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Establishment of air quality health index based on cumulative health risk of air pollution in
Tianjin NI Yang', ZHANG Jimian®, BAI Yu"*, ZENG Qiang™” (1. Institute for Occupational Health,
Tianjin Centers for Disease Control and Prevention, Tianjin 300011, China; 2. School of Public
Health, Tianjin Medical University, Tianjin 300070, China)

Abstract:

[Background] Cumulative risk index (CRI), as a commonly used approach to estimate the joint ef-
fects of multiple air pollutants on health, has been used by few studies to construct an air quality
health index (AQHI).

[Objective] To construct an AQHI based on the CRI of air pollution in Tianjin and evaluate the va-
lidity of the AQHI.

[Methods] Daily data on air pollutants, meteorological factors, and non-accidental deaths during
2015-2019 in Tianjin were collected to create a time-series object. Descriptive statistical analyses
were used to describe the characteristics of the data. To determine the best lag day and indicative
pollutant, single-pollutant and two-pollutant generalized additive models were fitted to construct
the exposure-response relationships between air pollutants and non-accidental deaths. After
that we evaluated a CRI of air pollution using multi-pollutant models and constructed an AQHI
and its classifications based on the CRI. Finally, we compared the exposure-response associations
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and coefficients of the AQHI and the conventional air quality index (AQl) with non-accidental deaths, and evaluated the health risk com-
munication validity of the AQHI using generalized cross validation (GCV) values and R’ values.

We selected lagl as the best lag day and PM, s, SO,, NO, and O, as the appropriate pollutants according to the unqualified rates of
pollutants and significant statistical results. One ug-m~ increase of PM, 5, SO,, NO,, and O, was associated with -0.00002, 0.000 79, 0.000 15,
and 0.00042 increase in effect size b of the non-accidental mortality, respectively. Based on these coefficients, we calculated the CRI and
AQHI. According to a pre-determined classification scheme of the AQHI, the air quality of 63% study days was low risks and that of 34%
study days was median risks. The associations of AQHI and AQl with non-accidental deaths in different populations were evaluated. The
results showed that the excess risks of non-accidental deaths in total, female, and male populations for per interquartile range (/QR) increase
in AQHI were higher than the corresponding values of AQIl. The GCV values of the AQHI model (2.694, 1.819, and 1.938, respectively)
were lower than those of the AQl model (2.747, 1.850, and 1.961, respectively), and the R* values of the AQHI model (0.849, 0.780, and

0.820, respectively) were higher than those of the AQI model (0.846, 0.776, and 0.817, respectively).

Compared with AQl, the CRI-based AQHI may communicate the air pollution-related health risk to the public more effectively

in Tianjin.

air pollution; cumulative risk index; air quality health index; Tianjin
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risk, ER) (EEBFRIUR K ER BFIEY, EHTFZMAS
B2 BEFETERENEXXR, BELbiZiH AQH BY
HEAXATESSHBENKRNSME, BRiZzMitE
AN LFE—LHRtEEARBEMTES K
BIENERE D DA, RIRXPLIEEN(cumulative risk in-
dex, CRI) EZF AR D 25 EA4) 2 BIRIAE KM
BS1ER, UEAMEE AR AQHI" Y, Cao F"Y
ERETENHRRXRBESR L E TR P EM
CRUE=MHZEDFIMET AQHI, ERIER, SHEMA
ENIEERY AQHI ABEE, B F CRI#2EY AQHI XY ER X
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R, RIBE BB TR, FAAR)iHE
BEEINEE ¢ 81,0, "
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& PFE X 72 RIR
3 AQHI 7379 4 NFER, HA 0~3 ARXPLELR, 4~
6 AHRXPLELR, 7~10 AEREELR, 10 L EARS
XL 5 aQl B39 4 NER, HA 1~100
NERPEZFELR, 101~200 AHXFLFLR, 201~300 A=
XL, 300+ LA _E AR E XPLER",
KA XHEmE
BRI AQHI 1 AQI 52 ABE. B ABNLM
ABERIETHNREE RN X R, @I bR AQHI T
AQl BT —U MU ERIBIEE(interquartile range, IQR)
XFIERIMETRY ER(95%CI) BB LU MIREARTE &
(R M T X 32 X I iE (generalized cross validation,
GCV) B, IBAM R Eill K, Gev B/, AR A A

NS EEF, FUNaE ot v,
K ARAWFAERIT DI FEA R 310K,
P<0.05 NEREERITFERE N,

2015—2019 £ 5 i8], KiEH AKX EFIERIH
FET- 281131 A, HIPZLT AN 154 A, HHRBEMIE
BIMNET 155843 A, LMIERINEL 125288 A, Fff
R EAIE], PM,s. SO, NO, H1 O, I B IKRE 5 51 4
61.5 pg-m>. 18.3 pg-m~. 44.6 ug-m~ F 114.5 pg-m~;
AQl Y B1Y1E R 93.8; HIEE N 13.9 °C; HYAXT
MEEN 55.2%(F 1),

R 1 X2t 2015—2019 FHIEBIMELTE. BIREMIE
HEE MR ARSI BISRERN 2 BIFE
Table 1 Distribution characteristics of daily averages of non-

accidental death counts, temperature, relative humidity, and air
pollutant concentrations in Tianjin, China, 2015-2019

TE BEtEE  &IME U RAE WO
(Variable) (Mean#SD)  (Minimum) (Median) (Maximum) [B]EE(/QR)
5 HIEFIMNET A S (Daily non-accidental death counts)
&1t (Total) 154.0 £52.1 2.0 132.0 312.0 85.0
SE1%(Male) 85.3+30.1 1.0 74.0 180.0 49.0
1% (Female) 68.6% 23.6 1.0 62.0 151.0 36.0
HIRE/C
(Daily average 13.9+11.3 -16.0 15.7 34.0 21.0
temperature/°C)
B3 REE/%
(Daily average
; 55.2+19.1 12.0 55.0 100.0 30.0
relative
humidity/%)
PM, 5/ (ug-m™) 61.5+48.3 6.0 47.9 367.5 47.1
SO,/ (ug:m™) 18.3+19.2 2.0 12.6 216.4 13.8
NO,/(pg:m?) 4461218 8.1 395 167.6 28.4
0,/(ug'm”) 114.5 + 65.9 2.7 102.1 348.7 96.4
AQl 93.8+55.7 17.0 80.0 437.0 54.0

K Spearman XD TSR 2 B)RIMEX
KXEFHITON, EREZIM, PM, . SO, F1 NO, =M 5H
¥z B2 IERXXER(P<0.01),0, SHM=1NT5RY)
ZBEREXKAR(P<0.01)(FK 2),

&2 Xi#EH 2015—2019 FREASEMZENERXXE (1)
Table 2 Spearman correlation coefficients for included air pollu-
tants in Tianjin, China, 2015-2019 (r,)

25 £ (Variable) PM, SO, NO, 0,
PM, 1.0000

S0, 0.5632* 1.0000

NO, 0.5835* 0.7030* 1.0000

0; -0.0680* -0.3526* -0.4482* 1.0000

[FE(Note)] *: P<0.010
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1 X#E 2015—-2019 FERXASSEYFRFFAKAS
RESFE 10 pug-m > WHEEIMERINAIR TR
ERIRN
Figure 1 Percent changes of excess risk in non-accidental deaths
for a 10 pg-m~ increase in daily average air pollutant concentra-
tions at different lag days in single-pollutant models in Tianjin,
China, 2015-2019
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BIMETHEWMABAERITER N BAAN O, /E,
IR THEMDEERITFENX(E 2), B
FKHAE], PM, I BIREBIRERIR S, 813 GB3095—
WRAFIBETRRENRAE) KN ZRRERE
(35 pgm> M 75 pgm>) BIE 53 51 5 68.7%F0 31.3%,
R ESFEE S RS R YR EBAIRE A LU SR E X
RS RYAIEFRERM E, ANH 5T%E B PM,s SO,
NO, 1 0; fEARZIIE TSN, M\ Z S RYIEE
#17 CrRI B9 EFN AQHI B9 D,

223 EF CRIFTAQHIBIE  AITEIBRSEY
(PM,s. SO, NO, 1 0,) XY FFESMET-HY CRI, 1§ PUFH
IBRERYEINANSG SRRE, MERBERNXR,
RNTRERNEXRZRAL, BN 4 MIBERSEYBKRE
FAE 1 ugm 3 IERIMETEMBIRRE b, 2579

-0.00002. 0.00079. 0.00015 F1 0.00042, ¥ RE RN
XARBANRK(D, TEBHTEEHKRRTEY
XFIERIMETH] CRI, 1RIEITEFTE CRL, TR T &H
B ER1E; RGTRIE ER1E, 9 T E T CrRI B AQHI,
Frig M AQHI 5 AQl BIMEX R #5719 r=0.3438
(P<0.001), AR EAIE) ER Y ER KB /9 22.25, CRI I
AQHI BY39(E 535179 1.07 1 3.20(F% 3),

0.4 2.0
03 15
< 0.2 <
E 0.1 E 1.0
0 b ] ] 05
-0.1
_0‘2 |<’) 1 0 l(’) 1 1
v Vv %> 12 v >
& S o P P
A &5 Qv X o (_)O
@9 O 5
o %id) o tit)
(Model) (Model)
1.0 0.8
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. 05 .
w w
0 0.2
05 ) 0 s _
" o " % > o o "
éo )(Q@w :‘?O 050 O XQ@'» 570 x%O
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S
1RE RE
(Model) (Model)

2 KiEM 2015—2019 EXARSRMTE lagl KA
RESFE 10 ug-m > WHHEEIMET MBI R
REIM R E
Figure 2 Percent changes of excess risk in non-accidental deaths for
a 10 pg'm~ increase in daily average air pollutant concentrations
at lag 1 in two-pollutant models in Tianjin, China, 2015-2019

&3 XiE 2015—2019 FXKSEAHI CRI F1 AQHI By
SIHHIE
Table 3 Distribution characteristics of CRlI and AQHI for included
air pollutants in Tianjin, China, 2015-2019

TEZH HEITEE  RIME FRAIE RAE OofufgERE
(Variable) (MeantSD)  (Minimum) (Median) (Maximum) (/IQR)
CRI 1.0740.03 1.02 1.07 1.22 0.04
AQHI 3.20+1.29 0.79 3.04 10.00 1.86

2.2.4 EF CRIEY AQHI B4 $RER AQl YD R AR
o, fRHAE TS REXN ABRRETME 68%HI07(8]
A FEXBEEKS, 26%H9 BT B8] F X 2Rk 51 ; 37
5B AQHI YD RATESTE T CRIMGER AQHI #1753
&, ERIET, HREABT=SEEN AR BRI
B 63%M BT 8] B FRRIQL S, B 34%RIETE & F
XS (E 3) o
2.3 AQHI 1 AQI iR R EL 3R

A LR AQHI FD AQI YT R, DRI T
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AQHI F1 AQl 52 A B, T ABEFI B ABEIER S
RENBERNXAR(EK L), ERLW, TIEE AE.
THEANBNEBEME AR, AQH EEAE—1 IQR, IEE
ST HBIXIY ST AQ B IEIRE, B
AQHI ST 2 ABf. W ABMBEMABFERINELH
BERNXABPABRITFEEN,; M AQ BENXXTEA
BEMZMABIERIECHNRERNXAZEBTSIT
FREGHBUABNBERNXATEERAITFEER
Xo B AQHI fREUH] Gev EIRTF AQ =R Gev 8,
AQHI iR B R B9 S T AQ BB HY R* B, X5 ER
5 aQl #8tt, AQHI #EBYRT A BE 2 RV FIUN R SR 3R o

AQl

0 10 20 30 40 50 60 70 80 90 1‘00
B4kt (Percentage)/%
XS (Low) = FRAXFG(Median) = =X UFG(High) = #8735 X B (Serious)

El 3 AQHI 1 AQI MI& KB E R LL I 53 7R E
Figure 3 The distribution of health risk percentages of
AQHI and AQl

R4 AQHI M AQI WMKETE AR, THABMBMARIE
BIME BRI X ISR TN L 3R
Table 4 Comparisons of excess risk in non-accidental deaths
among total, female, and male populations for AQHI and AQI

LB (Variable) ER(95%CI)/% P GCV R

AQHI

£ ABE(All) 4.37(3.06~5.69) <0.001 2.694 0.849

Z M (Female) 5.10(3.47~6.75) <0.001 1.819 0.780

B4 (Male) 3.69(2.20~5.20) <0.001 1.938 0.820
AQl

2 NB¥(All) 0.84(0.13~1.60) 0.021 2.747 0.846

Z M (Female) 1.10(0.21~1.99) 0.015 1.850 0.776

Bk (Male) 0.63(-0.20~1.46) 0.134 1.961 0.817
3 g

BRI E &R LSt XA E K XA
AQl fEN =SB E N8R, ISR RA D R R
BB E, LB SN ERESERTESMR
EY, A ZIER N E RE B SRS REE, X
ERISZSHMARIUSEIIIABRRREENKGER,
FI AT RETE — B2 E LKA RS ROVERRL ™,
M AQH! fEA—MT BB = S E 2 R XL TN 151,
BB EE MR IISRYBE I T N LR 825

RINXZ, MTIHITIERNNE, AL ZIEna K%
MASTEREE2MBRENQZ BNEELTHEXR
HIT5E, 5 AQ B ERESESITHEARSRITRI R
M, AIRERBAIS AQ #8LE, Tt ABL
ZTHEANEBNBEE AR, AQH EEAHE—1 IQR, IFE
SARTHBEANXKRIYETFT AQ WEMKIEIRE, B
AQHI HREUHY Gev B3R T AQl = ELHY Gev 1B, AQHI
BENRENST AQEREN RE, TUIAAS
AQl #8LE, BEF RS ZRYB CrRI HEH) AQHI BEFZIR
YFHIFIN = SIS RIS A B RN, X—45e 51U
FZ X BIRRAE—E,

BF5 AQl #8LE, AQHI RAMIAB I EEB %
MASSESEURENRZ BINEMTHEXR
HITHEE, R 7EME AQH! BY, MG M5 245
ABHREZ BN EHITLREX AQHI BERMES
ERANEM, UFEREBOHREEE AQH BY, (U@
HEMZMHARSRYERSTRYIRE T AR @
R ER BB REAEIRK ER EFFES7, 8
HFZMARSRY ZBEFERENEXXR, 35
RRSEYIBRENEMERE T M52 YE, 7]
ERABAEERITFEENX, ALtiZf AqH BIItE B R
ORERSHBENNE G, ARRX—RE, A6
R 5N CRIIEHT, ZIEIR R LIS R YERNANE S
RYMNEE P HITRBERN X RNEIL, #Mo T EHH
SRV RENRRMEXS(ER, B ZHNET
EMARKEEME ANBREEMNESIER 2
3-—‘_'-\-,q:|[13,20]0

DB —LRRER T ERD 2 ERITM,
SR R RAVEE S N, A E AQHI" Y,
5 CRIUIBIR A ETRR, ZM A AR USSR YBTK
ERELM, IR ERD, EMA T ERD SERENK
R {8, M/EHAE AQHI, ZAEBATUE—EREE L
EHZMSRYBNEX Y, EERETENERMET
MR AL 2 ¥ F AR B Y RN SRk E B I RIK, H1u0
Zeng FERZNHRRBER D DS A E
T AQHI, ZIARRLZIRE T RN EM D #HIT AQHI BY
WE, BN ER DN RRTMEINA 70%, X454
RERTRREGERE—TREE WKL, #MSK
EH AQHI 3T F =S FREXT ABHR R X QAR (H.
L4 Cao EMEBRETHHIMARBESR S A THK
DAMEN CRUEAZFMAEDFIET AQHI, ZAR
SRR, SHMAEWER AQHI HELE, EF CrI 15
R AQHI X 2 ER X\ B BTN BE /1 B R, (Rl AS B
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R LA CRIIEAF HERM, #1TT AQHI IR, LR AT
MRHBEITSREX ABERENEZIME 63%HY6Y (8]
SRFEREED, B 34%898 E 4 F R R LK,
5 AQl AR AL, XA S B —ERRER TR,
EME 3 8] LB W, KRR AQHI V= KB F LR PR &
EL B, RMBENEER. XEBEZHET AQHI B
MERKIEAAIENEE R BSHRHENRK
ER, H T A REMBET SRS ABERENREER
[k A B PR AR R IR ELS AQHI M9 EEFR{E A
KRR IR EAERE, S RREIREIBE X
OER, At EEEEEMNNE MR B A EIEST
AQHI B9 RHITRNRIIGIE; bIMB AT RER T2
R RIEHTIT AQHI XS FR DR, REINEFTES
ZFERRSTF AQHI I RiFAS Y, BB TR
MREFIBEMERNER M, JESSH AQH XLE
RE—ERZE LHNRME, FREEXKRER, ALtE
LR FEEN AQHI D RATAEHRNAR, UBESE
BEMXIEN MR AQHI D ATE, fRIE AQHI 534%EY
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