
!"#$%&'()*$+,-.(/0#,"1+-,&2")3-,-)))4#-.5(&()6$$.

!"#$%&'(%$%#)*&+%",$"-(&.(/012)*&34(%002,&!5&
672"120-278)*3/08&9(20)*:/&;)&*&</022$&34,(/)&*="&>(20)*&+7/,(0201"&

?4,()*&!%7/4&!21@214@/A)

7"5)8$+9(/&B0$287%$/@2&1%$%&%0%CD,/,*&E/A74%77%D&1%$%*&2F/8204E/A,&1%$%*&&F%$(G%D,*&&8204E/A,&1%$%-%,25

1 0#,+$9:',&$#&

H&C%782 &%E4"0$ &4I &8204E/A &2JF27/E20$%C &1%$%&82027%$21 &-D&E41270&(/8(K$(74"8(F"$ & $2A(04C48/2, & /,&
%@%/C%-C2 & $(74"8( & @%7/4", & F"-C/A & 72F4,/$47/2,5 & L"7 & #04GC2182 & %-4"$ & E4C2A"C%7 & /0$27%A$/40 & 02$G47#,*&
I"0A$/40%C &-/4C48/A%C &F%$(G%D,* &8202 &728"C%$47D&E41"C2,* &2F/8204E/A, &1%$%&/, &7%F/1CD&2JF%01/085 &34/0$CD&
$(2,2&$G4&,4"7A2,&4I&/0I47E%$/40&(4C1&%&$72E2014",&F4$20$/%C&I47&8%/0/08&02G&/0,/8($,&/0$4&I"0A$/40&4I&C/@/08&
,D,$2E,5&?204E/A,&'47$%C,&/,&%&G2-K-%,21&/0$287%$/@2&FC%$I47E&I47&$(2&%0%CD,/,&4I&1/@27,2&8204E/A,&1%$%5&B$&
F74@/12,&$(2&/0$27I%A2&I47&%0%CDM/08&%01&/0$27F72$/08&402N,&4G0&2JF27/E20$%C&1%$%&%01&$(2&FC%$I47E&I47&E/0/08&
4I&%&C%782&0"E-27&4I&1/@27,2*&A"7%$21&8204E/A,&1%$%,2$,&,$4721&/0&$(2&C4A%C&1%$%-%,2,5 &O(2&,27@27&/,&%C,4&
C2@27%8/08&$(2&2J/,$/08&G2-&,27@27,&I47&I"0A$/40%C&%0%CD,/,&4I&8202&C/,$,&P2585&QH<BQ*:R:S&%01&87%F(/A%CCD&
/0$287%$/08&%0%CD$/A%C&72,"C$,&G/$(&F%$(G%D,&/0I47E%$/40&P+T??&%01&QH<BQS5&

; 3-,-)<"=$(&,$+5

B0/$/%C & A40$7/-"$/40 &4I & $(/, &G47# &%/E21& $4G%71, &A"7%$/08 &%01 &478%0/M/08 &@%,$ &%E4"0$ &4I &1%$% & /0 &%0&
2II/A/20$&G%D5&?204E/A,&'47$%C,&A4EF7/,2&4I&$G4&E%/0&A4EF4020$,5

)S ?202&C/,$,U&V%A#K201&1%$%-%,2,&A"7720$CD&A40$%/0&)W*WX)&F%$(G%D,&%01&4$(27&I"0A$/40%CCD&A4(2720$&
8202&C/,$,&P+T??*&?L*&:R:&%01&/0K(4",2&A72%$21&8202&C/,$,S5&B$&%C,4&F74@/12,&%0&4F$/40&$4&"FC4%1&
A",$4E&8202&C/,$&4I&/0$272,$5&

RS TJF27/E20$%C &%,,%D,U &'72,20$CD &G2 &(%@2&)W*YWZ &8204E2K,A%C2 &@2A$47, &4I &E2%,"72E20$, & PE472&
$(%0&WR[&E/CC/40&1%$%&F4/0$,S&F741"A21&-D&@%7/4",&2JF27/E20$%C &%,,%D, &P2JF72,,/40&E/A74%77%D*&
9?=&E/A74%77%D,*&9(B'KA(/F&%01&9(B'K,2\S&47&A4EF"$%$/40%CCD&A40,$7"A$21&,A472,&P$7%0,A7/F$/40&
I%A$47&-/01/08&,A472,&%01&E/A74]^H&$%782$&,A472,S5& &TJF72,,/40&F74I/C2,&/0AC"12*&-"$&04$&C/E/$21&
$4*&$(2&1%$%&I74E&-72%,$&A%0A27*&F74,$%$2&A%0A27*&12@2C4FE20$%C&E412C,*&$4J/A48204E/A,&%77%D,&2$A5

B0&12,/80/08&?204E/A,&'47$%C,&G2&,4"8($&$4&,$7/#2&%&-%C%0A2&-2$G220&$(2&#2D&C/E/$/08&I%A$47,&,"A(&%,&
A4EFC2J/$D &4I & \"27D & /0$27I%A2,* & A4EF"$%$/40%C & A4EFC2J/$D &4I & $(2 & %0%CD,2, &F27I47E21 &40 & $(2 &1%$% & %01&
",2I"C02,, & 4I & $(2 & 72,"C$, & F741"A215 &_,27 & I7/201CD & /0$27I%A2 & (%, & -220 & 12,/8021 & $4 & \"27D* & 0%@/8%$2 & %01&
%0%CDM2&1%$%5&

> 0#,"1+-,&2")3-,-)4#-.5(&(

O(2&F47$%C&%/1,&/0@2,$/8%$/40&4I&8202,&4I&/0$272,$&%A74,,&1/II2720$&1%$%&,2$,5&647&2J%EFC2*&F72KAC",$27/08&
4I&2JF27/E20$%C&%,,%D,&/,&F74@/121&/0&%0&/0$27%A$/@2&O722</2G&,2,,/40&%C408&G/$(&I"0A$/40%C&%0%CD,/,&4I&
$(4,2&AC",$27,5&L02&A%0&,2C2A$&/0$272,$/08&AC",$27&4I&E4",2&8202,&I74E&402&4I&$(2&12@2C4FE20$%C&2JF72,,/40&
F74I/C2,&%01&A%0&\"27D&("E%0&$/,,"2&F74I/C/08&,2$&",/08&$(4,2&8202,5&

_,27,&A%0&"FC4%1&$(2/7&4G0&8202&C/,$&4I&/0$272,$&47&A40,$7"A$&%&C/,$&",/08&2J/,$/08&8202&C/,$,&/0&$(2&F47$%C5&
647&/0,$%0A2*&&G2&A%0&A(44,2&&%,&%&/0F"$&\"27D&C/,$&%CC&8202,&/0&?L&A%$2847/2,&A4EF7/,/08&4I&`,$2E&A2CC&a &
#2DG471&/0&$(2&12,A7/F$/40&I/2C15&b2&A%0&F74A221&$4&%0%CDM2&402&4I&$(2&-72%,$&A%0A27&E/A74%77%D&1%$%,2$,&
I47 & $(2&%-/C/$D&4I & $(2,2&8202, & $4 &,2F%7%$2 &-2$G220&1/II2720$ & $"E47&87%12, &%01&87%F(/A%CCD& /0$287%$2 & $(2&
72,"C$,&4I&$(2&%0%CD,/,&G/$(&%CC&+T??&F%$(G%D,&A40$%/0/08&%0D&4I&$(2,2&8202,5& &94772,F401/08&F%$(G%D,&

1       Dept. of Environmental Health, Univ. of Cincinnati, Cincinnati, OH 45267, USA. E      -      mail:       !"#$#%&#'(&#)*+,-+(.,  

mailto:medvedm@ucmail.uc.edu


G/CC&(/8(C/8($&,$%$/,$/A%CCD&,/80/I/A%0$&8202,&I74E&$(2&\"27D&C/,$5&.$%$/,$/A%C&%0%CD,/,&,"EE%7D&$%-C2,&%,&G2CC&
%,&(/27%7A(/A%C&AC",$27/08&(2%$E%F,&%72&%@%/C%-C2&$4&-74G,2&%01&14G0C4%15&./E/C%7&%0%CD,/,&A%0&-2&72F2%$21&
I47 & $(2 &,%E2&\"27D& C/,$ &-"$ &",/08&4$(27 &1%$%,2$, &,"A( &%, &A4EF"$%$/40%CCD &F721/A$21 & $%782$, &4I &1/II2720$&
$7%0,A7/F$/40&I%A$47*&A4EF%7%$/@2&8204E/A&(D-7/1/M%$/40&1%$%&I47&%&72C%$21&-72%,$&A%0A27&1%$%,2$,*&8204E2K
,A%C2&Q^H&E2$(DC%$/40&1%$%,2$,&I47&1/II2720$&$/,,"2&$DF2,&2$A5&$4&8%/0&E472&-/4C48/A%C&/0,/8($5

H&$DF/A%C&%0%CD,/,&P4"$C/021&/0&$(2&I/8"72&)S*&,$%7$/08&-D&A40,$7"A$/08&%&8202&C/,$&4I&/0$272,$*&\"27D/08&
402&4I&$(2&1%$%-%,2,&G/$(&8204E2K,A%C2&1%$%*&F741"A/08&AC",$27/08&%,&G2CC&%,&,$%$/,$/A%C&%0%CD,/,&,"EE%7/2,&
%01&87%F(/A%CCD&/0$287%$/08&$(2E&G/$(/0&%CC&%II2A$21&+T??&F%$(G%D,&A%0&$%#2&C2,,&$(%0&%&E/0"$25&

? 3&(':((&$#)

H,&$(2&72,2%7A(&/0$272,$&/0&(/8(&$(74"8(F"$&/0A72%,2,*`?204E/A,&F47$%C,a&-7/08,&%&",2I"C&72,4"7A2&$4&$(2&
72,2%7A(&A4EE"0/$D&%01&%,&/$&2@4C@2,&A%0&-7/08&-74%127&F27,F2A$/@2&$4&$(2&%0%CD,/,&4I&@%,$&8204E/A,&1%$%5&
O(2&"0/\"202,,&4I& $(2&F47$%C & C/2, & /0& /$, &%-/C/$D& $4&A401"A$& /0$287%$/@2&%0%CD,/, & $(%$ &2II2A$/@2CD&A4002A$,&
(2$27482024",&F/2A2,&4I&/0I47E%$/40&I47&$(2&,%E2&8202&C/,$&4I&/0$272,$&"0127&1/II2720$&A401/$/40,5&O4&$(2&
-2,$&4I&4"7&#04GC2182*&04&4$(27&F"-C/A&40C/02&72,4"7A2&F74@/12,&,/E/C%7&C2@2C&4I&I"0A$/40%C/$D&I47&F"-C/ACD&
%@%/C%-C2&2JF27/E20$%C&1%$%5&O(/,&A4EF4,/$2&%0%CD,/,&G/CC&(2CF&72,2%7A(27,&12$2A$&04@2C&/0I47E%$/40&%-4"$&
$(2/7&1%$%&%01&20%-C2&-"/C1/08&02G&(DF4$(2,2,5

?204E/A,&'47$%C&/,&4F20&%AA2,,&%01&/,&%@%/C%-C2&%$&)@,,=/AA888B!"#$%&'(*$+,-.(B$+1

C D&1:+"()

6/8"72&)U&_,%82&IC4G

E 4'F#$8."91%"#,(

O(/,&72,2%7A(&G%,&,"FF47$21&-D&87%0$,&I74E&$(2&^%$/40%C&="E%0&?204E2&]2,2%7A(&B0,$/$"$2&P][)&
=?[[WcZdS* &^%$/40%C &:/-7%7D &4I &!21/A/02 & P]R)&:![[dYYRS &%01 &^BT=.&920$27 & I47 &T0@/740E20$%C&
?202$/A,&87%0$&P'W[&T.[Y[dYS5

!"#$%&'(%)*'+&,)-.$%

/+-+(%)0)10%0$+%

/%0%.$%.(0--,)$.2#.3.(0#%)2+#+$)
0(&"$$)$+-+(%+1)("#1.%."#

/+-+(%)+45+&.6+#%0-)
("#1.%."#

7#%+2&0%+)*'+&,)-.$%)8.%9)50%980,$

:+3.#+)*'+&,)-.$%

!-'$%+&.#2)"#)2+#+$)0#1)("#1.%."#$

7#5'%

;'+&,)"%9+&)10%0$+%$

<#0-,$.$)/'660&,

http://www.GenomicsPortals.org/

