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Short-term effects of air pollutants on outpatient volume of respiratory diseases in Guiyang
DU Juan, TANG Yingping, HE Ping, JIANG Li (Guizhou Provincial Center for Disease Control and

Prevention, Guiyang, Guizhou 550004, China)
Abstract:

[Background] Affected by concentration, composition, and population tolerance of air pollutants,
the relationship between air pollutants and population health has regional differences. There is
still a research gap in Guiyang.

[Objective] To explore the short-term effects of air pollutant concentrations in low-pollution areas
on the outpatient volume of respiratory diseases.

[Methods] Spearman correlation analysis was used to evaluate the correlation between air pol-
lutants, meteorological factors, and respiratory outpatient volume from January 1, 2013 to De-
cember 31, 2020 in Guiyang City. A single pollutant distribution lag nonlinear model and a multi-
pollutant interaction model were established based on Poisson distribution. A three-dimensional
diagram was drawn to display the relationship between air pollutants and respiratory outpatient
volume. Quantitative analysis was conducted on the attribution risk and lag effect of air pollutant
concentration on outpatient volume of respiratory diseases in Guiyang City.

[Results] The results of the single pollutant model showed that fine particulate matter (PM,;),
nitrogen dioxide (NO,), carbon monoxide (CO), and sulfur dioxide (SO,) elevated the outpatient
volume of respiratory diseases. The maximum relative risk (RR) and 95%Cl values of PM,, NO,,
CO, and SO, appeared on Day 2, 0, 5, and 6, respectively, which were 1.019 (1.015, 1.023), 1.146
(1.122, 1.171), 1.129 (1.116, 1.143), and 1.046(1.040, 1.052), respectively. For every quartile
concentration increment of PM, ¢, NO,, CO, or SO,, the outpatient volume of respiratory diseases
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increased by 0.943% (0.111%, 1.782%), 4.050% (3.573%, 4.529%), 0.595% (0.317%, 0.874%), or 0.667% (0.235%, 1.100%), respectively.
The maximum RR (95%Cl) of O, was 1.015 (1.007, 1.023) and appeared on Day 0. The results of multi-pollutant model showed that PM,,
NO,, CO, SO,, and O, all elevated the outpatient volume of respiratory diseases. The maximum RR values of PM,, NO,, CO, SO, and O,
appeared on Day 14, 0, 5, 7 and 0, respectively, which were 1.027 (1.021, 1.034), 1.213 (1.179, 1.248), 1.059 (1.043, 1.074), 1.016 (1.005,
1.026), and 1.024 (1.015, 1.033), respectively. Compared with the single pollutant model, the RR values of PM, s, NO,, and O, on the out-
patient volume of respiratory diseases in the multi-pollutant model showed an upward trend, while the RR values of CO and SO, in the

multi-pollutant model showed a downward trend.

The impact of low concentrations of PM, s, NO,, CO, and SO, on human health cannot be ignored.

air pollutant; respiratory disease; distributed lag nonlinear model; fine particulate matter; nitrogen dioxide; carbon monoxide;

sulfur dioxide; ozone

MEMSERE. &55E S AR RERRIER
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2.1 EARiE

PRREANMEIR R G5ERI i2E3H0T 1026136 AR,
BEETMEMEE, M2E4F(12 B) &5, EE(8 A)
=i SR TARESARY, ASIFEREMRRE
X% 94.7%0 PM, 5« NO,« CO. SO, iKELRZES, E3(K; O,
AEEE, L2 BLL AQG 1ERNEE,PM, 5. NO,. SO,
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Table 1 Air pollutant concentrations, meteorological factors, and respiratory outpatient volume in Guiyang City from 2013 to 2020

b=ty Xts =/VME Pso(Pass Pys) =AE AQGPRE GB 3095—2012 4R fR{&E
TSHMIRE
PM, 5/ (ug-m™) 42.5+24.8 5 37(25, 54) 165 15 75
NO,/(pg:m™) 27.99.6 26(21, 33) 71 25 80
CO/(mg:m?) 0.740.2 0.3 0.7(0.6,0.8) 18 4 4
SO,/(ug-m™) 20.6£19.5 13(8, 25) 159 40 150
0,/(ug-m™) 72.528.4 13 68(52, 90) 170 100 160
PSS
Sa/°C 15.1+7.2 4.4 16.7(9.3,21.2) 27.0 = =
HEXHEE/% 80.9+11.1 39.2 81.8(74.0, 89.9) 100.0 - -
SE/kPa 877.745.0 864.6 877.2(873.7,881.3) 895.2 — —
KR/ (m-s™) 2.4:0.8 0.8 2.3(1.9,2.9) 6.7 — -
MR RFERIZE/ A 351.24140.9 53 335(249, 445) 930 — —

#&2 2013—2020 FHEATE[FRIRE. SKEARSTRAZI TIZENEXES ()

Table 2 Correlations of air pollutant concentrations, meteorological factors, and respiratory outpatient volume in Guiyang City from

2013 to 2020 (r)

T8 PM, 5 NO, co S0, 0, SE SR HEXTRE X MIZE
PM, 5 1.0000
NO, 0.6961" 1.0000
co 0.5551" 0.5109” 1.0000
S0, 0.7043" 0.5889" 0.5915" 1.0000
0, 0.2086" 0.0992" -0.2207" -0.0790" 1.0000
SE 0.4056" 0.3172" 0.3931" 0.5222" -0.2067" 1.0000
=8 -0.4490" -0.2786" -0.5374" -0.6720" 0.3633" -0.7507" 1.0000
FERHRE -0.2478" -0.2181" 0.1519" -0.1843" -0.6577" 0.0550" -.2819" 1.0000
RiE -0.2625" -0.5335" -0.2222" -0.2326" 0.0490 -0.1439" 0.0550" -0.0536" 1.0000
FMIZE 0.1942" 0.1832" 0.1791” 0.2363" -.0754" 0.1956" -0.2844" 0.0059 0.0297 1.0000

[3£1*: P<0.05; **: P<0.010
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2.2 BSRYIERY

PM,s RIBE RN Z LM, R RR BE PV,
REASMEM, PM, KEBIT AQGET RR>1 B E
Z1%; RR I 0~14 H(lago~lag14) 9B B &M, RR

ERA{ETE lag2, RRIAFIE{E G RR FE/F G EIE I E
TE&EE. PM, BHS—1 IQR IR AR SR EREI 112
20 0.943%(0.111%~1.782%, P<0.001), ¥ I3 3
FE 1.

® 3 BISRYRETSBERYTIRAGERISEREXERRERH 95%Cl

Table 3 The relative risks (95%Cls) of air pollutants on the outpatient volume of respiratory diseases by single pollutant model

co

S0,

0,

WERE/d PM, 5 NO,

lag0 1.014(1.005~1.023)" 1.146(1.122~1.171)"
lagl 1.018(1.015~1.021)" 1.078(1.070~1.086)"
lag2 1.019(1.015~1.023)" 1.041(1.033~1.049)"
lag3 1.019(1.015~1.023)" 1.032(1.024~1.040)"
lagd 1.017(1.015~1.020)" 1.037(1.032~1.043)"
lag5 1.016(1.014~1.018)" 1.043(1.039~1.048)"
lag6 1.014(1.012~1.017)" 1.047(1.042~1.051)"
lag7 1.013(1.011~1.015)" 1.048(1.043~1.053)"
lag8 1.012(1.009~1.014)" 1.048(1.043~1.052)"
lag9 1.010(1.008~1.012)" 1.045(1.041~1.050)"
lag10 1.009(1.007~1.011)" 1.042(1.038~1.045)"
lag1l 1.008(1.006~1.009)" 1.037(1.033~1.040)"
lag12 1.007(1.005~1.009)" 1.031(1.027~1.035)"
lag13 1.005(1.003~1.008) 1.025(1.019~1.031)"
lag14 1.004(1.001~1.008)" 1.018(1.010~1.027)"

1.002(0.955~1.050)

1.051(1.032~1.070)"
1.089(1.065~1.114)"
1.113(1.089~1.137)"
1.125(1.108~1.142)"
1.129(1.116~1.143)"
1.127(1.112~1.142)"
1.119(1.104~1.135)"
1.106(1.091~1.122)"
1.090(1.076~1.103)"
1.070(1.059~1.081)"
1.048(1.037~1.058)"
1.024(1.011~1.037)

1.001(0.982~1.018)
0.975(0.951~1.000)

1.026(0.997~1.056)

1.021 (1.011~1.032)
1.023(1.012~1.034)
1.030(1.020~1.041)"
1.039(1.032~1.046)"
1.044(1.039~1.050)"
1.046(1.040~1.052)"
1.043(1.037~1.050)
1.038(1.032~1.045)"
1.030(1.024~1.036)"
1.020(1.015~1.024)"
1.008(1.004~1.012)"

0.995(0.989~1.000)
0.981(0.973~0.989)
0.967(0.956~0.978)

1.015(1.007~1.023)"
1.001(0.998~1.004)
0.994(0.991~0.997)
0.994(0.991~0.996)
0.996(0.994~0.998)
0.998(0.997~1.000)
0.999(0.998~1.001)
0.999(0.997~1.001)
0.998(0.996~1.000)
0.996(0.995~0.998)
0.994(0.992~0.995)
0.991(0.989~0.992)
0.987(0.986~0.989)
0.984(0.981~0.986)
0.980(0.977~0.983)

[F | ERERYKETE GB 3095—2012 (IFET S REMNE) ZHRER, TRTEYBEXTBRE; lag /H/EMTEI(X); *: RR>1, H P<0.05,
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FME(RR) FELE; D: PM,, s RE N 75 ugm™ BIHIHE R B X
B 1 PM,; WIFRASKGERK JIZENFM
Figure 1 Effects of ambient PM,; on the outpatient volume of
respiratory diseases

NO, RRRBE RN ML E 4, EFT RR I NO,
REFH ML, NO, REEBT AQGE RR>1 BEE
%; RR 1 lag0~lagl4 39 B EE M, RREKEEEHK,
RR B&E# [EETENE N2 T B, NOo, A E—1 1R
MR R AR ]12 21800 4.050%(3.573%~4.529%,
P<0.001), ¥ IWE 2 FI5k 3,

2.0
16
o
o
1.2
0.8
0 20 40 60 80
NO,/(ug-m™)
1.15i
< 1.10
=
1,05|
0 2 46 8101214
0 20 40 60 80 R/ d

NO,/(g:m)

UElA: BEFENMRXAR=4E,; 8 EMBERNXRE; C: EXE
M E(RR)EBLE; D: NO, RE T 80 pgm™ YR G R B %
#E,

2 NO, XM RS ER 12 ERIR
Figure 2 Effects of ambient NO, on the outpatient volume of
respiratory diseases

Co RMBBERNALLE LM, 2T RR B8 CO K
EAHEMmIEM, co KEfEE 1.0 mgm  BfRR>1 B E
E1%; RR 7E lag0~lagl2 398 B &M, WG M & 2
“n"8), RR I& B HITE lagso CO BFHE— 1QR MK
RSGIERFI]IZ 2 I 0.595%(0.317%~0.874%, P <
0.001), ¥ ILE 3 Fik 3.
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RE,

3 CO MR ASERIJICENFM

Figure 3 Effects of ambient CO on the outpatient volume of res-

piratory diseases

S0, RN B RNEZE4ME, 251 RR M SO, K
EASEHIEHESE, S0, KEBIT AQGH RR>1EE
Z1%; RR 7E lag0~lagl2 398 B &M, H G M Bh LR
M“n”BY, RR IE{E HINTE lag6o SO, BH=— 1QR M
I 2 AR I1112 210 0.667%(0.235%~1.100%, P=
0.002), ¥ ILE 4 ik 3.
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CEIA: RERENRXRA=4LRE, 8. RRBERNXRE,; C: 8B
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#E,

El 4 SO, WHRALERI JIZEMNTM

Figure 4 Effects of ambient SO, on the outpatient volume of res-

piratory diseases

0, RINBBER ML E LM, RFARR M 0, RE
BEBHBEE, 0, KETE 160 ug'm™ BY, £ lago M
=E RR>1, BEEEM, RR BE# G E1E N2 T
B, EMEREERN 0,(13~170 ygm ) BHA S —
IQR IR R4 R 112 2B H1E9-0.880%(-1.235%~
-0.524%, P<0.001), ¥ ILEl 5 FIZk 3.

1.10
[+
< 1.00
0.90
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0,/(ug:m=)
14 1.03 @
i
12 .02 1.02
T 10
= . 1.01
£ 1.00 —\——
E 6 100 =
LS 099 (o8
) )
o 0.98 0 2 4 6 81012 14
200 60 100 140 THERER/d

0,/(ug:m™)

DA RERERRXAR=4LRE, 8: RREBERNXRE; C: BIE
MERR)ZFELE,; D 0, RE AN 160 ug:m™ BT B R M %
E5 0, XMk ASERIJIZENRIM
Figure 5 Effects of ambient O, on the outpatient volume of respi-
ratory diseases

23 ZIERYREER

5 s B RAaLY, PMm, SRR RS ERI 112
EM RR{EMEFENENEINE EHES, RR 1T lag0~
lagl4 3B B E %, RR IBEHINTE lagls, PM, KEE
AE—N IR RAERI 112 2L 0 1.619%
(1.342%~1.898%, P<0.001) ; NO, B9 RR BE _EF#2%5,
RR 7E lag0~lagl4 3B 2 &M, RR IBEKAHIME S
X, NO, REBHE—1 IR MR R A& K 112215
10 5.675%(5.030%~6.323%, P < 0.001) ; CO B9 RR {E 2
TEE#4%, RR 1 lag3~laglo B R &%, RR IBELE I
£ lag5, CO KEBH B — IR IR RGERI JI2E
110 0.433%(0.102%~0.766%, P=0.010) ; SO, HJ RR 2
TREFEEE, RR 7E lagb~lag7 B E &M, RRIZEEBEH I
7E lag7, SO, REBHE—1 IR EIR R A% K| 112
£ P& 1]-0.533%(-1.107%~0.046%, P=0.071); O, HJ RR
E LFHEE,RRTE lag0o ABEEM, 0, REBHS—
M IQR IR R S & w1112 2 FE 1K -2.070%( -2.470%~
-1.669%, P<0.001), ¥l 4 FE 6,
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R4 SZERYERTSERYNFRAGER 1IZERNEXNRRERHE 95%CI

Table 4 The relative risks (95%Cls) of air pollutants on the outpatient volume of respiratory diseases by multi-pollutant model
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Figure 6 Three-dimensional diagrams of the exposure lag risk relationship between air pollutants and outpatient volume of respiratory
diseases by multi-pollutant model
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