6'560-2°G6D ‘L'F6D

-2P6D ‘S T6D-F 16D ‘T°06D
1°66D ‘1¥6D

0'56D ‘0'¥60

§'160-7' 16D T'060 ‘96D #60
6°€6D-T°€6D

0°€6D
£6D

6260 ‘L'Z6D ‘£'T6I-3T6D
1'260

§'G60-F 86D ‘0°E6D

Z60D

6160 'L'16D '€ 160-2°16D

6'56D-2°56D 'L'H6D

-2'P6D ‘STTED-HT6D 'T°06D
1°66D 'T'b6D

0°562 '0°+6D

S'162-b'16D ‘17062 'S62 'v6D
6'£62-1°E6D

0°€62
€62

626D ‘276D '€'T6D-T'T6D
1°26D

S'760-+'76D '0°T6D

60

616D L7160 '€ 162-2°160

6°804-2'804
‘@"L0T ‘T’L0T ‘1'€0T V203
180T ‘1°L0%
0'80% ‘0°L03

1°£02 7808 ‘80T "L0T
6°903-1'904

902
902

6'906-3°507
1°602
S0¢

$0¢é

‘0166 ‘0066 ‘0886 ‘0L86 ‘0586 ‘0£86
‘4286 ‘086 ‘2086 ‘0086 A3o[oydiow
286 '£086 £3cpoydiow
1¥86 ‘1086 A3ojoydiowr

1¥66-0266 ‘0166

‘0066 ‘0886 '0L86 ‘0686 ‘ZF86-0¥86
‘0£86 ‘LTR6 'F086-0086 £3ojoydiow
7686-7686 '0686 A3ojoydrom

1626 A3ojoydiom

7686-0686 Adojoydrow

GO86 TY86 ‘G986 ‘0986 Adojoydiow
99496 ‘€986 Adojoydiowr

PL26-1.86

‘L986 ‘9986 ‘1986 ‘0¥86 AZoloydiow
¥186-1.86 ‘8986-0986 A3o[oydiow

6'P03-2F0Z 296 ‘G286 'FT86 ‘'TTB6 ‘0286 L3010y diow

SON ‘erwoyng| pue
sIndeqns Onuayna[y
DIROIYD YLD

2INoe J8YI0)

BTSN NS I8¢
U._uhUOGOE J3YJo pue J1uoayn

onLsouow NIV
11400U0y

a11£o0nuerd a0
o13400TnURIS DTHOIY D)
anjkoo[nuers aynoy

(proradw) o13dd0Inuery)

anfooydw AT 19910

1160 116D 1’702 €786 ABojoydiow £ Z¥D ‘'T'ZVD ‘0D onAvoydu AT sruoayy)
016D 016D ¥0% 8¢86 ‘1386 Ldoudiow arpLooydmA] anoy
6'16D-L' 160 ‘€' 160-0'16D 6'162-2'160 '€ 162-0°16D 02 8786 ‘9786-0286 Ado[oydiow orjhooydurdg
¢60-160 562-16D 1'€0%2 '#30% ‘8021702 6¥66-0086 £430joydrow seluayna
206D ‘006D 2062 ‘0°06D 9882 ‘0'802 2€L6-18L6 A3ojoydiow ewopafu s[dninpy
N—ESLHPo BT sapo) 01-021 $apoD §-0J4 sapo) 2-0-07) Jajey jo 3jig

(EZO] -CNRTRE] —

CeEHFTHASGUGUCG %



£'960 ‘T°960 ‘0880 '$8D-28D
180
£'96D ‘680-180

67D

L9D
vED

¢ED

10

TED-0ED

(448,

0'920 ‘030-810
91D

L8D-000)

£:96D 'S80-78D

180
£°96D 'S8D-18D

6%

9D
¥ED

450}

110

1£0-0ED

48]

092D ‘02D-81D
91D

L63-00D

620%-8'20% ‘2'203-0'20% ‘002 ‘L1L6-0L96 ‘S6G6-0656 L3ojoydiom

102
6'302-8'202 ‘2'202-00%

TLE

881
6'291-8'¢91 'S'291-2'291

191

L1

091

6s1

0°6ST ‘TFST-£91

151

(6'602 '9°20T '¥'50% 1da0xa)
9887 ‘BOZ-0F1

‘T9L6 ‘€ZL6 ‘TTL6 ‘0TL6 sewoydwA] Ury3popL.uoN

1996-0596 43ojoydiow ewoydw4| uryspoH

L1L6-06G6 Adojoydiow sewoydwiT

BUIOOIES DTUSdoInau PIOXAWr ‘BWICUUBMYDS Jueud[ewr Jurpnjoxa
190 ‘BWONIES [BIAOUAS ‘RlUIOOIRSOIdUER
BUI00IeS0AWOpqeY} ‘BUIonIgsoAwIon] ‘ewodresedo]

BUIO}AD0TISTY SNOIqY JUeuSI[eul ‘ewod1eso1qy

6% (3ATIDBUUGD) INFS1) Yog
13ppeElq
¥£0 snyouolq pue Suny
(449 xudrery
I xuireydosen]
1£0-08D $ISNUTS PUB 18I S[PPIMl ‘AJARD [BSEN]
08D JBATT
0°920 ‘022-810 [210810700)
91D YorRWOG

SI90UED JUBUSI[EUW DATISBAUL [[V

080-000

J—Ce LI HEHY

sapo) gi-a31

sapo) §-Q71

$apo) 7-0-00| 132UB] J0 3115

BZO| —CNTHE] —CC LHI NP GUGUCG 0¥



K1, 25 1 ZA8Es

60




j
. £ i"\
. s /f\‘\f
4 S\? I~
_ '1 lvé“\ N"\..J\‘ ., -
}” amﬁﬁf{ \\”“ml
/ X * Kaaliwa
. \ r .‘ o}
’ N\
_t’.

g ] B #H
12 B | AHERT | ABEFHE | 09-210

1
2 12| HARR MR (FAARATIE] 09-409
3 12| HARR E: PR ) RTIET 09-406
4 12| HERR AZAR | BRLES | 09-405
5 12| AR Fih Lig®m | 09-211
6 12] HXRR it Bt 09-212
7 12| KRR AZHED /M JIEBT 09-404
8 12| #HARKR IBAE | EENET (| 09-387
9 12| KRR BRZAER TR ET 09-403
10 12} AR IEAE 15 50T 09-384
11 12| AR B2 K ZRET 09-385
12 12| AR A B AnzERT 09-407
13 12| IHEKRE A8 | FEARZAET | 09-401
14 12| KRR ANER | LRIRET | 09-303
15 12| IHARR AR - =1)) 09-410
16 12| KR AR J=111]: 9 09-402
17 12| HERR IWAEE | BARRET | 09-386
18 12) il A EE BB KFHET 08-364

Ez@L:&ﬁﬂﬁ%&%mﬁm®¥%mmmﬁbmw&%@ﬁﬂt&@?éﬁﬂﬁﬁ—%*ﬁkmﬁm
Bty —FD



¥6'£¥662 196226 £0°98v82Z- 0000069£°9¢ LL1198SE0F 1 ¥oE-80 | IWEXY i3 R e (21 8l
0219647 16°1L6¥2 vh'eecy 81440129798 00000066'6E 1 98e-60 | iR | BEE Bixd |21 L1
(i A1) 74 6589912 96'16801- LI119£G9°0¢ 00000551 °0v1 Zov-60 Iy pr 441 X |cI 9l
orolL1e2 ELLI0E)- 89°G6061 £9999996'9¢ 96G6G6Z8°6EL 01%-60 Iy By pE4= AT G |71 Gl
1281822 7998.81 9r'8¥0z1 00000089'9¢ Frrvyy066€1 £02-60 | HgbdlolT | qbdin Bk 171 12!
9191122 EY'66vI2 £v'9816- 8LL17S59°9¢ Z2z22Z2L60°0V1 10P-60 | [pEEiERd | fRECUF w21 £l
91°6¥002 9¢'¥098 - POELYL- £9999910°LE £9991¥Z10¥1 LtOb-60 Iz e =4 i BN 21 Zl
91°8¥G61 GL'EES81 GEG129 Z2222289'9¢ T7TTL696°6E1L 68e-60 Iy =i Hyd (21 i
08'6£681 0Z01£8 #6°89591 daaaad iR 68888£58°6€E1 ¥8£-60 In&sr RS BN |21 0l
89°08YL1 ¥¥'Ze921 (828021~ 00000S€L°9¢ TTTTLYLL OV £0V-60 ey EL=A iy [zl 6
LO0ESYL £9'S6L¥L 610101 £EEE8SIL9E 9565508Z0°0% 1 L8e-60 | lWER | BEH W |et 8
S¥'680E1 01'v666 28°25¥8- 6888886/ °0¢ £8991¥E1L°OVI $0¥-60 Tl 4= BN |21 L
60¥L121 ZUSHIZ1- 1¥'6£8~- LLLI98GE9E Y aaaad A Z12-60 4Tk IR HxW |ei 9
SEEIZLL 0Z'0L0§ 29°10001 L1119808°9¢ 00006£26'6€1 112-60 | > L E¥E |21 S
81°08£01 15V169 LEPLoL- £999998/°9¢ 956665Z1°0v 1 SOb-60 | MNTES | M Hxw |21 v
L9861 95288~ o1'Le5L- FrPP6958°98 £9991¥Z 1 0¥ 90v-60 | lmkke e Bl Hw |21 £
05'€945 016186~ SrLILY £99916/8°9¢ Y6986 6€1 60v-60 |IMiFE:lEEdAl 42K Hg |21 4
BV LLIT £1'1902— £9°1981 8LLLL1989E 688888100V 1 012-60 | gy | WWimEY | #wdw |z1 i
- E AEH [ B} XSt [ HY FHEF+ _SHF+ —CHO | Minxd g B [J—CER| TH |

— £ B PHEYEHY




7 BERENKT EMHEREVI—

A A
mfim (;bg:. g
ﬁEWEjiﬁ p \:!;;

I
%grry DR 1
R
i@'

WEfL [EEo—F] B 3 HRETH | rBo—F] G |wga—F] & 2B T EATH [{T8a—F
1 13| BE®R | tld | EHEH | 10-207 24 13| HMER | ALHEE | KFRET] 11-425
2 13] #ER | BXH | A#H | 10-522 25 13| @@ | &WE | &@EH | 08-204
3 13 BER | 23 | BFEE | 10-525 26 13] BER | BERT | BT | 11-217
4 13| BER | 2% | FRHEERT| 10-523 27 13{ BER | HEF | BEBET | 10-481
5 13| BER | PEW | PEdH | 11-216 28 13| HER | KBEIF | Iadr | 11-402
6 13 BER | ESHER ) dARE | 11-422 29 13] ¥EWR | WHEI | FwEET | 10-482
7 13| BER BER | ARET 10-524 30 13| BER Fah | ReW 11-218
8 13) BRR | BX8 | &aEr | 10521 a 13| BER | LEHBE| WEE | 11-462
9 13| AR | &HH | &EFHH | 09-204 3z 13| HER | BB | F4EET | 11-461
10 13| HER | 7AT ITHT 11-206 33 13 AR | BB B4R | 09-422
1t 13 BEQ | KEH | FBET | 11-403 34 13| BER (EHBER| BMWET | 11-446
12 13| AR | BRE | REWH | 09-202 35 13| AR | TR | XKTBr | 09-365
13 13] kR | FERIES | PEFOET | 09-366 36 13| KRR | TEEEE | FFRET | 09-364
14 13| B#ER | A@W | A@BH | 10-205 37 13 BER | K | SRET | 11-347
15 13| BER | ABEEB) OMEBF | 11-423 38 13| HER B8 | ANIET § 11-341
16 13| BER MR MmEH 11-210 39 13| HER pdk N A&BT 11-406
17 13| BER | EaWH | fkaEm | 11-202 40 13| HER | d&m | X | 11-233
18 13| #BER | LHBER | ALNGDET | 11-424 a1 13} #ER | webw | LW | 11-212
19 13| #HER | L2EE| we BT | 11-304 42 13] R | BB | KBHMET | 08-54
20 13| HER | AL ER | SHEEET 11-421 43 13] #BER Ay aBH 11-232
21 13] #HXR | THKREB] BSMET | 09-367 44 13| #ER | WHES w"WEH 10-203
22 13| AR 3 5 ¥ o;Eer | 09421 45 13| HERR AU Aalid | 09-208
23 13| #BER XER KB H 11-401

2 (b). THHEHIER & T QIDOEEnDFLIIF & ORI 5 HIXHTR — F BREKTE
/vl



—& A B

65°9¥612 1L2¥06~ LIEPb9Z- 6888€11£°0¢ £EEELEDB GE 802-60 WTf WIThr ¥ £l Gy
SeLLLYE £9p0Z61- $9°'65961 yrPP610¥9E 68888££E6E) £0Z-01 3 oy PRk HEHE € 44
6200882 $9°25681 T A 68888860 9¢ SLLLZOLO6EL 282-11 9BY BEY; WEE |€) ey
z8152¢2 8LE666 10°99%22- £EEEBGL1L'OE £99916GL6E1 1¥5-80 Ji:i; % IES=3 11 wEE |cl v
69°'981£2 S1I'g0L1Z ¥19096 688888£0°9€ £ELLLEOV BEL ZIT-1t | HPIMTE | MW | ®HTH |61 v
£4°10622 0111822 971042~ 68888£20°9¢ £ELLLEEG 6] £e2-11 Wdr Qg3 HEh el or
£8°00L22 056201 Zr'eczoz ££££9521°9E T2TeLPBT6EL 90v-11 Imse i BEY HEE (€1 6t
6162922 99°9E¥81 0gzzIel 811112909 £9991+9E6E1 1ve-11 I f & BIH HES (1 8t
£0°L6812 L9°69812 LL9LLY £99999€0°9¢ FrPPE96P 6EL Lye-11 mye @I H WEE (el L
6822112 09°91- 6ezzlIe- 000000£2°9¢ £9991vbi6E) $9£-60 Ipy4g |SBEIEL | #xw (€1 9t
OLvLILZ 65'8€91 |- T AL TAS Z22eL¥EL 98 0000050£ 6E1 502-60 Iy | 423984 | FH¥vS |€1 1
0£¥9012 26'6261 IS EVGE- 1111195098 Z2TLLYOI6EL oty-11 g |SEHE | HELE €1 ¥t
1012 £0TLLBI- 616086~ 6888886£°9¢ Py 196E1L ZZv-60 | IBFR 1 2 NG o1 £g
£9°0£802 0Z'chsil ZeoeLLL- 95550£Z1°9¢ 00000004 6E1 Lov-11 IpghE |\ | HEH |1 Ze
L§'8£902 LO'SOLY L ispL- 22222L60°9¢ 9G5650/9°6€E1L Zob-11 REH |#BWYEI | WEH (¢ 1
Z9'8b502 ¥1°26LE 8966102 P61 98 Z2TTLYBZ 6EL 812-11 TR+ TR+ HEE |1 o¢
¥Z€8102 86'GGLL- 16e£981 11119862 °9¢ 6888E10E6EL Z8v-01 i faz]: 3 pi:gscl: 3 i |cl 62
89°11102 G6'6E6Z1 8Z°96£G1 22722211°9¢ LLLLYBEEBEL or-11 InE T BEY HEE |€1 8z
L£'99981 LZaLee- 0085281 £9991662°9¢ ZZTTLVOEBEL 18%-01 In'sH plgEa R 5 HEE o i2
0L'8¥S81 69'¥6¥81 adtlis 8L111290°9€ 96556626661 £1z-11 iTh-1. L d WEE |61 92
GGE8Y8I 89'I1¥ES 9869/ 1- £9999181°9¢ LLLL180L 6EY p0Z-80 | Wime | dfwe HEx [ot T4
65°GLVLI £1°9€201 6 CoLY - C000SLEL9E YYr6999°6€1 STr-11 | Iy | 9EESE | BEER €L 74
9808891 £S6LPPL 1£9LL8 £9991660°9¢ Y AAAAAAC A1 4 tOv~11 MHEX fHHEY WES &1 £z
8181891 £6'16LG1- 006845~ Pryv61 L6908 955508L5°6E L 12¥-60 2| e Hid (€1 [44
82'8£691 85°8156— LY yZSelL- 96G6661€°9¢ PPPPP659°681 195-60 | ImH4fF=k |dEHEd | W4 |61 ¥4
06'€5L61 L2°205Y1 78'€519- 68888860°9¢ 966608/5°6E ) 1Z¥-11 Ipedly |BEGE | HEH (€ 0z
LE'9IESI 01'825¥%1 62°058Y ££E£££860°9E £EEEBGEYBEL yoe-11 pT% |RBEZE| HEH (€ 6l
LLTLLYI LBLLY £5'866E1- 2222ZLB19E 00000599°6E ) vzr-11 | 1@mENfIE | B E&I | HES |81 81
18¥9IY1 91616 82'6L50) £9991p¥1°0¢ yrvY616£6EL 20z-41 poE Wy HEH et Ll
z9'191p1 PELYTLL ¥£'2198- EEEEEBTI O BLLIZSO96EI 012-41 Qreny Wy HES |1 9l
19'188E1 £5°698¢1 18'8/G- prrPPoL 9L LLLLIOISEEL £Zr-it HEN (9T | HEH (€1 Gl
8Z°0Z¥EI 60°1109- Z6'8L911 1111988298 688888.£°6E1 50201 WEY Yy i o) vl
1’96281 G8e9Ze- 6268821 £999166Z°9¢ 00005259°6€E1 99¢-60 Ipfeis | gEEARN | Wik |1 gl
¥6'5L621 IrSL6lL- 5h'966% 72222LEE°9¢ 95GS0ESH 6EL 202-60 | Wy | Wik | #XH (£ Zl
G6'86£2Z1 50'9£6 LG€9EZ1 95565022'9¢ L99991.E°6E1 £Ob-1 1 InRiEE BEY ®EE |E1 1
LZ'GSELL LL'66E0L 82'65SP 9G65G66€1°9€ 69888885 6E1 90Z-11 YR WHLE WEL [61 ol
6EEBLLL 89'1L06— 010p69- 6888€11E'9E £9999185°6E1 voz-60 | WigH T | Wit 161 6

60°066 2601 LTG8E6~ 2eTLL6129E LLLLOEIO6EL 125-01 i:;= gt &3] iR (21 8

056126 96'62L1- £1°6506 TAA4Ak 4 7415 £LECEROVBE L ¥25-01 T fgkd B el L

¥9°0168 LL'LL9S £6°6££9 95550819 688888E1F 6E1L Zev-11 | MuflwEd | 4R BOF | WER (€1 9

88°489¢ Zv'8999 99°GZ8E- PPbb691°9E #PPY61556E1 91Z-11 WLk HREk WEhE (el S

812265 or'z191 606695 ZTTTLYLZOE £ELE8SHYBEL £25-01 | pEHY+: | 9% HEE |21 ¥

[voLsy LLE9vE- 85ZEVE 9GGG65092'9¢ £EEE80/¥6EL 6Z6-01 Ik i 3= A= L |21 £

LO0SLE 6802 1p'E192- 8.£(25029€ EECLEBEGBEL zZ5-01 O HE 5= 3= i (€1 ra

£¥0bse [4:51 24 il GL¥i2E- £99991+2 9¢ 95555GPS 6 | L0Z-01 Wiedy | hiywEl | Ei%dE el It

T ASIFRCEY | XEIHECE HEP+ EHHE L I J—CEil] ey | B |4—CEEul] ToHf |

WWEH S L




EERERETIZBT 5EE ) X 7RO ORERHE T VBT 55
(Bl - (LEHBLEBETABRD) HHEHMAARGE

PRFEE  FHEEEE EMRRERERS R R

K KR,

FRTRE (HFH#HD L

WRES | AP EOBEERAFEADOMBEL TWISRORE L) RROEE
HFHEB DR E E LEERERN S O E7IMEL T, REBRIIDEGE) AT 2B
DED, ZRMNESERMNEDERHIEE T S HERERHLL. €O
B, MKITHBIORCENE O LR BEE2E@LEAEEZHLIRHL. HD. BRroO
PERELIA O ER bEBICAN 2 RYSHETT T )L %2 2002F ORE EvHEHF2 M ORI

A WIEBEH)

AT TIIHCK TR I N T W2 THEEAE
REDIC BT AEET EYET OB A JILE
HEYTT, HATHD TOXERREAMETD
F— hREIC K O EESI MR RNFETCORFE
{LZBHTHIERED, F1AFT O HOBRE
FEErREATHIIEERSVELTNS, LN
> T, FHATHE, ITHEAKRT EOBFERAE
FERLOOBEL TWHEFOFREE GET) RO
RENHEEPETEREROBULICAZEVWNENE
SEITRH TS HER,. DED. THNLEH LF
MNEEZFRFFCERT 2 FEme kit 5.

B. WAL
INFETOEERERBIOREERZLSE
B AT ERINT 2 5EOZ . Billtgd 5
WIRIAMERIZET 2BEFRMNT LA LRV
. 1) BRRIIEERAERD S OB R IFT
5. D HE5—TFHRICRE U ERORLHEER
I REFIT S, WO EANREEBVLT,
PR OERIP R ERA LTS, ZhIHLT,
FAETIE. FERZEBMEOREEZBN, T
HIEH R AN OB S LY CORERHEEO
ik & THFEHIFERR N S OFEME & ORSEME 2 E
LT, BEmYc L2858 A7 28id 5 4EmH-
BEREE T )V (space-time model) i L < #dd 3,
FORE. EDOTXBTH OERAOFETREIIZER
KL TREODBEHHEETESLIENS, £
OEEEHICHHUTE ST NERITT 5.

C. BFERER

FRFRHIC BV TR THBERIRER LI O i ET
HARCT —ZIREEICNRTFETH D, L
Ao T, AEEOBRHIIEWTIE, BERERE
W3 R TIEHBLUL TWAEFHREFRH DO K E
HIFECZHIC LT, BMREOREMEBDOR/
DORE S EEERER S OERE - QRS2 8K
AL, EEREERRZICERB) X7 BKEDILE
MEGBICRINT 25, 2ED. ZHRNED
LRI EB 2RI BB T 5 R ERTF L 72,
Z O 2002E 0 EE LA P2 EAREOE
BRERt 22 TRR (BEFHFD LEREERR—
IR L -oTEN BRI Nz,

D. BR - &R
FARTRELAF L WHREFETIVE, REEIC
BWT, simulationiZ X BHEREDRTIAHETH
5%, AMAHROHFETPIATE SHEENE
EDoEBATNS,

F. BARER
PR

Tango, T. A space-iime model [or excess
environmental risks around putative sources
based on small area data with many zero
counts. (Invited paper). The 2002
International Conference of the Royal
Statistical Sociely, 3-6 September 2002,
University of Plymouth, UK, Abstracts pT6.



A space-time model for excess environmental risks
around putative sources
based on small area data with many zero counts

Toshiro TANGO
Department of Technology Assessment and Biostatistics
National Institute of Public Health
3-6 Miname 2 chome, Wako Saitama, 351-0197 Japan

SUMMARY

Many statistical spatial models have been proposed to detect an excess environmental
risk around putative sources. However, spatial models are not always successful since it
ignores a subtle but significant differences in temporal trends. In this paper, a simple and
easy-to-interprete space-time model is proposed for detecting such a subtle excess risk
based on small area data even when we have many zero frequencies. The proposed model
is illustrated with small area data regarding an excess risk of perinatal deaths associated
with maternal residential proximity to nuclear power plants in Japan.

Key words: Monte Carlo permutation; nuclear power plant, Poisson regression,
relative risk.

1 INTRODUCTION

Since the 1980s there has been growing interest in the analysis of small area data to
investigate the relation between the risk of a disease and proximity of residence to a
prespecified putative source of hazard. It is well known that the apparent excess of cases
of childhood leukaemia near the nuclear reprocessing plant such as that in the village
of the Seascale at Sellafield has been extensively investigated(Bethell et al, 1994). More
recently, there are great public concerns on the health effects of so called diozin, organic
compounds such as polychlorinated dibenzodioxins (PCDDs) and dibenzofurans (PCDFs)
emitted from municipal solid waste incinerators(Elliott et al, 1996) and of radiofrequency
radiation emitted from radio and television transmitters(Dolk et al, 1997).

Many statistical procedures, sometimes called focused tests, to detect such an execss risk
or a cluster of cases around a putative source of hazard have been proposed. Among others,
Stone’s test(1988) is very popular since it is a nonparametric test based on traditional
epidemiological estimates SMR or SIR (standardized mortality or incidence ratio). It has,
however, been shown to be not so powerful. As a locally most powerful test, score tests
have been proposed as an alternative test(Waller et al, 1992; Lawson 1993; Tango 1995).
Bithell(1995) considered a linear risk score test based on the reciprocal of the rank of
the distance from a point source in relation to the most powerful test against any given
alternative hypothesis. Tango(2002) proposed a more flexible extension of score test that
is powerful to detect a peak-decline trend in risk with distance. Diggle(1990), Diggle and



Rowlingson(1994) and Diggle et al(1997) have proposed point process models based on
exact locations of cases.

In general, to investigate the long-term health effects of environmental pollutions, spa-
tial modelling is not always successful since it ignores a subtle but significant differences
arising in temporal trends. Low dose health effects usually first appear in the difference
in the slope of time trend of incidence and/or mortality rate (Tango, 1994). However,
analysis of temporal trend of rare diseases often faces difficulties due to too many zero
annual incidence (or deaths) in the small area data.

In this paper, we shall propose a space-time model for detecting such a subtle excess
risk around putative sources taking many zero counts into account. The proposed model
is illustrated with small area data regarding an excess risk of perinatal deaths associated
with maternal residential proximity to nuclear power plants in Japan.

2 Motivated example

Our work was motivated by recent public concern whether perinatal deaths cluster around
the nuclear power plants in Japan. As is illustrated in Figure 1, there are 12 major sites of
nuclear power plants in Japan, most of which are located at the coastal areas. The study
area in our epidemiological study was defined as all the municipalities (such as "city”,
"ward”, "town” and "village”) that were located within, or overlapped with, twelve circles
of radius 30km from these nuclear power plants. There are about 10-15 municipalities for
each study area of individual nuclear power plant and 148 municipalities for the entire
study area. The data set used here are extracted from Vital Statistics of Japan (Statistics
and Information Department, 1995-1999). For each of 148 manucipalities (i=1,...,148), we
have number of perinatal deaths during five years nyu(t = 1, ..., 5), number of live births by,
expected number of perinatal deaths e; and the distance(km) d; from the corresponding
nuclear power plant. The annual expected number of perinatal deaths were calulated
using the national perinatal death rates stratified by maternal age and type of occupation
of household in the corresponding year. A part of these data are shown in Table |.

3 METHODS

3.1 A space-time model

Consider the situation that the entire study area is divided into m small areas and include
the point source. The number of cases in the ith small area and at the tth period is denoted
by the random variable V;; with observed value ny, 7 = 1,2,...,m, t = 1,2,..,T and
n = Y., n; . Under the null hypothesis of both no clustering around the point source over
time and no trends in time, the N;; are independent Poisson variables with mean e :

HQ : E(N”) = €¢, (?. = 1,...,m, t= 1,,T) (1)

where the e; are the null expected numbers of cases of the ith small area and the ¢th
period, which are calculated using the rates stratified by potential confounders such as
age from some reference population or the entire study area population at the same tth
period.



An alternative hypothesis of any clustering or of any temporal trend can be expressed
as

HI : E(Nit) = 0“6“, (2 = 1,...,m, t = 1,...,T), (2)

where the 0;; denote the space-time specific relative risk. A simple and natural space-time
model for detecting a risk around the point source will be

log(0i) = hi(t) +log (1+¢ [ t (1, ds)du (3)
G=1,m, t=1,.,T)

where h;(t) denotes the temporal trend unrelated to exposure to the point source, a;
denotes the average starting time of exposure to the point source for the population at
risk living in the ith small area, g;{t,d;) denotes surrogates for the exposure of the ith
small area with distance d; at the ¢th period. A simple but generally applicable model as
a first-order approximation can be

hi(t) = &+t (4)
g(t,d;) = r/d; (5)

where the amount of exposure at the ¢th period is assumed to be constant and inverse-
ly related to the distance d; from the point source. Then under this model, we have
approximately

log(01) =~ oa;+(v+8/dijt. (6)
(i=1,...m, t=1,..,T)

Then, the null hypothesis of no excess risks around the point source Hy : € = 0 is equivalent

to the following null hypothesis:
Hg . ﬂ =0 (7)

For testing the null hypothesis, the likelihood ratio test with 1 degrees of freedom can be
applied.

3.2 Procedure for many zero counts

As is shown in Table 1, many observed numbers of perinatal deaths over five years by small
area are zero. Of 148 x5 = 740 cells, 350 cells are zero counts. In such a situation, it is not
so easy to apply the Poisson regression model (6) directly to these data set since there is
a possibility that we cannot obtain any meaningful estimates due to many municipalities
with many zeros and also its power is expected to be quite low. One conventional idea
for avoiding this sort of difficulty will be to combine small areas having similar distances
from the point source. For example, we can consider the following four zones: {A:0-
3km, B:3km-10km, C:10km-20km, D:20km- }. But we can consider quite number of ways
of ”combining” and this sort of arbitrary combining introduces an element of subjective
selections and will cause multiple testing problems. To cope with so many zero counts, we
shall propose the use of quantiles of distances for combining small areas. For example, if
we apply " quartile” for combining 148 municipalities described in the motivated examples,
then we can construct four zones such that distances included in each zone are Zone 1=



{ d(l),d(g), ...,d(37) }, Zone 2= { d(ag),d(gg),...,d(’f,;)}, Zone 3= { d(75),d(76), ...,d(ln)} and
Zone 4= { du12),d(113)s ...y d(148) }, where d(;y denotes the distance from the point source
for the municipality which is ith nearest to the point source. Let "k-tile” denotes the
100(1/k,2/k,...,(k = 1)/k)% quantiles. For example, quartile is "4-tile” and quintile is
"5 tile”. Then to cope with multiple testing problems due to the selection of k-tiles, we
shall propose the following procedure :

Step 0: k£ = 3 and appropriately large K should be prespecified.
Step 1: Devide the study area into k zones by using k-tile and for each J(=1,...k) let

L

njt = Z Tt (8)

i € Zone ;

E;t = Z [ (9)
i € Zone j

d;- = 3" d;/(number of small areas in Zone ;) (10)
i € 7one ;

Step 2: Apply the model (6) for the k zones:

log(6;) = a;+ (v + 8 /d;)t. (11)
G=1,2mk t=1,..,T)

Step 3: Let p(k) denotes the p-value for Hp : 3" =0 based on the likelihood raiio test.
Step 4: If k < K then k < k + 1 and go to Step 1, otherwise go to Step 5.
Step 5: Proposed test statistic Ppin is defined as

-Pmin p(k) (12)

min
3<k<K
The null distribution of P,.;, can be obtained by Monte Carlo permutation of distances
d,’,i = ]., 2, caey 17T

4 TIllustration

To illustrate the proposed model, we shall analyze the data described in section 2. In
this application, due to a small number of municipalities around each nuclear power plant
and many zero counts, we considered it difficult to examine the variability of site-specific
estimate of 3. So, we shall here combine all the data irrespective of the site difference.

The over-all trend in mortality rates of perinatal deaths in the study area during 1995-
1999 were monotonically decreasing; 7.05, 6.66, 6.37, 6.16, and 6.00 (per 1,000 live births).
First of all, we shall show the relationship between the observed perinatal mortality
rates combined for 5 years and the distance from the nuclear power plants (Figure 2).
Several smoothed regression curves drawn in Figure 2 are estimated by smoothing splines.
Apparently, there seems to be no associations (Pearson correlation coefficient 15 r =
0.0023) between five-year perinatal mortality rate and distance and we cannot observe
any such trend that high mortality rates tend to cluster near the nuclear power plants.

Second, we shall apply the model (6) to the data irrespective of so many zeros. The
resultant estimates(+ S.E.} are 4 = 0.006(£0.032), B = 0.302(£0.314) and the p-value
of likelihood ratio test is 0.336. The deviance was 535 with 590 degrees of freedom.



Third, we shall apply the proposed procedure of combining adjacent small areas by
setting that the maximum number of zones is equal to K = 15. For example, when the
study area was divided into k& = 7 zones, the annual estimate of relative risk (O) and the
trend in the estimated relative risks over five years (solid line) based upon the model

log(g_:t) = n0j+n1jt7 (J=13-37)

were shown in each of seven zones in Figure 3. Dashed line indicates the line where
the relative risk is equal to 1.0. Zone 1 shows a clear increasing trend. Zone 2 also
shows a little bit increasing temporal trend. Temporal trend in zone 7 is seen to be
almost parallel to the horizontal line. Estimated parameters(+ S.E.) of the proposed
model (11) are as follows: 4" = —0.0628(%0.037), 3 = 1.245(+0.425). Figure 4 shows

the relationship between distance d;- and the estimated slopes 7;;. A decreasing curve

A+ ﬁ’/d; = —0.0628 + 1.248/d;, estimated from the model (11) was also imposed (dotted
line). This result suggests that the slopes of relative risk trend are inversely related to
the distance from the nuclear power plants. The deviance was 19.86 with 26 degrees of
freedom. The likelihood ratio test for Hy : ' = 0 gives us p-value = 0.00327. Individual
results for each k(= 3,...,15) was summarized in Table 2. The profile p-value of LRT
for k is shown in Figure 5 and we found that P,;, = 0.00327 at £k = 7. This p-value is
the ninth-largest among 999 P,,.;.’s calculated by Monte Carlo permulations of distances.
Therefore, the adjusted p-value of P,;, = 9/(999 + 1) = 0.009, indicating a significant
increasing trend of perinatal deaths around the nuclear power plants.

The results of application to perinatal data are summarize as 1) The spatial considera-
tion could not detect any clustering of perinatal deaths around the nuclear power plants,
but 2) The proposed space-time model suggested the recent increase of perinatal deaths
around the nuclear power plants in Japan.

Needless to say, the observed association of recent increase of perinatal deaths with
distance from nuclear power plants cannot demonstrate causality since several limitations
in the data and methods need to be considered. We assumed that a risk of exposure
existed if a woman lived in proximity to nuclear power plants at the time she delivered.
However, we had no information on each mother’s actual exposure to nuclear power plant
and her duration of exposure before delivery. Furthermore, maternal address listed on
the birth, foetal and death certificates may not be an accurate measure of exposure. The
residence at delivery for the mother may not be the residence of the mother during her
first trimester which was considered as the period of greatest concern with respect to
chemical exposure. Furthermore, no information was available regarding relative mobility
of pregnant women around nuclear power plants, e.g., migration of mothers away from
nuclear power plants and migration toward nuclear power plants of unexposed mother-
s. Recent data on mobility during pregnancy suggest that approximately 20 percent of
mothers move between the time of conception and birth (Khoury M. et al., 1988). Mis-
classification of mother’s residential exposure due to these imprecise information would
be nondifferential and would lead to bias toward the null.

However, we may have a different explanation that if the rates of migration of mothers
with relatively high socioeconomic status away from the vicinity of nuclear power plants
were recently increasing, we might have a similar association observed in our analysis.
Another different story could be produced by socioeconomic status of household that we
could not include in the analysis. Because of chosen or imposed circumstances, people



living near nuclear power plants could be subject to social disadvantages. Especially,
it is well known that the socioeconomic status of women has a predictive value for low
birthweight. It seems to me, however, that recent increase of migration of mothers with
relatively high socioeconomic status away from nuclear power plants are unlikely and
also socioeconomic difference among people in Japan is not so large as those observed in
foreign countries.

5 Discussion

In this paper, we proposed a simple space-time model to detect excess risks around pu-
tative sources in which the slope of the log-linear trend in mortality (or relative risk)
is inversely proportional to the distance from the point source. Further, to cope with
longitudinal data with many zero counts per small area, we proposed a simple and easy-
to-interprete procedure of combining adjacent small areas, which is free from subjective
amalgamation of small areas and from multiple testing problems by searching optimal
"quantiles” for combining resions.

Regarding the function of surrogate for the exposure, g;(t,d;), we considered a very
simple form 7/d; among those which is inversely related to distance d; from a point
source and constant over time. Of course, we can consider several other time-dependent
non-increasing exponential functions but we face more difficult estimation problems, i.e.,
estimability of parameters. Bithell et al.(1994) and Bethell(1995) proposed the use of
reciprocal of distance rank instead of the reciprocal of distance in his spatial linear risk
score test since the former has the advantage that it is less dependent on population
distribution.

Combining adjacent small areas assumes that there exist similar exposure pattern in
the past and similar mortality trend in time among small areas to be combined. However,
due to many zero counts we cannot examine this sort of homogeneity among small areas.
In this sense, the proposed procedure might have an undesirable risk of eliminating the
differences existed among small areas to be combined.

Further, these procedures still belong to the category of the simplest formulation, i.e.,
distance-only analysis. Some epidemiologists disagree on this approach on the ground that
it obviously oversimplifies the spatial factors of the aetiology. Nonetheless, in the absence
of detailed exposure information in the past around the putative souces under study and
as far as the distance from the source can be considered as a primary spatial factor
among others, even geographically insufficient distance-only analysis can still provide
useful statistical evidence.

If the main directions of wind rose around the point source is another important factor
and we could obtain a reliable data on the frequency distribution of wind directions around
the point source over several years, f(¢;) where 0 < ¢; < 360° denotes the angle of the
tth small area measured from some standard direction, then we can consider the following
model instead of (3)

log(0i) = hi(®)+1og (1+¢ [ gilu,dr, 8)du )

~ ot (14 BF(6)/d)t
(i=1,...m, t=1,..,T)



When we consider this model in the case where there are so many zero counts, then the
proposed minimum search procedure in section 3.2 can be applied by using "k-tile” of

f(¢;)'/d;, not d;.
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Table 1. A part of the data set described in section 2

Observed Expected
Area Number of perinatal deaths Number of perinatal deaths Distance

No 1995 1996 1997 1998 1996 1995 1996 1997 1998 1999  (km)
1 1 0 0 0 0 11 .09 .10 .07 A 317

2 0 0 0 0 90 12 .19 17 .16 .10 27.48
3 1 0O 0 0 1 .50 .48 .54 .53 .47 10.30
4 2 0 0 0 3 121 1.10 .89 .84 .73 6.38
5 0 0 1 2 0 .42 .35 .4 .39 .28 6.08
6 1 1 0 0 1 .57 .50 .50 .47 .47 8.28
7 0 0 0 0 2 .51 . 40 .44 .49 .48 575
8 0 0 0 0 1 .51 .43 .4 .52 41 3.92
9 5 1 4 2 3 6.15 582 561 551 516 14.04
10 0 0 0 0 0 .23 .19 J12 i 11 11,66
11 0 0 0 1 0 .52 .50 .39 .35 .31 9.57
12 0 0 1 2 0 .97 .81 .83 .1 .82 1.37
13 1 0 0 0 2 .51 .45 .42 .41 .37 13.54
4 0 i 1 0 o0 .29 . 30 .19 .23 .31 14.59
15 1 0 1 1 0 .76 .74 .63 , 63 .52 8.59
16 0 0 0 0 0 .42 .43 .36 .34 .24 424
17 0 0 0 1 1 .16 .15 13 .09 .10 6.55
18 1 3 3 2 1 212 203 1.9 1.60 1.51 11.07
19 7 3 9 6 4 483 4.64 4.64 455 4.46 10.52
20 1 1 0 2 0 . 36 .26 .24 .23 .21 16.48
21 O o0 0 0 o .15 13 .12 .10 20 917
22 0 1 0 0 1 .69 .67 .59 .54 .53 11,36
23 1 1 3 3 5 1.06 .98 .84 .92 .93 538
24 1 0 2 3 2 .55 .55 .57 .43 49 7.43
25 0 0 1 3 2 2562 22 1.34 213 1.74 49.94
26 3 4 4 2 1 200 205 209 201 1.8 33.48
27 13 8 6 N 9 653 613 583 614 58 12.13
28 12 1 10 14 11 12.36 12.51 11.18 11.85 10.%9%9 10.06
29 4 3 5 1 5 298 272 267 21 2.8 3.5
30 13 1 14 13 10 14.93 14.21 13.97 13.27 12.56 15.18
3 1 1 1 2 3 197 1.99 1.72 1.61 1.54 10.32
32 3 6 0 1 3 273 268 251 239 249 10.62
33 2 1 1 1 0 96 .84 .13 . 69 .65 16.36
34 2 0 0 0 0 51 .39 .36 .37 39 1178
35 1 0 0 2 1 60 .67 .53 .49 .55 4.58
36 3 2 1 3 0 1.39 1.3 1.15 1.07 1.18 3.02
37 0 6 3 2 0 .70 155 1,34 1.30 t1.19 8.52
38 0 0 2 1 1 .82 .84 .18 .65 .64 4.80
39 0 0 2 0 1 .62 . 51 .55 .44 .60  3.53
40 1 1 1 1 2 83 .83 .69 .65 .68 591
146 1 0 1 0 0 .57 .49 .52 .44 .43 22.19
147 2 1 1 0 1 .70 .67 .14 .59 .61 24.55
148 0 0 0 0 0 .36 31 .24 .25 17 22.84




Table 2: Results of the proposed iterative procedure applied to data on perinatal deaths
around nuclear power plants in Japan

3]

k deviance degrees of ' 8 plk)*
freedom
3 9.11 10 -0.0453 1.030 .0575
4 4.81 14 -0.0694 1.283 .00559
5 11.16 18 -0.0567 1.168 .00939
6 16.90 22 -0.0577 1.183 .00745
7 19.86 26 -0.0628 1.2456 .00327
8 20.50 30 -0.0555 1.105 .00491
9 25.57 34 -0.0441 0.993 .0143
10 34.36 38 -0.0362 0.869 .0234
11 29.28 42 -0.0331 0.831 .0263
12 39.10 46 -0.0326 0.817 .0254
13 42.49 50 -0.0276 0.743 .0341
14 57.06 54 -0.0162 0.611 .0883
15 54.29 h8 -0.0092 0.512 .141

+ p-value based on the likelihood ratio test for Hy: 8 =0



Legends for Figures:

Figure 1 :

Figure 2 :

Figure 3

Figure 4

Figure 5 :

Location of the 12 major nuclear power plants in Japan. Names of power plant
company are indicated with the cite name in the parentheses.

Distance (km )from the nuclear power plants and prenatal death rates during
1995-1999 in the 148 municipalities in Japan. Several regression curves drawn are
estimated by smoothing splines.

: Trend in the estimated relative risk (solid line) in each of seven Zones (k = 7) and
the overall trend in the study area (dotted line).

: Distance (km) from the nuclear power plants and the estimated slopes of seven
independent log-linear trend model (11).

The profile p-value of likelihood ratio test for the hypothesis Hy : §° = 0 for
k(= 3,...,15). The vertical line denotes the optimal & which attains the minimum
of the profiel p-value. The p-value of P,,;, was calculated by Monte Carlo repliactions
of 999 random permulation of distances.
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