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Analysis of Factors Affecting the Arsenic Contamination

in Toenails Using Loglinear Models
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Fetinld msvudeudivarematu fmils duile duwh a8 vie s nuddemsansisage
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vuideuansmyluau suitedaulatadefifinansgnudenisuudeunionisarauvesarsvyluduau
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wuufonauiles Ineldlusunsu SAS version 9.1 namsidenuin Hadeuiinamsvyluidudnanssny
m'am3°duLT‘]au‘vﬁamiazamaqmimﬁlmﬁuﬂuasm o afifd o = 0.05 dwiladueny fuus
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ABSTRACT

Arsenic contamination in human is possibly affecting one’s body from several hazard
factors. Public health and epidemiology works concern and monitor to this issue. One way to
tackle this problem is to investigate several effecting factors that may associated with Arsenic
cumulatively contamination in toenails. This research aims to study effective factorss on Arsenic
contamination in toenails data obtained from website http://lib.stat.cmu.edu (8 March, 2010), on
“Toenails Samples as an Indicator of Drinking Water Arsenic Exposure”. The factors consist of 6
categorical variables: Age is categorized into 3 levels, similarly, for Sex is categorized into 2
levels, Drinkwater into 5 levels, Cookwater into 5 levels, Arswater into 2 levels, and Arsnails into
2 levels. Statistical analyses based on Fisher’s exact test and loglinear modeling are performed
using SAS version 9.1. The results under Fisher’s exact test and those from log-linear modeling
are concluded that for Fisher’s tests, each Age, Sex, Cookwater, Drinkwater, is not associated
with Arsnails under the level of significance at 0.05. However, it is found that the Arswater is
associated with Arsnails significantly (p-value = 0.026). The analysis using loglinear models
reveals that there is significantly associated between the Arsnails and Arswater at Ol = 0.05. The

estimated [og[]near mode[’ log(ﬁ’lij) = ﬁ +ﬁ?rswater +ﬁ?rsnails +ﬁ§snails*mswater has adequate of fit
(P = 0.999), of which the predicted values (nAaii ), the corresponding probabilities (f’ij ), and odds

ratios can be obtained and further studied.

Arddgy: ansvy nsvudeuasuyluau naedeuvesiivwes fuuudendilles nmswensal
Keywords: Arsenic, Arsenic contamination in human, Fisher’s exact test, Loglinear models,

Forecasting
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sanmelaanznigluszezina 2 Ju widwnnlasuanmyludSuaniies 130 dadniu agvilvdlduas
sugnvitate edeulldledwasindes vieadeogneguuss Juwn wie uwasfwndia mnlasuuiunudey
wagilsvoznamnuiunamas? svhliAnlsefivasnySodmiewilada (arsenicosis) 91n159%
Buiusfmdafanisssaeifesnuinnudusasmun dnvAswduddudy didowasiuiniugads
Ty aunsestinanedunzdaiml undeon uzddle uzdnssneaans siutiinareszuunasn
desvilanarsruulsyavaudeinluiian (e3nudnd, 2551) Tufthelsausidsiamissuiiownainns
Juidloumsny wuhszezulitoufionnisvedlsang (atent period) vadlsausiSsians Wiy 6
ou Tneutasvedsdl svoe 0 nansAnwlainuseslsausSeRomils uiwuhiasmluduauuas duny
TuuSunureudnegs svee 1A wu pigment USharile sver 1B WUty Szey 1| wuse
§ruauIIN Srey Il WU Bowenoid wWasuulal szay IV i Epithelioma way Bowen's disease way
Squamous cell carcinoma 2 (iU TEUUTaYaY1IETgUAIN, http://www.hiso.or.th)
fngUsvasireseuided Syasmane iednuwiiladesaa ﬁﬁmasiaﬂﬁﬂuﬁjauﬂuaaaﬁmiu
duau Fuduuvasoyadddunilainuiennhlugdunmeuazyamnvedsaiold uazfnwiaiy
Retuvestiadesng q Auuunamesansvyluduay tensneinsalsoly

mﬁmiwﬁ%}agaﬁw Fisher’s exact test (Fisher 1934, 1935a, 1935c; Yates, 1934) 1{u

wiAlANSIAT1eideyafilddmsun1319N1535 (contingency table) YuWALEN W3BAIBE1UUIAENAT

v v
o a1 .Y <

Toyan15338A drun1siinsgvideyaniediwuuieniiies aundlvdiegsdafludioavuin n
Usgnausng N = U iwalumsenisasaeanssun (1 xJ) Taedl {P, } wiuanuagduuuuiiailudea
YFOUNUNIUANKIIT DI U TNGY 2 72 uaziulsiaestiasdudassdetudle P, =PP, i
= 1., waej = 1,..J ﬁwaﬁﬁL?‘ﬁmﬂﬁaqﬁm%mmﬁmaqﬂ'wmm‘wma (expected frequencies) Va9 {
m;=nP;} fle m;=nP,P; luyn 91 uaz j wazsrannsaadeiuuuiendiesiiondemen {m,} wnu

@

wieu { P, } lagmisussgndiudnsaznisuanuasnuuihdeesdmiuanudvwn N wa dadlaanung

a6

Wiy {m, ) seddy fawuvdandiiesiuuine Tumauvas m,, Jasusundvundudasedaiu
(571ium, 2544, 2555) agUlanail
9nnwen m; =nP, P inaunsadivulwilagldanavesdon (logarithmic scale) Litevihlsi

Audasrofudsuuuuiduuin (Agresti, 2002, 2007) il

log(m,;) =log(n) +log(P,) +log(P,) (1)

TARUUUNIIA UL INUAIE X wazfudsauanuiunume Y fstu (1) agdsduuuadnedi

LUUNTIASIEMANULUTUTIY (ANOVA model) Ao

log(m;)=u +u +u; 2
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. ZIOgP h
e u’ = log(P T
’ I
ZlogP h
Y _ _h )
u; = log(PJ-) S

ZlogP h. ZlogP h
u =log(n)— h +-h
1

J

wazndiwed u uazu; araenadosiuleuly
Su =Xu; =0

= o 2 ad sad a Y .
aun1s (2) 13un11 muvvdendidesndudasyaenulunisienisasasanis (loglinear model of
independence in a two — way contingency table)

auuAndanulidasereniu (dependence) sEnINeFUIANG 9 Waz my; = np, >0

1 A; =log(m;)
| 24 DI I I
o by =——— A, =— A =—~—=u
J ' 1 J
Tagi u iluAadenaun (grand mean) ve4 log(m,) wonanil
1w w'=A -1, u =i, -4
XYy _
u; =A;—A —A,+2 )
flau fuuvdenawdesdmsuaisnsaaanig fe
X Y XY
log(m,)=u+u] +u; +u; (4)

aun1s (@) Soni fuuudi (saturated model) Fuduiuuuiianunsaesuteanuieriuiewnues
Amaninevesnnudmiuuinenlamanildessanysal uazdadusuuuiluunign (most
general model) maamswmiﬁlmwaa&mdﬁ FANSUMNDUNIAUVIVBIEUNTT (4) %ﬂa"’laﬂﬁqﬁ’ugm
PRI NRAEEMTUANTITIATIZAILUTUTILABINIY (two- way ANOVA) dusauuudendiflesdmsu

MITIIANLN LUAINNIEIN s laluyinuesgaiu
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o a

BNIANIUNTIY

foyadenguiilflunsiideluned WWudeuaaTedranainiduled httpy//lib stst.cmu.edu.
(ﬁutﬁa 8 flunAw 2553) 1304 Toenails Samples as an Indicator of Drinking Water Arsenic Exposure
tadeiiaulafnuiuszneudie

1. 97 (age) Smuniiu 3 ngu Ao Yiosndn 40 U (ngw 1) feust 40-59 T (ngal 2) uazanai 59
U (ngu 3)

2. et (sex) Suunidu 2 nqu Ao e (NGu 1) waslnands (ngu 2)

3. Usanauhiflddnsudia (drinkwaten) Swuniu 5 ngu e tosndn 1/4 Anssiands (ngu 1)
vadnsstends (ndu 2) V2ansstends (ngu 3) 3aansstends (ndu 4) uazannn aanssens (ngu 5)

4. Ganahiflddmiulseneuamns (cookwater) S1uuniliu 5 ndu fe tosnin 1/4 Anseio

v
[

Ase (ngu 1) 1/4 Ansrionda (ngx 2) 1/2 Ansrionds (nqu 3) 3/4 Anssonss (NqY 4) WaguInnin 3/4 8n3
sionds (nau 5)

5. Usanmansnyluthiia (arswater) $1uunidu 2 ngufte tosndt 0.01 #fdy (ndu 1) uay
11NN 0.01 AdY Ny 2)

6. Usunasansuyluiduau (arsnails) Sruunu 2 nqudte doandn 0.6 AfdL (ngu 1) uasg
11Nn31 0.6 AidY (naw 2)
v iesgidenadinundssianasdeyaiianguie danuudenaies (loglinear

model) nMsaseduuuiendideineldduusifinnufesiuiuiuwlstammyluiuau ondenis

P o

donmuusinlulusmuuulngazsaududsiilian p-value ¥osiaiia Fisher's exact test tpaninsyau

o o W

Hed1Aty O = 0.05 Me dIuN1sNAABUNTITAIFUR (goodness-of fit tests) vasfauuuABnATlesAa o
91FUAINARI97839A1 Deviance (Agresti, 2002) seninsasauuy Ingldlunnsu SAS ielUseuliisui
danvulalirnumuivaniudeyauinfianuazinuifeiiusenitediwdsinindu dauvuiliay

UTUUAINISITMBT AT IAIANNDVBIAIAIAYLNE T ULAAL LY

NAN15398
1. MsAnEIAMUAgINUVBIALUTANG ¢ Taeldain Fisher's exact test

a | a o v . ,
M990 1 Naﬁiﬁ‘ﬂLLaW]’l p—values INATNAABDUAIULAYINUAIY Fisher's exact test

fius p-value uaggy
Usnaasmluiduauuazeny 1000 aiufas H 0
Usnaansmgluiduauuazing 0257 hivfas H
UsnauansmluiduauuazUSnamstéhdmsuiy 0384 hivfas H

YnaensvyluduaunazUSinansidindmiulssnevems 1000 ‘jUfias H 0

UnaesmgluduaunazdudsdSuamsmiluhig 0.026 Ujas H 0
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a

NenT1e7 1 wud Yadeifinnuieiuiulinamsyhuduay fe Usinaasmluiims

aaa

a3l ldAyVneadin 0.05 (p-value = 0.026) wenuulivfiasanufgmuvesnududaseiv

2. mAmnzitadenfinadeUiunavasamyluiuau insinneilaedauuuiondies

AN5197 2 FUSEINUNNTIMSURIRILUUADNALTYS N BT NaTuaR I ILUS

Parameter level level DF Estimate SE Chi-Square  Pr > ChiSq
intercept 1 1.0986 0.5774 3.62 0.0571
arswater 1 1 -24.7918 0.5669 1912.19 <0.0001
arswater 2 0 0.0000 0.0000
arsnails 1 1 0.2877 0.7638 0.14 0.7064
arsnails 2 0 0.0000 0.0000

arswater*arsnails 1 1 1 26.0445  0.00001 2604450 0.0000
arswater*arsnails 1 2 0 0.0000 0.0000
arswater*arsnails 2 1 0 0.0000 0.0000
arswater*arsnails 2 2 0 1.0000 0.0000

10915197 2 WUNanIsIATIEAeRef kUL A TS IRANFIUSE U NI 0S8 UTAS

q AldnquuiseszavganevesuiaziuusidungugulSeudiou (df=0) wazdvizwasiuiieiiungy

«
'
A

F1U3adl df=0 Mg nuUTanaasyluthauddeddgdmneadia (p-value < 0.0001) wagBuduaiy

[y

WNeureUsnaasvyluduauegaiivedAydmsadfiwuiu (p-value = 0.0000)

a

i a s o < a a saaa ] o a:' v
NAN15UTEUIUANUBINITIULABDIVDIAILUUADNALUYINUDNTNATINABIAILUT (A157199 2) ANY

=]

sUsuUFuuUdendllesniavsnasouaewiuls fe

_ arswater arsnails arsnailstarswater
log(m,;) =u+u; +uj +uy
wazlanaans ¢ail
o [ a a & o o A
AILLUUADNALUYIF NIV (1,1) 3]
_ arswater arsnails arswater*arsnails
log(m,,) =u+u, +u, +u|

10g( mll) =1.0986 —24.7918 + 0.2877 + 26.0445 = 2.639
fanuvaenawlesdmsuia (1,2) Ae
log( mlz) =+ ularswater + u;zrsnails + ulazrswat(?)*arsnails
log(mlz) =1.0986 —24.7918 + 0 + 0 = —23.6932
fhuuvaenawlesdmsua (2,1) Ae
arswater arsnails arswater*arsnails

log(m,,)=u+u; +u, +us;

log(m,,) =1.0986 + 0+ 0.2877 + 0 = 1.3863
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Y @ a a & o [ A
MUUdDNaLlYTd msUa (2,2) A

arswater arsnails arswater*arsnails

log(m,,) =u+u; +u; + U5,

log(m,,) =1.0986 + 0+ 0+1 = 2.0986

v
v 6

nadnstilumemannanelfssdun o sealiinaamyluduauiarUsnnauasyluhausely
ueadeiuiufiussnamifivesvesuuudendillesnTsvsnasiuaewiuuus awause

Uszinaurnvesinafiinesvesiinuudendilesnidninasinaudinus megluuuduuudendillesadl

dnSnasna s wls Ao

cookuse arswater arsnails cookuse*arswater + cookuse*aesnails

)=u+u, +u; +u, +uy "

log(m

ijk

arswater*arsnails cookuse*arswater*arsnails

+ujk +uy.k

v
'3

wazlanaans fall

fhuuvdendilesdmsuea (1,1,1) fp

cookuse arswater arsnails cookuse*arswater cookuse*arsnails arswater*arsnails cookuse*arswater*arsnails

log(m,,,) =u+u, +u, +u, +uy; +uy; +u) +up)
log(m,,) = 1.0986 — 24.7918 — 24.7917 + 24.7917 + 0.2877 + 25.9704 — 25.9704 = —23.4055
fhuuvdendilesdmsuea (1,1,2) fp

cookuse arswater arsnails cookuse*arswater cookuse*arsnails arswater*arsnails cookuse*arswater*arsnails

log(m,,,) =u+u, +u T, Ty, tup, +up, T
log(m,,,) =1.0986 — 24.7918 — 24.7917 + 0 + 24.7917 + 0+ 0+ 0 = —23.6932
fhuuvdendilesdmsuea (5,2,1) fp

cookuse arswater arsnails cookuse*arswater cookuse*arsnails arswater*arsnails cookuse*arswater*arsnails

log(my,,) =u+u; +u, +u, +ug, +ug, +u;, +ug;
log(m,,, ) =1.0986+0+0+0.2877+0+0+0+0=1.3863
fhuuvdendiesdmsuea (5,2,2) fp

cookuse arswater + arsnails cookuse*arswater cookuse*arsnails arswater*arsnails cookuse*arswater*arsnails

log(ms,, ) =u +u; +u, U, +us, +us, +uy, +Usy,

log(m,,,) =1.0986+0+0+0+0+0+0+0=1.0986

a '

M19197 3 M3UsziunIgangUR (goodness of fit) vearwuUndavEnaTINaRILUTLaYaFILUT

Criterion DF Value
T dnath | duwuudvinasmassiuds | fuuubrewasuamiouls | Aauvudvinadmassiaus | fuuubiwasaamiouls
Deviance 1 13 7,662 8.4999
Scaled Deviance 1 13 7.6642 8.4999
Pearson Chi-Square 1 13 7.0000 7.7875

Scaled Pearson X2 | 1 13 7.0000 7.7875
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1NA15199 3 A1 Deviance Ya9RLUUTLDNTNATINADIRMUTIINAY 7.6642 LATUDIFILUUN
DVBWATINAINAMUTIWINAY 8.4999

91nA1 Deviance VBINIEBIAUULIDUNNIAIUIUNAA19YD9AT Deviance A8 bARARNUBIAN

P

Deviance (ADev)= #1 Deviance 993fUWUUNNBNENATINAIMAMUS — A1 Deviancevodshuunil
dvsnasInauUs = 8.4999-76642 = 0.8357

n1svageuANigINusERiNUTINpa suyluduankas USInaa suyluinfy ey

a '

Y
Weiuiunsell vilnenaaevaufgiudmiuduuunisvanaswaeduys (Hy) Audluuniansna

[

saaudns (H,) fatl

. 1 _ arswater arsnails arsnails*arswater
H, :log(m, )=u+u u
g

i J i

cookuse arswater arsnails cookuse*arswater cookuse*aesnails

H, :log(m,, ) =u+u, +u; +u, +u, +u,

arswater*arsnails cookuse* arswater* arsnails

+uy +uy

WS 115 005 = 21.0261 Fuannndy wasinevese Deviance = 0.8357 Falaiufias H, Wu

A Y <

Aeduuudendillotaosiuusie H :log(m, ) =u +u

arswater arsnails arsnails* arswater

+u +u’ Janunzas

i i

fudeyaedituddqmeadan 0.05 waraguin Ysunauasmyluthaue1vdmansenunon1snuysunm
<

ansvyhuduau
- Y ~ ) a i v oA o = I3
\esnnduuuivingauysenaumeiuundengs 2 M fe MulsuSunuasvyluduau uag

FuUsUunaasnyluinfy Fanend 2 sy Aeiunis1ansasiadivunn (2x2) wagdwuudendiles

&

]
_ arswater arsnails arsnailstarswater . .
log(m; ) =u+u; +uj +uy i j=1,2
! ; . 7 il
Tnedaaanune wu log(m,,) =u +u™" " 4y 4 gy et e

a s o v o A ] o I3 o . =
ﬂ?iﬂi%ﬂ’]m‘wqiﬂllLfﬂ@iﬂ"muﬂi‘w FEAUN 2 VoIuRazmILUT 1UU reference %138 baseline ¥93%

Wiwdmewves U, Adeadesiuszaui 2 10u 0 nneldaunfigu Z”f - Z”i - Z“i/ =0
A7UMIAUINAIAIAVNNEYTBATUSEUUAINAYBIAIAIANLNY (rhij)%af-ﬁ"]mmmmaé’wﬂu

AN5197 2 Aatl

fruwuvdanatiesdmsuea (1,1) A9
log(m, ) =2.639, ;| = exp(2.639)=13.9992

a %% o I3 aa ¢ v a . | o
ANTUTZTUIUNITIULABIAIYAILUUADNALUYS ﬁ]ﬂﬁmmmmmﬂ’mwmEJ‘UENL"?J@ (1,1) wmnu 13.99

U @ a 6 o U =
AILVUADNALULETA NI UE (1,2) AD
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log(m,,) =—23.6932, 11, = exp(—23.6932) = 5.1307 x10 "'

a Iz o a a6 v a | o -11
AsUsEINNSIAwasMefwuLdenidlies szldnnudveirmIanlIevawa (1,2) m1AU 5.13x10

shuuvdenaiiesdvsuia (2,1) Ae
log(m,,) =1.3863, m,, =exp(1.3863 = 4.0000

AsUsTINNIsITmaseesuuuaanaties azldanudvesriaiarunevewa (2,1) Wiy 4.0000

shuuvdenaiiesdvsuiva (2,2) A
log(m,,) =1.0986 , 71,, = exp(2.0986)=8.1547

AMNNsUsEINUNITmaseusLuuaanaliles azldanudvesaiaavanevesea (2,2) Wiy 8.1547
fatuAUsranaANdAAIAnINsLasAdLnavetusariva dadulseleviddnesiiuuu

[ a L4 4 a = C% L3 & 1 1 =3

dondifleslunisnensaliatoya (Gans wagdstium, 2553) waglunisneinsalAiaiiuudnazsduain

naansvassuudenaieseall azuanalisiunulunisei 4-5

M13197 4 MdunaandeyauasArlsznuANNdveImIAAINg Yo usaYalun1IINIeT (22)

a8 3 szvtSinaasuyluduau ()
98 e : ;
‘ ffaenin 0.6 3 N4 0.6

sy Joonh 001 O, =14,/ =13.9992 O, = 0,71, =5.1307x10"

(WiiLd) 1nn1 0.01 O,, =4,m,, = 4.0000 0,, =3,m,, =8.1547

a15197 5 msnensalanuiazsiduvessaandiuudenailes

. - szaulimnaasuyluiduay (Wida)
Uade g : ,
i foendn 0.6 | N1 0.6

o . . .. uewho01 P =05353 P, =19615x10 "
FEAUUTINAUEN VYT A3 RIRLDR) oo ; "
N 0.01 - P =0.1529 P, = 03118

1

NeNT197 5 anmdazureagandmiuuuieniidesaewiuusamnsaruinaingn silia

ANAVLBYDUTALUAITIN 4 A9t

P,=m, /2m,

ei=12,7=12
wudn manensalanuiasiiuesdwdsarsnyluinuaziuusarsuyluduauiiaan fe
0.666 599A4U17B 0.190 AUAWY

LATNUIN 8nS1dUeRd (odds ratio) VawaaNFILuLdendles Wity

— Pll/P12 — P11]')22
P21 /PZZ P121)21
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Feanu15aUsTU Y
A m,m 13.9992 X 8.1547
0=—-">= — =55633x10'!
m, i, 4.0000%5.1307X10
o o 1 _ —12
NIDFAIUNAUAD 11— 1.7975X10
5.5633X10

mneAN Ysunsansuylutnauiidesndt 0.01 Aduilemadesienisiivunsarsnyluéby
v ' N -120 = T A ' N
AuNtiosnd1 0.6 AN 10U 1.7975x10 * wihwesUSunaansuyluthauiinnndy 0.01 ffidx
D= A= SN I ' Aa & a ' = 3
nadndeviaUTinaumsvyludinuiuinndy 0.01 weu dlenadeaunnsenisilasvylugu

a PR = 11 | AN A Y | pp
AULNNLAY 0.06 ARLOUDIUSEUN 5.5633% 10 mwaqmmﬂiuﬁmwﬁumwuaEer 0.01 NNLDL

salnan1sIY

nan1sAnwAAEIiuvesladesing q Tngldada Fisher's Exact Test uazdnuaziiluves
Hadering q fuvimamsylubuay  wuiTinuamyluduausasunaa syl fudaow
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