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RN REILERRIN TR
B, KE
LEAFFERFEIRFE IO LEAEFRHEE S E 8 ¥ 9%, KK 030006

BE: HTHRDLBRMILETEERNAEREE, UDELRER—THERARATHIE 2 Fih%¥ 3-5 F4H
1040 4 2 4 (4E % 8~14 % ) ABFRXT &, £5 2004 4E 0 2005 440 3~5 AL 2 H & BT ERR AR & HE, 3t
W2 4 FHY L REM, FrEE O RR A B W5 ST SRR IR T O B T R W T
memE OREEMNS 1 AERNER. SRR, AR REYXHE 0d) JLESF T EEREENOMHERE
(RR)WEARBERAE, WLRTEGHE 1~5d), LEAHERN RR ZHEK, PRI E 445 44), LF
FAEEROMEEY. FEILEEV LR LA YT, BIFHEGMAMBKRMELEN RR FABREEN(p>0.05), K
ffrEEREAN RR H BEWFAE (p<0.05, p<0.01, p<0.001). VLR FEAREHERRR IEHTHE,H
FTREEAR:EHE 1~2d, S8 BETR . FEMLEENSE4RERRRPEES TR, HBIW/E 3d A
MR B IE % K Tk B 85 T 0 S AT RE 4 4 FPER RR ZEHE )G 4d ARE EH ; MM AR RR £#HF 5d
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2ot JLE M BN A X B SN XA — Y R AU
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Abstract: In order to explore whether dust storms may produce some adverse acute impacts on children, two primary
schools in Wuwei city, Gansu Province, China were selected. During the period of dust storms in March~May of 2004
and 2005, investigations targeted to 1040 pupils (8 ~14 years old)from third to fifth grades were conducted by
questionnaires. Relative risks (RR) induced by the dust storms were investigated for 11 kinds of symptoms, including
cough, phlegm, breathe hard, rhonchi persisting in the lung, thorax depressed, throat desiccation and nonnasality saline,
ocular acerbity, lachrymation, snivel, sternutation, and temper oppression. Results showed that: compared with the days
before dust storms, the RRs of symptoms increased significantly on the accident day (p<0.05, p<0.01, p<0.001) except
rhonchi persisting in the lung and thorax depressed(p>0.05). The RRs of symptoms decreased gradually after the accident
day (lag 1~5d). The RRs of breathe hard, ocular acerbity, lachrymation and temper oppression returned to normal level
on the lag 3d; the RRs of cough, phlegm, throat desiccation and nonnasality saline and sternutation returned to normal
level on the lag 4d; the RR of snivel returned to normal on the lag 5d. The effects of dust storms on the symptoms of
children in different months and years were different. These results indicated that the children health effects induced by
the dust storms were acute, also were short-time lagging.

Keywords : dust storms; generalized estimated equations (GEE) ; health effects; acute impacts; children; questionnaire
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1 5| & ( Introduction )

DAEBRRARGEME D&, F5SIEM,
AKFEEREMRT lkm HES KA. BERREY
4 B I0 & A HLA B BB AT A R I R B i E A
FWEEY KA (KBRS ,2001). FREF
X EWEROEEX, ALREFARPE
WARRRM 4, SRR S RERTR
R RGAERE R T EA RN, VAR ER
%(Pva\PMz.s)ﬁE%ﬁﬁj(Eﬂm?ﬂﬁ%ﬁﬂﬂ@%#
WEIThEE, WM LR BE S (HTHS,
2004 ) , X A it B EF 4E 40 o ] P Ak B B A FR A AE
M(&£84%,2004). HFREH, VDAL RPM, £—
FAMEAEY R, B85 R K R E W4
AL 1 , 18 K 5 A o M AN R AR s L R
M Ca** ¥ B 7+ 5 (Geng et al., 2005). VA RK K
HESHRAFREFWTT S ABENE X (L
SREF,2006). HATXT VR0 L2 8 & i
H WA i s > (RER%,2003). A5
Iy 4 2 X —H o 48 R BT T L B 3R A
ANEE R R T T 0 A PE B/ 3.4.5 RN FEE
RIS R, EVLRE RN 3~5 A6 i#frerk
FERE, ARVPELRSRBXILE#EREN SN
MPLRR, HEARVPEREREY LR L2
J5R B 5% e 42 41— S A L RIVIK 4

2 ##l5 %% (Materials and methods )

T2 HRBALSHBGE

HW A BT AL W P R AR G, R LR
AEFE T BRSE, WAEXEHE, M THAEY LR
BE-ZWAREE (RLE%,2006). EFH1
PRWEREN, AP S HILE 2004 4 F1 2005
SE0Y 3~5 A 03 1 BB TR IX 9 2 B /SRS R A
FEMPEIE/DER/DNELE R ERAER.

ARFARLEERT 4 RO L BEHH#TH
W, BEMRENZDERRERNS XME S X
BEVELRERE, DILRHEBRMHED LRI
RE 1 LAY T 8.

22 FHEEEARREN

2004 SEEE B E . FESE/ANE3 A1 H-S
A9 H,&ME/N¥3 A6 B~5H 18 H;2005 4
BEKBEN: RN F4HISH~5H 19H,

HLmEpE3IA10H~4 A 10 H. BF5E AR B1T
RITHW R AT HERE: —REAE, WER 4%
S BEGR 5 b2 B R) L EE B R B IR (% L
PR S B R R R L O IR S T
WOVEH W FTRERE ORI 1 ) K A
O AR EAERTEAEHREAMERETN,
HEREWE, B AEARRAHITHEE, T EH
MEERERATENN EEZEBREE, FEHA
BERIITWNEFZA.

ARBITEFEE TR 2 B iR e 3~5 4F
F/NFEAE 1100 A, RBOLERFERZE 1100 4, |
WA B E 4 1040 fy, H A B4 509 4. &4 531
%, BBl 1:1.04.

23 FHRAHES A
WA AR A R 4% % A Epidata 3.0 8142
SEBEEHTEENERA. B#EFAR, B
GE i 5 g AR X OSP4 4 0 B R B AT
S, BT T A BRI
MEEWE, B R — M5t R A FIHAE &, X3
—BRFETEZRME, MR XAt R
( Generalized estimating equation, GEE )3 #14 & 4
AR B (BT & AR )T~ LR HAE R (Lee ef al.,
2007). ZH PY#H 3% 5544 R F 7J 32 #: % (Exchangeable ),
SR AR BT KRBT L E R 2. B
RAERIT .
log it(uij) = By + B, x Group + B, x Time (1)
A pij WM AR i 7E j B THIE ;B N
BB ; B, B, D9 £H 5 F085F ] #9181 U5 2R 3 ; Group R
BEX R ; Time ¥ G RE(0,1,......j).
P REAER 3 KRASEREEN LG
BMEERIME PERBESREERERES
Xof BEAE He BP A2 i R A4 AR S £ B B (RR ), HEiH &
HHEMT .
RR=EXP(83,) (2)
Xt HE ) RR=1.

3 Z R (Results)

3.1 2004 4 F1 2005 £ 3~5 ARBRTALEE.
AKEBHEURAAFLEURE
FIHRT 2004 F£F 20053 A1 H~5 A
31 HREWRZHE . KKBENYMRETBT LY
WEME R fEZ. R LT, 58 R R
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2 ¢ ®2%

T PM,s HYEE TXE EPA WSS A R ir
(<65ng-m™),PM, RERF BT EREA &
CHFRAE(<150pg-m™)  HEHHELERE. £
EREBREY (SO, NO,) K HAREHKTFEE
SR EE R

F1 2004 4702005 £ 3-5 ABBBTEKKHWASKTL
ER#RR
Table 1 Description for meteorological factors and airborne
pollutants in Wuwei city in spring 2004 and 2005
(March 1~May 31)

2004 4§ 2005 4
- = =
¥iE FRAEE W FRuEE
XS JE/Pa 845.59 4.80 850 13.71
Bk SR/ C 4.62 5.89 471 6.17
AR /% 33.82 13.44 30.2 5.97
BARH/(0.1m*s?)  16.86 21.03 16.05 10.60
PM;o/(pg-m™) 120.79 66.13  109.44 74.13
PM,s/(pg-m™) 84.67 35.67 76.18 38.38
SO, /(g -m™) 30.73 17.92 51.37 18.78
NO,/(pg-m™) 12.75 4.74 12.08 423

3.2 HAPSEREG I

KA XA B (GEE) R UB VLRI
REHIILESFEERGE N, HER (Frg
& REER ) BRE R 0(F) 1), EXER
WAL MR, UV RHEREENALE
B4 B X ik L B LSS B e | i e
Fod L P O RS TR WY L BB T B RO
HEEME 1 MEERFTEIESH (R2ELS).
ARRERT 4 RSLBRFHFATHHT, HIRW

HEREE AR AR EAR 8 RAE 5 R
BUEREE (EAXAAEMRRIAGHRE 1K
WARRFE), UHRE RSB LR F M GE1E
BT, SRER, WERSILESFFAE
RUEHER -EREE. DERRENX
()5 0d) JLEE & F B 25 5F R K A4 I HE X fa b B
(RROBAARBESRAR, WERLEHE 1~
5d), JLE & FHAER B RR ¥ BB AL, WA 23
JG 4d(HE )G 4d), JLTF A iE R E IEF .

4 Kb h ST LEBFER RR WS,
AR ELREHAEFAARBER. WRRERAMN
ML H 2R (3 WL L) WS e R — &
HIFIWTARE, N 2~ 5 RATATUED . 2B
PRPEEMKHE 0d), HHK . ER KE W
FOE CIREETE CRHE R FTB AL EE
9 FAER RR MAREE T BEKFE (p<0.05,
p<0.01, p<0.001 ), F 75 fifi 3 fis 13 01 fbg 3R e fod 2
SRR RBB B EKTE (p>0.05). PR
JEBEARAMAER RR WA TR, (ATREREREAR
-8 1~2d, 08 BRI T CJH A0 R
FZA4MIERRRMABEER TUWARE, HBE
J& 3d A KR B IE # K ; T K R T O A
MFTHEMES% 4 FhAE IR RR 7B S 4d AREE W ;
WIHAEIR RR ZEWF 5 5d A AWK E IE#.

FEWAE 143 M R R B, 2005 AR L E AT 2k
2 0 18] A R IR M R RS B B T 2004 4F
F# (K 2~38 5), X R A R4 BE AR 5 B H Y
b B 2 X L ZE £ R AE AR 1Y) 52 WA AR [

F2 2004 3 ARV LBEHARERYSIILERREREZ £H GEE BESH

Table 2 GEE regression analysis between lag-days of one dust storm and frequencies of children health symptoms in March, 2004

RR(95% CI)

AR #)E 0d 5 1d P 2d #HE 3d #5 4d HE 5d
Ik 1.42(1.18~171)"  1.37(1.14~1.64)™  147(1.23~1.75)™  1.39(1.18~1.64)™  1.26(1.06~1.48)  1.02(0.87~1.19)
727 146(12~197)™  124(1.02~1.52)  1.16(0.95~1.41) 1.26(1.03~1.53)" 1.18(0.98~1.43) 1.08(0.89~1.32)
=4 1.29(1.04~1.61)" 1.19(1~1.4)" 1.12(0.93~1.35) 1.04(0.87~1.24) 1.09(0.9 ~ 1.33) 1.05(0.87~1.27)
FEERRERS  1.22(0.76~1.94) 1.27(0.81~1.99) 1.32(0.86~2.04) 1.32(0.92~1.89) 0.95(0.63~1.42) 0.95(0.61~1.48)
R 1.100.74 ~1.63) 1.19(0.82~1.74) 1.13(0.78~1.63) 0.87(0.6 ~ 1.28) 0.78(0.54~1.11) 0.84(0.58~1.22)
WFEE 1310096 ~1.8)™ 1.39(1.02~1.89)™  1.46(1.08~1.97)™  1.26(0.94~1.7)" 1.19(0.9 ~ 1.58) 1.07(0.8 ~ 1.44)
IREET®  1.86(1.4~247)"  1.14(0.89~1.48) 1.00(0.76~1.32) 1.02(0.8 ~ 1.31) 1.14(0.91~1.43) 1.14(0.91~1.44)
WiH 1.27(1.04~1.54)"  1.34(1.1~1.62)"  1.08(0.88~1.32) 1.12(0.93~1.35) 1.12(0.93~1.34) 0.94(0.79~1.11)
Wik 1.40(1.08~1.81)"  1.29(0.99~1.68)  1.18(0.93~1.49) 1.21(0.95~1.55) 1.07(0.83~1.38) 1.04(0.81~1.33)
AL LS 1.27(1.09~1.49)  1.04(0.88~1.24) 1.04(0.87~1.25) 0.98(0.81~1.17) 0.90(0.76~1.07) 1.00(0.87~1.15)
OEER  1.89(1.46~2.43)™ 1.52(1.15~2)"  1.29(1.01~1.63)"  0.91(0.71~1.17) 0.99(0.71~1.12) 1.09(0.87~1.36)

ok ok ek FOR G X BAHH, p<0.05.p<0.01.p<0.001
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Table 3 GEE regression analysis between lag-days of one dust storm and frequencies of children health symptoms in April, 2004

HER

RR(95% CI)

A G 0d

MG 1d

G 2d

H)E 3d

WiE 4d

BE Sd

%8k
W%
S48
Pt R A ALy
Ha R
IR O3
AR I T3
ik
WiH
FTmEE
L E

1.34(1.10~1.64)"
1.20(0.97~1.49)

1.34(1.11~1.61)"
1.51(1.05~2.18)"
1.20(0.81~1.80)

1.47(1.06~2.04)°
1.48(1.10~1.98)"
1.29(1.04~1.61)"
1.59(1.18~2.14)"
1.26(1.00~1.59)"
1.16(0.89~1.50)

1.25(1.05~1.49)"
1.06(0.85~1.33)
1.35(1.11~1.65)"
1.26(0.85~1.86)
1.20(0.82~1.76)
1.30(0.94~1.81)
1.48(1.12~1.94)"
1.22(0.97~1.54)
1.39(1.01~1.91)"
1.13(0.91~1.41)
1.16(0.88~1.52)

1.20(1.01~1.42)"
1.09(0.89~1.35)
1.22(1.01~1.47)"
1.15(0.83~1.60)
1.26(0.84~1.88)
1.10(0.80~1.52)
1.32(0.99~1.75)
1.05(0.82~1.34)
1.29(0.96~1.75)
1.21(0.98~1.50)
1.18(0.91~1.53)

1.12(0.94~1.34)
1.06(0.85~1.33)
1.13(0.94~1.36)
1.15(0.83~1.60)
1.15(0.78~1.70)
1.00(0.72~1.39)
1.25(0.97~1.62)
1.10(0.88~1.38)
1.23(0.90~1.67)
1.25(1.00~1.55)
1.26(0.96~1.66)

1.06(0.89~1.27)
1.00(0.80~1.25)
1.13(0.95~1.35)
1.15(0.85~1.57)
1.00(0.67~1.49)
1.07(0.79~1.44)
1.22(0.93~1.60)
1.05(0.83~1.32)
1.16(0.89~1.52)
1.10(0.91~1.33)
1.00(0.78~1.28)

1.07(0.90~1.29)
1.00(0.80~1.25)
1.08(0.91~1.29)
1.00(0.69~1.45)
1.05(0.72~1.53)
1.10(0.79~1.54)
1.28(0.97~1.71)
0.97(0.79~1.19)
1.00(0.75~1.33)
1.03(0.86~1.25)
1.05(0.81~1.37)

T * e ek ORGSR, p<0.05.p<0.01.p<0.001

Table 4 GEE regression analysis between lag-days of one dust storm and frequencies of children health symptoms in March, 2005

R4 2005 F3 ARV ERBHWERYEIILEEREZ LN GEE EIRSH

AER

I
W5
8
PSR AG
R, 3
M O3
IR
WiH
bk
FTmERE
LR E

RR(95% CI)
#)s od #5114 A 2d #)E 3d #)5 4d #)E 5d
1.33(1.12~1.59)"  1.27(1.07-1.51)"  1.13(0.95~1.35) 1.08(0.93~1.26) 1.11(0.94~1.31) 1.05(0.91~1.21)
1.65(1.32~2.06)™ 1.22(1~1.49) 1.29(1.07~1.56)" 1.16(0.97~1.39) 1.04(0.87~1.25) 0.99(0.84~1.15)

1.73(1.45~2.07 )

1.54(1~2.38)"
1.33(0.98 ~ 1.8)"
1.79(1.41~2.27)
1.76(1.43~2.17)"
1.58(1.29~1.95)™
1.85(1.46~2.34)™
1.78(1.29~2.42)™
1.79(1.35~2.38)™

1.22(1.03~1.44)"
1.27(0.83~1.95)"
1.00(0.72~1.39)
1.18(0.91~1.53)
1.49(1.22~1.82)™
1.57(1.28~1.93)™
1.57(1.25~1.98)™
1.71(1.42~2.05)"
1.20(0.9~1.6)

1.23(1.04~1.45)"
1.43(1.03~1.99)"
1.15(0.86~1.54)
1.15(0.91~1.45)
1.39(1.14 ~ 1.7)"
1.46(1.19 ~ 1.8)™
1.26(1~1.58)"
1.34(1.13~1.59)™
1.18(0.89~1.56)

1.07(0.92~1.24)
1.16(0.8~1.7)
0.88(0.66~1.18)
0.93(0.72~1.19)
1.30(1.06~1.59)"
1.18(0.97~1.42)
1.27(1.02~1.59)"
1.31(1.11~1.54)"
1.18(0.9 ~ 1.53)

1.04(0.89~1.21)
1.16(0.78~1.74)
0.82(0.65~1.04)
1.04(0.83~1.29)
1.25(1.03~1.51)"
1.05(0.88~1.26)
1.24(1.03~1.49)
1.10(0.94~1.28)
0.98(0.76~1.26)

1.08(0.92~1.27)
1.05(0.77~1.43)
0.97(0.73~1.29)
0.82(0.65~1.04)
1.06(0.89~1.26)
1.09(0.92~1.28)
1.14(0.96~1.36)
1.03(0.89~1.19)
0.93(0.72~1.21)

Hox e e FOR B3 AL, p<0.05.p<0.01,p<0.001
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Table 5 GEE regression analysis between lag-days of one dust storm and frequencies of children health symptoms in April, 2005

AER

RR(95% CI)

Hifg od

#iE 1d

HiE 2d

#E 3d

i 4d

#iE 5d

K
Mg
¥l
[l SRR
BNk
R
IREEF T3
WiE
W
TR
DA ER

1.86(1.54~2.25)™
1.64(1.33~2.01)"
2.43(1.88~3.14)"
1.35(0.96~1.89)

1.69(1.25~2.28)™
2.21(1.69~2.88)™
1.85(1.45~2.37)™
1.65(1.35~2.02)™
191(1.5~243)™
2.30(1.89~2.81)"
2.11(1.64~2.72)"

1.71(1.42~2.06)™
1.57(1.29 ~1.9)™
1.93(1.5 ~2.49)™
1.08(0.75~1.54)

1.29(0.96~1.74)

1.51(1.16~1.97)"
1.53(1.2 ~1.94)™
1.65(1.34~2.02)™
1.55(1.21~1.99)*
1.85(1.52~2.26)™
1.78(1.39~2.27)™

1.69(1.4 ~2.03)™
1.33(1.09~1.61)"
1.59(1.24~2.03)
1.47(1.04~2.07)"

1.23(0.91~1.68)

1.45(1.13~1.86)"
1.36(1.06~1.75)"

1.71(1.41~2.07)"
1.55(1.22~1.97)™
1.63(1.35~1.97)"
1.78(1.38~2.29)™

1.50(1.25~1.79)™
1.27(1.04~1.56)"
1.52(1.19~1.95)™
1.08(0.78~1.49)
1.44(1.09~1.92)"
1.58(1.22~2.06)™
1.25(0.99~1.58)
1.37(1.13~1.67)"
1.40(1.1 ~ 1.78)"
1.50(1.24 ~ 1.8)™
1.55(1.21~1.98)™

1.17(0.99~1.37)
0.93(0.78~1.11)
1.26(1.01~1.57)°
1.19(0.88~1.61)
1.23(0.97~1.57)
1.22(0.98~1.52)
1.16(0.95~1.42)
1.25(1.05 ~ 1.5)
1.29(1.05~1.59)
1.23(1.06~1.44)"

1.08(0.93~1.26)
0.98(0.84~1.14)
1.12(0.9 ~ 1.39)
1.08(0.86~1.35)
1.03(0.81~1.32)
1.07(0.85~1.33)
1.07(0.85~1.34)
1.00(0.85~1.18)
1.05(0.87~1.27)
1.12(0.98~1.29)
1.06(0.87 ~ 1.3)

T o* e vk KOR B SR, p<0.05.p<0.01.p<0.001

1.30(1.06~1.61)"
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4 i1t ( Discussion )

VERSEREXTZEWEL R, W
ERREVE RSN - EEEZMBXE YR
SH;E. R, WERXRSMILERBER RN FRT
WMEHFRERMMERL L. FHEKE, VERE
HELRBBILE - BTFRAGERNEZEEFR
(BB %,2005). AHERUDERER —H
RERBIIRK JLENEMOBE @S, 49
CRMBHEAEBEKERENAERNE, 24
GEE # ISt i £ WS R #7001, HRBBIL
BV B Y KA E A R K B4 FhoRE IR & A 10
ERE. BT RNERER—BENR HRE
B, BT LA S [ e i) 00 88 #5008 S R 2 ST Y, T S A
HORERRY. B, A 5 4 e ) AT 00 S A9 AR
ROMTRRBEIR T 3088 Z 1R A SCBR PR T 3
FERAAE, EEUEIBERNGE (KRt
%,2005). A, AFREE T LHTHFHFE
(GEE)R b B U XM E AR XEEHR
JLERERRAWARE, AT LRk
A R AEIR.

AHTEREN EVELREEYA,LER
A NS NG RN TN RS N |
T MRS T8 OWEE CFE L FT R O R 11
FERM M ERESAEARBERA R, L
W i 5 P 5 7 b 50 3 B A A M M A IS B TR R
BES (2005 45 3 H ¥b 2 83 4 X W IUE R
RRAFBEFE ), HARERE A& W H X GRS
BEARAR. KESFEERAEEVD LR Y RH
ZEMRREUBHART, MAAEVERTREW—E
RBEAERRMABERTERAKE, RAL—
SERREEHN. KT RRMEEE: DARKEE
R B KR AR A 3B XU AR 3 5R K B
WA Bk (BRES KGR 10m-s' DA b, TSP ¥ B
10mg-m= LA k), 2S5 E0R Y 0 HL k=4 f
EEMA XMEEES —ENERYE, B LRE
ZERE , PO YU B — B ia], Ju R H
EESPHARARAFTRY IEAS P PM,
MPM, WERR  FHEEVELREEEHTG R
BUEBERR. WEBREEHMITFTHILE
W, KRFREYREHRFEREKE. AR
FE R X T 25 R v 2 OB 4 Y SUBGRR BE R [ W
BEEREEERRMEEHTEAER.

BHEHREARB T LRPRYES R
KB IBRAE R KL (Lei er al., 2004); W2
PM, s AE S A& A BRI B 1k 40 B i B AL 3R 05, 38 K R
JRL 3 B v A BR SR APk, AT Y Ca R TR,
HEZESH DNA 1655 (Geng er al., 2005; & %A
%,2005); VB PM, s RE 5] K B 40 Mt 4% R
¥, FRIWE R PM, s R FRES IR A S
JEI ok B 4 M e R R S M R AR, O S 4 R £ A
WiAS SR BN (BB W% ,2006). EiRBFR
BLEA Vb REOR LA A AR B B
A, vARIIRILESMAERNEZETRESH
BRI R PM, s TE RSP IR E A L.

MEBELEREVTUEY, WAeBRMILEER
MBWEREZ R BRAAXBHERMNES, BRAE
— SRR KSR B EEKE EFEE—EKN
Z5,2005 & ZHUE R KA KSR 2004 48
5, — PR E AR FAFNE R bR R .
HERXHZERAOREETRESHENAEHN &
KOLBRMBFH AR BBABRAR . ULY LR
BENNSKLEEURSAGBLRETHERAE
3%, %t I i AR s — 2 Y

BREEEMN S E® (1939—), F, LB EHA, K
BHLESH AT A . HKEEFLE2F. KF
SO, H#BFHEABFME 20 4%, EABI 30045,
AP 60ABHSCIKER, BNELIHBFBEAL
HERALELEHE “DELR@BEYHELLEREL R
2 A KA B 49 % v 7 (No. 30230310) & “ — A LA & 1
AT REAF AR BEFERALAT LEABER
A E Ao dy s R B Ak 69 % 4" (No. 20477023).
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