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Objectives : The principal objective of this study was to
determine the relationship between maternal exposure to
air pollution and low birth weight and to propose a possible
environmental health surveillance system for low birth
weight.

Methods : We acquired air monitoring data for Seoul from
the Ministry of Environment, the meteorological data from
the Korean Meteorological Administration, the exposure
assessments from the National Institute of Environmental
Research, and the birth data from the Korean National
Statistical Office between January 1, 2002 and December
31, 2003. The final birth data were limited to singletons
within 37~44 weeks of gestational age. We defined the Low
Birth Weight (LBW) group as infants with birth weights of
less than 25009 and calculated the annual LBW rate by
district. The air monitoring data were measured for CO,
S0z, NO2, and PMio concentrations at 27 monitoring
stations in Seoul. We utilized two models to evaluate the
effects of air pollution on low birth weight: the first was the
relationship between the annual concentration of air
pollution and low birth weight (LBW) by individual and
district, and the second involved a GIS exposure model
constructed by Arc View 3.1.

Results : LBW risk (by Gu, or district) was significantly
increased to 1.113(95% Cl=1.111~1.116) for CO, 1.004
(95% Cl=1.003~1.005) for NO2, 1.202(95% CI=1.199~

1.206) for SOz, and 1.077(95% Cl|=1.075~1.078) for PM1o
with each interquartile range change. Personal LBW risk
was significantly increased to 1.081(95% Ci=1.002~1.166)
for CO, 1.145(95% CIi=1.036~1.267) for SO2, and
1.053(95% CI1=1.002~1.108) for PMio with each
interquartile range change. Personal LBW risk was
increased to 1.003(95% C1=0.954~1.055) for NOz, but this
was not statistically significant. The air pollution
concentrations predicted by GIS positively correlated with
the numbers of low birth weights, particularly in highly
polluted regions.

Conclusions : Environmental health surveillance is a
systemic, ongoing collection effort including the analysis of
data correlated with environmentally-associated diseases
and exposures. In addition, environmental health sur-
veillance allows for a timely dissemination of information to
those who require that information in order to take effective
action. GIS modeling is crucially important for this purpose,
and thus we attempted to develop a GIS-based envi-
ronmental surveillance system for low birth weight.
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Table 1. Descriptive statistics of socioeconomic factors by districts in Seoul, 2002

Region Whole  Downtown NEdistict NWdistrict SWdistrict  SE district
‘Low birth weight (<2500g,%) 14 13 L5 13 13 1.1
‘Births of male infant (%) 520 520 517 517 524 520
*Teens mother (%) 03 03 04 03 04 02
“Teens father (%) 01 01 0.1 0.1 01 0.1
“‘Matemal college education (%) 527 538 474 518 509 66.7
“Patemal college education (%) 61.2 602 557 613 60.7 739
*Births outside marriage (%) 09 10 09 08 09 09
*Jobless mother (%) 39 6.3 34 29 37 38
*Jobless father (%) 24 26 25 23 24 22

Down town: Chongro-gu, Chung-gu, Youngsan-gu

NE district: Sungdong-gu, Kwangjin-gu, Dongdeamun-gu, Chungrang-gu, Sungbuk-gu, Kangbuk-gu, Dobong-gu, Nowon-gu

NW district: Eunpyoung-gu, Seodeamun-gu, Mapo-gu

SW district: Yangcheon-gu, Kangseo-gu, Kuro-gu, Keumchoen-gu, Youngdeungpo-gu, Dongjak-gu, Kwanak-gu

SE district: Seocho-gu, Kangnam-gu, Songpa-gu, Kangdong-gu

Source:; * The birth registration
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Table 2. Descriptive statistics of CO, NOz, SOz, and PMio by districts in Seoul, 2002

Region Seoul Downtown NEdistict NWdistrict SWdistrict ~ SE district
COppb Mean 6880 614.1 10448 5396 5188 4371
Min 1479 480 1790 2457 281.0 1479
25% 356.3 4780 6106 2457 356.3 2386
Median 663.1 6649 9790 663.1 4649 3310
5% 840.8 6994 15238 7100 7134 635.7
Max 19529 6994 19529 7100 840.8 9386
NO2ppb  Mean 331 111.0 328 329 90 176
Min 14 230 43 157 14 62
25% 99 230 130 157 29 106
Median 166 1087 371 166 99 158
75% 417 201.4 49.1 664 138 247
Max 2014 2014 582 664 167 327
SOz ppb Mean 39 55 4.7 50 21 32
Min 06 32 15 30 06 19
25% 21 32 32 30 12 20
Median 32 55 49 6.0 21 28
5% 52 78 57 60 29 44
Max 90 18 920 60 36 52
PMuo yg/m*  Mean 697 81.0 79.1 65.5 576 66.8
Min 505 63.7 4.1 59.6 50.5 576
25% 603 637 670 396 536 626
Median 66.6 8.7 744 60.3 56.1 69.0
75% 744 96.7 78.1 767 626 709
Max 1295 96.7 1205 767 66.6 T4

Down town: Chongro-gu, Chung-gu, Youngsan-gu

NE district: Sungdong-gu, Kwangjin-gu, Dongdeamun-gu, Chungrang-gu, Sungbuk-gu, Kangbuk-gu, Dobong-gu, Nowon-gu

NW district: Eunpyoung-gu, Seodeamun-gu, Mapo-gu

SW district: Yangcheon-gu, Kangseo-gu, Kuro-gu, Keumchoen-gu, Youngdeungpo-gu, Dongjak-gu, Kwanak-gu

SE district: Seocho-gu, Kangnam-gu, Songpa-gu, Kangdong-gu
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Table 3. Odds ratios (95% confidence interval) of low birth weight rate for each interquartie change of /33191 1, 0]% 125474(13%)°) A%
CO, NOz, SOz, and PMio by district in Seoul, 2002 230101tk ML ol g 1784
. Odds Ratio (95% confidence interval) __ %‘T‘%—J nyE ’“«4!&7] -rh“ 257H 1=
Variable _ f:;t = - Ai“;:d . i’,‘j‘ A, TEAY, A, MY, F
899 7h 902 FHART B4
o dm dmoqm o w e EI00ERARAAT INL LT
SOz 1202 1.19 1206 1200 1.197 1.203 oz TR 7pg ko] IS
PMio 1077 1.075 1.078 1.076 1.074 1077
*: Adjusted by infant sex, maternal and paternal age, education level and job status. i %‘E'L:‘igﬂ'o} 7}%} ]7%7-” L}E}J’T’\LE} E}%

Table 4. Odds ratios (95% confidence interval) of low birth weight for each interquartile change of CO,
NQOgz, SOz, and PM1o by individual in Seoul, 2002

AL 2L ABAAY A E 2 A;.

L 7
Odds Ratio (95% confidence interval) "
Variable Crude Adjusted’ = GE}ME}E(M’IG 10)' . .
[e] O] 3E oS
OR Lower Upper OR Lower Upper 03?7]{} ° J'HE-/‘ o& EH7]£D °
= = -
co 1081 1.002 1166 1.067 0987 1153 f2= CO<= 688.0 ppb, NOz:= 33.1 ppb, SO2
IS\IOz }.(1)03 0954 1055 0.99 0(9)46 1.0:2 £ 39 ppb, PMio> 69.7 pg/m’ ©]$itt. 574
02 145 1036 1267 1.125 1016 12 .
PMio 1053 1002 1108 1044 0991 1,099 AER /)99 w55 AHEE, A
*: Adjusted by infant sex, matemal and paternal age, education level and job stafus. %Ey/]. “r_]'a 01 NOzQ} SO j_\j/] 31 PMwo
%E@”‘qol 1 =L FEE HolH, CO
Table 5. i f PM d predi PMioin Seoul during 2000-2 _
le 5. Comparison of measured PMio and predicted PMioin Seoul during 2 002 o A2 EB70] 2L AFS Ho|1 ol
Measured PMio Predicted PMio' q_ (Table 2)
Seoul Mean(STD) €99(112) 65 23
Range 49,0 (47.0-96.0) 1644 (102~1996) oo =] o
Median 710 59.7 7199 2xlo K= HA
Downtown Mean(STD) 748 (146) 853 (523) 2. 91 ?_queml TE HAE A
Range 400(56.0-96.0) 1525 (470-1996) o DjXl= FY
Median 730 525
NE district Mean(STD) 764(73) 64 (10) 20024 HF 7129 S5} 2002 A
Range 27.0(63.0-900) U5 (554~799)
Median 760 658 E«l T4 A 24 100G 2 s A A
NW district Mean(STD) 65.1(105) 614 (03) = L olghe BA
Range 31047 ~780) 580 (352-932) o] A e 2T 23 CO
Median 660 563 ,] lw-—r:7} AREY M 9] Z 4845 ppb F7H
SW district Mean(STD) 646( 77 526 80
Range 240 (520-76.0) 280 (38.0-660) o] wet A4S A 48 1113
Median 650 532 a o
SE distict Mean(STD) 6540148 22 Q0D (95% Cl=1.111~1.116), NO22] 73-$-31.8 ppb
Range £20470-890) 6027 (42.87~103.14) Z7}sko} wke) 1,004 (95% CI=1.003~1.005)
Median 710 556

o2 BEAA 07 f98A F7HA7)E A

©7 UeRgth SO 3.1 ppb SV} wh

o} a} 1.202 (95% CI=1.199~1.206), PMio> 14.1
o

difference between 5 regions : ‘p<0.01 "p<0.01 by ANOVA

[1

o] HANEY 200IE $EF Tt d TS AR

ot} 200093200104 RAB 00EE o]2A GIS wF EEEE 3 dofd m Z7}eko] wel 1077 (95% Cl=1.075

A BANA ETo T 2Ax 0028  TEAFL 7L TR 20024 TE ~1.078)£ o8 F7HEE A S E Vet

T oHR Eno uge Bkl 248 100049 A4 24 G AAS T AF Bk A 2o FAE FelE o
2=

Ak
CALMETE. t“i ;d-/\ag u}

Z7h= AAE A5 982 1110 95%

A NE Cl=1.108~1.112), NO2&] Z71= 1004 (95%

S ¥aksl= 88 km X S2km $HOE 2 21@[14 CI=1.002~1.005), 029 F7H= 1.2 (95%
km{tAo® AL oM AEFO0TET CI=1.197~1.203), PM10¥] Z 7} 1.076
AR Eoch e AFs) da A (95% CI=1.074~1077) 2.2 S-2JatA Z7}
O:‘ }‘-]%7]}\“’1191 -AZ\ 1 6Hr’]'Ol"— P( -/1 1 X\o_quEq I“X‘“%:— %)f_} HEH\O“ ?;\—’:‘—ﬂ ] ]L 7 OEL}E} E}(Table3).

A% £, 35S Foto] v E 1 7109 =1 w3k 2002d H 7188 =71 2002

A v ne A3 AL 71 e rAke
A7Z At QFEAL )R E
g Ag0] 7153k CO, NOz, SOz, PMioe| 3F

Aol 2000 1€ 1958 2002 12
2319 717} 5 & 9325371 9] EAlo]

d Mg AFehe AR ALY AAF
Z A} o] B R dES F4 A3 CO
9] FEIFAF:- S Y] 2 4845 ppb F71E



of wet AxF 2219 93-S 1.081 (95%
Cl=1.002~1.166), SO23= 3.1 ppb F7}38to]
w2} 1.145 (95% Cl=1.036~ 1.267), PMio
14.1 pg/m' Z7+gkel w2t 1.053 (95%
CI=1.002~1.108) 0.2 §-9)8}A F7}5 =
20 2 Yehth N029 3% 318 ppb =
7tgholl e} A Al £4H8 A8 1.003
(95% CI=0.954~1.055) 2.2 Z7HA7]= A
o2 YepdAut BAA 0 2§23 T}
= o} 719 29107 FA|SH Fof
T SO9 Tt AAF A A9 s
1.125 (95% Cl=1.016~1.246)Z -2 5| =
7INZ o, COY PMukE AA1E ALY
A& STMAAAT 73 7k ofY
2t} (Table 4).
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Figure 1. The number of low birth weight deliveries(per 1,000 births) and annual mean of CO
concentrations estimated by CALPUFF model in Seoul 2002.
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Figure 2. The number of low birth weight deliveries(per 1,000 births) and annual mean of NO2
concentrations estimated by CALPUFF model in Seoul 2002.
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Figure 3. The number of low birth weight deliveries(per 1,000 births) and annual mean of SOz
concentrations estimated by CALPUFF model in Seoul, 2002.
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Figure 4. The number of low birth weight deliveries(per 1,000 births) and annual mean of PMro
concentrations estimated by CALPUFF model in Seoul, 2002.
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Figure 5. An example of risk area monitoring for low birth weight by air pollution.
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