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The Investigation of Spatial Correlation between Soil
Nickel Content and the Incidence of Oral Cancer
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ABSTRACT

Investigating relationships between environmenta factors and occurrences of diseases is
an important topic in public hedlth research. Generdly, clustering maps of disease-gpecific rate
often facilitates researchers to interpret causative relationship. Oral cancer is one of the
fastest growing malignancies in Taiwan. The association between oral cancer and betel
quid chewing (BQC) and cigarette smoking (CS) has clearly been demonstrated, but
another etiologic factor such as anthropogenic pollution may play an important role in
Taiwan. Therefore, in this study, we took the contents of soil heavy metals as another
important environmental factor to explain the characteristic of oral cancer occurrence in
Taiwan. The incidence of oral cancer was strongly clustered in space by means of the
global spatial autocorrelation. Then using the local indicator of spatial association (LISA)
further showed that the “hot spots” of oral cancer were located in Changhua and Yunlin
Counties of central Taiwan and Hualien and Taitung Counties of eastern Taiwan. The
results of spatial error model revealed that there was significant correlation between soil
nickel content and the incidence of oral cancer. In addition, Changhua County, one of the
“hot spots” of oral cancer in Taiwan, is suffering from serious soil heavy metal pollution,
and was therefore taken for further investigation. After overlaying the kriging estimated
values of soil nickel content and the positions in space of oral cancer patients, the results
proved that the soil nickel content was closely related to the incidence of oral cancer.
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EY ) ®ME 5% 10% | 25% FALE | 75% | 90% | 95% | KM | Pl | BEE
As 0.85 142 218 3.46 5.72 747 | 843 9.36 10.82 551 243
Cd 0.00 0.01 0.02 0.05 0.09 016 | 0.25 0.34 12.91 0.18 0.79
Cr 0.00 0.00 0.01 0.14 0.34 142 | 453 8.04 16.63 145 2.64
Cu 1.65 2.70 3.32 4.19 6.82 9.64 | 1506 | 20.14 | 142.30 9.01 11.35
Hg 0.04 0.06 0.07 0.11 0.15 022 | 032 0.37 0.93 0.18 0.12
Ni 0.14 0.52 1.02 144 2.07 353 | 632 8.71 16.52 2.98 2.60
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&2 DRREFeRELBERASIRETRSE

&4 SHEEBHCTEREDITREHE

BREC Spearman ZF{RABRIDHTHER i Moran's |
oEAEEE | F4B | FataMgdk | Pvaue As 0.686*
As 0.272* <0.001 cd 0.004
cd 0.427* <0.001 cr 0.589*
cr 0.202* 0.001 Cu 0.111*
L HWE Cu 0.235* <0.001 Hg 0.301*
AT Hg 0.041 0.497 Ni 0.423*
Ni 0.582* <0.001 Pb 0.273*
Pb 0.049 0.421 Zn 0.202*
Zn 0.190* 0.001 o EHIWE A AT | 0537
BRI B 2B 2
As 0.287* <0.001 L HWE B 1 0.408*
cd 0.457* <0.001 , SWIEAFA D | 0255
Py BT

cr 0.228* <0.001 L HWE B 1 0.134*
L HWE Cu 0.251* <0.001 AR LHWEALHADT | 0683
B Hg 0.080 0.185 H LHE BN 0.662*

Ni 0.590* <0.001 * 3% 91 %48 M (p < 0.05)

Pb 0.072 0.231
zn 0.217* <0.001 . o e
. MR AT o 2R 2 2B PR A2 5
* 3% 73 %49 Bl (p < 0.05)

&3 DREFEiRE CBERASR RIFRIEM
AHFAETER 2 Spearman HHRABRE DGR

BAT R AL R | FasblE| Pvaue
WA 6 HBEARAD 0.381* <0.001
(BQC) EHE BN 0.311* <0.001
it | EHHEAFAD 0.016 0.791
(€Y EHREFH 0.049 0.418
* 3 #A %48 M (p < 0.05)

TEHIBARAEAE » L9 » HHEE SR s IR th A4
WU TE oL > B S(o) Rl 6(b) - HUgiigsat:
FEMSIERER - T HEE B HEILH R BT -

4.2 Spearman FHRABRADHTIER

Peng et al. (2007) £R3T 1[5 e A1 € [ K 5
ST A 2 R SR Spearman
<5 B R 0 P R S A T B A 8 8 AR
ZFIFIRHARAME: » FLL Poisson R AT K5
AR AR S B AR HIRR 1R © L - AHHSEN]
FRICHIF Spearman S FHIH T & LTHEF 3%
A A B S 9 o [ L FH BRI AR - 1
B B 1 e AR A [ L B A TR R % - TR

G 1 e e A A B )\ R B SR R 2
R S SR PR JHEGR e ik 2B A 1 LTS,
AT - HONI TR E GBI 55~ 3% i
SRR SR L BLBARE I (p < 0.05) + Horpv I fefw %
A SRR 2 R 9 2 [RIH RE A (R B 7 » T B e
<2 B 7R 150 HEREE FHRH (p > O. 05) * 3Ry
8 1 A LI R RS B TR e 1 T 2R S [T AT 1
J}ffﬁ UL R e T AR B A B B A e
HEAR ELR BEREAHRA (p < 0.05) : MiiAS EE T2 I
bbéﬁiuﬁ“ T AR IR FH (p > 0.05)

4.3 ZEEBEDIER
4.3.1 Z:i5Al
DA s 80 7 P ) REBH 73 07 PR3 54 B U2

HA 7 MRERE o S8 21 WF?Q*BF&‘H
Ml R LAHEET & Moran's | il B A 3% 4 o
J\fE TR RSB TR BEA EMR

72 [H E FHRATE(p < 0.05) » B2 M LA TREE i
ELSR » Hrr LI Moran's | fiE 0.686 £fx
Ko $8 0423 K7 o TEIR BRI B hps A T2 75
] » 32 2 B B A MR L E 22 R B PR R
(p < 0.05) o Z=[BFI15 M 1 ey s A A th 2L 1
A1 2<[ E FHRR T (p < 0.05) »



[JCounty boundary
ASIR of oral cancer, all
I High-High

Bl Low-Low

[TInot significant

100 km

[JCounty boundary
ASIR of oral cancer, male
I High-High

B Low-Low

[ not significant

100 km

7 DOfefE ASIRE) LISA 2RIRED M - Qe@EEEA0 » (DBMH(FE 2002 F > SEMEAEZ
277 ¥R A DEREZSEIR A DIBEIED 87.37%)

4.3.2 w7

I P it PR 22 PR 5 AR FE AR LISA SEETTIRER
TR PR PR A BN AT [ SRR 2
i - iDL LISA SREEIE 3 - FLIE 7 - HilEl 7(a)
S PR AR LISA JREERIFEE e E
A [ (High-High) £ r i oy S i i A 72 (L R AN =2
PRIR » LUK SRETHiLleR & S8 + 1P A 2 i i
(Low-Low)HIl% SE A AL A IR © 551 1 e 3%
2 REFIORB B 2 — 2 > 2008 7o) o
I RTA - oh 58 R R A i st B RS 1P =
AR - 31 % B R TR AR SR
UE P ~ AR RIS B A 2 AT R B S B T )
febalAl (Ko et al., 1995) : {EH g i 1 P48
FEEAIIERARARRER TR - BB U 22 b
AT T o SR IR - 5 BT B T
HHEEIRAFHIMA » FH#E 2 EBIRN 2L H
TERI BRI (e B TR B A - (1S Rs s s 1
leges o el o

i e DL EAS R TR > BRI e Ak
AR B 72 ] B BRI » 1 2R <SSR ~ B~ 8%~ 9
B LU I R R T A B L e A AR

SEE TR - BEPR 1 B TR BRIR (L B TP
FAAR L B (R B B < B R A R B R (LI
5 Rl 6) » {H 25 <5 St e 2= ] 5 AR A AE
DRIIEE AP 7€ ISR AR SR e B8 <52 T il ~ 9 ~ 3%~ 8
B~ SRR DU I R AR T2 - (RS FTREEEL
e R R BN 1 (PR ) - Ay A Z2 R
SR > DLERRT 22 E RBP4
FRORZEE - G2 i 2 75 RE AR L e o
HIZEMRITREEISR - S ARERRIE N3 4 R 2 IR
SR RS R F RS SR - i DA AR 258 A
- AT AT Z BT HARE A T
BTG R AL FE RGN 1A 22 RIRMERE (2
W AE RS ) » D22 T3 22 50 i A P JE 15 A £
BEEES ENRTA

4.4 ZEREFDHTIER

I P 1] 22 FRT S it B 5 i o — 25 R
ZEFRVRF I T 25 A e B T e 8 A Z REIRRE -
AR 3 e /N V5 (ordinary least squares
regression, OLS) .z il it/ A Bl 22 [t 72 1 5
(spatial error model) il /AT 5T ERBE A 7 (1



#*5 OREFEHRELBERASRZEBR/)FDA(OLS BRI ITRZERERIVEER DGR

prp— OLS 8 & 4 #7 MR AR X AT
8§ 1% B SE. z-value P-value fal =3 4 SE. z-value P-value
(@4HAD
Intercept 2.413* 0.638 3.783 <0.001 6.368* 1.657 3.844 <0.001
As 0.210* 0.076 2.754 0.006 0.104 0.088 1.180 0.238
Cd 0.385 0.228 1.686 0.093 -0.032 0.149 -0.216 0.829
Cr -0.187 0.115 -1.632 0.104 -0.012 0.121 -0.100 0.920
Cu 0.006 0.031 0.189 0.850 -0.028 0.022 -1.292 0.196
Ni 0.743* 0.111 6.667 <0.001 0.176* 0.089 1.973 0.048
Zn -0.036 0.033 -1.106 0.270 0.014 0.022 0.637 0.524
BQC 0.184* 0.027 6.852 <0.001 0.019 0.024 0.806 0.420
Lambda (A) 0.928* 0.025 37.829 <0.001
Moran's| (error) 0.359* 22.332 <0.001
R? 0.378 0.724
Adjusted R? 0.360
LIK? -675.023 -577.105
AlC’ 1368.050 1170.210
Sc* 1400.660 1199.203
(b) 5
Intercept 5.321* 1.065 4.996 <0.001 10.371* 2.834 3.659 <0.001
As 0.429* 0.136 3.152 0.002 0.278 0.155 1.791 0.073
Cd 0.737 0.405 1.819 0.070 0.029 0.264 0.111 0.911
Cr -0.249 0.203 -1.228 0.221 0.029 0.212 0.138 0.890
Cu -0.016 0.056 -0.284 0.777 -0.041 0.038 -1.073 0.283
Ni 1.388* 0.194 7.141 <0.001 0.353* 0.158 2232 0.026
Zn -0.063 0.058 -1.080 0.281 0.009 0.039 0.232 0.816
BQC 0.127* 0.031 4.164 <0.001 0.006 0.025 0.240 0.810
Lambda (A) 0.926* 0.025 36.781 <0.001
Moran's| (error) 0.387* 22.800 <0.001
R? 0.335 0.710
Adjusted R? 0.318
LIK? -835.635 -735.043
AlC’ 1687.270 1486.090
Sc* 1716.260 1515.078

Log Likelihood.

® Akaike Information Criterion.
¢ Schwarz Criterion.

"i% 8 %48 M (p < 0.05).
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AR R AR 5o it 2B LS
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0.743 ~ 0.184 » HiE#8AE K HE - HIFRAZIAN 22

fis] E FH BRI E (4G ST - Moran's | fiEFS 0.359
HEEE - S EIUE B A 2R BRI REAE
#EH OLS g i Al dr e A Al 2= - 22
A 2 20 i o3 AT G R B A+ R R SR A
& o HERGRERY 0.176 - Ml RIEMRE T TRAIE
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FERRLL > TIEE B - SRS R T2
OL S it /i i R Rl ik 2R > BRI
0.429 ~ 1.388 ~ 0.127 - &7 IR 22 E FHRR I €
f R B E A2 M BRI SR A T E
B BT 22 AR 2 GRS b R BEEE
B REE 0.353 H 2Bl o bk 5 FhZefiliR
7 o et =X 7 B o P T A B T e e o A
a2 (B BT 1 1 e % A 1) 2 AR 2 el i o2
e resdh B i R OB R RS B 0 o Al 1 e g Al
RS  RY Y 37.8%FHEE] 72.4% ¢ BN
33.5% ff & E| 71.0% o i L0 K B B log {H
(log-likelihood, LIK) » i fin K R A% ADURR & A
o R RE AR o A E I PR AR AR 2
AW LIK fE{E-675 T 2-577 : H4:1¢-836
FFE%E-735 - AIC #EHI|(Akaike Info Criterion)f]
SC #&Hl(Schwarz Criterion)&f/& b AN [F] i 77
HEAELEEEE  Hf R ER R
{3 o 2 AIC (% 1368 [% % 1170 F 14 1687
B2 1486 : 4x[#] SC fi{¢ 1400 [ 2 1199 » H
#1716 % 1515 -
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16 1) 1 £ 2 < B R B0 DR IR B R T
AEERRERI e B O g A 2K 1> AT
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[ eges s A = RS 2 SR o LS SRR (IR M —
AV RN S R EE L ER ) BT
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45 TREFBMREREROREREEEMED

HE 7 LISA SRER [T HIFZ ALl £5 L1
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