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Abstract:

[Background] Air pollution is a major environmental risk factor that affects human health.

[Objective] This study evaluates the impact of air pollution on non-accidental mortality and
burden of death of residents in the main urban districts of Lanzhou after implementing air
pollution control measures.
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[Methods] The monitoring data of air pollutants SO,, NO,, and PM;, from 2004 to 2011 (before air pollution control), and the monitoring
data of air pollutants SO,, NO,, PM,s, PMy,, CO, and Os, meteorological variables, and death cause of residents from 2014 to 2018 (after
air pollution control) in four main urban districts (Chengguan District, Qilihe District, Xigu District, and Anning District) of Lanzhou City
were collected and used to calculate total non-accidental mortality and concentrations of air pollutants. The impact of air pollutants
on non-accidental mortality of residents was analyzed by generalized additive models, after controlling time trends, seasonal effects,
meteorological factors, day-of-the-week effect, and other factors. The burden of death attributed to air pollution was quantitatively
evaluated by Poisson regression proportional risk models.

[Results] From 2004 to 2011, the annual average concentrations of SO,, NO,, and PMy, in the four urban districts of Lanzhou were 61.58,
45.47, and 154.97 ug-m?, respectively. From 2014 to 2018, the total number of non-accidental mortality was 79 284, with an average of 43 non-
accidental deaths per day, and the average annual concentrations of SO,, NO,, PM,s, PM,, CO, and O; were 21.58 ug:m?, 54.42 uyg-m?, 52.67 ug:m>,
124.84 ug-m?3, 1.41 mg:m*, and 87.40 ug-m?, respectively. After the air pollution control (2014—2018), the daily average concentrations
of SO, and PMy, decreased, while the concentration of NO, increased. There was a positive correlation between non-accidental mortality
and each of the selected six air pollutants, among which the correlation with SO, was the strongest (r=0.906) and the correlation with
NO, was the weakest (r=0.048). The risk of non-accidental mortality attributed to SO, and NO, reached the highest value with a 2-day
lag, and their relative risks were 1.002 13 (95% C/: 1.001 35-1.002 90) and 1.00059 (95% CI: 1.00017-1.001 02), respectively. The risk
attributed to PMy, and PM,s reached the highest value on the current day, and their relative risks were 1.00012 (95% C/: 1.000 04-
1.00020) and 1.00048 (95% CI: 1.00017-1.000 79), respectively. Each 10 pg-m? increase of SO,, NO,, PM,,, and PM, s concentrations was
associated with an increase in the risk of non-accidental mortality of residents by 2.15%, 0.59%, 0.12%, and 0.49%, respectively. According
to the air quality guidelines proposed by the World Health Organization (WHO), the numbers of deaths attributable to SO,, NO,, PM,, and
PM,s were 263, 683, 827, and 1674, respectively, and their attributable fractions were 2.56%, 6.65%, 8.06%, and 16.30%, respectively.
According to the second-level annual average concentration limits stipulated in the Ambient air quality standard (GB 3095—2012), the
numbers of deaths attributable to NO,, PM,,, and PM, s were 683, 434, and 698, respectively, and their attributable fractions were 6.65%,
4.22%, and 6.79%, respectively.

[Conclusion] After implementing the air pollution control measures in Lanzhou, air pollutants SO,, NO,, PMj,and PMj,; still have an
impact on non-accidental mortality of residents, especially SO,, and on residents’ burden of death, especially PM,s.

Keywords: air pollution; non-accidental mortality; generalized additive model; burden of death
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K1 ZMHOEDNEBHX 2004—2011 FF12014—2018 FRKTRMRENSZARKENER
Table 1 Monitoring results of air pollutant concentrations and meteorological factors in selected four main urban districts of Lanzhou
from 2004 to 2011 and from 2014 to 2018

MR A IE] Xts Min Max Pas Pso Pss
KRBEY
Pso,/ (ugrm?) 2004—2011 4 61.58+42.89 2.00 286.00 31.00 49.00 82.00
2014—2018 4 21.58+15.14 3.11 135.55 10.15 17.00 29.36
Pro/ (ug:m”) 2004—2011 4 45.47+24.33 4.00 192.00 28.00 40.00 56.00
2014—2018 4 54.42421.53 12.52 144.50 39.00 51.26 66.00
Porn/ (1gem”) 2004—2011 4F 154.97+110.84 12.00 1860.00 88.00 126.00 186.00
2014—2018 4 124.84+90.46 20.48 1444.41 79.00 106.30 145.34
Pows/ (ngm”) 2014—2018 4F 52.67+27.43 7.15 299.06 34.46 45.03 63.65
Peo/ (mg-m?) 2014—2018 4 1.41#4.55 0.30 39.25 0.76 0.98 1.58
Po,/ (ugm?) 2014—2018 £ 87.40£39.24 8.00 221.00 57.00 81.00 112.00
[EKAEER
S8 /°C 2014—2018 £ 8.08+10.62 -17.50 28.80 -1.43 9.60 17.20
SBEE /% 2014—2018 4F 57.76+17.29 15.00 99.00 45.00 58.00 72.00

[E] 2011 F 2RISR ISR MAEITIL S0, NO, M PMy AT, TIRIZ 3 THEITA R IERIFRINT L.

R2 ZMHEPTEERX 2014—2018 FRRIEBINEL . KSSEMRESSKEZRWEXMES R
Table 2 Correlation between non-accidental mortality, concentrations of air pollutants, and meteorological factors in selected
four main urban districts of Lanzhou from 2014 to 2018

et S0, NO, PMyo 0s PM, 5 co =8 SRR

HIET- A% 0.906" 0.048" 0.131" 0.092"" 0.105"" 0.079"" -0.171"" -0.257""
SO, 1 0.625" 0.573" -0.446"™" 0.653" 0.828™ -0.672"" -0.294"
NO, — 1 0.570"" -0.102" 0.592" 0.728" -0.352"" -0.173"
PMio — — 1 -0.170"" 0.839" 0.543" -0.389™" -0.427""
0, - - — 1 -0.352"" -0.445™" 0.593" -0.209™"
PM,.5 — — — - 1 0.697" -0.504"" -0.222""
co - - - - — 1 -0.610"" -0.116™
=58 — — - — — — 1 0.112"
TE - - - - — — — 1

[E] * 1 P<0.05 5 ** : P<0.01,

&3 20142018 F=MHEANEBHEX K SISRYIGIERINET AR MBH R [RR (95%C1)]
Table 3 Lag effect of air pollutants on non-accidental mortality of residents in selected four main urban districts of Lanzhou
from 2014 to 2018 [RR (95% Cl)]

THERE S0, NO, PMyo PM, 5 0s co
lagd  1.00155" (1.00079~1.00231) 1.00057 (1.000161.00097) 1.00012" (1.00004~1.00020) 1.00048" (1.00017~1.00079) 1.00025 (0.99996~1.00055) 1.00556 (0.99979~1.01136)
lagl  1.00141° (1.00065~1.00217)  1.00039 (0.99999~1.00080) 1.00006 (0.99998~1.00015) 1.00022 (0.99991~1.00053) 1.00001 (0.99969~1.00029) 1.00594 (1.00013~1.01178)
lag2  1.00213" (1.00135~1.00290) 1.00059" (1.00017~1.00102) 1.00001 (0.99992~1.00009) 1.00035 (1.00003~1.00067) 1.00039 (1.00006~1.00068) 1.00479 (0.99890~1.01072)
lag3  1.00118" (1.00040~1.00196)  1.00013 (0.99970~1.00056) 1.00006 (0.99998~1.00015) 1.00019 (0.99987~1.00051) 1.00020 (0.99989~1.00049) 0.99833 (0.99174~1.00496)
lag4 1.00052 (0.99975~1.00113)  1.00028 (0.99986~1.00069) 1.00002 (0.99993~1.00010) 1.00010 (0.99978~1.00042) 1.00033 (1.00002~1.00060) 0.99941 (0.99295~1.00591)
lag5 1.00044 (0.99968~1.00121)  0.99996 (0.99956~1.00037) 0.99988" (0.99979~0.99997) 0.99963 (0.99931~0.99995) 0.99992 (0.99963~1.00021) 0.99977 (0.99356~1.00600)

UE] 0, BRI 8h BEITIIRE, BI—XPRANEL sh REKRENME,

P<0.05¢
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K4 ZMHFENEERHX 2014—2018 FRSERYIITER
MBS AR

Table 4 Impact of air pollutants on non-accidental mortality in

selected four main urban districts of Lanzhou from 2014 to 2018

IEFR b SE RR 95%ClI ER/% P

SO, 0.0021 0.0004 1.0215 1.0136~1.0294 2.15 <0.05

NO, 0.0006 0.0002 1.0059 1.0017~1.0102 0.59 <0.05

PMyo 0.0001 4.19E-05 1.0012  1.0004~1.0020 0.12 <0.05

PM,s 0.0005 0.0002 1.0049  1.0017~1.0080 0.49 <0.05

[3£] 50,2 NO,« PMyo F1 PM, s FUIE &Y 10 ug-ms

2.4 REGERMERIERINETHERFAIBRIZ M
R R DA ARIEREMERINEZRIRE,
DANTEU ERS SR ERNET IS, 45
&5, ZRUHADEHRNIRENTRREERE,
SO,. NO,« PMso F1 PM, 5 75 Z T B AY Y3 (A 5E T= A 2
35759 263, 683, 827. 1674 A, HIFERDEDFI A
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Table 5 Impact of air pollutants on the burden of death of

residents in selected four main urban districts of Lanzhou
from 2014 to 2018

. HRIEARESE EFr R RE
RESEY .
JFRETAE PFARDE/% VEFRETAR TRDE/%

S0, 263 2.56 — —

NO, 683 6.65 683 6.65
PMyo 827 8.06 434 4.22
PM,s 1674 16.30 698 6.79

3 g

7S B 52 F A GAM LU Kz SA A [8] Y3 B 51 XL R 4R
B, BRI AR SRAEE, ZMhEDEER
[X 2014—2018 FF K575 F 4 (SO,« NO,u COL PM, 5.
PMyo #1 0;) XIERIEEIMET R T HIBRFM, &
BET AT ASESRAIEG, SO, PM, AERERE
£, B so,# co FI19REKTF GB 3095—2012 (IF 15
TSREMNE) IEN ZRPRE, 0; HEA 8h FIFK
ERT—RRE, SAEFEETSSREENRE ;

KERISHY) SO, NO, PMy I PM,s 5 E RIFEEIMNIE
T

MRFE, ZMNHENMERKERIERINET
ABESENEENZHEX, SRKTEY (SO
NO,. PMyo. Os. PM,s #1CO) MREZIEHEX, HA, &
EIERINET A5 so, BX M &R, BISRYIER
FRETR, SO, NO» PMyo Ml PM, s XTUFT RS B
RIEBINETEERXRE, Hso,MNO, EHG2dBT
N ER5R, PMuo M PM,s TE H R RU R £x 58, SO, NO,
PM1o #1 PM,s BIRE S EF 10pugm?, IFEIMET
KBS 43 51 38 AN 2.15%. 0.59%. 0.12% F1 0.49%, 12 7=
SO, T B RIFRIMET XS,

XFARSSEYTIERINET ABMEHBHR
R%Z, HRIT AR SEMEBHIERIMECHXER
AT, BEZE PM,s. PMyo. NO, FINOIKEMNF S, B
RIEESMET XG0 U, #BEiE " KA,
ARETHSETRYS0,. NO, N ERIFEZINET
FEEEN, SREYRESHS 10ugm*, EEINET
AE L0 1.184% A1 0.979% , S5 ASHAZTRIZE RAB Mo
HEERBEM TSR ABSETHE AR R, BE
NO, B & 10ugm?, ABIEEIINBIRT AT HE
0~3d39 EF 1.73%, PM,s BFHE 10pgm?, ABFHERSH
BERTABIERG03dY EF3.89% Y, REFZE
SHERHEERXAS PM, s IREKE, PMs B S
10pgm BT MIEFINE TR EFH0.77%, X FRITAH
RERBPES T AARIEE, I, FHEEE 5T
IERARRSENHARLERETR, PM,s. SO, HIFRE
S EF10pgm?, IEEINET XL 51E 50 0.18% F1
1.48%, HERE TR R, X PM,BIBAR £, 5K
ROMMARLERRKEA PMy KEFFHE 10ugm?, EE
SMFETS AER S BIIE AN 3.083% 1o, X L4k BB & B B]
BESHRRM A, BYE. KRS EERRZ B8
—EXB,

AARERERCOM O, TREBRIFRINET
ZETSAITERXNE, 555 . IRF 2 RS
RBARFT, FTRESAREIMX IR E S SIRFIE. KS5
LML HHREFTRR AR ABHE RSB EF]
HMRFEEEE X

YIEFE T A EA I E 2B E /9 11 R RS Y
EEEM B ZNABFARGENBERERMIE
HIE 2T 22, ERIMARKREE, KESROES
HARBERAEERL ), JEESE ) HRKEA,
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