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Association of PM; s in Dust and Sand Events with Hypertension Outpatient Number MENG Zi-qiang,
ZHANG Jian, LU Bin( Institute of Environmental Medicine and Toxicology, Center of Environmental Science
and Engineering, Shanxi University, Taiyuan 030006, China ) :

Abstract: [ Objective ] To explore the association between particulate matter < 2.5 m in average aerodynamic diameter
( PM3s )and daily outpatient number for hypertension, [ Methods | Seven good-sized hospitals in Wuwei city of Gansu province in
northwest of China, where blowing sands and dust storm frequently took place in whole, were selected as the objects of this study.
During the period from March 1" through May 31 in 2004 when dust and sand events occurred frequently, an investigation of daily
outpatient number for hypertension was conducted. A semi-parametric generalized additive Poisson regressions model { GAM )
was fitted to the logarithm of the expected values of daily outpatient number for hypertension, controlling for smooth functions
of long time trends, , meteorological variables, and calendar effect. [ Results ] PM.s was positively associated with
male and female hypertension outpatient visits, but only the effect of PMzs on male was statistically significant. GAM analyses
were performed taking categories of PMys into account according to different weather: < 65 pg/m*( US EPA ambient air quality
eriterion ), 65.1~95.3 pg/m’( non-dust events but exceeded US EPA ambient air quality criterion ), 95.4~167.5 pg/m® (level of
blowing sands ), 167.6~192.8 pg/m*{ level of dust storms ). These results indicated that male hypertension outpatient number
sharply increased at PM, s level in blowing sands, but female outpatient did not remarkably increased until level of PMys reached

the dust storms. [ Conclusion ] PM,s was positively associated with increasing of male and female hypertension outpatient visits,
and the influence of dust storms was much greater than that of blowing sands, The effect of dust and sand events on the male subjects
with hypertension was higher than these on the females.

Key Words: PMs; hypertension; daily outpatient number; dust storms; blowing sands; semi-parametric
generalized additive model( GAM )
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logl E( Y,) 1=a+DOW+BXi+s( time Y+s( Z,)

KA. E(L)NIWNER v HBELET2 AR
B8 a2 @ BE; DOWX R B B 5 81 ( calendar effect ) f
2 #17F B (dummy variable ); AXi A GAM BRI i 2 H0EE4),
BRHEIBRRE, X L H RSB RYKE, 5 PMs, 50,
NO, H 3R EE; s kS BT B4 4% 5 B ( smoothing spline

function ); timefE H¥; ZAWEFAMKREELE, QR
FHRE . B E., BFEHEdgE . B EEXE,

AT AR ERERMEHRLET2ARNER
B, FeTERT RS R RER], FHREFINRRSSE
B ERRE AR, WER T KSR R BN
BRITSHEIER . A Akaike {5 BARME( AIC) HHTHER
HEHRERRDEL

REERERHAKE R EHRES, T HEE
YA Ak WA EBE(IQR) 16t BREHRME
T2 NS AR B BB’ . RR=exp( BXIQR ), FF M
At b B RR 69 95% B TT 5 8] (95%CT )18, 15 Je 145 18
010 pg/m’ B B3 B 3918 A BB LB E 4 o2 10/I0R x
(RR-1) x 100%,

WA, ATHBARPAERS P KEEER XK
PM,s ¥ BE X B0 I FE 112 ABRO B ), A B S AR 48 M Sk br
5 104 PMos B9 ¥R 2 43 B 38.8~65g/m( £ B EPA X R BH7
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Table 1 Description of daily hypertension outpatient number, daily averages of environmental levels and meteorologic factors form March 1* through May 31"

in 2004, Wuwei city, Gansu province, China( average of 24 h )

F447 (Index) s H/ME(Min) P Pl M) Pis F/K{E(Max) QR
SRE&H R (mfs ) 6.28+3.60 2.62 351 5.05 7.78 20.48 427
Meteorologic level SE(T) 11.86 + 6.66 -420 6.65 12.90 17.43 23.00 1078
HEXHREE (%) 33.83 + 13.44 14.00 25.00 29.50 38.75 84.00 13.75
KEE(kPa) 84.56 + 0.48 83.43 84.20 84.54 84.86 85.63 0.66
KK BRI PMas( pg/m®) 84.67+35.67 38.8 60.53 7233 99.02 1928 38.49
Atmosphere poll i SO ( pg/m*) 87.89 £ 80.08 22.88 45.05 80.08 118.35 297.44 73.30
NO( pg/m’*) 26.14+9.72 722 19.70 26.08 34.30 53.87 14.60
HOESEITEAR B (Male) 348218 0 2 3 5 9 3
Daily hypertension outpatient number  47( Female ) 4485302 0 2 4 6 16 4

R, SRV LRSMI, KE S P EH YD
DREENYBERE, MEAKSREE. SO, N0, ZRY
TG L, P RV L RSP LR FHEFEE
EPA Wz S RBARE( PMys H HE < 65ug/m®), BHW A
RE4 H PM,s B A RS 2458 2.6 /5.

%3 B TR R EBRASIERYE B IREH
K. BRER: PMys 5 SO, ZHIFFEEIEMR( P <0.05),

22 GAMELA ISR

F4 BR THERB LRI RS PM,s. SO;. NO, H W Hjik
ESER 14 IQRE, BEREBMEH T RR BRI 95%CIER
PMys 5B TRMET2 APE EmBK AR B EN ERE,
BERESHEB 1N BEIT2 ABRBKRR it 5% 8 L PMys
HWRES LH 10pym®, BUERLEITZARERT 7.4%
(95%CI: 2.3%, 13.5% ). S0, NO, 558 | LR ILE T2 AEK
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BARBBEGIHTEE L RRAESTBIBEMR T 9.1%. 5.8%; TitEZI5RLEIh, BIDL SO,
MFEATNFR SHH, PSRRI S, 2511 NO,. SO, FINO, 2 RME R B RIS Yedy, PMys %4115 RRE (LTS L
R EE R, PM X B2 RRELEFMERN  EIRRERKT 6.0%.

£2 2004 E3 AE S ARBHID R RS SEDLRSSKASTHRMBTNLR( F2s)

Table 2 Comparison of daily averages of pheric pollution levels and logic factors bet dust events and non-dust events form March 1" through May
31* in 2004 in Wawei city, Gansu province, China{ Mean 2 SD )
RERO Fisest ] KRR | AR 83
PM; ) SO, ) N ?

Variables  Duration(d) B ic pressure( kPa) Temp (C) Relative humidity( % ) Wind speed( m/s ) as(pgin’) SO pg/’) - NOwpgfe)
FBLRY 79 8457049 12165 345+ 137 58x30 7584269 9438 £ 56.63 2624+984
Non-dust event
&‘I’J‘. 11 84.43 046 122£8.0 313£135 124 +5.3% 131.4 £ 36.1%* 13585+ 58.63 23.58 :9.43
Blowing sand
pugese

2 84.62£0.19 54x5.7 280214 13.6x6.1% 1713+ 166% 1447234204 32602021

Dust storm

[#] OFREKEH24h3E (Averageof 24 h )y Q5P LKA (B )M, £ HFF £ 44 ( Compare with non~dust event, One-way ANOVA ),
*: P<0.05,*: P<0.01

3 200453 BE S ARETSKRGHASSRYIRE Pearson X RY
Table 3 Analysis on pearson correlation coefficients among daily averages of atmospheric pollution levels and meteorologic factors form March 1* through May 31* in
2004, Wuwei city, Gansu province, China

547 (index ) FAFE( Barometric pressure ) 2CIR{ Temperatare ) HEXHIEA ( Relative humidity ) B3 ( Wind speed ) PM.s 80, NO,
A FE ( Barometrie pressure ) 1 - - - _ - _
(3R ( Temperature ) ~0.63%* 1 - - - - -
FAXFIEIE ( Relative humidity ) 0.46%* -0.18 1 - - - -
FLE{ Wind speed ) §.38%* -(0.38%x 0.28* 1 - - -
PMs -0.20 0.17 -0.23% ~-0.09 i - -
S0, 0.03 ~0.31 %% -0.16 0.09 0.26* 1 -
NO, ~0.01 -0.22* -0.06 -0.01 -0.17 ~0.09 1

[E] *: P<005,*: P<0O1

¥4 BRRRETHEDERITSRR (95%CT)

Table 4 Relative risks of the association between PMzs, NO,, SO;and daily hypertension outpatient number in single-pollutant model

B 3! WS KB (Lagdays, d)

Poltutants  Gender 8 1 2 3 4 5 &

My H(Male) 1.042(0.873, 1.243) 1.285(1.089, 1.518)* 0.879(0.734, 1.051) 1.158(099, 1.354)  1.005(0.847, 1.192) 1.096( 0916, 1.312) 0.909(0.767, 1.077)
#c( Female ) 0.872(0.737, 1.031) 1.018(0.866, 1.198)  1.120(0.963, 1.304) 1.117(0.968, 1.289) 0.850(0.721, 1.001) 0.865(0.723, 1.034) 0.989(0.845, 1.158)

- B (Male) 1.185(0.883, 1.591) 08420627, 1.129) 1.099(0.834, 1.448) 1.009(0.761, 1.338) 1.171{0.896, 1.530) 0.927(0.708, 1.213) 1.075(0932, 1.239)
Z{ Female ) 0.996{0.980, 1.012) 0.985(0.970, 1.000) 1.010(0.995, 1.025) 0.996{0.980, 1.011) 0992{0577, 1.007) 0.988(0972, 1.003) 0.975(0959, 0992}

S0, H(Male) 1.179(0.851, 1.633) 0.873(0.621, 1.228) 1.061(0.774, 1.455) 1.269( 0912, 1.765) 0.917(0,639, 1.314) 1.146(0.800, 1.641) 0.858(0.586, 1.257)

2 ( Female ) (0.966¢0.734, 1.273) 0.784(0.584, 1.054) 1.037(0.791, 1.361) 0.966(0.723, 1.291) 0.699( 0.500, 0.959) 1.050(0.761, 1.448 ) 0.617(0.439, 0.867)
[# 1 *: £FEXRRA FHiH%¥ & X (Significant in expected direction for RR ), P<0.05

#5 WHRMES L TRMBTWME1L RR(95%CT )
Table 5 Relative risks of the association between PMas, NO2, S0, and daily hypertension outpatient number in co-pollutant model and multi-pollutant model

H( Gender } SR ESERE RIS YR ( Co-pollutant model ) RN
( Pollutant, Lag days } PMas NO, S0, Multi-pollutant model

% (Male) PM2s(lagl ) - 1.168( 1.019, 1.337)* 1.210( 1.046, 1.399 )* 1.208( 1.042, 1,402)*
NO,(lag0) 0.997(0.930, 1.07) - 0.987( 0918, 1.06) 0.594(0.924, 1.070)
S0:(1ag3 ) 0.889( 0.668, 1.182) 0.989(0.785, 1.247) - 0.879(0.659, 1.172)
2 ( Female ) PMos{ lag2 ) - 1.010( 0.882, 1.156) 1.061(0.923, 1.221) 1.060(0.917, 1.224)
NO:(lag2 ) 0.983(0.925, 1.046) - 0.975(0.914, 1,041 ) 0.827(0.447, 1.529)
$0,(1ag5) 0.893(0.507, 1.573) 0.866(0.683, 1.087) - 0.674(0.361, 1.260)

[# 1 * %FRRA L IHEE X Significant in expected direction for RR ), P < 0.05

E1ERTHRLENEITERR(AEPM K ETREM  2BHN, ARAET — S0 NE - R R,; Witk RRE
BT RRYZEEART PMLs /K T RPERLIER, FTRLE Y, PMys 167.6~192.8 pg/m® K E T A 2SN, RSB LERR EFH
£ 38.8~65pg/m’, 65.1~953pg/m’ K F FHBHRREBELT  WPMBIKFREYES, £ EBELERTRETYER
1k, MFE95.4~167.5 ug/m’, 167.6~192.8 pg/m® K E T BHRR KW H | LHIMEITE AN E R "
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Figure 1 RR; of male and female hypertension outpatient according to

categories of PM; s owning to dust events respectively
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