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Abstract: By using the statistic methods in epidemiology, this paper analyzed the characteristics
of high temperature and heat wave in Nanjing City and their impacts on local human health,
based on the meteorological data from June to September, 1951-2009, the daily death toll from
June to September, 2005-2008, and the hourly emergency treatment amount of heatstroke symp-
tom from June to September, 2005-2007. Nanjing is a city with frequent occurrence of various
levels high temperature and heat wave. In past 60 years, the average yearly high temperature
days and harming high temperature days were 14.5 d and 1.1 d, and the average yearly heat
wave and strong heat wave weather process occurred 1.9 times and 0. 8 times, respectively.
When heat wave happened, the excess mortality rate was higher than 20% , and this mortality
rate was slightly higher for females than for males. Heat wave had greater damage on the sufferers
of coronary heart disease and cerebrovascular disease, with no lag effect. Due to the human
body’ s adaptation, the harm of heat wave was more serious in early summer than in mid and late
summer, but the duration of the heat wave had little impact on the excess mortality rate. Because
of the habitants’ job need and outside time period selection, the damage of hourly high tempera-
ture in summer on human body had double peaks, appearing from 9:00 to 11 .00 and from 19 ;00
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to 21:00. The harm of high temperature and heat wave on human body presented a cubic func-

tion with age, being larger for the people aged 0—-5 and 60-80 years. These results could be

used as a reference for managing human health risk.

Key words: high temperature and heat wave; excess mortality rate; human health; Nanjing.
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Table 1 Heat wave processes and corresponding excess mortality rate

GO HAy e il H % RS

FrEER L

SRR R % (%)
() () % “

2005

—_
o

22-25

10-12/15-17
18-21
28-31
12-15

2006

2007

S O AN DO NN RO W
|

2008

—_
o
~
4

O 0 1 A O X N AN O 0NN ANO oI
|

o
1

4 37.1 34.3 22.9
0 36.7 - -
3/3 36.9 18.5 26.2

34.6 - -
37.1 26.5 29
36.9 20.5 25.3
37.8 21 30
29.5 - -
35.4 - -
38.2 20.9 23.29
37.3 - -
33.8 - -
33.1 - -
37.3 24.25 25.25
35.3 - -
32.3 - -

o O OO NO O PP Mo

F2 EERTEENREEFEMEXCEREEBMIETE
Table 2 Excess mortality rate on the principal heat-related
diseases during heat wave

AEfy Aty W o DI
(%) (%) (%)
2005 6 18.6 82.9 -8.7
8 -0.7 75 -10.7
2006 6 4.9 3.3 28.2
7 23.3 10.5 69.2
8 -1.4 100. 0 -11.1
2007 7 30.2 36.7 85.9
2008 7 8.3 20.9 55.0

Hh B I R A R PE T SR I A IR M, R
2005 4E8 H F12006 48 A HEL T ffl, HAR/h, B
TRATHITFE I o T AR o o e i R AL R
H I R HE A IR
2.3 ZEFEREE R g

R T R s v R R R AR A A A
BATHH B 5t K X 2005—2007 4E (6—9 A)
AT 202 BB R MG T 2R R IR e E R
b EH iR A B N R X R AR
1 B a E IR A AR A o — B, I, AP
iR, AT A AR B R R A B AR
SRR T BEAMET BkE 55 5 PR (R RN T 0% 1
gy, EEGETH AT 2 A SCIE R, AL RS O IR | i I
PR ONEZESE SR R R B N EEN 2L
Bl (s fiEe) , BS EKBH,6—9 A FERtiR)
X B} 208 NBCE RUE R 434, e L 6 H A9 H 3

EH L, 2 AW BB B AE 9. 00—11: 00 Al
19:00—21:00, ifii 13:00—15:00 {22 A\ FAH X %5
Ao X FEEARRER 1) KT IO s AR X, iR
B R LA 17 km, FETTIX TAEM A T 24
b AT R e i 1 5 = (L (BB
H i 5 015 B, 8 o5 B, 555 &2
$iE TRV S, ph At s B 3 S s TR RO e s B A
LUFHEZER T ~3 h N, 2) KRR T 77K
J7IX (CAnREAN AR ) , Tk i5 Yed o P&, 75 R BE
GG, R E g — Ak, &R AR
LRI T g G| kAR AE B T REYE . 3)
T 12:00—16:00 <4 , 2B ERR ek
W AT, RIS, =z B A 1 KE B, A A )
A R, v A BB R RS B 6 N A
EHT8WANHLYE 6.9 AL, & i SR I 5
i) T AR o R ERUE R T 7 A8 AX
TR G o il R H RS R, AT e
ZRAME, IR 2 0 B A B
2.4 EREENFERTAL

o T TR AN [R) A8 B AR (9 50— )R
SHRTEMNE S . T T4, 7880 A i 72
WK B RRE A G I 202 BB AN 19 M AFEIR B,
BI1~5% 6~10% - 91 ~95 % Ff50 5 LB
FEH142.5.7.5.12.5 - 92. 5" RFERAEW B, D
REEN R B, y R FER BN 22 AE
(E6) , fAr MH &R LR EM, 292 AFT RoR



VFIBASTAE « P i o TP TRRFAIE B RS A A ek 1) 52 )

2819

S o o o o o o 9o ©°o °o <o <o <9
S & & & & @ & & & & & & 2
S AN T © & O < AN Vv 0o o N 9«
— e = = - N N N

En ]|

5 ZEMERPEEERNIL
Fig.5 Hourly emergency treatment concerning heatstroke
symptom

AR B =R R AR, = (1) R
y=-0.0008x° +0. 1028x> 2. 7641x+48.33 (1)
M0 19 MRS B, R FEAR A = n =19,
M R*=0. 643, i1t P<0.01 (45 R, B & iR
X0 ~ 5% BSR4 LA 60 ~ 80 % I i i N TESG E #
KR 5 ~40 2 19 045 Fe rp 5 47 N THE I 52 M A5/
(Semenza et al. ,1999 ;Basu & Samet,2002) ,

120

y=-0.0008x’+0.128x’-2.7641x+48.333
100 R’=0.6432

=]
(=]
T

PEMXBALAE N
B (=)

[
(=1

10 20 30 40 50 60 70 80 90 100
iR (%)

6 HBHEXERILSEFRZEHXRE

Fig.6 Relationship between emergency treatment concern-
ing heatstroke symptom and age

n=19, i1t P<0.01 B B EMRKE

3 i i

T A T A 1 o i K T BN B ASE T3
>20% , Hoh e PR T 288 K T 55 1, Wb oet i
IV A 403 3 R T LA i I M 5 AR
T 2] 14 e i TR I J ) AR A AE TR T
ZA RN B PR FR S B s 18] %o 68 %5 78 T Y 5 )
BN, %5 Hajat 55 (2002 ) $2 59 Hh BLAE =45 i
B PR 5 1T I I e A A T S e —
2,8 587 A B9 458 ( Kalkstein & Greene, 1997 ;
Smoyer et al. ,2000; Braga et al. ,2001 ) ——#HGR £F
SLAI [E] 5 B AIE TR 5 I O R—ARBEEY)
Go FATAN L i THFR R AL A AL 2 22
TR R 22 R TR, inzs PR A AU A KA
1117 Y8 ) A A AR v B AR A3, ] LABEE ARG
PR XA AY 52 1) ( Keatinge , 2003 ) . [A]BS, T4
Tri TR & g BRAE s B Y A3 K P2 2000 4 Hijfe
A TARKEETE, 1M Semenza %5 (1999) HIHFFT FHH |
S A AR KA I B8 T 25 T B B 1 A2 IR &
SR, T KR G B 3 o A R T B e 7 1 = N
I RSB T, BRIt B TRy i B, A fAk
XoF GG A 18 e iR R A 2B, TN T R AR
(R 165 s Tl s B e YR R e TR PR A HE 28, AT
BT (A I, KR 55 ) AU AR 7K 19 3 v AT K RE
Ul v e e Tl PRTR A R I f T

H 308 T e R ) T A 5 SR A R AT e ] B Y
P, 2T B T ARG T R R A, 2
ANIEAE B BLTE 9:00—11:00 F119:00—21:00;
X 2 PR Ay e i A0 ) A DA B it A UK S




2820

LG H30E 12

PR — 25 PR A B 4 G 4 553 1 BF ] B o A7 r 350 (48
A EE,2010) . AR, B 2 i R R AR XS 60 ~
80 % M NBEIGF R, i il TR X AR 1 i 3 5 4F
B E = RRBOC R, AR R ERPGE T T 7
K HEM (Hoppe 1993 ; 534 KAE, 2007) , HIZAHXT T
HAEN , B4 A B A B i I8 1 i 2l Ho
FF AR ) (E 3% N ( Kenney & Hodgson, 1987)
It ,60 % DL AF AN FE T 3R B 5 ok B g (iR [
IR EE, 2004) ;1M T 80 % DL LAY ABRECE AR
B N Z AR B i A 1 BTG Sl RE ) s, 3L
SIS NEEAR, 5300, B4 LA FE e an i
V5 I JERYS ARG fi 1 SR AR B [ I &) =2 6
G R, B4y LA e T o 5 A 4 e s 1 R AR
ROREFEMERTE, 2004)

AT GEAL A3 T 15l FATR T A fd BRE )5% T
A IR AR B 2 LB, 5340, i T 9ERHG PR
il , AR SCALER X 5 TR T WY, I AE A ERAR R 1Y
RAFHN R T 7 b X% 2 4 [ g 4 4 ¢
TR R FAT A RA TR TAEMRE L,

% 0k

MRIEHE, TR, #229, 5. 2002. 3T 2 $0E 6 BE 4 317l
ALY, TRFHE, 30(2) : 98-104.

WHBAT, RBEA, AT 2008, FUBGHAIE TSR A BT
WE5E. PAEPIRTERI 2%, 12(4) - 372-375.

g T, AR, 2008, AR AR X 7 IR0 A%
FEAE B AR, P44, 63(3) « 237-246.

WA, B, 2004, FATR KT A A BE Y 52 i K HAE 5 T
. ARG IEIETL, 9(4) : 680-686.

REE[E]. 2008, “TARALE Ik B4 15 R AR TR B HL R B T
W, AT B AU R TR R

L H . 1994, A BRABME XS LRI M CHEFE T 50 1T fE 5
Wi BREERFEAEAR, 14(3) : 368-373.

TREAE, A AR 2008. B9 HLIT 50 45 R UM AL fb S R R i
IR, BRI R 223 ( AR RR) L 31(6) : 580-
584.

SREED, RAETE, AR, . 2005, KL TR iR R R K
FHUH ST, B TR AR, 28(6) @ 840-846.

AK, TR, RORE, %2010 RIS B AN MARET IS
FETUR AP IS FITE. BLHI AR 2441, 21(6) : 709-715.

AT, AL, YR, 45 2007. K5 S HO0 N METIE B
MRS, TR PHE, 35(6) : 827-831.

Basu R, Samet JM. 2002. An exposure assessment study of am-
bient heat exposure in the elderly population in Baltimore,
Maryland. Environmental Healih Perspectives, 110; 1219-
1224.

Berger X. 2001. Human thermal comfort at Nimes in summer
heat. Energy and Buildings, 33, 283-287.

Braga AL, Zanobetti A, Schwartz J. 2001. The time course of
weather-related deaths. Epidemiology, 12 662-667.

Dessai S. 2002. Heat stress and mortality in Lisbon. Part .

Model construction and validation. International Journal of
Biometeorology, 47: 6-12.

Donoghue ER, Graham MA, Jentzen JM, et al. 1997. Criteria
for the diagnosis of heat-related deaths: National Associa-
tion of Medical Examiners; Position paper. American Jour-
nal of Forensic Medicine & Pathology 18 11-14.

Fouillet A, Rey G, Laurent F, et al. 2006. Excess mortality re-
lated to the August 2003 heat wave in France. International
Archives of Occupational and Environmental Health, 80 16
-24.

Hajat S, Kovats RS, Atkinson RW, et al. 2002. Impact of hot
temperatures on death in London: A time-series approach.
Journal of Epidemiology & Community Health, 56 . 367 -
372.

Hoppe P. 1999. The physiological equivalent temperature: A
universal index for the biometeorological assessment of the
thermal environment. International Journal of Biometeorolo-
gy, 43: 71-76.

Hoppe PR. 1993. Heat balance modelling. Cellular and Molec-
ular Life Sciences, 49 . 741-746.

IPCC. 2007. Summary for Policymakers// Climate Change
2007 ; The Physical Science Basis. Contribution of Working
Group 1 to the Fourth Assessment Report of the Intergov-
ernmental Panel on Climate Change. Cambridge; Cam-
bridge University Press.

Kalkstein LS, Greene JS. 1997. An evaluation of climate/mor-
tality relationships in large U. S. cities and the possible im-
pacts of a climate change. Environmental Health Perspec-
tives, 105 84-93.

Keatinge WR, Donaldson GC, Cordioli E, et al. 2000. Heat
related mortality in warm and cold regions of Europe: Ob-
servational study. British Medical Journal, 321 670-673.

Keatinge WR. 2003. Death in heat wave: Simple preventive
measures may help reduce mortality. British Medical Jour-
nal, 327; 512-513.

Kenney WL, Hodgson JL. 1987. Heat tolerance, thermoregula-
tion and aging. Sports Medicine, 4. 446-456.

Kovats RS, Hajat S. 2008. Heat stress and public health: A
critical review. Annual Review of Public Health, 29 : 41-55

Kunst AE, Looman CW, Mackenbach JP. 1993. Outdoor air
temperature and mortality in the Netherlands: A time series
analysis. American Journal of Epidemiology, 137. 331 -
341.

Semenza JC, McCullough JE, Flanders WD, et al. 1999. Ex-
cess hospital admissions during the July 1995 heat wave in
Chicago. American Journal of Preventive Medicine, 16 ; 269
-2717.

Smoyer KE, Rainham DGC, Hewko JN. 2000. Heat-stress-re-
lated mortality in five cities in Southern Ontario; 1980 —
1996. International Journal of Biometeorology, 44. 190 —
197.

Whitman S. 1997. Mortality in Chicago attributed to the July
1995 heatwave. American Journal of Public Health, 87 .
1515-1518.

fEEmN B B ,1963 AR A, m R TR, E
FNF A A KR TR F & A W5, E-mail
xuxz0119@ 126. com
EEHRE FRUT




