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[757%] W 2015 F 1 B 1 H —2018 F 12 B 31 HEM B HREMSRREHZE B BEMAVIRIE.
SRERREMNTAFAYSETHMER RS BIRAFK YT HEFLRR. KA X
AR DT PM,s REITEM T AR B E2IETMEIA RS FRASETLTHIRM,

[ 45 32 ] 8N T PMas. PMiow NO, B3R EE 93 51 /9 (26.2413.8) (49.7+23.8). (27.6+11.3) pgm?,
0-8hREH (86.8+34.1) pgm? ; BHFEHSB. HEXEE. |KED 57 (21.3£7.0) °C. (73.1%
11.6) %. (1008.6%8.3) hPa ; HIYRIET-# (30.127.2) fll. M. BIRRFKRIYFETEHS
B9 (2.4£1.7) ¢ (11.3:4.0) ffl. BSRMBERDMERFR 1IINEMEKX | PMs BHS
10pgm?, 65% U EABRIET. BIFRAFETHIER (95% C1) 735179 1.5% (0.5%~2.5%)
#2.5% (0.2%~4.8%) ; WSRYMEEL DT, HDFUSINPMiwo. NO» 0:-8h 5, 655 KL EA
BYBIET-XPFQ ER (95% C1) 93319 1.3% (0.8%~2.5%) « 1.2% (-0.1~2.4%) . 1.2% (0.1%~2.3%) ;
=ERMIER D, 65 F MU L AR TNEIRRAILTXEG ER (95% ) 7519 1.3%
(0.3%~2.3%) « 1.7% (0.1%~3.2%) o

[ 4578 | {EUREE PM, s R EE EIIEINARINTH 65 & R A EEF AFETRINFL,
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Time-series study on effects of low-concentration PM,s on mortality in elderly people in
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Abstract:

[Background] The health effects of PM,s have been widely reported, but previous studies tend
to focus on areas with high concentrations, and more studies should focus on areas with low
concentrations.

[Objective] This study aims to explore the impact of low-concentration PM, s exposure on the
elderly population mortality in Fuzhou, Fujian.

[Methods] Daily environmental and meteorological data during January 1, 2015 and December
31, 2018 from Fuzhou Environmental Protection Bureau and Fuzhou Meteorological Bureau were
collected, as well as daily counts of total mortality, circulatory mortality, respiratory mortality.
The generalized additive model was used to analyze the impacts of PM,s exposure on total and
cause-specific mortalities in Fuzhou.

[Results] The average daily concentrations of PM,s, PM;,, and NO; in Fuzhou were (26.2+13.8),
(49.7+23.8), and (27.6+11.3) ug-m?, respectively, and the average 0Os;-8 h concentration was
(86.8+34.1) ug-m™. The average daily temperature, relative humidity, and air pressure were
(21.3+7.0)°C, (73.1+11.6) %, and (1 008.6+8.3) Kpa, respectively. The average daily total mortality
was (30.1+7.2) cases, and the average daily mortalities of respiratory and circulatory diseases
were (2.4+1.7) and (11.3+4.0) cases, respectively. The single pollutant model analysis results
showed that the effect of PM,s exposure on population mortality was strongest on lagl. For
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every 10 ug-m? increase in PM,s concentration, the ERs (95% Cl) of total mortality and circulatory mortality in the population at the age
of 65 years and above were 1.5% (0.5%-2.5%) and 2.5% (0.2%-4.8%), respectively. The two-pollutant model analysis results showed that
after separately introducing PM;o, NO,, or Os-8 h to the model, the effects of PM,s on mortality in the population at the age of 65 years
the ERs (95% C/) of total mortality in the population at the age of 65 years and above were 1.3%(0.8%-2.5%), 1.2% (-0.1%-2.4%), and 1.2%
(0.1%-2.3%), respectively. The three-pollutant model analysis results also showed that the ERs (95% C/) of total mortality and circulatory
mortality in the population at the age of 65 years and above were 1.3%(0.3%-2.3%) and 1.7% (0.1%-3.2%), respectively.

[Conclusion] Exposure to low-concentration PM, s can increase the risk of death in the elderly people at the age of 65 years and above in Fuzhou.

Keywords: PM,s; population mortality; time series; generalized additive model; elderly people; aging

SRERAERANELBPERNEEZIFE B4
s, 2016 MR DAEAL G, SFEF 420 5 AW
FRTPARFENTSSREEY, HPhAFnmE
REERATE, IEEARAARERPM, ZEXA
RBEHRSA. FRASG. RBEEYEE—ENERER
B, EXERRFEEFERERNRESHMX,
BENMMXBF SRS FEES, FRIMXALE
WIMEEIEMN X E—ERNER . RIBFERSIILQ
mEUE, 8N 2015—2018 & ja], MMRZF | TAHRES
FREI8E > 100 9 KEN A 12d, PM,s i KEERTH
3t X b F AR T B R FIRIHAEIR R A ISR
EERERTEREREEMNER, 2007 FRERHTEER
BHFRESL (BFEOR. MmER) MR RAER
ISR A 5 5170 43.6% 1 10.9% ¥ EEABEBT
RBINEE TR LB RATIEERIE, & PM,s
SHMSBUR AR O, AR RRBETHIEIFETIR
[~ XAEINEE (generalized additive model, GAM) , 53
#72015—2018 FRMN T AR PM,s REXT REFIRE
AT (BIEET RAAEHRNTEIRRFIRFLE)
BIRZNE, IRITRE PM,s IR ANEE, LHEEE AR
BRI, MMASIEH I AR FR AR KSR
P FEhEIR R 2RI,

1 MEERZE

1.1 HEKR

1.1.1 HMER55%2%EE NENTIMREMSKRES
FUEE 2015 F 1 B 1 H —2018 F 12 B 31 HEM IR
RS KRIENZ H ENEE. FERSRYEIE :
PMass PMios NO, H¥JRE. O HER K 8h FEIRE
(0:-8h) ; SREINEIFAFERE (°C). HFIHHE
SEE (%) BFISRE (hPa)o

112 b zEel SEREENERNTESEMNmIR RS
Mk = REF—, WAELEFE/|MN 6 MEIT IR
BEENEH 871 el BR. ZSES MK 2015

F1H1H—2018F 12831 B AT ENE
Kl SERBIEHBRMNMERBIEFROWE, B
KERBRTFAR. REED]. ZXEIESETHEL
MR Fi8. FEEKRIEEEFRER 2 2 (International
Classification of Disease, ICD) 45 =%, R#E ICD 4RIZXT
S ANBEERTHETRA. FIRARFFEEFHITHE,
WEEZF HIE TR,
1.2 BARREET
FEE. MEASRENZ RS E T TRVEGE

BEAGR, ARNKILE. FERMKZRENHERIE
AE, REEFHIRME LEEEXTIERER ; 2K

ARDEN, RBREXRMX2EES, HIRVUENE
EIERIMETTE, LHXBTSWMMER. FiR. LT
i), SEERFISERE ICD RIS E ; T LIREREMR
M, BIRREIR. ZIRFDRIBREN ; FIRFETAMERE
F=EE FR B ERRVEUE
1.3 &itrA*
1.3.1 HEAVES T KRFE SPSS 18.0 SEIEHITEIE D
M, R, SKRIBHASECHIBESEITERR B RHETT
ERMRE  HEESDHEAXs "R ; WA
BESHH, WRAR/IME. RABEMB DML (P
M. Ps) B{THITHER,
1.3.2 FEEMESH 3P Spearman BEAE X 2 ¥ AT
PM,s S EM TS5 2 (PMio. NO,« 05-8h) R ER
A& (RE. BXEE. SE) BAEXMHITOT.
1.3.3 9iFiEE) ZRR3.5.2 348 mgev 2 EL#H1T
GAM 7317, K GAM 3 #1 & H B3 T & IF R 4.
MR R RTERIE TS KRR I5HY PM, s BIAE X 1%,
FABAEZEBEE (ns) NG EIFEYIA KL
%, BHE®RE 7/ £, BEFPRENEFHSKEER. E
HAJ1L34N (day of the week, DOW) BYRZ &M ; HF
PIRE (tmean) « BFIGEITEE (rue) BIIAE, B
BAFFTRRE ; BRHEEFRKEBERNESEN
(Akaike’s information criterion, AIC) , H1REIAY AICE
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BN, RENNESRERS, B AAREBRE.
GAMARAIYNF

lg [E (y) ] =a+B:Xi+ns (tmean> 3) +ns (time, 7x4)
+ns (Fhum, 3) +DOW

Ry AMBHIERET AL E () AWM
ZHIGFT ABMBNEIEIRE ; a NEIE ; g AEITFR
B XRNEIBRRSRYARE (uigm?) ; ns HER
FEZFEBEE ; trean NE I BFIIRE ; time B HA
TE; rum NE I BIIEXTEE ; DOW N EHAT LN
Xt H A B R (lag0~lag?) BS54 PM,s RES
ABRE T EOHIT DM, ITEPM,s B & 10pugm?, A
B RSE T N TEF. IR RS ERSE T RIE NV
P2 FE (excess risk, ER) Kz E 95% AJ{Z X [8] (confidence
interval, CI) , REGRAMNEIENSRYINN ABTLT
A 22 28 K P iHE,

BT PM.s ST A BB MFEREMA, Ltk
ARDFTRISEN PMs ST ABE TR R HIEREM
L7 (lag0~lag7) 1 R TR E RN (lag01~lag07) §200
H—PREAZ SRR, R PIEHIEEE T,
[SKRERFRFEE, 7P HTEPMuo. NO,. 0s5-8h H[F]
ERT, PMosSYABRRTRERE, EFABETX
b E N B i KR, SRS AR R 2534
BRI E R B MR E M.

2 #R
2.1 #ERMESH

2015—2018 FHAIE], BIMNH KRS PM,s. PMyo. NO,
HISREFIIE D 9 26.2. 49.7. 27.6 ug'm>, 0;-8h
RETFIE N 86.8 ug-m?, & HEBIT GB 3095—2012
(FEZS[RENE) " ZRITEN B ERERE,
AFEHINES1442d PM,s BREE, EFETF R
EPR{E (70 pg-m™) £ 1430d, £599.2%, HFIHR
B921.3°C, HFIEMTEE N 73.1%, HFESER
1008.56hPa ; HIgESET- £ 930.1 A, HPFIL RS
BT 24 N, BHRRABHETEH 113 A,
K 1o
2.2 XS

2015—2018 A/ ™ PM,s. PMio. NO, B3R E
BIEXESHITFEENX (P<0.01) ; 0-8h 5 PMys. PMy,
H¥EREMBFHYSBEEMRX, 5HFYHEST
TEENEX, 5N, SEXTHEX ; BHFHYSES
PM,s« PMio. NO, 21IEMEX, 5HFIISE. HFI94E

SHEEEMEX ; BEYSRES PM,s. NO, 28X,
5prMy X ; HEHEITEES PM,s. PMyy 211
%, 5NOo, ZIEH*x. WK 2,

&1 20152018 FRMHBASRISRY. SKAER

BRIETER
= Xts M (Pss, Pss) RIME RAE
KESHY) Jugm?
PM, 5 26.2¢13.8  24.0 (16.0, 33.0) 2.0 100.0
PMio 49.7+23.8  46.0 (32.0, 64.0) 50 168.0
NO, 27.6¢11.3  25.0 (20.0, 34.0) 40 800
0:-8h 86.8+34.1  84.0 (60.0, 109.0) 120  208.0
SRR
BEHYSE/°C 21.3¢7.0 22.0 (15.4, 27.5) 2.6 32.8
BIEAHEE /% 73.1x11.6  73.0 (65.0, 81.0) 330  99.0
B¥YS[E /hPa 1008.6+8.3 1008.0 (1002.0, 1014.6) 983.2 1034.0
B ST 30.147.2 29.0 (25.0, 34.0) 11.0 61.0
65 % R E 22.046.4 22.0 (17.0, 26.0) 5.0 48.0
65 % LR 6.1£2.7 6.0 (4.0, 8.0) 0.0 17.0
0% R 45 BIIFE T3 2.4+1.7 2.0 (1.0, 3.0) 0.0 11.0
65 % R E 2.0£1.5 2.0 (1.0, 3.0) 0.0 9.0
65 FLUF 0.2¢0.5 0.0 (0.0, 0.0) 0.0 3.0
B RS HITE T 11.344.0 11.0 (8.0, 14.0) 1.0 27.0
65 % I £ 9.3#3.6 9.0 (7.0, 12.0) 1.0 26.0
65 % LT 1.31.2 1.0 (0.0, 2.0) 0.0 6.0

&2 20152018 F@MHARBRY. SKERH

XML (rE)
PMio 0.894"" 0518 0538  0.124° -0.095  -0.475""
PM, 5 0.535"  0.394™  0.294" -0.326" -0.318""
NO, -0.053 0334 -0.414"  0.121"
0:-8h -0.042 0.134°  -0.580"
B¥EYSE -0.867"" -0.214™
BEHSR 0.063

[3£] * : P<0.05 ; ** : P<0.01,

2.3 BEIFSIS R

2.3.1 BEISZRYEL RKIEEYPM, s 5 ABER
TR EAFERNITESR  PMESHS
10pgm?, FEHMEE1d, AlfE65 & R EABRSE
T XU A0 1.5% (95% CI & 0.5%~2.5%) , TEI RL&E
JRIE T XS IE A0 2.5% (95% CI : 0.2%~4.8%) ; 65 % LA
TABRZSHCRREUEZERITFERX (P>0.05),
655 MU EABEMET XK ELHAE T (P>
0.05), M3 30

232 HEZWNERHEERE RIRGEMN DM
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BR, 655 MU EABSET XLTERTRH/G 2d &=58,
BT, BIRRGIERILT XL ER (95% CI) B3I
2.0% (0.7%~3.4%) « 2.0% (0.1%~4.0%) ; 65% LI T A
BEERTRRERRNERGENBETHET . I
x40

£ 3 2015—2018 12 H PMos I ABFET-RUEB TG IO E
(ER Kz 95%CI) /%

A WEH BT BRRFHERET WFREFRRIET

65% KLU E lago 1.0 (-0.1~2.0) 1.1 (-0.4~2.6) 0.3 (-2.9~3.5)
lagtl  15(0.5~2.5)*  2.5(0.2~4.8) ** 1.8 (-1.3~5.0)
lag2 0.5 (-0.5~1.5) 2.3 (-0.2~5.0) 0.2 (-2.8~3.4)
lag3 0.1 (-0.9~1.1) 2.1 (-0.7~5.0) -1.3 (-4.3~1.8)
lagd 0.1 (-0.8~0.9) 1.9 (-1.1~5.0) -1.9 (-4.6~1.0)
lag5 -0.3 (-1.2~0.8) 2.0 (-1.2~5.4) -2.9 (-5.9~0.1)
lagé  -0.6 (-1.5~0.4) 2.2 (-1.3~5.8) -1.4 (-4.3~1.7)
lag7 -0.8 (-1.8~0.2) 1.9 (-1.7~5.7) -2.1 (-5.0~1.0)

65 F LT lag0 -0.4 (-2.2~1.4) 2.1 (-1.5~5.8) -4.8 (-14.1~5.6)
lagl -0.1 (-1.9~1.7) 2.4 (-1.176.0) 2.7 (-6.7~13.0)
lag2 -0.8 (-2.6~0.9) 2.4 (-1.176.0) 5.5 (-3.3~15.1)
lag3 -0.5 (-2.2~1.3) 2.9 (-0.76.5) -1.9 (-11.0~8.1)
lagd -0.4 (-2.1~1.3) 0.7 (-2.8~4.3) 7.4 (-1.7~17.2)
lags -1.3 (-3.0~0.4) -1.0 (-4.5~2.6) 7.9 (-1.2~17.9)
lag6  -0.6 (-2.4~1.1) 1.0 (-2.5~4.7) -0.6 (-9.8~9.5)
lag7 -0.4 (-2.2~1.3) 0.2 (-3.3~3.9) -1.4 (-10.6~8.7)

[3E] = : P<0.05 ; ** : P<0.01,

£4 2015—2018 FEIM T PMos 3t ABEFET- KPS RZIMAY
BEFHEM D (ER R 95%CI) /%

3 BN &S ndyVE=Y

655 &I E Lagol  1.7(0.6~2.9)**  1.8(0.1~3.5)" 1.6 (-2.0~5.4)
lagn2 2.0 (0.7~3.4) **  2.0(0.1~4.0)* 2.5 (-1.76.8)
lago3  2.0(053.5) % 1.6 (-0.5~3.8) 1.8 (-2.776.6)
lago4 1.6 (0.2~3.0) * 1.5 (-0.8~3.8) 0.3 (-4.1~5.0)
Lagds 1.9 (0.2~3.6) ** 1.4 (-1.0~3.9) -0.2 (-5.3~5.2)
lagdé 1.6 (-0.2~3.5) 1.3 (-1.3~4.0) -0.7 (-6.0~5.0)
lag07 1.3 (-0.7~3.2) 1.1(-1.6~3.9) -1.4(-7.0~4.6)

65 % LR Lagdl -0.3 (-2.3~1.8) 26 (-1.4~6.7) -1.6(-12.1~10.2)
lagd2 -0.5(-2.8~1.8) 3.0 (-1.3~7.6) 1.4 (-10.6~14.9)
lagd3  -0.7 (-3.2~1.9) 3.7 (-1.1~8.6) 1.0 (-12.0~15.9)
Lag0d  -0.8 (-3.4~2.0) 3.6 (-1.4~8.9) 4.7 (-9.4~21.0)
lag0s  -1.3 (-4.1~1.6) 3.0(-2.3~8.5) 10.3 (-3.5~26.2)
Lagdé  -0.0 (-2.7~2.7) 2.7 (-2.9~8.6)  10.9 (-3.7~27.8)
Lag07 -1.6 (-4.8~1.7) 2.4 (-3.4~86) 11.5(-3.9~29.3)

[3E] = : P<0.05 ; ** : P<0.01,

2.4 ZSRYIER

PM,s 5 PMio. NO5 05-8 h 1T 355 RYIEE K
LSRRI ER, TFE 14, HO5I5IN
ERIMTEYE, 655 MU EABSET XS ER

(95%C1) 738149 1.3% (0.8%~2.5%) « 1.2% (-0.1%~2.4%) «
1.2% (0.1%2.3%) ; B R iR R IE T XLBS ER (95%C1)
2519 1.7% (0.1%~3.2%) « 1.5% (0.1%~3.0%) 1.7% (0.3%"™
3.1%) . EIBYSIN EIR 3T MG, 65 % ML EAEE
BRTHEFRARMRIETREL ER (95% C1) 757
1.3% (0.3%~2.3%) « 1.7% (0.1%~3.2%) . XF65% LI T
ANBFLEHE M, IR 5.

R5 2015—2018 FE4EM T PM,s X A BEFE TR IHMIRGT R4
B2 S 3ERY (ER K2 95%CI) /%

N 1=EY BT BHRASKELT ERAKIFLT
655 R E PMyo 1.3 (0.8~2.5) " 1.7(0.1~3.2) © 2.9 (-0.86.5)
NO, 1.2 (-0.1~2.4) 1.5(0.173.0) ° 2.2 (-1.1~5.6)

0s-8h 1.2 (0.1~23) " 1.7(0.3~3.1) © 1.2 (-1.974.6)

PMy+NO,+0s-8h 1.3 (0.3~2.3) " 1.7 (0.1~3.2) * 2.7 (-0.9~6.4)
65 % LIF PMyo

NO, -0.7 (-2.6~1.3) -0.8 (-3.174.7) 8.7 (-1.0~19.2)

-0.6 (-2.7~1.5) 2.2 (-2.1~6.6) 8.9 (-1.0~19.9)

0:-8h -0.3(-2.2~1.5) 2.8(-0.8%6.5) 6.7 (-2.5~16.8)
PMyo+NO,+05-8h -0.6 (-2.7~1.5) 2.1 (-2.2~6.5) 9.6 (-0.3~20.6)

[E] * : P<0.05 ; ** : P<0.01,

3 itig

KRR ZAKE A EMN T ENR R X,
MAREMRERBIFERTT, PMys ST ABHBER N, &
RREA, PM,s REES, AIREREMNT 65 5 RIAEA
BT ERERS, BERENEESE —ENHEX
o 2015—2018 FE 48 5 PM,s B F+ 5 10pugm?, £t
[G1d, B]{E65% R E ABFFET-FIE NN 1.5%, TEIF
ARARIRIET-ERIE N 2.5% ; BEXT 65 % LU T ABER
FEEBENBIET XK, 12K PM,s REREIE
T, EXABRTCEMNSZBRABREIEEREFE A
AR ALK ER PM, s 3T B E 85 A BEIEIK
KA TXQTHERM, ZEREFRENAREN
B U2 M8 A, XA RES B HIX PM, s 75 RYIK . §T
KA D EFEERB X

EZEFEANBERTRENE, IRMNOTRE, BHRRA
INEE TREBHAER S, B PM,s SRIVER AR, &
RRSIERIL LTI N A BE S FEE PM, s REIE NS 28
RIERN. BUREFERXTHE X W, 2EiE%E W
AR ER, PMs XT AR O MERRE T MR
XAFXMRERE, SEYREET R AELE
NEXRTESRRENRERNE, AARERB A
T ABIARIR 1R,

18 3T Spearman 73 1 & 1 PM,s 1 PMyo. NO,. Os-8h
BREIEXMY, ZRAREBICTEYMZ ISR
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RE, ST PMy FIS R ERERT, PM,s X ABFIE
THIEM, 5RER : 7EH/E1dE, 53|\ PMy. 0:-8h
&, PM,s X3 65 % e LA E A B SR T HBEIR R AT R
AT EN B ; FRANO, G, PMs Xt
65 % MU EABFRIETRIFIIER, ZMIEALERM
SRS SR ZEEEFRREHIEZEIEX
MEHHNELUNEE X, LERSHEEEV EH
INEYFR R LB S|\ NO, [5 O IM EERIE T X PLIE i1,
Mm5IN0:-8h FETXPLERMNERFATE—XK, &R
EARREMKX, AFESERSREHERR, 5349
ZENMEEEREE —EER.

ERERETSIRABETXMIGM, AIEEE
PM, s MFTRIVII AR 378 X0 PM, s BT HIX S AR SN
SHRENAR, ERSFAre—H 1, RiiEEM
STRE 7 MEBRAR LI, TN PV, RERTA
KE. BRESHT, BRHESIEFETXMIGMNE
StEFXLER T, Alt, ESEMRT, EHE#
— I RtrENTmE|SATRIIR S, NESENZIF
FHIZER DX ABEFE T K BCRY R 0m,

ZE, ZARBRTHEREPMIRET, PMys
KEN EANFEFABENRBEEZWANRAE, B
PM,s T TEIF RANE MR FIRAAKE N E, 1
BREPMBEBERLT, BHNMUHMEIEESETE
FABNARRSRIAERELALE,

SE R
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