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Abstract:

[Background] The global disease burden studies show that particulate matters seriously affect the elderly population. Therefore, it is
critical to identify risk factors and propose protective measures accordingly based on accurate exposure risk assessment.

[Objective] This study assesses the individual exposure levels of fine particulate matters (PM,;) in the elderly in Shanghai, and explore the
potential influencing factors by comparing with concurrent ambient PM,s.

[Methods] We implemented a panel study with four repeated follow-ups in four seasons (once in a season with three months of interval)
in 2017-2018, respectively. A total of 83 elderly volunteers were recruited in the Gumei Community Health Center Affiliated to Fudan
University in Minhang District, Shanghai. In each follow-up, seven consecutive days of measurements on individual PM,s exposure,
individual ambient temperature, and relative humidity were collected. Information on time activity patterns and household environment
was also collected by questionnaire. Outdoor PM, s levels were retrieved from the closest fixed-site monitoring station (less than 3km).

[Results] The daily average concentration of individual PM, s was 38.0 ug-m? in the study year, higher than that of ambient PM, s (35.7 ug-:m?,
P <0.05) by the fixed-site monitoring station in Shanghai during the same time period. The individual PM,s levels were higher than
those in ambient air in spring, summer, and autumn, but lower in winter (35.3 pg:m= vs. 41.3 ug:m?). The linear mixed-effect regression
model results showed that ambient PM,;, individual ambient temperature, and home cooking frequency were positively associated
with individual PM,s exposure level (P<0.05), while the time spent indoors was inversely associated (P<0.05). By analyzing the hourly
variation, individual PM,s showed peak levels during lunch and dinner periods in four seasons. The multiple regression analysis results
found that ambient PM,s had a higher impact on individual PM, s between dawn and noon (an increase of 0.6-0.8 ug-m of individual
PM,s per 1pg-m? increase of ambient PM,;), compared with other time periods in a day (an increase of 0.4-0.6 ug-m? of individual PM, s
per 1pug-m? increase of ambient PM,5).

[Conclusion] In conclusion, the individual PM, s exposure levels have different seasonal variation patterns in comparison with ambient PM, s
levels in the elderly people in Shanghai. Higher ambient PM, s, higher individual ambient temperature, more frequent cooking indoors might
increase the individual PM, s exposure levels, while more time spent indoors might have a decreasing effect.

Keywords: PM,s; individual exposure; elderly; air pollution
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Table 1 Daily averages of individual PM, s, meteorological factors, and ambient PM, s during follow-up periods (xts)

NI E b5 ER E==3 ES = 2= p
Index During follow-up (n=83) Spring (n=65) Summer (n=60) Autumn (n=71) Winter (n=60)

A & m3
MK PM,siREE/ (gm™) 38.0£20.5" 38.0+17.3" 35.4+15.4° 42.2434.7" 35.3+20.7" 0.012
Individual PM, s level/ (ug-m~)

= 3 FEF .m?
RS PMas RE/ (Hgm ) 35.7421.3 36.6+19.9 30.3£12.9 40.727.9 4134314 0.000
Ambient PM, s level / (ug:m”)
PO =8 /F /0
l ﬁ?ﬂitﬂ/‘m;/ c o 23.2+6.8 23.1+4.4 28.3%6.2 21.7+¥4.7 15.0+5.4 0.000
Individual environment temperature/°C
AN N=] 0,
MR /% 64.5+12.3 60.5£11.7 74.7£10.0 62.4+8.6 59.5+£12.7 0.000

Individual humidity/%

CE] * @ A= EERHET, SKSPM,sLEER, P<0.05,

[Note] *: Significant differences between individual PM, s and ambient PM,s in the same follow-up period and in the same seasons, P<0.05.
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[Note] The dots in the figure refer to the hourly averages of individual PM, s and ambient PM, s in seven consecutive days in each follow-up visit (n=7 dx24 hxactual

number of participants in each visit). A: Spring; B: Summer; C: Autumn; D: Winter.
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Figure 1 Scatter plot of the hourly means of individual PM, s exposure against ambient PM, s in four follow-ups in each season, respectively
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Table 2 Associations between individual PM, s exposure and the
demographic characteristics and architecture characteristics by
univariate analysis
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Table 3 Associations between individual PM, s exposure and

selected life habits and indoor environment exposure by linear
mixed-effect regression analysis

SER/  MEPMLIRE/

- WAt (gm) Ge)
Variable Frequen_cy/ Individual PAMZ5 P
proportion concentration/
(n/%) (ugm®) (xts)
Fle/ % (Age/years) 0.620
<66 33 (39.8) 36.9+21.4
>66 50 (60.2) 34.6+21.3
1451 (Gender) 0.280
B4 (Male) 32 (38.6) 31.8+18.9
L4 (Female) 51 (61.4) 38.1+22.4
BIIRES (Retired) 0.276
2 (Yes) 77 (92.8) 33.5£15.0
Z (No) 6(7.2) 27.6+11.7
BE{EIRMH (Ever smokers) 0.133
2 (Yes) 14 (16.9) 32.5+16.7
7% (No) 66 (79.5) 37.3+23.0
# B /KFE (Education background) 0.955
=% LLT (Below high school) 32 (38.6) 37.0+21.9
=K LL_E (High school and above) 48 (57.8) 36.8+21.8
K Z{HBE (Heating in winter) 0.594
A (Yes) 62 (74.7) 36.4419.1
7 (No) 18 (21.7) 35.5+22.0
ZEFEREJR (Cooking fuel) 0.413
FIRR (Natural gas) 78 (94.0) 35.4+21.4
#5 (Gas) 2(2.4) 47.1+24.5
EEMmFR (Home size) 0.522
JNAES (<90m”) [Small (<90m?)] 42 (50.6) 36.5422.3
) (>90m’
i amand g 50 @2 7
EEEREM (Year built) 0.184
2000 £E A &1 (Before 2000) 26 (31.3) 37.7+19.6
2000—2005 £F (Between 2000 and 2005) 37 (44.6) 35.9+23.0
2005 FE LAf5 (After 2005) 11 (13.3) 29.4+15.8

FEFTTEEX (Residential floor) 0.200
R (<32) [Low (<Floor3)] 37 (44.6) 39.0+23.0
=2 (>3/2) [High (>Floor3)] 41 (49.4) 32.7420.0
WIEE B (Window glazing) 0.600
B2 (Single glaze) 53 (63.9) 36.7422.0
XE (Double glaze) 24 (28.9) 33.1+19.6

AN PM,- >
st e R
TE Frequency/ (ugm) (xts)
,E q R ¥ Individual PM, 5 b
Variable proportion R
(/%) concenatratl_on/
(ngm”) (xts)
FERTHRERE
Cooking fume exposure
T2 (No) 108 (42.2) 39.6+20.3
BEE (Yes) 136 (53.1) 40.4+19.4 2.20
ERIREHRE
Solid fuel exposure
THRE (No) 246 (96.1) 39.5+19.6
ERE (Yes) 10 (3.9) 47.322.3 4.76
BIOMURRER / %
Daily cooking frequency/time
<1 46 (18.0) 29.1+19.5
2 97 (37.9) 34.3+20.3 5.90
>3 104 (40.6) 40.2+22.8 12.00"
RETANEE
Air cleaner
Z (No) 187 (73.0) 3744229
2 (Yes) 60 (23.4) 31.0+16.2 -7.80"
SHBEXRAE/h
Time spent indoors/h
<10 19 (7.4) 48.2+24.5
>10~20 118 (46.1) 39.9+20.3 -7.90
>20 94 (36.7) 38.7+18.5 -12.00"
IE—NBEIMRIFSTR/ (R-d7)
Frequency of physical exercise
outdoors in the past month/ (time-d™)
<1 92 (35.9) 39.5+19.6
=1 140 (54.7) 40.44£20.5 0.40
BREIMBIRBIE] /min
Outdoor physical exercise time/min
<30 78 (30.5) 37.9+19.0
>30 154 (60.2) 41.2+20.6 9.90"

U] HFELRERSEFHHBRTEFETRE, OB LEANEDLE
TTEI8e/ VT 100%0
[Note] Due to the missing data in the baseline questionnaire, the sum of the
percentages in strata of certain variables could be less than 100%.

[7&] = :P<0.05, ** :P<0.01, HFFEIFAERIEHE ST EFEREK,
W RLRNE 72L&t a8E/NF 100%0
[Note] *: P<0.05, **: P<0.01. Due to the missing data in the follow-up
questionnaires, the sum of the percentages in strata of certain
variables could be less than 100%.
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Table 4 Multiple linear mixed-effect regression analysis on
individual PM, s exposure levels

TRE

e
P

Variable b 5 v t

Fhit>66% (SR . <66%)

Age>66 years (Ref : <66 years)

Z4 (B8 Bif)

Female (Ref : male)

TR (B8R RIRIE)

Smoking (Ref : No)

EHNETE PM, s/ (pgm”)

Ambient PM,s/ (ug:m>)

MERE /°C
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Figure 2 The variations of hourly averages of individual and

ambient PM, s concentrations in each follow-up in four seasons
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[Note] The dots in the figure refer to the coefficients of ambient PM,s in
association with individual PM, in the multiple regression analyses.
The curve and the shaded part are the mean values and 95%
confidence intervals obtained after all coefficients are smoothed. The
dashed line is the auxiliary dividing line of the variation range of the
confidence intervals.
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Figure 3 The coefficient (95% confidence interval) of ambient
PMj, s in association with individual PM, s in the multiple hourly
regression analysis
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