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Seasonal variation in health effects of particulate matter in Tianjin ZHANG Mengnan™, NI
Yang’, ZENG Qiang"® (1. School of Public Health, Tianjin Medical University, Tianjin 300070,
China; 2. Institute for Occupational Health, Tianjin Centers for Disease Control and Prevention,
Tianjin 300011, China)

Abstract:

[Background] Adverse health effects associated with particulate matter have been

demonstrated, but findings on seasonal variation in the health impacts are inconsistent.

[Objective] To explore potential seasonal variation in particulate matter (PM,s and PM,,)
associated daily non-accidental mortality and corresponding years of life loss (YLL) in Tianjin.

[Methods] The daily data of non-accidental deaths, air pollution, and meteorological factors in
Tianjin from 2014 to 2019 were collected. A generalized additive model, with adjusting selected
confounding factors such as temperature, relative humidity, long-term trends, day of the week,
and holiday, was used to quantitatively evaluate the relationships of PM, s and PM,, with daily
non-accidental deaths and YLL.
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The effects of PM, s and PM,, on daily non-accidental mortality and corresponding YLL were statistically significant in full year,
spring, summer, and autumn (except for the effect of PM,, on non-accidental YLL in spring), but not statistically significant in winter. The
non-accidental mortality and it's 95%C/ increased by 0.28% (0.11%-0.44%) and 0.24% (0.11%-0.36%) in full year, 0.44% (0.11%-0.77%)
and 0.17% (0.00%-0.33%) in spring, 1.32% (0.50%-2.16%) and 2.15% (1.54%-2.76%) in summer, and 0.68% (0.30%-1.06%) and
0.57% (0.28%-0.87%) in autumn for every 10 pg-m™> increase in PM, s and PM,, concentrations, respectively; the corresponding YLL and
it's 95%Cl increased by 7.41 (2.42-13.07) and 5.75 (1.94-9.57), 13.11 (3.00-23.22) and 2.88 (-2.82-8.59), 34.66 (11.92-57.40) and
48.12 (31.48-64.75), and 16.13 (4.57-27.70) and 12.60 (3.56-21.65) person-years, respectively. When adopting the limits in the Global Air
Quality Guidelines (2021) as the reference, excess deaths and YLL caused by PM, s and PM,, exposure were the greatest in summer. The
excess deaths and it's 95%C/ were 5.38 (5.08-5.69) and 8.62 (7.95-9.28), and the excess YLL and it's 95%C/ were 112.23 (105.79-118.67)

and 156.94 (44.99-168.89) person-years, respectively.

The effects of particulate matter on non-accidental mortality and corresponding YLL may vary seasonally in Tianjin with the
greatest effects in summer, suggesting that the health protection related to particulate matter should be strengthened in summer.
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Table 1 Descriptive statistics on particulate matter, meteorological factors, and health outcomes in Tianjin from 2014 to 2019 (X * s)

[EIZ (Factor) $54% (Variable) 24 (Full year) &= (Spring) B2 (Summer) FXZ (Autumn) £ (Winter)
KSFRIY) 3
) PM, s/(ug-m™) 65.6£50.6 64.6+39.4 47.822.1 63.2+48.2 85.1:67.4
Particulate matter
PMm/(Ug‘miz) 105.8+69.2 122.6+72.3 76.4+31.8 96.9+58.9 126.1+83.2
[REXR BIRE/C
. . o 9.9+11.2 15.5+6.8 26.7+2.7 14.0+7.6 -0.7#3.1
Meteorological factor Daily mean temperature/°C
BI9HEITRE/%
. . - 55.4+18.8 45.1+16.0 64.6+15.3 60.8+16.4 50.8+20.2
Daily mean relative humidity/%
BRER FRHIFTIMET A
. ! . 147.2+50.4 145.0+42.5 136.1+42.6 148.7+44.5 168.8+58.6
Health outcome Daily non-accidental morality
FHIERIMELYLY/(ASE)
2987.7+£1029.1 2982.4+876.7 2840.3+890.0 3030.3+907.4 3381.3£1167.0

Daily non-accidental YLL/(person-year)

22 AEAZEHPHYSBELERZENRE-RN
XH

2F. BS. ESMMUEH PM, s 1 PM,, STIEE
SMNSFETEHABL YL I MERITFERN(P<0.05)
(BT HEZ PMy, FIERIMET YL IEMERITER
XN ; HPEER M RR, A HINIE lago3,
LS PM, 0 PM,, SR (1ag03) 18N 10 pg-m™>, IEE
SMNESETERNHE 95%C1 7BBEHN 1.32%(0.50%~2.16%) «
2.15%(1.54%~2.76%) , 2R B9 YLL e H 95%C1 53 7)1
Bl 34.66(11.92~57.40) . 48.12(31.48~64.75) A, &
SR TRITERE N (B 1—-E 4),

A i
NGB RERVREN, BEoiEE hitE LS
HNEHE(2E: 6~8; 1. 3~5)BENRKFE
BfiEl(14~28 d) , ER E NI TR SRV ET K
AR, RARBRE MR F N FmAELER s1—s4,
2.4 AEEDTHHRESHERBITET ALATEEN YL
KT S mEERE(2021) PHRENS SR,
B pM, M PM,, BEFTS BB EIZL T A2
FBEN YLL R K, FEHA PM,, Hl PM,, BREFTSE
BB R FE = A #5959 5.38(95%Cl: 5.08~5.69)
8.62(95%Cl: 7.95~9.28) , #BEM YLL &2 H 95%CI 53 7! /3

2.3

wWww.jeom.org


www.jeom.org

#445-5723: &% | Journal of Environmental and Occupational Medicine | 2022, 39(6) 655

112.23(105.79~118.67) . 156.94(144.99~168.89) A%, B EMN, FIYEHMH PM,, M PM,, BB SHAVBLIIT
AMUPENFREBETSSREMEFRN _FREREN T ABAEBEN YLL 1B =K, =5, IR 2

efF === EE= E =
(Full year) (Spring) (Summer) (Autumn) (Winter)
lag3 —— e
Q |ag2 —_— ———i ——— —— ————
©
o lagl = —a—i e — ———
©
-
—_—
# lag03
UHE lag02 —— — e
e lag01 - —_— e e
lag0 === o L e = I S B | S
-0.10 0.10.20304 -04 0 04 08 0 05101520 0 04 08 -0.2 0 0.2 04
ER/%

1 FRASZTHMHERE PM, s RESEMN 10 pg-m > BIFBIMECHBTRIRE [ER(95%CI) /%)

Figure 1 Season-specific excess risks of non-accidental morality with per 10 pug-m™ increase in PM, ; at different lag days [ER (95%C/)/%)]
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Figure 2 Season-specific excess risks of non-accidental morality with per 10 ug-m™ increase in PM,, at different lag days [ER (95%CI)/%]
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Figure 3 Season-specific increment of non-accidental YLL with per 10 pg-m~ increase in PM, ; at different lag days
[YLL (95%CI)/(person-year)]
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Figure 4 Season-specific increment of non-accidental YLL with per 10 pg-m~ increase in PMy, at different lag days
[YLL (95%CI)/(person-year)]
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R2 FEFEHEETFEHESHEB PM,; F1PM,, FESHHVIERIMNETIE T ALBAEBEE YLL

Table 2 Daily average excess deaths and YLL of non-accidental mortality due to PM, s and PM,, exposure in different seasons

PEFRESRENE

LIRESREER(2021)

R4 . Chinese National Ambient Air Quality Standards Global Air Quality Guidelines (2021)
Particulate matter Sk RBERSET- A ER(95%C1) HEBERYLL(95%CN)/(NFE) BERFET- A ER(95%C1) ABERAYLL(95%CI)/(NLE)
Excess deaths (95%Cl) Excess YLL (95%Cl)/(person-year) Excess deaths (95%Cl) Excess YLL (95%Cl)/(person-year)

PM, 2 F (Full year) 0.59(0.53~0.66) 11.59(10.39~12.79) 2.03(1.94~2.12) 39.29(37.66~40.93)
&Z (Spring) 0.70(0.55~0.84) 15.34(12.36~18.31) 3.08(2.86~3.31) 66.36(61.92~70.8)
EZ (Summer) 0.28(0.20~0.37) 6.65(4.59~8.71) 5.38(5.08~5.69) 112.23(105.79~118.67)
FXZE (Autumn) 1.36(1.08~1.63) 23.16(18.63~27.7) 4.74(4.33~5.16) 78.67(72.09~85.25)

PMy, L F (Full year) 0.42(0.36~0.47) 7.34(6.33~8.35) 2.09(1.99~2.19) 35.61(33.98~37.25)
&= (Spring) 0.34(0.25~0.44) = 1.81(1.66~1.95) =
B2 (Summer) 0.11(0.04~0.18) 2.10(0.80~3.39) 8.62(7.95~9.28) 156.94(144.99~168.89)
FXZ (Autumn) 0.69(0.48~0.9) 11.25(7.97~14.54) 4.33(3.92~4.74) 67.44(61.21~73.67)

[ | FEFESSEERE(PM,5 75 ug'm™>; PMy: 150 pugm™); 2IRESHEEIER(2021) (PM,5: 15 ug'm™; PMyo: 45 pgrm™>)o L2 PM,
PM,, SHEERLE BRI TSITZE N, AIZRAEIELE; FE PM,, WIEEIP YLL EIHEEERITEE X, AR HEEBE VL

LRBIESEEER R ARG EB#HTITE,

[Note] Chinese National Ambient Air Quality Standards (PM,s: 75 pg-m™>; PMy,: 150 pg-m™); Global Air Quality Guidelines (2021) (PM,s: 5 pg-m™>; PMy,:
45 pg-m’). The associations of PM, ; and PM,, with health outcomes are not significant in winter, so this table does not include winter. The effect
of PMy, on YLL is not significant in spring, so its excess YLL is not calculated. The above data are calculated by selecting the lag day with the

maximum health effect.
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