this model, we cannot derive the usual likelihcod
ratio test since the usual regularity conditions for
maximum likelihood estimators do not apply, i.e.,
the parameter 3 disappear under the null hypothe-
sis Hp : € = 0 and, furthermore, we cannot rely on
the likelihood to have a unique maximum. Diggle et
al.101 considered a similar decay function with non-
regularity conditions in their parametric approach:

g = {1+e ifd<é

1+ eexp{—(%)z} otherwise

Notwithstanding the non-regularity, Diggle et al.
conducted a simulation study to assess the valid-
ity of the usual x2-approximation to the null dis-
tribution of the likelihood ratio test statistic and
found it reasonably well or its actual size appears
to be slightly larger than the nominal values de-
pending on the situations. However, their ap-
proach suffered from unreliable standard errors for
the maximum likelihood estimates and they consid-
ered Monte Carlo standard errors. It seems to me
that statistical inference with non-regularity prob-
lemns should be based upon Monte Carlo simulation
rather than relying on the asymptotic approxima-
tion, especially in the application to very delicate
health-related environmental issue.

The extended score tests introduced here can
be considered as to provide a partial remedy to
the problems associated with existing methods for
the analysis of the spatial relationship between the
point sources and the locations of cases. But, they
can be improved in several ways. When there are
multiple point sources, the proposed methods as-
sume "common A” for exposure decay function re-
gardless of the point source. We can relax this
assumption by using differnt A’s for each of the
source. Regarding exposure function g;;, the pro-
posed methods adopted relatively simple functions
defined in (9),(14) and (13). We have tried several
more complex functions but their performance did
not show meaningful changes. But our experience
is limited and so it will be worth investigating more
appropriate exposure function g;;.

We have carried out a simulation study to eval-
uate the performance of the proposed procedures.
Since these Monte Carlo experiments have been
based on a relatively small number of sets of pa-
rameter values and sample sizes, the conclusions de-
rived here may not be representative. However, as
we have examined typical sets of parameter values
and sample sizes, we do not expect that drastically
different conclusions to be derived for other situa-
tions not examined here, although we need a further
sirnulation study for more detailed comparisons.

Bithell’s LRS test based on inverse distance rank
has been said to have the advantage that it is in-

variant under monotonic transformation of distance
since, without this property, the choice of any trans-
formation to achieve a suitable surrogate measure
of exposure cause the problem of multiple testing.
However, even this procedure is never optimal and
s0 it is worth pointing out that a similar proce-
dure proposed in this paper can easily be applied to
Bithell’s LRS test. For example, when we consider
the excess risk around a single point source and de-
fine T'(e, Ay = 3 10, ny 10g(1+eexp{—4(%i)2}), then
an extended LRS test for monotone trend can be de-
fined as the maximum of T. A similar peak-decline
model also can be derived. Although this procedure
requires more computing time, good performance
similar to the score test might be expected. Power
comparisons will be a subject of future research.

However, all of these analyses still belong to the
category of the simplest formulation of their rela-
tionship, i.e., distance-only analysis. Some epidemi-
ologists disagree on this approach on the ground
that it obviously oversimplifies the spatial factors of
the aeticlogy. However, in the absence of 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 fac-
tor among others, even geographically insufficient
distance-only analysis can still provide useful sta-
tistical evidence. To incorporate a variety of spa-
tial factors into the analysis such as angular infor-
mation from the direction of the prevailing wind,
we may construct more flexible exposure functions
with additional parameters. However, as was seen
in the simulation results shown in Tables 5 and 6,
a multi-purpose test such as Py, s expected to
have lower power than a single-purpose test such as
Poon against the alternative hypothesis of the lat-
ter test. Therefore, unless uniformly most powerful
test, overly flexible test against every alternative is
useless and a test powerful against moderately re-
stricted class of alternative hypotheses will be wel-
comed.

For readers who are interested in applying the
proposed tests to the analysis of small area statis-
tics, we can provide S-Plus codes upon request.
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Figure 2 : 113 regions comprising from wards, cities and villages in the area of Tokyo Metropolis and
Kanagawa prefecture in Japan. The center of a circle is the location of population centroid of the
corresponding region and the radius of circle is set proportional to the population size. Two point
sources to be used in the simulation are indicated by region numbers and symbols 33" and "41".
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Figure 6

Profile P-value of Extended Score Test for Monctone Trend

the regions whose standardized risk ratios are statistically significantly larger than 1 at o = 0.05.
The radius of circle is set inversely proportional to the tail probability. The number shown in the
map indicates the number of observed cases n;{> 0).
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distribution of Pmon based on 999 Monte Carlo replicates.



Table 1: Estimated power of tests of nominal a levels of 0.05 and 0.01 from 1000 trials of simulation in
the case of one point source.

RR
Cluster type o« level Test statistics 2 3 4 3
Clinal 0.05  Most Powerful® 33.0 632 834 040
Extended score!® 288 373 787 921
Stone’s MLR 22.2 46.1 673 8’39

0.01  Most Powerful 154 38 62.0 83.3
Extended score 11.5 298 3537 7i4

Stone’'s MLR 73 219 437 66.4

Hot spot 0.05  Extended score 281 346 760 875
Stone's MLR 13.3 30.0 306 67.9

0.01 Extended score 95 286 30.8 678

Stone's MLR 38 127 276 475

(a): Most powerful test denote Bithell’s LRS test (1995) with an assumed alternative hypothesis of
clustering.

(b): Extended score test for monotone trend.

Table 2: Estimated power of tests of nominal a levels of 0.05 and 0.01 from 1000 trials of simulation in
the case of two point sources.

RR
Cluster type a level Test statistics 2 3 4 3
Clinal 0.05 Most Powerful® 163 356 573 T1.2
Extended score!® 133 289 478 643
Stone’s MLR!(®) 12.2 244 40.5 57.7
0.01  Most Powerful 3.7 170 310 30.7
Extended score 48 125 25.7 427
Stone’s MLR 3.7 87 208 333
Hot spot 0.05  Extended score 13.1 275 37.1 3519
Stone’s MLR 9.6 134 250 36.7
0.01 Extended score 2.8 9.1 189 263
Stone’s MLR 20 57 103 180

(a): Most powerful test denote Bithell's LRS test (1995) with an assumed alternative hypothesis of
clustering.

{b): Extended score test for monotone trend.
(c): Stone’s MLR test uses the distance to the nearest focus.



Table 3: Risk patterns considered in the power calculation of an epidemiological study currently in
progress regarding the excess risk near incinerators.

Relative Risk Relative Risk Pattern No.
1 2 3 4 3 6 7 & 9 10
Ry 11 105 100 10 110 105 t10 10 12 1.0
R, 1.0 1.05 105 1.1 105 110 110 11 10 1.2
Ry 1.0 100 1.05 1.0 100 110 100 L1 10 1.0

Table 4: A simulated observed and expected number of cases for each of 10 zones under the risk pattern
(Ri=10,Ry =11 Ry =10,k=3, ..., 10} and total number of observed cases n = 10, 000. Also shown
are O/E ratio. its Stone’s MLE and estimated p-values based on 999 simulations for three tests.

ZOnes
1 2 3 4 2 i T 3 9 10
Observed n; 96 346 490 722 882 1110 1283 1504 1701 1866
Expected e; 100 300 300 700 900 1100 1300 1500 1700 1900
O/E ratio 960 1.133 980 1.031 980 1.009 .987 1.003 1.001 982
Stone's MLE 1.105 1.105 1010 1010 .997 .997 997 .997 997 .982

(a): Stone's MLR test : p = 0.128,
(b): Extended score test for monotone trend : p =0.117 (A" = 4).
(¢): Extended score test for both monotone and peak-decline trends: p = 0.022 (5™ =2,A" = 40),



Table 5: Estimated powers (%) of tests of nominal o level of 0.05 from 10,000 trials of simulation to
detect the cluster with specified relative risk pattern within 10 km from waste incinerators.

No. Risk patterns  Test?® Total observed number of cases
(R1, Ra, R3) Test 5,000 10,000 20,000 30,000 40,000 50,000 100,000
1 (1.1,1.0,1.0) T 13.1 19.1 29.6 39.8 49.0 57.6 84.9

T; 11.5 15.3 23.8 321 40.9 48.9 79.1
5 10.4 15.1 235 . 314 39.3 46.8 771
2 {1.05,1.05,1.0) T 13.0 18.2 28.4 37.4 46.3 33.9 81.2
T 12.7 17.5 27.8 36.7 45.1 32.9 81.2
S 11.0 16.0 25.0 33.7 41.6 48.6 77.0
3 (1.0,1.05,1.05) T 13.1 20.3 33.5 46.0 56.3 65.3 90.8
Ty 16.3 25.3 43.7 58.5 70.3 79.5 97.8
S 13.3 20.9 34.6 47.5 58.1 67.5 93.0
4 (1.0,1.1,1.0) T 15.2 23.9 39.6 4.4 65.8 74.9 95.8
T; 20.2 33.5 58.3 75.0 86.3 92.6 99.9
5 14.5 24.5 41.3 57.9 70.4 79.4 97.5
5 {1.1,1.05,1.0) T 18.5 28.8 46.5 61.6 72.9 80.9 97.9
T 15.9 25.0 41.6 25.6 66.6 76.3 96.5
) 15.1 24.5 40.0 54.5 65.0 74.3 95.9
6 (1.05,1.1,1.0) T 20.7 33.8 36.0 72.2 83.8 90.6 99.6
T 22.8 38.0 62.9 79.7 89.4 95.1 99.9
S 18.7 31.9 54.5 72.1 84.1 90.8 99.6
7 (1.1,1.1,1.0) ' 274 46.0 71.9 B7.2 94.7 97.9 100
T, 26.5 45.0 71.9 87.5 94.7 97.9 100
S 23.7 41.3 67.8 84.7 33.0 97.0 100
8 (1.0,1.1,1.1) T 33.1 35.5 83.1 95.2 98.6 99.6 100
T, 42.1 69.4 93.6 99.0 99.9 100 100
S 33.4 58.5 87.0 97.0 99.3 99.9 100
9 (1.2,1.0,1.0) T, 29.6 48.6 75.2 89.6 96.0 98.4 100
T, 22.6 414 68.5 85.2 93.8 97.4 100
5 22.0 38.7 65.2 83.1 92.2 96.7 100
10 (1.0,1.21.00 v 39.2 64.3 90.8 98.0 99.7 100 100
T, 56.5 85.1 99.0 99.9 100 100 100
S 40.8 69.7 94.3 §9.2 99.8 100 100

a) T\ :=Extended score test for monoctone trend;
Ty:= Extended score test for both monotone and peak-decline trends;
§:=Stone's MLR test.



Table 6: Estimated powers (%) of tests of nominal a level of 0.01 from 10,000 trials of simulaticn to
detect the cluster with specified relative risk pattern within 10 km from waste incinerators.

No. Risk patterns Test® Total observed number of cases
{Ry, Rz, R3) 5000 10,000 20,000 30,000 40,000 50,000 100,000
1 (1.1,1.0,1.0) T 3.7 6.3 12.3 19.5 25.0 33.5 66.4

Ty 2.9 45 8.8 144 199 265 58.3
S 2.7 4.3 8.5 128 180 237 53.8

2 (1.051.0510) 11 36 5.8 114 173 229 297 60.6
Ty 3.4 5.4 107 168 221 287 604

S 2.9 4.7 9.0 141 192 249 55.0

3 (1.0,1.05105) 11 38 6.7 146 229 310 406 76.8
T 4.9 9.3 208 336 457  57.2 91.6

S 38 6.6 146 232 335 432 80.2

4 (1.0,1.1,1.0) T 16 86 188 303 419 519 871
T 70 148 344 539 681 804 99.0

S 46 8.4 194 320 463 585 91,1

5 (1.1,1.05,1.0) T, 58 115 239 370 477 601 91.2
: T 49 9.1 19.2 313 420 536 883

S 4.8 8.4 171 287 390 503 86.1

6 (1.05,1.1,1.0) Ty 70 144 317 494 631  715.3 98.0
Ty 79 17.3 388 589 729 842 99.3

S 61 127 209 484 633 765 98.2

7 (LLLLLO} T 109 230 478 700 8.1 0oL6 999
T, 101 193 481 701 831 919 99.9

S 84 188 423 647 800  89.9 99.8

g8 (L0,1.5,11) T, 135 303 629 848 936 980 100
T, 193 447 81 956  99.0  99.9 100

S 137 329 694 893 967  99.2 100

9 (1.2,1.0,1.0) T 117 260 528 754 868 939 100
Ty 87 203 449 682 828 913 99.9

S 78 175 408 624 786 886 99.7

10 (1.0,1.2,1.0) T 30 173 309 755 921 980 996
T, 46 234 530 885 980 997 100

S 39 185 447 832 965 993 99.9

a) T;:=Extended score test for monotone trend;
T,:= Extended score test for both monotone and peak-decline trends;
S:=Stone’s MLR test.
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3 3.8 mATkiRyE —% (PCDDs AU PCDFs).

HEH V-7 A F L (PCDDs) RVES~ 7T (PCDFs)
4 1,3,6,8-TeCDD 1.2.7.8-TeCDF
1,3,7.9-TeCDD
2,3,7,8-TeCDF
2,3,7.8-TeCDD TeCDFs O
TeCDDs O#EF o
5 1,2,3,7,8-PeCDD 1,2,3,7,8-PeCDF
PeCDDs ¢2#3%0 2,3,4,7,8-PeCDF
PeCDFs @ #Fn
8 1,2,3,4,7,8-HxCDD 1,2,3,4,7,8-HxCDF
1,2,3,6,7,8-HxCDD 1.2,3,6,7.8-HxCDF
1,2,3,7.8,9-HxCDD 1,2,3,7,8,9-HxCDF
HxCDDs ®#a%n 2,3,4,6,7,8-HxCDF
HxCDFs O#%n
7 1,2,3,4,6,7,8-PeCDD 1,2.3,4,6,78-HpCDF
PeCIDs M#& ¥ 1,2,3,4,7,8 9-HpCDF
HpCDFs 7 #%0
8 1,2.3,4,6,7,8,9-0CDD 1,2,3,4,6,7.8,9-0CDF

#& 3.9 HiSHE & (Co - PCBs).

2775 —PCB (Co-PCBs)

non-ortho PCBs

3,3',4,4-TeCB #77)
3,4,4'5-TeCB (#81)
3,3',4,4',5-PeCB #126)
3,3,4,4',5,5-HxCB #169)

mono-orthe PCBs

2,3,3 4,4-PeCB (#105)
234,45 —PeCB @#114)

2,3 4,4 ,5-PeCB #118)
2,3,4,4,5-PeCB #123)
2,3,3,4,4' 5-HxCB #156)
2.3,3,4,4 .5 -HxCB #157)
2,3,4,4',5,5 -HxCB #167)
2,33 4,4,5,5-HpCB (#189)




Fz 3.10 PCDDs B UFPCDFs D EEMEER{FE 4L (WHO/TPCS-TEF (1998)).

RUEA-AZF A (PCDDs)  TEF RV~ 7% (PCDFs)  TEF

2,3,7,8-TeCDD 1 2,3,7,8-TeCDF 0.1
1,2,3,7,8-PeCDD 1 1,2,3,7,8-PeCDF 0.05

2,3,4,7,8-Pe CDF 0.5
1,2,3,4,78-HxCDD 0.1 1,2,3,4,7,8-HxCDF 0.1
1,2,3,6,7,8-HxCDD 0.1 1,2,3,6,7,8-HxCDF 0.1
1,2,3,7,8,9-HxCDD 0.1 1.2,3,7,89-HxCDF 0.1

2,3,4.6,7,8-HxCDF 0.1
1,2,3,4,8,78-PeCDD 0.01 1,2,3,4,6,7.8-HpCDF 0.01

1,2,3,4,7,89-Hp CDF 0.01
1,2,3.4,6,7,8,9-0CDD 0.0001 _ 1,2,3,46,7.8 9-OCDF 0.0001
# D4 PCDDs 0 DA PCDFs 0

# 3.11 Co-PCBs O EMS RS (WHO/TPCS-TEF (1998)).

2777 —PCE (Co-PCBs) TEF
3,3'4,4-TeCB #77) 0.0001
3,4,4',5-TeCB #81) 0.0001
3,3,4,4',5-PeCB #126) 0.1
3,344 55 -HxCB (#169) 0.01
2,3,3',4,4-PeCB #105) 0.0001
2,34,4,5-PeCB (#114) 0.0005
2,3,4,4,5-PeCB (#118) 0.0001
2',3,4,4,5-PeCB #123) 0.0001
2,3,3'.4,4 ,5-HxCB #156) 0.0005
2,3,3',4,4,5-HxCB #157) 0.0005
2.3.4,4,55-HxCB #167) 0.00001
2,334,455 -HpCB #189) 0.0001




% 3.12 HRGC/HRMS ORGSR

HAZm< 757 (6890 series (C system, Hewlett Packard -8

ABHEADIRE : 300C
plEAFE : A7 U v ML R (8880 series injector {EH, Hewlett Packardt8)
REHFAR 1511
7 AMERAEIRE
TeCDDs~0OCDD, TeCDFs~0OCDF ;
130°C(1 min.)--(15°C/min.)-->210°C(0 min.)}--(5°C/min.)-->320C (hold)
30-PCBs ;
130°C(1 min.)--(20°C/min.)-->220°C (0 min )--(5C/min.)—>320°C (hold)
LSBED T A TeCDDs~0CDD, TeCDFs~OCDE ; By kvt 71074, BPX5(SGE )
PeCDFs, HxCDFs ; B@Yhrt" 51574, RH-17(INVENTX -8
Co-PCBs ; 7a@Y)hrt’ 70474, HT8(SGE L8

B Bo17EF (Micromassftll, AutoSpec-Ultima)

BEF i : SIM
Ay =T s RBE
A AR« 820°C

FF Tl B0 A

300°C

T LY pO L F—  30~40eV

SYEREE 1 10,0008 &
IEEE : #98,000V

B EEAHEE v vy < AR (PFKER)

e B
PCDDs TeCDDs  319.8965,321.8936 B TeCDDs 331.9368,333.9339
PeCDDs  353.8576,355.8546,357.8516 *C-PeCDDs 367.8949,369.8919
HxCDDs  389.8157,391.8127 BC.HxCDDs 401.8559,403.8530
HpCDDs  423.7766,425.7737 13C.HpCDDs 435.8169,437.8140
OCDD 457 T377,459.7348 BR.OCDD 469.7779,471,7550
PCDFs TeCDFs 303.9016,305.8987 B0 TeCDFs 315.9419,317.9389
PeCDFs 339.8597,341.8568 1303 PaCDFs 351.9000,353.8970
HxCDFs 373.8207,375.8178 BC.HxCDFs 385.8610,387.8580
HpCDFs  407.7818,409.7789 BC.HpCDFs 419.8220,421.8191
OCDF 441.7428,443.7399 BC.OCDF 453.7830,455.7801
Co-PCBs TeCBs 289.9224,291 9194 5. TeCBs 301.9626,303.9597
PeCBs 325.8804,327.8775 B3(C.PeCBs 337.9207,339.9177
HxCBs 359.8415,361.8385 3¢ HxCBs 371.8817,373.8788
HpCBs 393.8025,395.7995 S HpCBs 405.8428,407.8398
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