate matter with aerodynamic diameter 

56 smaller than 2.5 µm (PM2.5), has been well documented for its adverse health effect.1 

57 In 2016, the Global burden of disease study estimated that about 4.1 million premature 

58 deaths and 105.7 million disability-adjusted life-years (DALY) worldwide were 

59 attributed to exposure to ambient PM2.5 annually primarily due to pulmonary and 

60 cardiometabolic diseases.2

61 While the underlying biological mechanism is not clear, inflammation was 

62 acknowledged to play an important role in PM2.5-induced adverse effects.1 Particulate 

63 matter deposited in the respiratory system can induce local inflammation, which may 

64 subsequently trigger a systemic inflammatory response.3 Fractional exhaled nitric oxide 

65 (FeNO) is a noninvasive biomarker produced by a variety of airway cells, and is 

66 commonly used to reflect the respiratory inflammation.4 Similarly, white blood cells 

67 (WBC) and its subdivision (e.g. monocyte) and C-reactive protein in serum has been 

68 widely used in clinical diagnosis to reflect the presence and intensity of systemic 

69 inflammation.5 Although many epidemiological studies have investigated the 

70 associations between short-term exposure to PM2.5 and inflammatory biomarkers, the 

71 reported significance and magnitude of the associations were inconsistent,6-10 leading 

72 to uncertainties for the estimation of the exposure–response relationship.

73 A key source of the uncertainties may lie in the approach used for exposure assessment. 

74 6,11 Theoretically, to obtain a reliable exposure–response relationship in human-based 

75 studies, the quantification of exposure should reflect the personal level as close as 

76 possible.12-14 Although portable instruments are available for such purposes, the 

77 applications of such devices into epidemiological studies remain limited due to the 

78 concerns of the performance of the monitors, along with the high compliance from 

79 participants.15 Therefore, as a proxy of personal exposure, ambient PM2.5 measurement 

80 based on ground site observations, or integrated output from satellite and chemical 

81 transport models are often used in epidemiological studies.9,10,15 Mounting evidence has 

82 shown the actual personal exposure may differ from the ambient levels due to the large 
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83 modification effects of building envelopes, local sources and variations of 

84 microenvironment settings and individual behavioral patterns activities.16,17 Few 

85 studies have investigated the difference between using personal and ambient exposure, 

86 and how much it could bias the associations between exposure to PM2.5 and health 

87 effects.18 

88 To address the complex issue of multipollutant exposures on cardiopulmonary 

89 outcomes, the collaborative project "Effects of AIR pollution on cardiopuLmonary 

90 disEaSe in urban and peri-urban reSidents in Beijing (AIRLESS)" was initiated. Taking 

91 advantage of recent advancements in sensor developments and biological fields, 

92 AIRLESS brings together a comprehensive database of ambient air pollution 

93 concentrations, personal exposure measurements at high spatial and temporal resolution 

94 and detailed medical biomarkers of oxidative stress to investigate the health impacts of 

95 air pollution on health. This paper focuses on the effect of PM2.5 and the main objective 

96 is to evaluate the adequacy of ambient measurements as proxies of exposure for 

97 inflammatory outcomes.
98
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99 Materials and methods

100 Study Design and Population

101 AIRLESS was designed as a panel study with repeated personal exposure and clinical 

102 measurements of 123 urban and 128 peri-urban non-smoking adults (aged 50 –75 years) 

103 from two well-established cohorts in Beijing.19,20 A comprehensive design was reported 

104 previously21 with a schematic diagram shown in Fig S1. The fieldwork campaigns were 

105 launched during 7th November – 21st December in winter 2016, and 22nd May – 21st Jun 

106 in summer 2017 lasting approximately 5 weeks per season. To capture a detailed picture 

107 of the air pollutants they breathed, we asked each participant to carry a personal air 

108 monitor (PAM) for 7 consecutive days during the winter, and another 7 days during the 

109 summer. This was coupled with detailed clinical and biological sampling from all 

110 participants across both seasonal campaigns. Questionnaires were used at the baseline 

111 and follow-up visits to collect the demographic, social-economic, health and daily 

112 activity information of all participants. To assure the quality of personal exposure 

113 sampling and the clinical examination, within each week, we arranged about 20-30 

114 individuals from each site to participate. The study protocol was approved by the 

115 Institutional Review Board of the Peking University Health Science Centre, China 

116 (IRB00001052-16028), and College Research Ethics Committee of King’s College 

117 London, UK (HR-16/17-3901).

118 Measurement of health outcomes

119 During the intensive fieldwork campaigns, each participant was followed up for 7-days 

120 in each season, and was asked to return to the clinic for two repeated health 

121 examinations between 8:00 – 9:30 am on DAY 3 and DAY 7 (e.g. if the first day to 

122 collect was Monday, then Day 3 would be Thursday and DAY 7 would be next 

123 Monday).

124 In this study we focused on the inflammatory effects of air pollution. Three biomarkers 

125 were used for the analysis presented here; namely FeNO from exhaled breath to 

126 represent respiratory inflammation, and the counts of monocytes and CRP to represent 
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127 systemic inflammation. Detailed health measurements are presented in S1.1

128 Personal Exposure

129 The PAM is an autonomous unit that incorporates multiple sensors for activity, and for 

130 physical and chemical parameters. The compact and lightweight design of the PAM (∼ 

131 400g) makes the unit suitable for personal exposure assessments. The time resolution 

132 of the measurements was set at 1 min time intervals resulting in a battery life on a single 

133 charge of ∼ 24 hours. The participants were asked to carry the PAM with them 

134 throughout their daily activities, place it nearby while sleeping or cooking indoors to 

135 capture a detailed picture of the air pollutants they breathed. A detailed description of 

136 the monitor and the characterisation of the sensor performance was reported 

137 previously.22

138 In this study, we focused on the measurement of PM2.5 mass concentration quantified 

139 with the embedded miniaturized optical particle counter (OPC-N2). A particle size 

140 distribution–based correction algorithm, based on κ -Köhler theory, was developed to 

141 account for the influence of relative humidity (RH) on sensor measurements.23 The 

142 performance of the PM2.5 sensor in all the 60 PAMs has been validated with collocation 

143 deployments with reference and commercial instrumentation before and after the 

144 deployment to participants in both seasons.22 After appropriate post-processing 

145 (including correcting for RH effects known to affect PM measurements), the PM2.5 

146 sensors exhibited high reproducibility (mean R2=0.99) and excellent agreement with 

147 the tapered element oscillating microbalance (TEOM 1400a, operating at 50ºC) in 

148 outdoor (mean R2=0.93), and with GRIMM PM2.5 monitor (Aerosol spectrometer 

149 GRIMM 1.108) in indoor setting (mean R2=0.86). An important outcome of that study22 

150 was that the error of the PAM is significantly smaller than the error introduced when 

151 estimating personal exposure based on sparsely distributed outdoor fixed monitoring 

152 stations. Hence, novel sensing technologies such as the ones used here provide reliable 

153 exposure metrics with improved spatial and temporal resolution. 

154 Ambient Exposure measured with reference instrumentation
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155 Hourly ambient PM2.5 concentrations were measured during the same periods with a 

156 TEOM 1400a and a beta-attenuation particulate monitor (BAM 1020) at the urban and 

157 peri-urban fixed monitoring stations (Detailed in S1.2 and Fig S2). Monitoring stations 

158 are 500 metres away from the local clinic for health examination, and in close proximity 

159 to most participants’ residential addresses. The instruments were maintained weekly 

160 during the monitoring campaign periods. Continuous measurements of meteorological 

161 parameters and gaseous pollutants were available for the same site.

162 Statistical Analysis

163 This paper focuses on the association between lag 1-day exposure to PM2.5 and 

164 inflammatory response in participants. Daily mean concentration of personal exposure 

165 to PM2.5 and corresponding ambient concentration was averaged 24 hours before each 

166 clinic visit (i.e. from 8:00 am to 7:59 am). Linear mixed-effect models were used to 

167 examine the associations between the change in biomarkers and the personal and 

168 ambient exposure to PM2.5. All biomarker variables were log-transformed to deal with 

169 right-skewed distributions. Random intercept was applied to control for the within-

170 participant variations among repeated measurements.

171 To adjust for potential confounding effects, multiple variables were included in 

172 the full model, such as residential area (urban vs. peri-urban), age, gender, education, 

173 income, smoking status (non-smoker vs. quit smoking for more than 3 years), exposure 

174 to secondhand smoke, body mass index, and usage of medication (details in S1.3). All 

175 the statistical analyses were performed using R (version 3.5.1), and the significance 

176 level was set to p < 0.05.
177
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178 Results

179 Descriptive statistics

180 Table 1 summarized the socio-economic, anthropometric and inflammatory 

181 characteristics of the urban and peri-urban participants collected with standardised 

182 questionnaires and clinical measurements. In the analysis, data from 251 participants 

183 (urban:peri-urban = 123:128) who have completed in total 938 clinical visits were 

184 included. Each participant had completed at least two clinical visits, with 218 

185 participants (urban:peri-urban = 102:116) completed all four visits in both seasons. The 

186 mean (standard deviation [SD]) age of urban and peri-urban participants was 65.7 (4.4) 

187 years and 60.7 (5.5) years, respectively. Gender ratio was relatively balanced, with 

188 more females participating in both sites. Compared with peri-urban participants, urban 

189 participants had a lower BMI, and a higher educational and income level. Smoking and 

190 second-hand smoking status showed no difference between the two groups of 

191 participants. FeNO and monocytes were significantly higher in the urban participants 

192 compared with peri-urban group, but no significant difference was observed for CRP.
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193 Table 1 Descriptive summary of personal, socio-economic, anthropometric and 

194 inflammatory characteristics of the urban and peri-urban participants collected with 

195 standardised questionnaires and clinical measurements

Variable Unit Urban Peri-urban

Participant N 123 128
Visit times

All N 450 488
Winter N 246 256
Summer N 204 232

Exhaled breath samples (FeNO) N 446 485
Plasm samples (Monocytes) N 448 484
Serum samples (CRP) N 447 480

Participants Statistics
Mean (standard deviation, SD) or N (percentage of 

total subjects)

Age Years 65.7 (4.4) 60.7 (5.5)
BMI kg/m2 24.8 (3.2) 26.4 (3.2)
Gender 

Male #(%) 58 (47.2) 51 (39.8)
Female #(%) 65 (52.8) 77 (60.2)

Smoking
Non-smoker #(%) 99 (80.5) 99 (77.3)
Past-smoker #(%) 24 (19.5) 29 (22.7)

Secondhand Smoking*
Never #(%) 73 (59.3%) 65 (50.8%)
Past #(%) 30 (24.4%) 26 (20.3%)
Now #(%) 19 (15.4%) 37 (28.9%)
NA #(%) 1 (0.8%) 0 (0%)

Cooking Time
<1h/day #(%) 64 (52.0%) 48 (37.5%)

  >=1h/day #(%) 59 (48.0%) 80 (62.5%)
Annual Income

<20,000 RMB #(%) 8 (6.5) 67 (52.3)
≥20,000 RMB #(%) 111 (90.2) 53 (41.4)
NA #(%) 4 (3.3) 8 (6.2)

Education
High school and below #(%) 27 (22.0) 128 (100.0)
College and above #(%) 96 (78.0) 0 (0.0)

Inflammation biomarkers Geometric Mean (Geometric SD)
FeNO ppb 21.3 (2.0) 8.0 (1.7)
Monocytes ×109 cells L-1 1.3 (1.1) 1.1 (1.1)
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CRP mg/L 2.0 (1.8) 2.1 (1.9)
196
197 *Secondhand smoking refers to “whether participant has resided with a smoker for over 6 months”

198 Ambient PM2.5 concentrations

199 A clear seasonal trend was observed in ambient PM2.5 concentrations with levels 

200 significantly higher in winter than in summer (Fig S3). Synoptic-scale meteorological 

201 analysis suggests that the degraded outdoor air quality in winter was due to the greater 

202 stagnation and weak southerly circulation resulting in several high PM2.5 pollution 

203 events.24 Specifically, during winter, the mean (SD) daily concentrations in urban and 

204 peri-urban site were 87.4 (79.0) and 132.3 (104.8) μg m−3 respectively, which were 

205 significantly higher than the corresponding concentrations in summer as 45.1 (20.8) 

206 and 35.2 (15.0) μg m−3. The number of days with concentrations exceeding Chinese 

207 standard of 75 μg m−3 was 19 and 29 during winter in urban and peri-urban sites 

208 respectively. PM2.5 concentration in the urban area was constantly lower than the peri-

209 urban area during winter, but the trend was opposite in summer.

210 Differences between personal and ambient PM2.5 concentrations

211 In total, we collected 3221 days of paired personal and ambient exposure across the two 

212 seasons from 251 participants. Figure 1 summarized the daily concentration of PM2.5 

213 using personal and ambient metrics by season and site.

214 In general, personal PM2.5 levels were consistently lower compared with ambient 

215 concentrations, with the difference more magnificent in winter than summer. The daily 

216 mean (SD) of personal exposure to PM2.5 during winter in peri-urban and urban 

217 residents was 62.4 (60.8) and 34.2 (30.6) μg m−3, which was almost half of ambient 

218 exposure level as 117.2 (96.7) and 85.4 (76.3) μg m−3. A similar trend was observed 

219 during the summer, where the daily personal exposure to PM2.5 in peri-urban and urban 

220 participants was 34.7 (18.0) and 28.6 (16.4) μg m−3, compared to ambient exposure 

221 level as 34.3 (14.6) and 44.7 (17.4) μg m−3. The maximum daily personal PM2.5 

222 concentration in winter was 512.8 μg m−3 which occurred in peri-urban participant, 

223 while the maximum concentration in summer was 173.4 μg m−3 occurred in urban 

224 participant. A clear seasonal and spatial trend of personal exposure was also observed 
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225 that on average exposure level was higher in winter than summer, and among peri-

226 urban than urban participants. Detailed statistics of personal and ambient exposure to 

227 PM2.5 on the weekly and daily basis was summarized in Table S1.

228
229
230 Figure 1. The whisker box plots illustrate outdoor air pollution levels measured at the 

231 reference monitoring stations and personal concentrations at the urban and peri-urban 

232 sites during the winter (Nov-Dec 2016) and summer (May-June 2017) campaigns.
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233 Personal and Ambient exposure ratio

234 Figure 2 shows the ratio between personal and ambient (P/A) concentrations for urban 

235 and peri-urban participants (separately and grouped together), and further classified 

236 into six consecutive bins based on ambient concentrations.

237 With increasing ambient PM2.5 concentrations, the PM2.5 P/A ratio in all participants 

238 exhibited an exponentially declining trend indicating the protective effect of the indoor 

239 microenvironment during high pollution outdoor events. The median P/A ratio for all 

240 participants was 1.0 at ambient PM2.5 levels <25 μg m−3, dropped quickly to 0.5 when 

241 ambient PM2.5 increased to 75–100 μg m−3, and tended to be stable at 0.4 with 

242 increasing ambient concentration >150 μg m−3. Similar trends were also observed for 

243 both urban and peri-urban participants. Peri-urban participants had higher P/A ratio 

244 than the urban group possibly due to stronger local sources or potentially less airtight 

245 building stock.
246
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247 Figure 2. Dependence of the personal to ambient ratio (P/A) on ambient concentrations 

248 of fine particular matter (PM2.5). Box-and-whisker plots of P/A ratios were summarized by 

249 all participants (grey), urban participants (blue) and peri-urban participants (red) and further 

250 grouped into six consecutive bins based on ambient concentration (each bin regarding the 

251 statistic of all participants has at least 199 data points). The inset figure shows the corresponding 

252 scatter plot. Diamonds, horizontal lines, and boxes represent the mean, median, and 

253 interquartile range (IQR), respectively. Whiskers extend to the most extreme data point within 

254 an IQR range from the box. Note, the extreme P/A values over 10 were not shown in this plot. 

255 The red dotted horizontal line refers to P/A ratio = 1. 

256 Health outcomes

257 We examined the associations between inflammatory biomarkers and ambient PM2.5 

258 concentrations as shown in Figure 3 (red) and contrasted against personal exposure 

259 (Figure 3, blue) to gain a better understanding of the impact of exposure metrics on 

260 health models. 

261 Among all participants, personal exposure to PM2.5 was significantly associated with 

262 an increase in all the three inflammatory biomarkers. Specifically, per an IQR (56 μg 

263 m−3) increase in lag 1-day personal exposure to PM2.5 were significantly associated with 

264 an increase of 17.1% (95% confidence interval [CI]: 10.7%, 23.9%), 1.3% (95% CI: 

Page 13 of 26 Faraday Discussions

Fa
ra

da
y

D
is

cu
ss

io
ns

A
cc

ep
te

d
M

an
us

cr
ip

t

Pu
bl

is
he

d 
on

 0
7 

O
ct

ob
er

 2
02

0.
 D

ow
nl

oa
de

d 
by

 I
m

pe
ri

al
 C

ol
le

ge
 L

on
do

n 
L

ib
ra

ry
 o

n 
11

/1
4/

20
20

 1
:2

6:
35

 P
M

. 

View Article Online

DOI: 10.1039/D0FD00097C

https://doi.org/10.1039/d0fd00097c


14

265 0.5%, 2.0%), and 5.9% (95% CI: 0.7%, 11.4%) in FeNO, monocyte, and CRP 

266 respectively. However, the associations were weaker or insignificant when ambient 

267 concentrations were used. The comparison of PM2.5 associated inflammatory effect 

268 between urban and peri-urban sites showed different patterns regarding the three 

269 biomarkers.

270 The association between personal exposure to PM2.5 and FeNO was consistent in both 

271 urban and peri-urban sites, but the magnitude of the effect was higher in the urban site. 

272 Specifically, per unit increase in lag 1-day personal exposure to PM2.5 were 

273 significantly associated with an increase of 25.3% (95% CI: 12.7%, 39.2%) and 10.3% 

274 (95% CI: 3.7%, 17.4%) in the urban and peri-urban participants, respectively. When 

275 using the ambient measurements, the association remains significant only for the urban 

276 participants. No association was found between personal exposure to PM2.5 and CRP 

277 consistently in both sites, with marginally significant increase in CRP in urban 

278 participants. The association between monocytes and PM2.5 showed a more 

279 complicated picture. Among the urban participants, the increase in monocyte was 

280 significantly associated with personal exposure to PM2.5 but not with ambient metrics, 

281 while among the peri-urban participants, the trend was opposite.

282

283
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284 Figure 3. Association between health effects and percent increase in pollutants 

285 concentrations. Dotted black line indicates significance.

286
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287 Discussion

288 Exposure misclassification is one of the key limitations of environmental 

289 epidemiological study. The difference between using personal and ambient exposure, 

290 and how much it could bias the associations between exposure to PM2.5 and health 

291 effects remains unclear. The AIRLESS project aimed to address these important 

292 research gaps by collecting detailed medical biomarkers of inflammation and highly 

293 resolved personal exposure measurements. This paper presents a preliminary analysis 

294 on the association between three biomarkers and exposures estimated with two methods 

295 (a) traditionally employed exposure metrics derived from ambient fixed monitoring 

296 stations and (b) using novel low-cost sensors technologies to capture highly resolved 

297 personal exposure. 

298 Based on a collection of 3221 days of paired personal and ambient exposure to PM2.5 

299 among 251 residents of urban and peri-urban Beijing, we observed the average level of 

300 daily personal exposure to PM2.5 was consistently lower than using corresponding 

301 ambient concentration. The difference existed even among peri-urban participants and 

302 was greater during the winter. The personal to ambient (P/A) ratio of exposure to PM2.5 

303 exhibited an exponentially declining trend and showed larger variations when ambient 

304 PM2.5 levels <25 μg m−3. Personal exposure to PM2.5 was significantly associated with 

305 the increase in respiratory and systemic inflammatory biomarkers; however, the 

306 associations were weaker or became insignificant when ambient concentrations were 

307 used.

308 The quantification of the personal PM2.5 exposure and ambient PM2.5 concentration at 

309 the same time has been investigated in many studies.13,15,16,25-36 In most of the European 

310 and American cities where mean ambient PM2.5 concentration <35 μg m−3, personal 

311 exposure to PM2.5 was generally higher than ambient levels, with P/A ratios varying 

312 from 1.2 to 4.2.13,16,25,27,31,33,34 By contrast, the studies carried out in highly polluted 

313 areas (e.g. China and India where mean ambient PM2.5  concentration >70 μg m−3) 

314 usually observed an equal or lower personal exposure levels compared to ambient 

315 concentrations, and the P/A ratio of the exposure to PM2.5 fell within a relatively narrow 
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316 range of 0.8 to 1.4.15,26,29,30,35 In line with previous findings of the literature, we show 

317 P/A ratios stabilize at 0.4 at increasing ambient concentration. 

318 The P/A ratios highlight the complexity of personal exposure, which is determined by 

319 both the relative importance of ambient and personal sources. On one hand, P/A ratio 

320 exponentially declined at higher ambient concentrations suggesting a protective effect 

321 of the indoor environment on personal exposure. On the other hand, personal exposure 

322 varied greatly from person to person in the days with low ambient PM2.5 concentrations 

323 with a large range of P/A ratios, suggesting a stronger contribution from personal 

324 sources, such as PM2.5 generated from indoor environment or transportation elevated 

325 personal concentrations.13,37 The high variability introduced by these uncertainties 

326 stresses the need to increase the spatial and temporal coverage of personal exposure and 

327 go beyond current metrics that adopt ambient measurements.

328 Respiratory inflammation is a critical step in the biological mechanism underlying the 

329 adverse cardiorespiratory effects of exposure to PM2.5.1 FeNO, as a noninvasive 

330 biomarker produced by a variety of airway cell types, is commonly used to capture 

331 respiratory inflammation.4 Many epidemiological studies reported that an increase in 

332 FeNO was significantly associated with exposure to ambient PM2.5,38-41 and a few 

333 studies investigated the effect of personal PM2.5, and confirmed the associations remain 

334 significant.6,42 Our findings of the FeNO elevation in association with both personal 

335 and ambient exposure to PM2.5 agree with previous literature. The stronger effect 

336 observed in urban participants may be due to traffic-related sources in the urban 

337 environment compared with the peri-urban. However, ambient exposure metrics 

338 underestimated the effect on FeNO in urban participants and became insignificant in 

339 peri-urban participants, which indicates a potential bias in the health-response 

340 estimation.

341 Regarding the changes in systemic inflammation associated with the exposure to PM2.5 

342 in epidemiological studies remains inconsistent and the evidence related to personal 

343 exposure is very limited. For example, most studies reported insignificant changes in 

344 WBCs and their subdivisions including monocytes in association with ambient 
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345 PM2.5,9,43-45 while only a few reported positive associations.7,46 Two recent studies 

346 reported positive changes in white blood cell counts with personal exposure to PM2.5 

347 and particle number concentrations.47,48 In terms of the changes in the serum level of 

348 CRP, a review of 44 human-based studies concluded significant associations with 

349 ambient particulate matter in children and occupational subjects, but the results are far 

350 from consistent in the general population.5 No studies have reported the effect of 

351 personal exposure to PM2.5 on CRP. 

352 Our findings that the associations between personal exposure to PM2.5 and monocytes 

353 and CRP in all participants provide further evidence to the systemic inflammatory effect 

354 of personal exposure to PM2.5. Additionally, we observed that the changes in systemic 

355 inflammation was attenuated and became insignificant while using ambient PM2.5, 

356 which is partly in line with the findings in previous literature and indicates the potential 

357 bias using ambient PM2.5 as proxy of personal exposure. Future work will explain the 

358 inconsistent results between urban and peri-urban participants, which might relate to 

359 the chemical composition of PM2.5 in the local environment which would affect their 

360 toxicity.

361 While the urban and peri-urban cohorts were initiated with different aims, and thus clear 

362 underpinning differences in the demographic, socioeconomic status, and potentially 

363 other health disparities not solely attributable to exposure, this is one of the first studies 

364 to investigate how exposure errors may affect health effects estimates. The preliminary 

365 findings show that personal exposure to PM2.5 was significantly associated with an 

366 increase in all the three inflammatory biomarkers; however, the associations were 

367 weaker or became insignificant when ambient concentrations were used. These results 

368 may partly explain the inconsistency of inflammatory effect while using ambient 

369 measurement as a proxy for personal exposure. Future work will investigate the health 

370 effects of air pollutant mixtures from diverse sources as these results show that there 

371 are distinctive health responses between the urban and peri-urban panel, which might 

372 have been triggered by a unique exposure profile. 
373
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374 Conclusion

375 The findings in this study provide evidence that the concentrations of ambient 

376 pollutants may not be a good proxy for personal exposure to PM2.5 and may bias the 

377 estimation of the associations between short-term exposure and inflammatory 

378 biomarkers. Novel sensor technologies together with detailed biomarkers have the 

379 potential to revolutionise epidemiological research by drawing more reliable links.

380
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