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ASSESSMENT 

This study was the exposure assessment of organophosphate pesticide for chilli 

farmer in Nakrasaeng subdistrict, Det Udom District, Ubon Ratchathani Province. Thi~ 

cross-sectional study was conducted on 46 chilli farmers as volunteer participants 

and 30 reference subjects as non-farmworker during May to November 2014. 

Organophosphate metabolites in urine samples collecting from all study populatio~ 

were analized. Questionnaires were also used to survey the knowledges, attitudes 

and behaviors information in pesticide application of chilli farmer. The analytical 

results of urinary dialkylphosphate metabolites (DAPs) including DMP DEP DMTP DETIP 

DMDTP and DEDTP shown most of DAPs detected in farmworkers urine samples were 

DEP and DETP as a common metabolites of chlorpyrifos which widely using in the 

study area. These metabolites concentration ranged from <LOD to 21.64 ~g/t 

creatinine for DEP, and from <LOD to 5.41 ~g/g creatinine for DETP. In addition, The 

urinary metabolite of member in chilli growing farmer was significantly different from 

the urinary metabolite of non-occupational (P<0.05). It was found that total 

metabolite mean of chilli growing farmer ranging 0.06-28.41 ~g/g creatinine and totaf 

metabolite mean of non-occupational ranging between 0.04-0.75 ~gig creatinine. ThEt 

results of an interview for knowledge, attitude and pesticide application behavior$ 

showed that most chilli growing farmers had good level of knowledge and attitude 011 

pesticide applications, they still had some improper pesticide applications and 

incomplete using PPE. In addition, the correlation between pesticide application 

behaviors and urinary OP metabolites showed that some practices in pesticide USE! 

were moderate to high negative correlated to urinary OP metabolite of chilli farmers 

significantly (P<0.01) with Pearson correlation coefficient (r) in range -.707 to -.805. I~ 
indicated that these practices related to low level of OP metabolite result of risl4 



' 
i\1 
; 

reduction in chemical exposure, such as the practices in chemical storage an 

disposal, using protection equipment while chemical mixing, as well as the behavio s 

after spraying. 
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-lJe:J~(;li'jfl ~ m1~ 1 'U fl1'j~ \11 bn'U .f11'1l'U~'\J'j1"iJ~11 bf'lilr\'1~ \11Pl Vl1~'1l"llel'l bfl~\?11 mn~~ cu "I , cu , 

l>i'1e:J~1'1 

-lre:J~(;li'jfl ~ m1~ 1 'U fl11 e.J~~~1'jbf'lil rl1~ \11Pl\?11~'1l"llel'l bfl~\?11fl1fl~~l>i'1 el~1'1 
" 01 'U , 

oife:~~!;li'jfl~ m1~ 1 'U m1o t1l~'U~11 bf'lil r\'1~t11 PlV11~'1l"lle:J'I bfl~mmn~~l>l1 e:~ ~1'1 
'U ul 'U , 

IJ' oCl Q.l d I dO Q.l Q.l ..::!11 I QJ I 

"lle:J~(Ii'jfl(?lfl'j1~V!(;l'lfl110\1li'j'U~11bf'l~fl1"il\11P1(9l1i'j'1J"lJeJ'Ibfl~Vl1fl1fl(;l~Vl"Je:JCJ1'1 
'\J 01 '\J , 

oife:~~(;l b ~m n'IJ fl1'j~1~Btl mrui:le:~'l n'UI>i'1 be:J'I"il1fl~11 bf'lil r\'1~ t11Pl\?11~'1l"llru~ 
'IJ ' 'IJ 

tJ5D'~'I1'U 

tl~mrub:W'Vl1UB 1m1vh 1 tl"lle:J'Ie:Je:~1m1 'U~B~b ~1?11 'UU~~11~"lleJ'Ibfl~l?11mn~:w 
' 

l>i'1e:J~1'1 

~11 b:W'Vl1'\J eJ 1m1 bb\?l!;l ~'lltJ\11~ VlJ1"iJi'j'IJ 1 'UU ~~11~"ll e:J'I bfl~V11mn~~l>i'1eJ ~1'1 
' 

tl~~1rub:W'Vl1'\Je:J 1m1"lleJ'Ie:Je:J1m1 'U~e:J~b ~V11 'UU~~11~"lle:J'I bfl~l?11mn~:weJ'1'1B'I 
' 

1~vi''Utl~:w1ru~11b:W'Vl1'UB 1mii"lle:~'l~11bf'liln1~t11P1'1?11~'1le:~e:~1m1 'U~e:J~b ~1?1"il1bb 'U n 
'IJ 

m1:w~:w~wh~wi1'li'jbJ~m1:wm1~\1lbn'Um'll'U~'IJ11~~11bf'liln'Utl~mru 

~11b:W'Vl1'\JB 1(;l'Vl1 'Uu~~11~"lle:J'I bn~l?11m 

f'l11:W~~~'U th~WJ1'1i'jb] ~ m1~fl11e.J~:W~11 bf'lil n'Utl~~1 ru~11b~'Vl1'\J eJ 1!;l'Vl1 'U 

u~~11~"lleJ'Ibfl~mm 

f'l11~~:w~'Uth~Vl11'1i'j ~~ m1:w m1ot11~'U~11 bf'lil f1'1Jmmru~11 b:W'Vl1'1J e:~ 1m1 

1 'UU~~11~"lleJ'Ibn~l?11m 
m1:w~:w~'Urh~Vl11'1i'j~~n11:wVI~'~m1o\1l~'U~11bf'liln'Utl~~1ru~11b~'Vl1'\JB 1(;lv1 

1 'UU~~11~"lleJ'I bfl~mm 
fl11"il1 bb 'U m~vl'IJ f'l11:W~ r1'Pl'U f'l ~ bb(l::;i'jfl~ fl'J'J:W 1 'U fl111 .u~11bf'liln1~ \11Pl(;l~~'ll'lleJ'I 

'll "I 'IJ 

111 

VI'U1 

9 

35 

:37 

.38 

,39 

40 

40 

41 

,42 

:42 

.43 

,44 

145 
I 

47 

48 

50 

!52 

53 
I 

'53 

~5 
I 
I 
\ 

56 



'll.l 

'V.2 

tfh.nrub:W'Vl1'UB 16l'Ylvf11 tJ'llB\IBBim 1 'L!vlm'lb vl~ 1 'L!U?f?f11~'1JB\Ibf1'1!f~"Jm 
n~:w~1B81\I (l:w 1mn-r:w~an-r:wfl~bB~thJ) 

' 
tJ~mrub:W'Vl1'UB 16l'Ylvf11 tJ'llB\IBBim 1 'LI'VlB?fb'Vl~ 1 'UU?f?f11~'1JB\Ibf1'1!fmm 
n~:J-J'eJ1\IB\I (l:w bfl'Jn-r:w~an-r:wfl~bB~iil'U) 

' 

., 
'VI'L!1 

81 



2.1 

2.2 

2.3 

2.4 

2.5 

2.6 

4.1 

Q.l 

Q.2 

Q.3 

Q.4 

bfl'"j~?f·hrvi'-J 1 tJ'llm?f1'"jbflilrh:5'~1"i'l'l'"j~"lfn~llm.J1m1 'U~e.J?Ib~\91 
'V ' 

bfl'"j~?f~1~'1Jm fl6'le.J1t~~~e.J?f (Chlorpyrifos) 

m~'U1'Ufl1'"j bll'Vl1'U e.J 1m1'll e.J~fl6'le.JTI ~~~e.J?t1 'U~1~ fl1tJ1l'U~EJ 
' 

1m~?f~1~vi'11 tJ'lJe.J~?f1'"jb1J'Vl1'Ue.J 16'lvle.Je.J1m1 'U~e.J?fb~\91 
m~'U"J'U fl1'"j'Vl6'i'~lil1 n 1~-ru ?f1'"j bflil b .U1~~1~ fl1tJiil1 n fl1'"j'Vl1 tJ h 

'V 

fl111!G11!t'r'U5'lJe.J~'"j~~'UI'l1~l~fl1'"jG11JeY?f'Vl1~~hm~ (Biomarkers of exposure) 

tl'IJ'"j~ tJ~ b 16'11~1'l1~'1 ~tJ'"j1 fl!J 
fl1'"jb tJ~tJ'U b VitJutJ~111rubll'Vl1'Ue.J 16'lvl'lleNe.Je.J{m1 'U~B?fb ~l'l~~Vlll~ (Total DAPs) 

bb tJ6'l~tJ6'1 n~~ n bb6'1 ~ e.JtJ mru~ ~iAJ'U?f1'"j bflil 
'V ' 

Q..l ~ I Q..l I i.l 

fl1'"j?f1Jil1~ru bfl~l'l '"j mn6'11ll'l1 e.J m~m tJ bb 'U'U?Ie.J'U m11 
' -=:!~ <=II I o<::lil 0 QJ Q.l .c::lrrl 

b \91 '"j tJ 11 fl1 '"j Q ~~'U bb6'1 ~ ~ ?fll?f 1 '"j bflll fl11il ~ 1"1 \91 '"j~"lf 
'V 

fl1'"j1 bfl'"j1~~Vl1bll'Vl1'Ue.J 16'l'Vl1 'UU?f?f11~'lle.J~bn~mm 

5IJ 

Vl'U1 

11 

12 

13 

: 14 

17 

19 

51 

93 

93 

93 

94 



d 
'U'VI'VI 1 

0 

'U'VI'W1 

1.1 ~~1tt~::fl11~6h~qJ"lle.J~ilqJV11 
'lh~ b Vl!i'11 VI E.J b U'Utl'a~ b Vlli'lbfl'l3\9l'afl'a'a~ 1 'Uf1l"S'Vh f1l'Sbfi'1319116'11'Sbfliifh~Vl~\9l~~'ll~fltJ1l.J1 ~oi.f 

~1'W1'W&-~1n b ~e.J b ~&-~~!;1 ~~ \91VI1-:J m"S bfl'l3\9l"S 1 Vi b TIE.J-:J'I"le.JI?ie.Jf111&-~~e.J-:J fi1"S"!Je.J-:J \?lm\91 bb!;l ~tl e:J-!1 n'W 1 "Sfl~~ 
bb&-1!;1-!1 b U'W'I''nV!~ 1Vl E.J bU'I"l1~ 1 'Uti 'a~ b Vlli'11 VI E.J~-!Ie:J ~1 'U bbtl'U 161J'W~e:J'U tl'a~'lJ1fl'a6'11'U 1 Vlqjtl 'a~ f)e:J'\Je:J1,;~ 
bfl'l3\9l <am"S&-~ ~-!Iii m"S 1-i.!?l11 bflii&-~1 b U'U b 1!;11'U1'Wbb!;l~tl~&-~1tu m<a 1-i.! b ~&-~~'WVI nu "il1 ntl~mrum"S ~oi.f . ' 

?11<a Lflii rh~ Vl ~\91 <a~'ll~?I-:J bb!;l ~m oi.fe:1 th-:Jn11-:J"!J11-:J vh 1 Vfii~!;l m~VI'U l?ie.J&-~'W'I3V ~1911 bb!;l~~-:J bb 1 Vl~ e.J~ 
\1 'U , : 

bb!;l ~ "il1fl 1"111&-1 b ~e:J bb!;l ~'l"l '1~ fl'a'a&-1 f11'a 1-i.!~hi b V!l.n~?l&-1 "il1 f1bfl'l3\9l'afl'a'U1-!Ifi~&J~~e:J-!I f11"S1 Vl6'11'Srl1~\91 
~ \91 ~~'lJe:J e:J fi'JVI~1'W bb <a -:J 1Vl E.J vl1 m<a ~ ?l&-~?11'a bfliiVIm E.J'll'W Vl b i11?11 E.J n'U ~-!I b u'W f111&-~6'11 A' tlJ 1?1 1!w 

i.h~~VI5fl1'\"ll.J1 flfll1~!;1 fl'a~VI'U~"il~ btl Vl~'UI?ie:J?I"!Jfl1'1"l"!Je:J-!I bfl'l3\9l'af1'a vl11 Vl~!;l n'a~VI'U~ bflVl~'U'a'Ubb 'J,-!! 
' ' ' .., 

~-:J:U'U 

m<a~?l1'abfliin1~Vl~\9l'a~'llt'lf1tJ1&-~11oi.fe:J ~1-:J bb 'l"l~V!mE.J 1 'UI?i'1'Ubfl'l3\9l'afl'a'a&-~vl11 Vf6'1-:J~m)'W\9l'a1E.JI?i(e) 
'\J '\J 

?I"!Jfl1'\"l"!Je:J-:J bfl'l3\9l<am be:J-!1 ~'U~lnfl bb!;l ~fl'Uvh 1 t1~ii1 e:1 m?l b~E.J-:JI?ie:Jm<a~&-~ ir?~?I1'S bflii n1~\91~\9l<a~'ll~-:J 
'l 'U 'U . 

bb 'U'U bQE.J'U'I"l~'U bb!;l ~ b~e:J1-:J f1l'ab i11'U?I1'Srl1~\91~\9l'S~'ll b i16'1~1-:Jf)1 E.Je:J1"ill.J1"il1fl VI1-!1~1V!U-!1 -de:J-:Jtl1fl 
'\J '\J 

bb!;l~VI1-:J!;l&-~VI1E.J h ~-:J?I1<a~'I3~-:Jn~111Vlmu'l"l1~?11"Sn1~Vl~\9l"S~'lJ v111 VibnV11 "Sf1~'13e:Je:J~m1 'W'\"JmH 'V'J?~ 
'\J : 

bf1~'13m{'U1b&-~191 bU'U~'W "il1fl'a1E.J-!!1'Wfl1'ab~h<a~1-:J hfl"!Je:J-!!6'11irm~'U1VliVIE.J1 u 2549-2553 'l"l'U1h 

~u1E.J~11?i'-r'U~'I3"il1n?l1'abfliin1~\91~\9l'S~'lJi1~1'U1'U 1,251, 1,452, 1,646, 1,52o bb!;l~ 1,982 'a1t~ 
'\J '\J 

\911&-1~ 1~'\J 1Vl E.Jii bb 'U11 U&J"!Je:J-!! ~U1 E.J b ~&J~'UVI flU ?le:J\911"1~ e:J-:Jfl'U fl1'a1 oi.f?I1'S bflii rl1~\91~\9l'a~'lJe:J~11-!I 
'\J • '\J 

~m -de:J-:J Lb'fl~ L ~&-~oU'W1 'Wfl1fl Ln'l3\9l<a~-:J~-:JwrVlvili m<ai.'J1E.J?I-:J?IV1 5 B'W~'Ubb <an 1~ bbti b,;E.J-:J"S1E.J 'Wfl-a?I1"S"Sto1 
" ' r' 

n1bb'l"l-:Jb'l"l'lJ<a b,;E.J-:J1V!:W ?l'l"l"S"Stu'U~ (bb?I-:J1u&-~ ~~'l"l1'U'lJ, 2554) . ' 
~1'\J!;l'U1fl'a~bb61J-:J ehbfle:JbVl'lle:J\91&-~ ~-:JV!lVle:J'U'ft"S1'll51-d ~mtJ'W~'W~~iitl-a~'lJ1mi.h~ne:J'Ue:J1,;tl ' . 

bn<t3191 "Sm1&-~~1'W1'Wmn bfl<t31911mci1'W 1 Vlruiim,;'l"lv11'W 1 bb!;l ~n m"Stl!;l nir n?I1'W 1"111 b U'Ue:J1~'1"l b?l~~ 
v '\J 

"il1 f) m<a6'11'a1"il~'U~'I"l'Ul1 bfl'13\911 mii fi1'S 1 oi.f?l1'a bflii n1~ (91 ~ \9l'S~'ll~1'U1'Ul.J1 f) b ~e:Jtl e:J-!1 fl'U bblJ!;l-!1~ \?l'a~~ 
'U \1 ~ 

1 'a fl~'lJ bb!;l ~ b ~ lJ t:.l !;1 ~ ~ \91 Vl1-!! fl 1 'a b fl '13\91 'a 1Vl E.J bU'I"l1 ~ 6'11 'a bflii n 1 ~ \91 ~\91'S nG'i&-~e:Je:J{ fl11 'U'\"J e:J?I b '\"J \91 bb!;l ~ 
'\J • 

m{'U1b&-~\9l ?11'Sbflii~'UE.J&-~1-ti&-~1fi~?IV11'W~'W~~e:J fl!;le:J1'1"l~'V'Je:J?I LL!;l~b&-~VI1VIii!;l bU'U~'U ~-!!m"S1tlf . : 

6'11'abflii n1~\91 ~\?l'a~'ll~ 1'W1'Ul.J1fltl'a~ f)e:J'\J fl'\J'\"jf1 ~ m<a&-~ fl1'a 1-i16'11'a bflii n1~ (91 ~ \91 'a~1:Wt:l f)~ e:J-!1 e:J1 "il vl11 ~ 
'U ul 'U 'U 

bfl'l3\9l'afl'aiif111&-l b~ E.J-:JI?ie:J?I"!Jfl1'1"le:J'U1~ E.J 1~ b~e:J~&-~ir 6'11\91 E.J\?l'a-!! • 
-!11 'U 1 -.ij E.J dn-r \91 t:ltl 'a~ 6'1-!1 r1 b ~ e:1 ~ n '131 n 1 "Stl 'a~ Lii'U m"S~&-1 er 6'1 6'11 'S Lflii n1-.ij (91 Pl\91 'a~ 'll n 6'1 ~ 

, \J , ! 

e:Je:J~fl11 'U'V'Je:J 6'1 b '\"J\?l"!Je:J-!1 bfl'13\911fl'a~tl!;l fl'l"l~fl 1Vl E.Jl bfl'S1~~tJ~&-~1tu?l1'ab&JVI1'\Je:J 1!;1vl"!Je:J-!16'11'Sbflii n1~~ 
'\J '\J 

~\9l'a~'lJn~&-~e:Je:J{m1 'W'\"Je:J?I b '\"J\911 'WU?1?111~"!Je:J-:Jbfl'13\9l"Sm <a1&-~ti-:J?Ie:J'Um&-~f111&-~~ VJ!i'l'Wfl~Lb!;l~'l"lt]~m1~ 

m;1 -i1?11;bflii n1~ (91~ \91 ~~'ll b ~ e:J b U'UoUe:J~!;ltl'a~ f)e:J'\J 1 'U fl1'a~Vl~'U 1 "il11-!l bb~'U~~1'S~l-!1 b ~ e:JV!1 bb 'U1VI1~ 



! 

Q 
' 

1.2 1~q,Jcd::g!.:Jfl"(Je).:Jn1~1:5'~ ,

1 
1.2.1 1~t'lth::g~.:~fi'VI~n • 

b Vl-en..J'J~ biJ'W fl1'J~:W~6'16'11'J bflii rh~' ~~ ~'J~'IJ mh.re:re:J{ m1 'W~B6'1 b ~~'IJB\1 bfl~~'Jm~ 
'U 'I f'\J 

tl6'1n'V'l~n1 'U~'U~ 1?1'1U6'1'U1fl'J~bb6(l\l B1b.flBb~'1Ja~:w ~\IVI1~aum1'1Ju1il : 
'IJ • • 

1.2.2 1~t~'l.J~::gl.:Jflbtl'W1:: • 
1.2.2.1 G11'J1"ilfl11:W~ Vll"l'Wfl~ bb6'1~'V'l~~fl'J'J:Wfl1'J 1 offbb6'1~fl1'JUB\I n'UeJ'U~'J1CJ"il1fl6'11'Jbfl~ 

'IJ I 
0 Q.l Q.l ~ ' 

flT'il~l"l\9l'J'V'1'1J"UB\Ibfl~\9l'Jfl'J 
'IJ I 

1.2.2.2 1 bfi'J1~~tJ~:IJ1 !1!6'11'J b:W'Vl1UB 16'1vl"UB\16'11'J bflii rh~ ~~\9l'J~'1J1 'U1J6'16'111 ~"11 ~\I 
'IJ I 

1.2.2. 3 Pi n~1 fi11:W~:W~'Uih~VIl1\I'V'l~ ~ n 'J'J:W fl1 'J 1 off bb6'1~ fl1 1UB\I n'U eJ'U \9111 CJ "il1 fl6'111 bfl~ 

rh~ ~~ l'l'JYl'1JnutJ~:w1 ru6'11'J b:W'VlTt.m 16'1'Vl1 'WU6'16'111~-ua\l Lfl~l'l'Jfl'J 
'IJ 

1.3 1JeJUtttJt9101~1~eJ 

fl1 'J Pi fl ~1 fl ~ \I.Q' b U 'U fl1 'J tJ 'J ~ b iJ 'U fl1 1 ~ :W ~ 6'16'11 'J b fl ij n 1 ~ ~ ~ \91 'J fl '1J nG=i :W B B { fl1b 'U ~ B 6'1 b ~ 191 
'IJ , ' 

"U B \1 b fl~\9l1 fl'J ~ tJ 6'1 fl 'V'l ~ flb~ CJ fl1 'J1 bfl 11 ~~tJ~:w1 !1!6'11 1 b:W'Vl1U B 16'1vl'IJ B\16'111 bflii n 1~ ~ ~mfl'IJ nG=i ~ 
\1 'U 'U ,, 

B B {mb 'U ~B6'1 b ~ 1'1 1 'U U 6'16'111 ~"11 B\1 bfl~\9l1 fl'J~U6'1 fl'V'l~ fl bb6'1 ~vl1 fl11G11'J1 "il fl11:W ~ Vll"l'U fl~ bb6'1 ~ 
'IJ 'IJ 'IJ 

'V'l~ ~ n1'J:w n1 'J 1 off bb6'1~ n1 'Ju a \I n'U er'U (9] 'J1 CJ "il1 n6'11'J bflii n1~ ~ ~ (9] ~~'IJ-ua\1 bfl~\91 'Jfl 'J 1~v11 n1'JP'i n~~ 

Lfl~M1m~tl6'1fl'V'l~n~m~CJBtJ1 'U~'U~ 1?1'1U6'1'W1m~Lb6(l\l B1L.nm~'1Ja~:w ~\IVI1~aum1'1Ju1il ~1'UTW 
'U 'U \.1 'I 'I 

46 fi'U ~\lbU'UUflfl6'1~vl1VIU1~~~vJ'U6'11'Jbfliin1~~~\911fl'1J"il1fl'Vlflfl~1b~B'U fl~1b~B'U6'1~ 1 'J1tl bb6'1~ 
• 'IJ ' 

nG=i:w eJ1\IB\I ~1'U1'U 30 fl'U ;\I b U'UU flfi61~B1 ~CJ a ~1 'U~'U~ bb~hJ1~tJ 1~ fleJUeJ1~'V'l bfl~\91 1m1:w 
' , 'IJ 

1 'W';i~Vrh:Jb~€J'W'V'l'J~fl1fi:W ~'l'V'l'Jfl~ fl1CJ'W2556 

1.4 U~13.J~Wvlbtl'W1:: 

1.4.1 fl11tl'J~biJ'Ufl11~:W~6'1 (exposure assessment) VI:W1CJ~\I fl11tl1~biJ'U'J~~Ufl11~:W~6'1~ 
bb~fl~Uflfl6'1 tl'J~'1J1fl'J Vl~m~uuwni"11~~Ul1:W1flUBCJb~CJ\11~ b~CJA1il'\I~\I"U'U1~fl1'J~:W~6'1 (dos~) , ' 

'J~CJ~nm~~:W~6'1 (duration) bb6'1~-dv\I'Vl1\lfl1'J~:W~6'1 (routes of exposure) 11:W~\Ib~'U'Vl1\lfl11~~ 
fl'J~"il1CJ'/JB\I~\Iflflfi1:W"il1fl1 'U~\1 bb1~GlB:W~1'WI'i'1fl6'11'l (medias) m?lfi'U~1CJ 

, 'IJ 

1.4.2 bfl~l'l'Jm~tl6'1fl'V'l~fl (chilli farmers) VI:W1CJ~\Ibfl~l'l'Jm~iim~'V'ltl6'1fl'V'l~flb~mU'UB1~~ 
'U 'U '\J 'U 

L6'1~:w Lb61~m~CJBCJb'Wth'W'W1m~Lb"ll\l ~1Ufl'U1fl'J~bb6(l\l B1L.nm~'1Ja~:w ~\IVI1~aum1'1Ju1il 
'IJ ' , 

1.4.3 6'111b:W'Vl1UB 16'1vl"UB\1Bv1m1 'U~B6'1b ~\91 (Organophosphate metabolite) VI:W1CJ~\16'11~ 

~ Ln~"il1 n fl1'Jb tl~ CJ'W LL tlfl\lbfi'J\16'1~1\16'11'JLfliin1~~~M1Yl'1Jn6=i:waa1m1 'U~B6'1 L ~M aCJ1 'W1tlvi'11 tl'IJ eJ 4 
'U 'I 'U 'U 

1~eJ6'1fl6'1~B6'1b~\91 (dialkylphosphate, DAPs) tl1~flBU~1CJ6'111 6 '1JU~ 1~Lbn 
I 

dimethylphosphate (DMP), diethylphosphate (DEP), dimethylthiophosphate (DMTP)~ 
I 



i3 

I 
dimethyl~ithiophosphate (DMDTP), diethylthiophosphate (DETP),, diethyldithiophosphate 

(DEDTP) 61i-:~611'H:W'V11'UB hrvi"il~Cln-iJ'UBBm..nn'UU?l?l11~mCJ 1-u 24 - 48 oU1L:W'l VlK-:J?i':w~?l?l1d" 1 
~ ' 

I 

1.5 tl-a~1f1'lftJ~A1W;h~~hii'u 
1.5.1 b 1J'U-b'B:wG11 ~m=i:wbm~\Wm':i~tlG'ln'V'l~nV~':i~Vl'!!nfi-:~ei'wwnCJ'1lB-:J?l1'HA~rh~~l'1mvh 

\1 q \1 'U 'U 

1.5.2 b'iJ'Wbb 'W1'V11'l1 'Wf11':iUB'ln'W bbm '1l b?l'Wmb 'W~m':i~-:!b?l~:W?l'1Ji11'V'l bbG1~UB-:!fl'W~G1nd~'Vl'U"il'in ' ' 

f11':i 1-ti'?l1':ibA~rh~~l"lm.W'1l 1 'Ubn'l'fl'l':im~tlG'ln'V'l~n~B 1 tlhi 
~ ~ ~ 



d 
\J'VI'VI 2 

c:l 0 Q.l Ql .c!l 

2.1 ~1~bfi3Jn11\J~fl~~W"ll 

2.1.1 "llil~bb6't:::tl~:::bfl'VJ"!JeJ.:J~1~bflijfh:5'~flV~~Yi"ll 

?11~bflnrh~ ~ l"i'l'l~Yi"ll (pesticides) b U'U?l1~bflij~'t11~n1 otl1 'U m~b ~mJ(;l t:-J~ 1'1~Tu fll~ 
bm~l'l~mi:w bb(;l :::'1111 tl1·u\ tl'U?l1ibfln n1~~ bbl.J(;1-:J'VnV!~'I111 "jfl 1~CJ fl11l.JV!l.J1 CJ"Ua-:J?l1i bfln n1~ ~ 1"1191 "j~~ 

'IJ ; 

Vll.J1CJii-:J ?11ibfljj"lli1~ 1~"lli1~Vl~ -:JV!~EJ?l1it:-J?ll.J~jj?l1i bfljj'Vlm CJ"lli1~~jj~~~-:JV!:W1 CJ 1m 'U miu eNnfi.J 
' ' ' 

vJ1(;11CJ oil'U 1~ Vl1eJ(;1~A11:wi'Ubb i-:J"UeJ-:Ji11'11~rieJA11:W.Y-:Jm1ru i1:Wii-:Jm1:w b~CJV!1CJ mirieJuruVl1"U~-:J 
, IV Q.J . 

~"UV!~el~(;1~h~€Jn~'JCJ (:wni?l "j~"j-r~-u, 2549) <5-:J6'11ibflnn1~~1"11'1".iYl"ll1'U'VI1-:Jmibfl~l'1".i ~nn1".i 
, 'I , ~ ' 

"il1Vl'tl1CJV11-:Jm".iff1 n:w1nn'i1 1,ooo "ll'W~ <5-:Jbbu-:JaeJmtl'Un~:w1Vl~ 11'11l.J"llti~"UeJ-:J~-:Jjj:fi11'1mmlu 
m".iA1'UA:Wbbl;1~n1~~ 1~Lbri ?11".ibAnn1~~bbl.J(;1-:J (insecticide) ?11".iUeJ-:Jn'Un1~~1"ll~"ll (herbicide) 

' 
6'11".iU '€)-:) n'U fl1~ ~ b ~B ".i1 (fungicide) bb(;l ~6'11 ".ifl1 ~ ~Vl'U bb(;l ~611'11 bb 'VI~ (rodenticides) b U'U 1'1u 

'IJ 

(?111TU'UB1Vl1".i m~Vlil-:JeJI'1?11Vlm".i:w, 254 7) 
' 

2.1.1.1 ?11".iLAnn1~~bb:W(;1-:J (Insecticide) 

6'11".i bAn n1~ ~ bb:W(;l-:J b tl'U6'11".i bfliJ m".i bn~\91 ".i~n"il1'U1 'U"lli1 ~:w1 n~?l ~ ?11".i bAn n1~ 
' 

bb:W(;l-:J Lb u-:JeJeJm tl'Un~:w 1 Vl~ 1 m:w"lli1~"lleJ-:J?l1".iLAffi~ 4 tl".i::: bflVl ~eJ 

1) n~:WBeJ~m1 'Ufl(;lB~'U (Organochlorine) 

6'11".in1~ ~l"i'l'l".i~"ll n~:weJeJ{m1 'Ufl(;lB~'Ub U'U?l1".iB'UV1~~ 61-:J bm1~~~m:w b(;l nt1 
'IJ ' ' 

'lh~neJ'UhJ~lCJA1~'UeJ'U (C) A(;leJ~'U (Cl) 1eJ1~".ib~'U (H) bb(;l~eJeJn"Bb~'U (0) 1~mbu-:JeJBmtl'Un~3J 
"' ' 

~eJCJ1~~n 3 m=i:w~-:Jti 
' 

- n~:WB'U'W'UTI"U€l-:Jfl(;1eJ~b'UI'1BbVl'U~ (chlorinated ethanes derivative$) 
' ' 

m~L~CJn11n~:w~~V1B'U1l;1Bn6il (DDT analoo) ?11".i1'Un~:w'i1~~~nn'U~ 1~Lbn ~~V1 (DDT) 1~ 1Ai'JB~ 
'I :::> 'I "' 

(dicofol) 

- n~:w 1"1J bAl;11~~'U~ (cyclodienes) "lli1~"U€l-:J6'11".ifl1~~1"11'1~~"lln~:w'i1~611A'~ 
1~bbrlB'ell;1~1'U (aldrin) b®'DI'11Al;1B~ (heptachlor) AG'JB{b~'U (chlordane) 

- n~:Wb®'fl"IJ1fll;1Bh1"1J1Am®'flb"IJ'U (hexachlorocyclohexanes) "ll'W~"Uel.:J 

?11".ifl1~~1"11'1".i~"lln~:w'i1~611r1ru 1~LbriDbeJ"ll~ (BHC) bb(;l~~'Ub~'U (lindane) 
'IJ ' "' 



?fTm(;\JJml~m1 'UflGHl~'Wi1fl11JJfl-:J'Vl'W hJ?fmtJ~1 ci1'W1 vtruG'l:::mtJ 1t?i'~1 'W 1'UJJ 
' v 

~-:J?f:::?fJJb'We:J1WJ:::~i1ci1'W'\.Ji:::nm.J1'U~'W?f-:J b'1i'W ~u 11'1 i:::uu'\.Ji:::?f1'Vl b~e:J\?1 J1~ JJ1JJ bbG'l:::~e:J 
" 

bbe:JI?l~UG'l b'U'W~'W G'l:::mtJ1~ue:JtJ1 'WJ1 bb~()1e:JtJ1 'WiU?f1iG'l:::mtJ '<\l:::\?1\?l;JJ 1t?i'~Vl1-:J~'JV!U-:J ;-:Jci1'Wb vt ' 
" " " I 

bb~1 ?f1';i-;u ~ e:Je:J n ~'Vl~~m~'WU';i~?f1'Vl i~ f11';i (motor nerves) b~'WUi~?f1'Vl-r'U ~11J-Ji'i1n (senso o/ 
nerves) bbG'l~ci1'UJJe:lbl'le:Jifle:Jib'Vln61l (motor cortex) b'W?fJJe:J-:J bbG'l:::e:J1'<\lbVltJt11'1111Vi'i1mi?f.;'1-:J 

be:J'W 1"1lii~1fl'j 1JJ 1"1lJJ'Ue:J~~'U b ~JJJJ1 n~'W~1 t1 ;,:Jm-;uci~t-~G'l1 Vi'bfil?lmib u~ tJ'W ~,~, '\.JG'l~ ?f1'j bfli1~1'W1'Wm1n 
bbl'ln~1~ 1 '1J-;u1m:::~'U'\.Jn~ 11?1 t1 bu'Vn:::~m11JJ'W~v'hvtu1m 'Wfl1i~uw'W~bbG'l:::mi?f.;'1~~1rie:J'W (Zhang, 

X. et al., 2008) BflvY,:JEJ~bU'W?f1if1~JJ~i1mi?fG'lltJ~1i1 Yh1Vi'bfil?lfl1il'lf1~1,:Je:J~1'W~-:Jbb1\?l"'e:JJJbU!U 
nm'W1'WbbG'l:::~'U-hi1mi?f:::?fJJe:J~I'11JJ~'WI'11JJbb vt(;\-:JJ1 ~~0'W~~~u11~n(;\JJ.Qb ·1h 1 'IJ?t:::?fJJe:JtJ 1 'WYI'll~n 

" ' " ' 

t:JG'l1mt?i'vt1 n~'IJ ~ nt:JG'l1JJ ~~ n(;\11 b ~'j1:::'\.J G1 ne:1 ~1 'W~'W~i1?t1i'll'W \?ld?f:::?fJJe:l ~ bbG'l :::i1fl11JJ ~, u'U-Yibt 
" " " bi:ltJ'U~6i''W~1n11n~JJ~'W bb~ne:J h~\fil?l'Yi'ljb~e:J-r-:J 1 'Wi:::tJ:::tJ11 b ~e:J,:J'<\!1 n?fm tJ~1 mn bbG'l::: ?t:::?fJJ 1~ 

' 
~,:) bnl?l"'e:JJJ~,:J 11?lmu~1:::~~Vi ;~n'j1fl1~n i1'1Ji:::i'1'Vl5n1-w1 'Wmin1~\?l bbJJG'l,:J~,:) ~~Vi'<\!::: bb?f~,:J~'VjB 
Ae:J'Wi1,:Ji1 m mibb in~ir n~u Ae:J f11ibfl~e:J'W 1 vt1 hJ'\.Ji:::?f1'W n'U 1'11JJI?i'1 tJe:J1 mii'WvY,:J~1~f11itJ 
bb 'U'W'U1 'Vi'ljbi:ltJ'U~6i''W'lJe:J,:J~~Vi~th tJ-;u:::iimmi~n ~1 b ~ tJ'mJ1'<\!1fl fl1i'U1~e:Je:J nGB b'<\l'W i:::'U'Uvt1 t1 t-;u 

" " 
m'<\l ~ JJ b vtm bbG'l::: 1'11 t1 1t?i' m i?f ~~JJ e:11-;u n e:1 f11ii:::fl1 mfi e:J~ ~ e:J'IJ e:J~ ?11 'W'Vi'ljb~e:J-r~-;u :::ii t.~G'l ~ e:Ji:::'U'U 

" Vl1-:Jb~'We:l1vt1i b~e:Je:l1vt1i fl~'W1~ mb~tJ'W L1'1vtUf1G'll?l bvt1J~bvt~e:Jm~e:JtJ"'11'11JJ~1,:Jf11tJ ci1'Wn(;\~ 
' 

1"1l1flG'l1~Bi.!6'1 ~, U'W?f1i'Yi'lj~m:::uu'\.Ji:::?f1'Vlb '1iwi''W 'Vi'ljbi:ltJu~6i''We:J1mifl"'1 t1 nu~~Vi bb~iimnTJ.mn 

~1:wt?i'1t1 ci1'W'Yi'ljb~e:J-r~m-;une:J1 Vi'bn~:w~b~~ (~1mn i'1~vtb?f.W, 2537) 

2) n~:We:Je:Jim1 'W'We:J?f b 'WI'l (Organophosphate) 

?f 11 n~ :w e:J e:J { m1 'W 'W e:J ?f b 'W 1'1 b U'W ?f 1 i b e:J ?f b 'Vl e:J ~ (ester) 'U e:J~ m~'W e:J?f'W e:J~I"l 

(phosphoric acid) 1t?i'bbtlb:W1'W'We:J?f (mevinphos) flG'le:Jit~~'We:J?f (chlorpyrifos) 11?lb:W'VlbBbe:J~ 

(dimethoate) 1~1flibl'li'We:J?f (dicrotophos) ~1i11ue:Je:J'W-b:W'Vl5G'l (parathion-methy) bbG'l::: 

~1'n 1ueJeJ'W (parathion) bl?ltJ?fl':ifl~Ud'mntJI'l';Mi'ri€l'Wil-:Jb 11 'ii-:J 1:Wri-emi1m11'1flfll-:J1 'W~-:Jbb11?1"'€J~ 
';i:::tJ:::tJ11 bb~i1Vi'ljbi:ltJu~6i''U~-:J 1~tJi1~VlBir'Ut~mi'Y11-:Jl'W'Ue:J-:J acetylcholinesterase 'V111 Vlbfi~ f11ii 

?f:::?f:W'Ue:J~ acetylcholine ~'\.Jm m~'W'IJ i:::?f1'Vl ~'ljbi:ltJ'U~6i''W 'Yll1 VI bfi~mim:::~'UUG'lltJUi:::?f1Vl 
€)~1-:l';i'Wbb ';i,:J bbG'l::: b~ tJ~ll'11t?i'~1 tJ ?f1 in(;\:w e:l e:l ~ m1 'W'W e:l?f b -w~ b i1ci~1-:J f11 tJ 1m~ tJ f11'jfi'Uvt1 tJ 1 '<\) bbG'l~ 

q 'I 'll • 

;:w b i1'Vll-:J ~1V!U,:Jfl'J1:W b U'tJVi'lj'<\J:::~'U tl'U e) \Vl'j1f11';i b 'IJ~ tJ'Ubb UG'l~?f1 i'Vi 'lj1 'U~1~fl1 tJ b\?ltJlfi1~1~'j bG'lGB~ 
1 'W~U 1~tJ~11 'IJ?t11n(;\:we:Je:Jim1 'W'WeJ?fb'WI?li1'Vi'ljbi:ltJu~6i''W~e:J:w'W'IjV bbG'l:::~l?l1i1m:::~n~'Uvt6i'-:J 

' ' " 
en mi'Vi'ljbi:l t1 u ~ 61 'W 

(1) mmi'Vi'ljbb'U'UiJ?fm~'Dfl ~uci1'W1vtru~n"'1:wb-dm~tJ'U ir1h bbG'l:::~e:J~ 
v 

iivie:J PJ1f11i~di~~'W1'Wi:::tJ:::bb1n APJ b~e:Je:J1vt11 fl~'W1~ mb~tJ'W ~e:J~b~'W J11?11bvtG'l L1'1mt1bvtfl 

bvt~e:Je:Je:Jn ir1 h b~'WoU1 J.l1'Wmvt~ ~1tJPJ'<\ll\l11:::bbG'l:::iJ?f?f11:::n~'W1:i.le:J~ bfil?le:l1fl11bm~'/Je:J-:JV!G'le:J~G'l~ 
' " 

vtG'l e:J\?IG'l:Wiibile:J n bbG'l::: b?f:Wvt::::w1 n 

(2) m m1Vi'ljbb 'U'UDbfl ~'Dfl m m1Vi'ljl,l, 'Uudln~~'Wb ~e:J~I\l1nm1?f:::?f:w'Ue:Jj-:J 
e:J::: b"llViG11fl~'W~'IJ G11 t1'\.J 1:::?f1'Vl bbG'l :::~GB'W bb 'W'IJ6'1 'U e:J,:J 1:::uu'IJ1:::?f1'Vl e) l?lb 'Wir~ m m 1~ bfi ~~'WA b 
n~1:Wb 'l!m1nm:::~'W:W1n n'i1'1J n~ i1m1m:::1?1nn~1:w b ifr.J~Vl'U1 vtU-:J\?11 ~'W ()1PJ1f1111'Wbb i~~'W-;u~ \I , , , . 



i 
YfUl1 m~~nmn~-n~"l.~1\lf11tJ ~e:Jl..J1~\I~~ Lfl~€11f11'HJ€J'UL ~~ tJ\P11lJf1~1lJL oQ€Jvf11tJ LL~~ Lfl~L U~ 
'iJ'lJ~1\Pl"lJ€J\If1~1lJLU€J1 'UVi~~ ~1hL~'UL~1 fn1lJ~'Ub~~\P1~\I f11'jVI1tJ1~~lJLVIm ~I 

(3) €J1 m 'jVJ1 \1 ?llJ€J"l L ~ e:J\1 ~ 1 n m 1lJ ~ ~'IJ n ~"ll €J \11 ~'U'U'IJ 'j ~ ?11Vl ci1 'W n ~ \1 

€J1f11':i~~'U1~Lbri :Uu~1"'~ 'IJ1~~':i"'~ \1\1 ~:u m~~'Um~ci1tJ t1'1enm':imn en~imb~~VI:U~?I~ ~ 
• I I II I 

~th tJVip en f11'jl.J1 ne:n~ mtJ 1~ b ue:J\1~1 m~'U'U m1vntJ 1 ~Gi'lJ b VIm "li"len~ Ln~:Uu 1~~1 nVI~e:J ~m.J M'U' 

f1Gl1lJ b U€J"lJ€J\I':i~'U'Uf11':iVI1 tJ hb U'UeJlJ~1\P1 bb~~l"l'U~fn'UfllJf11':iVI1 tJh 1 'UG'IlJ€J\IVItJ~vl1\11'U 1 'U':i1tJVi~ 
CU , q I 

€J1f11'j1~':i'Ubb':i\l €J1f11'j~~~;fi'u1u 2- 3l'U LL~~~riB'WL'V'l~tJ 1~ihL':i\ILU'Ub1m'W1'U • 
mmT~~':i~tJ~tJ11 

G'f1'jfh~'~ LblJ~\In~lJe:Je:Jim 1 uvle:J?~b vliP1'U1\I"ll1J~ e:n~rie:J1 ~bn~mm':i~~Vli\1 • 
':i~'U'U'IJ':i~G'I1Vl ~"! bn~;ff'WVI~"l~1 mh\1 b 1mV1~\I ~\1m m':i~~~\1 n~11 b~lJ bn~;fiu~ci'Ju'\.JmtJ'IJ':i~?l1rvJ 
"lle:J\I"ll1rim.J ~e:Jm~~i1e:J1f11'j L~'W 1"1l b"ll L~tJ fl11lJ~~ n n~1lJ'Vlb -d'e:Jrie:J'Wb 'V'l~ tJ ~e:JlJ1~~b YilJfl11lJ':i'Wbb ~\I 

~ . 
mn;fiu rie:J'Wb ~~tJmn;fiu Lb~~ L~lJL U'UIP11lJLb"ll'W~1 tJ ~ n~ru~Vl1\I'V'ltJ151VJm~~'U ~~b uu~ n~ru~m'j 
vi'1mtJ~\Ibn~;ff'U~b"IJ~~'IJ':i~G'I1Vlci'J'U bb€Jfl"IJ€J'U (axon) IP11lJ~1tJf11':ivl1mtJ 1lJ5~u (Myelin) ~\lb~11~ 
l1f11'jvl1mtJ b"ll~~tii'\ln~11 bn~?~;ff'Wb ~e:J\1~1 nm~'U1'Uf11'jblJm'U€J~?I~ "lle:J\1 b"ll~~'IJ':i~G'I1Vlb 'U 1 "lJ?i''WVI6T\I 

f11':i"ll11?1f11':i?i'\lbfl':i1~~?11'j'\J1\I"lJ1J~?~~"lvl11 ~bfll?lm~'U1'Wf11':i "Dying Back" Vl~\1~1mn~mm1~~,j' 
bL~'J'IJ':i~lJ1tlJ 2 - 3 l'U fi\1 2 €11Vll'l~ €J1f11':i~~~;fi''Ue:l~1\l.ff1 1 (f1€J\Ifn'U~lJ€J1VI1':i, 2542) 

3) n~lJfl1i'IJ1b:WVl (Carbamate) • 
G'l1':ifl~lJfl11'U1 blJI'l L tJ 'UG'I1':i~\l Lfl':i1~~~1f1?11':i€J'4~'WB"ll€J\IG'I1':i physostigmine 

bU'UG'I1':ieJ~fl1~e:JtJ~~G'Itll?l1~~1n~"lJ calabar bean (physostigmavenenosum) ~e:JlJ1f11:':i 
~\lbfl':i1~~?11':i prostigmine ~\lbU'UG'I1':i analogue "ll€J\I physostiomine G'I111'Un~lJ,j'~~~nnu:~ 

::> • ~ 

1~Lbri blJV11n:iJG1 (methomyl) fl111'U~':i1'U (carbofuran) m1'U1~G1 (carbaryl) blJV15be:Jfl11'U 

(methiocarb) ?11':ifl~lJfl11'U1blJVl bl?ltJvf11 'IJi1f11'jl'lflrl1\I~'WbbG1~?1mtJ~11~B~1\I':i1~b ~1 i1~G11 'Uf11':i • 
eJ'U~.:Jrn~vhn'W'VEJ.:l acetylcholinesterase vh1Vf?l1~~mh:.::G'ITV1 acetylcholine ~nvi'1mtJ~I?IG'1\l 
~-:Jbfl~€J1fl1'j~~b~e:J-:!~1nm':ivl1-:!1'U"lle:J\I'j~'\J'U~mh~G'11Vlbfl~b'UB{~fl (cholinergic neurotransmissio~) 
vl1\11'UlJ1mnu'\.Jn~ n~lJfl1i'U1blJI'lci'J'U 1 m~i1~~rl€J'W~1-:J~'ULL ':i"l tJflbl'U m1'U1~G1 (carbaryl) ~-:~:11 
~~'IJ1unm-:~ ?11':in~lJti?l1lJ1':i~~l?l~lJ~1'WV11-:J~1VIir-:~1~ 1~?~mu'V'l1~'je:JtJbL~G1VI~€J':i€JtJ~1'W t11-:~Jum1 . ~ 

Vl~n b~ tJ-:~m':i?l'lJer" 1~tJI'l':i-:J ue:Jn~1ntim1 1 un~lJtiE!-:~vi'11 ~Ln~fl11m~fl1tJ b~€J\I~BI'11€J~1-:~lJ1n • 
1u'j~tJ~tl11b~?~tJvf11'1J m1'U1blJI>11~bU'WG'f1'jrieJ:w~b~\l tJml'u fl11'U1~mLG1!~ 

m11 'UVh bb ':i'U (carbofuran) ~-:~t111~-r'UV11-:J m':i-r'Uth~V11'U:5' ~ b U'UG'I1':irie:JlJ~ b ~-:~1191 'U€J n~1 nO 

fl1TI 'U~'J bb ':i'WEJ-:Jm~vi'11 ~V111n 1 'Wfl':i':in bfl~fn1lJ~~'\.Jn~11'1 LL~ €J ~1-:~1 ':itll'11lJ 1~~'U-hm1'U1 blJ~ 

:Um':i?l~?llJVI~€Jfl\le:JtJ1 'U~1\ImtJ 
~ 

bl?ltJvf11 'IJ €J1f11':ibb?II?I-:J"lle:J\Ifl11lJ b U'U~~~ bfll?l;ff'U b ~B"l~1f1G'f1'jfl~lJfl11'U1 blJ~ 
L' I q ' 

1~bbri €J1f11':i'\.J1~~':i~~ l\lbitJ'W n~1lJbUe:Je:J€J'Ubb':i-:! m~l'ln VI~B?f'U ~1hb~'W.ff1G1-:! ~~fl'U'JlJ VI~~ . ~ 

bbtl'UV1'1!1€Jn LVI~€J€Je:Jn fl~'W1~ 'W€Jf1~1nt1'EY-:~:U~G1~€Jm ~€J ':i~mm~B-:J~Bm vi'11~?11tJIP11 "ll11?1fl11~ 
fllJoU~ IP11bb~\l tl1m1V1G1 f11':ifn'U~lJn~1lJboQe:JI'11ci'1'U1n bbG1~~1'WmVI~?~ I 



i 
I 

4) n~d.JlY'l1Vl1'd.Jbb(;1:::?11161'~bfl11:::VIb'V'11vrJe:JCJil (Pyrethrum and Pyerthroides~ 
' ' 

1 'V'I1Vl1e:JCJilVI1e:J 1 'V'I1Vl1e:JC.lil61'~Lm1:::vtb U'W?I11L~mJLL 'U'U 11"11~?111~ bd.Jb(;l~(;j'<iJ1n 

?111 pyrethrins ~?fn~1Ji''<il1fl~~n1JJ'V'Ilfl~~m'UqJ'<ild.J1~~~~~~rhh:::ne:Jmm~?f11bl"l~ 6 "llu~Ji''JCJ~'W 
Ae:J cinerin I, cin;rin II, pyrithrin I, pyrethrin II, jasmolin I, bb(;l::: jasmolin II ?f11fl~d.J-d'~j1n 
bbm~1-tin'W1 'W'1Jru:::'in<Ji'LLn16(!L'\.JB1Ld.Jo~'W (cypermethin) b~(;1~1bd.Jo~'W (deltamethrin) L'i"J'W11b(;1BbcJ~ 

" I 
(fenva lerate) bb~::: b 'I.Ja{ bd.Jli~'W (permeth ri n) b'UW•i''W 1 'V'I~Vl1B C.lil b'tJ'W?I1161'~ Lm1:::Vi:U'W 1~CJ 

~ : 
L~ CJ'W bb 'U'U'<il1flo11d.J"1l1&1 iJ fll1d.J 1lVl1~:U1.n1'V'I~~ n111-tia ~1~ L~ B'<il1~vh 1 ~hJiit~VJ5?f:::?fd.J 1 'W~1~fl1C.l 

~~bn~~~l'i Bfl'Wbb~:::G1 ~11JaCJd.J1n m1bn~~~~'V'I'U 1<Ji'LJaCJ fia mm1~'W~1d.J~Tvl1!~ ~1a ~1~'Ua~?f11 
fl~d.Jd 1<Ji'Lbn bioresmethrin Deltamethrincyhalothrin bb~::: cypermethrin bU'W~'W 

' 

?f 11 r\1 ~ ~ bb d.J ~ ~ fl ~ d.J 1 'V'I ~ Vl1 B CJ iJ ij fl ~ 1 fl B e:J fl t) Vl t b "1i 'W b ~ C.l 1 tl 'U ?f 11 

'1"11 n aa{m1 'Wfl~B1'WLLI'it)VJB1Je:JCJn--hirn1-ti'?l11fh~~bbd.J~~n~d.Jdb ~m11~~bbd.J~~ 1 'WU1'WL1B'Wb 'V'I11i::: 

BB n t)VlB1 Vf Ln~ eJd.J'V'I1 ~ 1 'W bbd.J~~B ~1~11~ b ~l~l'W 1 Vlt\iiJ~~I'i a61~1 Li C.l~'jfl<Ji'lC.l'Wd.J~e:J'W.rr1~~1B1 n11 

~~\i) :::vh 1 Vffl ~'W 1~e:11 b ~ C.l'W b u'U ~ :::\"1 ~1~Vi'e:J~ b ~ e:JB1VI11ei e:J'W b 'V'I ~ C.liJm m1~ 1'\.J1 ~ ~1~:::ii'W~~ n111 
" v 

1'U'\.J1:::Vl1'W?f11\n'W'\.J~d.J1t\l?l~ (200- 500 d.J~.) vh1VfLfi~B1fl11bmh.fl1C.l1'W 20 'W1Vifl~1d.Jb\i~ 
'II 

m:::~n1~'V'I-rBd.Jtl'Wbb(;l~-irn (ne:J~m'Ufld.Jl~~ij~~. 2537) 
' ' ' 

2.1.1.2 ?111bfllJfh~~1'U~'U (Herbicide) 

?111Lfliin1~~1"1l~"1lLL't.J~e:Jan1<Ji'Ltl'W 2 n~d.J1VIru fia 'V'I1n~ii~~vh~1C.l1~L~e:m 
, Q.l : 

tl'U'V'Iln~ii~~bu'V'I1:::n~d.Jl"1l~"1l AB vhmmu'V'I1~1"1l~"1l1unl'1~ Vl1~1"1l~"1l1'Ubbl"l'U ?11ifl1~~1"1l~"1l~ii 
' ' 

~~v'hmCJ1~L~Bn AB 'V'I1111"11eJVl (paraquat) ~1'W~ii~~vhmCJbu'V'I1::: AB 'V'Iln LbeJVli1"3~ 
(atrazine), 2, 4 - D, 2, 4, 5 - T bU'W~'W 

" 2.1.1.3 ?f1ibl"llJfll~~b:UeJ11 (Fungicide) 
., 

0 QJ ,d,, .c:i I I Q QQ. if I .::0. o<::!il.:::~~t. 

?f1ifl1'<il~ b "1leJ11 d.JeJ ~VI~1 CJ fl6'ld.Jd.J1fl 'U1~"1l'W~d.J'V'I~'WeJ CJ bb~'U1~"1l'W~d.J'V'I~d.J1!fl 

n~m11~11J'UB'I?f11n1~~b;ffeJ111 'Wfl11Ln~~1 (bb?f'lb?fd.J bfl~fl~1CJ, 2546) 1<Ji'bbn 

1) n~d.J dimethyl dithiocarbamates (ziram, ferbam, thiram) lJt)VJBtJ'uff~ 
beJ'W16(!~ acetaldehyde dehydrogenase bn~ antabuse effect 1'Wfl'W~~d.J?f11~1d.J<Ji'1C.l 

' 
2) n~d.J ethylenebisdithiocarbamates (maneb, mancozeb, zineb) n~!d.J ' ,, 

d'<il~~n metabolize bU'W ethylene thiourea ~'lbU'W?f11rleJd.J~b~-:J1'WG1~1 
3) n~d.J methyl mercury ~~Giid.J 1<Jl~m~~lV11!~bb~~ij~~l'im~'U'U'\.Ji~?I1Vl 

4) n~d.J hexachlorobenzene tJ'U~~beJ'W16(!~ uroporphyrinogen decarboxylase 

iJ~~I'ieJ~'U ~lVI1!-:J -rreJm~~neYm?lu 
'II 

5) n~d.J pentachlorophenol 61:w~?ld.J1n 1 vh1m.rr~~ LVI~~~Bfld.J1r 



~ 
i 

2.1.1.4 6'11'~ifh~'~Vl'Ubb6'1~61~P~1bb'Vl~ (Rodenticides) 
~ ' 

6'111rh~'~Vl'Ubb6'1~61~P~1 bb 'Vl~~t:m:w 1 oii n'U ~1'U 1 Vtru b U'U6'111fl~:w~i1f1'Vl~~1'Ufl~1 
(jJ IU q <>I 1 

bb~'I~1"1Je:J'Ib~e:J~ ~1B~1'1 b-d'U warfarin Vl~~8'1fl116'1~1'1l~P~1:iJ'Ubfl vh1~b~e:J~e:Je:Jfl\911:We:hvn!'l bb~~ 
~1'U~1'~ 1 -ue:J'I~1'1m~ b~~b~e1~-u11~1 6'1:w~t; ~:w~1'~ I 

2.1.2 fi11:Wbtl'W'vh~"!JB.:J~1"cibfli1rh:ij~~~~Yl'll 

fl11:Wbtl'U~t;"U€l'I6'11'Hfli1fh~~;{IPI~~'1l Vll.J1~5'1 fl11:W6'11:W1'Hlb\l'YI1~~1"1Je:J'I6'1111~6'1l1 

'Vl~'l1 'Um1vh 1 ~bi1~n11'U1~ b~'U~e:J~'Ii1~1~P~ m1'U1\1lb~'U~'Ifl~11bb6'1~'~1 ~b ~'U 1 'U~'IJ bb 'U'U~t;bu~'U'V'l~ 
bb6'1 ~ ~'l;b ~€1-r '~ 1(1) tJ fl11:w 6'11:w 1 ';j() 1 'U n1 ';ivl1'U 1 CJ n1d b n (1) ~'lj~ 'U eJ ~ nu fl11:w b .U11 "iJ fl11:w ~ b~ tJ 1 !l"U 

~ ~ 

B'Umn~tJ1 (interaction) "U€l'l6'111fho;ij'\1l~IPI1oW'1ln'U 1:w b6'1 nm th'Vl:W1~ 11:W~'I'U'Vl'U1'Vl"U€l.:J1:w b6'1 fli6'1 '\J q ,. 

b U1'VllJ1~ 1 'U'YI6'1l\Pl';i (dynamics) "Ue:JW1J6'16i bb6'1~fl116'1'Ue:J'I\Ple:J'U"Ue:J'I~'Ii1<il1W~~e:Jfl111'U fl1'U"il1fl6'111 

n1~ \1l ;{~Pi 1~'1!~ B~1'1 m CJ fl1';j bb?I~'IBB nm"il b tl'U~t;~ B1~'U'UU1~6'11'Vl 1 ~ CJvi'11 ~'IJ 6le:J n~:w b~'Uth~ 6'11o/l 
~ ' 

B'm?~'U ~e:J1~'U'Ufl11~'U~'U5 1~'U'Ufl1';i6'1~1'~ b~~ L~B\1lvi'11 ~bn~.n11~ b~e:J\1l"il1'~ m1nm~~'U6 bb81~ ' ' 0, 
bU'U:w~b~'~ bU'UM'U ('Y116'11.n ~'~'Vlb?lu, 2537) fi11:W1'Ubb1'~-ue:J'~mm1~'l;~bn\1l~'U"il~:w1n'Vl~mm,CJ 

' 
~'Unuu"iJ"<ijtJ'Vl~n ~B tJ~:w1ru-uB.:J6'111Lfli1~1~-rubb6'1~iJ"iJ..ij~~b~m-iJe:J.:J~'U 1 (~.n1ru ~:w~6'1:w1'11J, 
2540) bb6'1 ~ m1"i11 bb 'U m~ ~'UB'U ~P~ 11 CJ"Ue:J'I6'111 bfli1 rl1~~;{m.W'1l~'Un'U ~1m1:w b tl'U~t;-u e:J.:J6'111~ b~CJ n-h 

~ 

Median Lethal Dose (LD50) ~'lbtl'U'\J~:w1ru6'111bfli1~vi'11~61'1Pl1'Vl~6'1€l'IIPI1CJ 50% 1~tJfl~btl!U 
tl1V!1! n-um6'111 bfli1/tl1Vl1! n ~1 1 f\16'1 n-r:w (:iJ6'1~ n-r:w6'111bfli1/n16'1 n-r:w) tJ n~ "il ~fi~"il1 ntJ~m ru6'111~~ 

, , I 

Vi1~-r'U'VI1'1U1fl LD50 (acute oral) "ll:w~1'Ub-iJ1'Vl1'1~1'Vl11'1 (acute dermal) Gll.:Ji1rh1:Ubb\Plfl~1-:Jn'!U 
~ i 

e:J1 "ili1 rh ~ 1'1 n'U~'U tl'U'lltJ ~ b 'YII"l bb6'1 ~€)1 CJ"U e:J'I61 ~P~1'Vl (1) 6'1 e:J'I \Pl6'1 eJ \1l"il'U15m 11 ~6'111 bfli1 b .;;1~~1'1 fl1!tJ , ~ : 

b 'YI11~u~t!'Urh LD50 ~.:J~1:w1m vh h bb6'1\1l.:Jl1fi11:W b U'U~t;~.:JlJ1fl~.:JB'U~P~11CJ~mTI oii e:J.:Jrim1e:J'U1U~ 
~ 

L6'1fl1~"il'1bb 'Ufld~~'UA11:W b tl'U~'l;"Ue:J'I6'111bflffi 'U1'\J"Ue:J'Irh LD50 L\1lCJ"<ij\1lbb U'I1~~'Ufi11:W1'Ubb 1'1~-:J-d' 
" ~ ' 
i'U 1 bel (Ia) = 1~~'\JB'UIPI11CJ~1mb1'1ll1fl (Extremely hazardous) 
" i'U 1 u (lb) ';i~~'UB'UV!d1tJ~1mb';i'l (Highly hazardous) 
" i'U 2 (II) 1~~'\JB'UV!d1CJ'\J1'Ufl6'11'1 (Moderately hazardous) 
" i'U 3 (Ill) = 1~~'\JB'UV!d1CJ1Je:JCJ (Slightly hazardous) 

rh LD50 'Vl:W1 tJ 5'11~~'\J fi11:W b tl'U~t;~e:J~1'1 fl1 CJ:W'U't;6L\1l CJ "i\'1 bb 'U fl'\J'U ~1'U"Ue:J'I fl11'Vl~6'1~>~'1 ' ~ ~ 

nu'Vl'U ~'~ "il ~ fi \1l "il 1 ntJ~:w1 ru-ue:J'I6'111 bfli1 b U'U:iJ6'1 ~ n-r:w ~ e:Jtl1'Vl11 n ~1 'Vl'Ub iJ 'U f\16'1 n-r:w ~6'11:W11rli1 ~ 6'1 ~·t1 
'\J v '\J ' 

fl11\Pl1 ~"U el'I'Vl'U 50% "Uel'I'Vl'U'Vl\1l6'1 eJ'I~'I'VllJ(?) L\1l ~6'11:W11rlbb U'I1~~'\Jfi11:W b tl'UB'UIPI 11 CJ eJ eJ flb uu 
~ ~ 0 

4 1~~'\J ~'1\91111'1 2.1 



'Vl\Pl~e:J·:ui\nlf1d cn~~ni'3J!thvnrn~1nb~ni'3J) 
"' "' .. "' 'a~ \Pl'U fl113J B'W \11 'a1 V 'V11'1thn 'V11'1~1'VI'W'I I 

"' " "llel'IL'VI~1! "llel'lbL"ll'l "llei'IL'VI~1 "llel'lbL"ll'l 
" "" ' 

otl'W 1 bel (Ia) : 'J1CHb'J\Imn ~5 ~20 ~10 ~40 

" 
otl'W 1 u (lb) : ~1tlbb'J\I 5-50 5-50 20-200 10-100 40-400 
" 

otl'W 2 (II) : tl1'Wfl6n\l 50-500 200-2,000 100-1,000 400-4,000 
" .., 

otl'W 3 (Ill) : 'Welt! >500 >2,000 >1,000 >4,000 

~3.11: ~~lbbD~\I"i11fl WHO (2004) 

~'e}"lJel\16'11 ';I bfliJ fl1 ~ \Pl~ \91 ';I~ "lJfl~&Jelel { fl1b 'W'I'Jel 6'1 b yJ \91 "\\:::iJ (:.J ~ ~el bel'W 1B~~~"lJel\1~1\l fl1;tJ 
'V ' 

~ b~tJ wi1 acetyl cholinesterase ~\I bel'W1B~~~"lJll\Pldb U'W~1~WnJ~&Jfl1':i61\lm:::bb6'11 'I'Jvh"i11ifl 

b~'W tJ ':i::: 6'11Yl1 tJ f1 \1 ml'1&J b del bb~::: ~ ell-1 ~ 1\1 1 1 'W ~1\1 m v tl'1 fl'W 1~ -r'U 6'11':i bfliJ n1 ~ \Pl ~ 1'1 ~~"lJ n ~~ 
eJel{fl1b 'W'I'Jel6'1b'I'J\91"i1'Wfi\I~'W~'Vll 1 ~bfl\Pl~'e}bb~1"\\:::iJt:.J~'Vll 1 ~fl1':ivl1\11'W"lJel\lbel'W 1B~~&Jbfl~'Wbel6'1 bl'lelb ':i[6'1 

:WtJ~&J1ru~ \Pl~\1 bb~ ::::WtJ ':i:::~VlB.flTV'l1 'W fl1 ':ivl1\11'W~ \Pl~\1~\liJ t:.J ~v111 ~ bn \Pl fl1':i~\l"lJ el\1 acetylcholinie 

~'U~b1 ru':ieltJ IPieJ"lJ'iJ\Ifl':i:::~ flbb~:::fl~1&J b del'U~b 1rutJ&JlJ':i:::6'11VleJ\91L 'W:IJ~ (autonomic ganglion) bb~::: 
1 'W6'1&Jel\lb\PltJ~ll1'U~b1ru':iBtJIPim:::·vrh:JlJ':i:::6'11Vltl'U fl~1&J b dm~tJ'U bb~ :::~Bl-1~1\1 1 iJ acetylcholine 

l-11 bfl1 :::l-11 fl tl"\1::: b U'W6'11 b Vl\91vl1b ~ bfl \Pl fl1':iVI\Pll'i'1"lJ B\1 fl~ 1&-J b d el:ff'W bb~::: fl\lvl11 ~ bfl\Pl fl1':i'VIi\l"lJB\I b~ B biJ t)ifl ' . 

~1\1 1 mn:ff'Wl\'1 acetylcholine &J1bfl1:::'U~b1tu':iBtJIPiB':i:::w-J1\In':i:::~mb~:::n~1&JbdBn"i1:::v111M 
fl~1&Jb dmn\PlB1fl1':ifl':i:::\91fl (muscle twisting) bb~tl11~-r'U6'11':ioW'e}&J1fltlel1"i1iJt:.J~v111 ~fl~1&J b dmiB~ 

' " ' 

bb ':i\I~\IVI1B b U'WB:W'V111'1"lJB\I n'fK 1&-J b ii B 1m 'W?l:WB\Itl1:iJ acetylcholine l-11 bfl1:::&J1 nn"\\:::iJt:.J~v111~ 
'V1fj~fld';j&J"lJel\lfl'W~~'Wb tJ~tJ'W 1 Dfl1':ibfl~el'W 1 'VI1"lJB\Iel1 tJ1:::~1\I I "lJB\1~1\Ifl1tJ hJ~&J~'Wl5tl'Wbb~:::fY\11ii.J 
fl\Pl fl1 ':ivl1-:11'W"lJB-:l 6'1&JB-:J611'W~i-:~ fl1':i bfl~B'W 1 Vl1 fl1':i\911 tJllfl bfl\Pl"\11 fl fl1':i 1 tJ fl \Pl fl1':iVI1 tJ 1"\Jv111 ~fl1!':i 
Vl1tJ h~&J b Vim bb~:::bfl\Plfl1':i'U1&J (edema) "lJB\IDel\Pl:ff'WeJ1 fl1':i"lJel-:Jtr'IJ1tJ"i1:::':i'Wbb ':i-:J&J1fltJB tJ b ~ tJ-:1 1\Pl~tw 

'V ' . 

:ff'Wtl'Ufl11l-16'11m'Jb1"lJB\ILfl~'Wbel6'1bl'lelb ':i6'1~"i1:::mi''U&J1vl11 ~ acetylcholine bfl\Pl hydrolysis Bflfl1i':i 

bfl \Pl s po nta n eo us reactivation "i1::: b fi \Pl :ff 'W1~\ 11 b ~ tJ-:11\Pl:ff'W tl'U bfl 'J -:16'1~1-:1 Vl1-:J bfl:iJ "lJ B-:J'VI~ 
v vi" 

phosphoryl1'Welel{m1'W'I'JBm'I'JI'lll1M-r'U"lJ'W1\Pl~-:~"i1:::bn\Plmm':i~'e}"\J:::bn\Pl~'WB~1-:~':i1\Plb~1 "\\:::bn\Pl~U 
.fl1tJ 1 'W 4 -&1bl-l\lel~1-:J-if1"i1:::bn\Pl:ff'W.fl1tJ 1 'W 12 -&1bl-l-:lbbiPiiJ6'11':iD':i:::flel'UBB{m1 'W'I'J B6'1 b'I'J\916'1el-:!6'11&J"lJll~ 
~ell"\1"\1:::6'1:::6'1&-Jel ~b 'Wb .Q B b~el 1 "lJll'W"lJB\1~1\Ifl1tJ~\I"\\:::iJt:.J~vl11 ~~\Pl b 1~1"lJB\Ifl1':iD':i1flnmm':i b 'V1':i1:::'Ji) 

6'11':i~'W"i1:::b1 flD~B tJb oV161':i:::'U'U 1 Vim 1 tJ'W B ~1-:1-if1 ., ':i::: tJ::: b 16n"lJel-:J fl1':i bfl\PlB1 fl1':iB1"i1~ 1-if11 tJ fi~ 
'U 'U I 

24 -&11&-J-:~ V!r;i'-:~ "\11 n1~-r'U 6'11 d bfl iJ n1 ~ \Pl ~ \91 ':i~"lJ~-:~ 1"111&-J b tJ 'W 'W 'e}"lJ B-:~ 6'11 ':i bfl iJ n1 ~ \Pl61 \91 d~ "lJ n ~ ~ 
'U 'V ' 

BB{m1'W'I'Jel6'1b'I'J\91 6'11m':imbD-:JBBflbU'W 2 lJ':i:::b.flVlAB (Strong, LL. et al., 2004) 

(1) 1"111&-J b U'W~'e}"lJll\Pl bOtJ'U'V1r;i''W (Acute toxicity) mm':itr'l11 tJ"i1::::ff'Wnm111"111&J b U'W~'rl 
I \1 Sl I 

6'1&-J'U':iru (absolute toxicity) tr'll1vVi1~-r'UB€l{m1 'W'I'JBI'lb'I'JI'l&J1fl 11 'Wnm61'W ., "\\:::iJB1fl1':ibb~~ 
\1 ~ I I 

I Q..l I I QJ ~ ! 
B1fl1':ibb6'1\Pl\11'1Bmm:::\911\l 1 "lJel\I'J1\Ifl1tJ\Pl\I'W (Griffith, W. et al., 2011) 1 
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(1.1) 'j~tJtJ Lh ~ ?11'Vl :tj e:J 1 f11 1V!il1 :tj 191 b l tJ 'U ~h19~ tl \11 ~ b"iJ 61''Ub V!~ e:J e:J e:J mnln 
I 

n 'j~ 61tJ n 'j ~ ~ 1 tJ m 111 ru bb LJ 1'\.J 11 'U b~ e:J'U ~ e:1 tJ ~'U ~1 tJ Sli:u b ~~1"1J 1 191?1:u1561'tJ ?I'U (91 e:1 tJ ?I'U e:1 \1 ~ e:1 l"l1t:11 :u-i11 ~ j:t1 

m fl11~e:J'ULL 1\ltJ1\111 tJe:J1\IoVflLL~~V!:UI91?1~ fl11(;111\1~1\lfl1tJi1fl11V!1tJ h bb tJtJ Cheyne - Stroke 1n 

V!1 tJ hV!e:JtJ b ~ tl1 fi11:U ~'U b~ e:J 1911'1 1 f1'"h'\.J fl ~ ~'U 6 fl'ltJ fill fl1'j'Vf1 tJ h bb~ ~ f11'j'VflJ'Ub 1 tJ 'U 1~;;;(91 t:l f1 f1 191 bb~ ~ 
~ , , ~ I 

LJnn~mEJe:J'Ufl~tJ (reflex) l'i1\l 1 \I~Vl1tJ 1 '\.J 

( 1.2) 'j~tJtJ 1 V!~ bitJ'U 1~;;;(91~11 \I blii''U·1h~\lfi11:U~'U 1~;;;(91~1\I'Uil\l~e:Jfl 
( 1.3) 1~tJtJ'Vl1\lb~'UV!1tJ 1\l:i1tl1~mb~~b?I:UV!~:U1flb~tJ Lb U'UV!il1e:Jm1 tJ~~'ULL 1\1\1~ \e:J 

Vle:JtJ:t1 b~ tJ \1 ~ 191'\.J fl~\11 flVl~e:JI91~:UVl191 bf1~ \1 bb~~Vl~e:J'\.Je:JI91tJ1:Utl1 
' " 

( 1.4) 'j~tJtJ'Vl1\l b~'Ue:J1V!11i1e:J1fl1'j b De:Je:l1V!11e:J1 b~ tJ'U111~1tJ:u1n~ n b~tJI91bb 'll'W'vfa'~ 

VIm b~ m1e:J\1~1\I Lb~~n~'Ue:J\1\111~ hJe:J ~ 
' 'I) 

( 1.5) 1~tJtJ n~ 1llb -d e:Jm tJ:t1 f111m~ ~ f1"1J e:J\1 fl~ 1llb -d e:J ( m uscu la r twitching) 

fl11bfll91 t9l~fl~11191 tJ bQ'V'j1~ f111~e:J'U bb 1\l"'le:J\1 fl~1:U b -de:J•1h tJV!1 tJ 1 \!Vh 1 Vf bi1191e:J1 f111Vle:JtJ b Vl~e:J tJ 
(1.6) 1~tJtJ..ij'f1'191jj1'Ut911Vll91b~f1~\l (myosis) m:U'1'\.J1191t911 

''IJ ' 

(1. 7) 'j~tJtJ~1VliT\I bfll91e:J1f11'jbb v;:n~'U~'U 

(2) fi11:ULU'U~'I9b~e:Jf\l (Chronic toxicity) \11f1f111Plf1'191'1"jtJl1'\.J~:u1!1U 
e:Je:J~m1 'U'We:J?Ib'Wt91"il1'W1'WbV1tJ\I b~ni!e:JtJnv'h 1 Vi'Lnl91mm1'Vl1\lfl~ljn hi'~\lr~~1 tJ nt1mm1~ Ln191\11fl"1l~l91 
b5tJtJ'I"jG'i''I.J 1191 tlvl11 Vi' bfll91'1"j tJ15?1.fl1'1"j"1Je:J\ItiltJ 1(91 ~'JV!tJ\J'j~tJtJ 1~;;;(91~11 \I bb~~Vl~e:JI91 b~e:JI91'Vl1\lb~'UV!1tJ 1\1 

bb~~v111VJ?I"1J.fl1'1"j~e:J'Ubbe:Jb~tJthtJ~1tJ (Sandra, Y. et al., 2006) 
' 

L~'U'Vl1\lf111-rtJ61:ueY?t?t11Lfli1 rh~' 191Plt91 TVi"'lb -i11~~1\l mtJ 1~ 3 'Vl1\l Ae:J 
'I) 'I) 

?t11bfli1r'h..ij191i!m.y;"1l?I1:U11m ·lh~~1\lfl1tJ 1~ 3 'Vl1\l 1~bbrl (i!nm ~~ljb1~1.i, 2546) 
'I) 'I) 

(1) 'Vl1\I'\.J1f1 (Ingestion) 

m11~-rtJ?I11 br~:t1 "1 b oV1'Vl1\I'\.J1 f1e:J1\I bfli91~'U\11 nn11vl1\11'U~hJ'\.J~ e:JI91JltJ b 'li'W fl11191:191 
'\)', 

Vl~e:l b ·thtX1~m·~'U moa~:uVl~B-rtn.J oa:t:'Vl1'WB1Vl1oa~'\J'U b ~ e:J'W?t1 oa bfi:W1191 tJ 1jj~'~1 '\1 "1~ i?t11 bfli1'\J ~ b oV11?i 
-'I) 

1~ tJtJ'Vl1\l b~'U en Vl1 11 '\.J ?i m~ b 'l"j1~ eJ 1Vl1 1lhi1 fl1 n e:J 1V!1 1e:J ~ ~19e:n \I~ 191~\1 bb~ ~oUtJe:J e:J f1\11 n~1\l n1 tJ 1Jl 
'I) 'I) 

1191 tJ f11 1oUtJ ~ 1 tJ'Vl1\le:J\I \11 'j~Vl~e:J1J ?1?111 ~ bbl'i ~1i1 f11'jl91 191Sii:U b oV1?i1~ 'UtJ 1~;;;(91\J ~ bfl 191 eJ'U (91 11 tJ~'U~\1 
' 'I) 'I) 

eJ'Ut9111 tJ\I~~'UntJ'\.J~:u1ru"1Je:J\1?111~1~-ru 11:U~\Ie:n\Ji1m1?1~?1:u 1 'Ub -dm~ e:1 1 "'J:U''U"'Je:J\ItiltJ 1(;1Vl~e:J?I:ue)\l 
1~ e:1 ~ 1'11 1n t911:UVl1 n bf119t91 1 n1'\.J nu~ t911 :u151 oife:1 ~ 1\1 bb VI \I~ '11 e:1 n1?1~ ?11 1 bfli1\l ~ b .V 1'Vl1 '1'\J 1 n b n 1911~ 

(2) 'Vl1\lf111Vl1tJh (Inhalation) 

b n '19(91 'j n 1 ~ 5191 vi 'U 6'1 1 1 b r~ :t1 r1 1 ~ 191 P1 (91 1 v; "1J V! ~ e:1 ~ fl 'U ~ e:1 ~1 n ~ n tJ ~5 191 vi 'U ?11 'j b fl :t1 r1 1 ~ 
'U 'U 'U 'V 

Plt911.y;'1N~ 1~-rtJ?I11bfl:t1r'h~l91ilm.y;"1le.J1'U'Vl1\lfl11V!1tJ 1\11~~1tJ~?I1911191 tJ bQ'V'j1~eJ~1\I~\I ~eJ'Ut9111tJ~?I~ 
'U 'U , ,! 

Ae:J?t11 Lr~i1 n1~ 191Plt911'Yi"1l~hJ:t1n~'Ub 'l"j'j1~ bf1'19t911m\l~ 1jj~~ nti11 b~ tJ111~?1191 191:U?I11bfli1 r'h..ij'191~t91 1v;ru 
'U 'U 'U 'U : 

boV11 '\.J ?111bfl:i1~b oV1?i~1\lf11tJ'Vl1\lfl11Vl1tJ 1\1,1'Um\le:JtJ 1 'U1'\.J~'U~\IV!~e:J~~e:Je:J\1"1Je:J\1?111~~mtJ (?111bfl~ 
'U 'U 'V , : 

rl1~191Plt9l~'Vi"1J~~?IllfltJtl1Vl~e:Jtl1tJ1~'U 1) ~'U~:i1"1J'U1191 b~f1 b oV1~'Vl1\l b~'UVl1tJ 1 \11~:U1f1f111~'U~i1"1J'U1Vl 
1 Vlqj bf1'19\9l 1m ~1 1?11 :uVl'IJ 1m n~ ?11111 1tl'U e:J\1 n'U ?11 1 bfl:i1V!1 n'Vl1 \11'U 1 'UtJ ~ b 1 ru~:t1 m 1~191vi'U?I11 Lr~d 
n1~191Plt911Vl"1Jb VlmJe:J\Itl'UeJ'Um1tJ\11f1fl11 1vi'.YtJ'Vl1\lfl11Vl1tJ 1\1 ! 

'I) 



I 
i 

(3) V11.:J~TVIlJ.:J (Dermalcontact) I 
I 

.<::!I cg Iii ,;;:IQQ.JQJ ~ 11'11 I I 
:W fl1~~ n'\~1'\"fU'11~'El tJG'l~ 90 'tl'El-:!6'!1~ bfl:W fl11\JVI~ \1\ ~'V'l'tJI\J ~ b '1!16'!~1.:1 fl1 tJ~1'UVIl.:! 

~1~ir.:~ bVItJ\1\~.:J 6/i.:~b U'UVI1.:!~6'!1~bfl~boU1~-:i1.:Jfl1 tJ 1vi':w1tl~6'!V~1V~ tJ6'!1~bfl~lil~~:W~1'U:.rr1VI1.:!~1~ir.:~ 1~tJ 
'U • 

m~~:w~6'!6'!1~bflffi 'U'1ltu~e-J6'!:w '1Jru~5V~yj'U~~'El'1l ru~G"i'1.:~eJtlmru bbG'l~'1lru~6'!:w1<iin1 'Um'Elufl-r'J n . ' 

b~mr1~LJ'U b ~'El'U6'!1~ bfl~ r\'1~ V~Pi' \91 ~lil'1l 1V~ tJG'l ~'El'El-:!6'!1~ bflii b mhd lil ~~:wir6'!~1~ir.:~ bbG'l ~'S:w b i1~-:i1.:~ n1tJ 
'U 'U . 

1V~ tJ bu'V'l1~6'!1~bflffi 'U tl~:W~6'!1:W1~t:1G'l~G'l1tJ b 'U 1 'tliJ'U 1~~iJ tl~:W~1'U 1~~1 tJfl1~VIVI~:W'1J'El.:J6'!1~ bfl~fl1~VI 
• 'U 

Pll'l~lil'1llil~~1'UVI1.:!~1~ir.:~1vi'~bVltJ.:~1V~~'U'El~n'Uulil~tJ~mtJLJ~~fl1~ (Thomas, K. et al., 2010) b'li'U 
'U 'U 

(3.1) M11'V'l'1l'El.:J~h~ir.:~ ~1~1~iJ.:~iifl1~Qtl'1J1VI~~'El~bb~G'l~:W~~'Elt:1G'l'Eltlfl1~~VI~:W 

'1J'EJ.:J(,'f1~1\J ~~ tll1~1~ir.:~LJ tl ~ 

(3 .2) fl11:W6'!1:w1~t:11 'U m~G'l ~mtJ'S:w~1'U~1~ir.:~'1l'El.:J6'!1~ bfl~ ~16'!1~bfl~,!'UG'l~G'l1tJ 
1vi'm 'U 1 '1lii''Uir'Uiil~t:1tlVIVI~:w 1v1~ 

'U 'U 

(3. 3) '1J'U1V1'1J'El.:J6'!1~bfl~ ~16'!1~ bfl~ii'1l'U1VIb~ tli\J ~t:l tlVIVI~:W 1vi'~~1'U6'!1~ bflii~~'1J'U11VI 
'U 'U 

(3.4) 'EltuWiiJ 6'!1~bfl~'U1.:Jtl~:Wiil~t:1tlVIVI~:W~1'U~'J~iJ.:J 1~~:W1tl1 'U'Eltu~.f1iJ~~'El'U~~ 
'I '\1 'I 'U 'U , '\1 

2.1.3 r;i1"abfliifl1~~AI'l~'ri"lln~:WBB1m1 'U'VJmm..J\91 (Organophosphate pesticide) 

6'!1 ~ bfl ~ rh ~VI Pl\91 ~.w '1J n ~:w 'El'El { n11 'U'I'l'EJ (,'j b vJ \1\ b u'U6'!1 ~B'UVI~ ~~ ~'l'le1 (,'1'\"J 'EJ-r(,'j b u~ 
'U • . 

eJ.:~rit.J ~~ n EJu61'1fl' ru btl'l319l~ mil tJ:w 1 i:w1 n b ~ EJ.:Jiil1 niit.J~~ ~vt5.f11'V'l1 'Ufl1~n1~V~Pi'mlil'1l1~~ EJ ~1.:~ 1 ~~~n 
v 'U 

\911:W6'!1~'V'l1 nd tl6'!1:W1~t:1fl':i1~i \91 btl'l'}\1\ ~m 1vi' b 'li'Utl'Ub ~ EJ.:J 1\J 1 nii~'l3~1 tJ bb ~ .:J:W1 tl bb~l1 6'!1 ~'V'l1 nd 1\J ~ b orr 1r.i 
'U 

-:!1.:~ fl1tJ 1 'Ul.J~mru1.J EJtJ 1V~tJ~11 Ubfl~-:!6'!~1-:!VI1.:! bflii'tlEJ-:!6'!1~ bfl~ fl1~V~I"i'l'l~lil'1l n~:wEJeJ{m1 'U'I'l'El6'!b 'I'J~ 
'\./ , I 

LJ~~tl'El'Uvl1 tJ 'El~l'l'El:W'1JEJ.:!'I'l'EJ6'!'1'l'El-r6'! (P) 1V~tJ~'El:W~EJ'Uvl1 tJEJ'Eltl61ib lil'U~~EJB~\1\'El:W'tl'El.:JiG'l b 'I'JEJ{ (S) 1V~ItJ 

~~~ R1 bbG'l~ R2 ~bU'U~~BG'lflG'l6li.:Jmi\JI\J~bU'U methyl ~~'El ethyl group n1~~1'U leaving group 

lil~bU'U~1'U~vh1-M'6'!1~bfl~n~:wd~m1:wbbl9ltl~1.:~n'U 1'Wbb~Gl~'1l'WV~ (11~ru ~l'lEJ1l 2550) bV~tJtln~bb~b 
?!1'Hfliirh~l'lPi'mVl'1lmi:we:Je:J{m1 'U'I'Je:Jm 'I'JI'l'il~ bi'll'lrn~?!mCJI'i'l1 tlm:wu~~:W'l!l~li'ltmnu bb?l.:J bbV~V~~1ieJ 

'U • 'U 

t:1 tlvl 1G'l1 tJ 1 VI tJ 1\J~'UVI~ ~1 'U ~'U bVI tJ6'!1 ~ bfl~ fl 1~ VII"! \91 ~lij'tJ tl ~:wd 1\J ~6'!G'l1 tJ 1'111 'U ~.:! bb 1 VI~ 'El:W1 'W'Ii1i.:J 
'U , 'U 'I : 

~~ tJ~ b 1G'l1B'U~'U 'El~1.:! 1 ~nm:w~1bnV~m~~1:wl'i'1 tl'U6'!1~B'UVI~~'U1.:!'1l'UV~~~'El bb ':iu11'l'U1.:!'1l'WV~~~'EltJbU 
• 'U . 

~'Wmlilv'i11-M'6'!1 ~n~:wd fl.:~EJ tJ 1 'W~.:Jbb 1V~~EJ:w 1~'U1'U~'U~~EJ6'!.f11'V'l'1l'El.:J~'U~ b u'U mV~nmlilv'i11 ~fl.:J'EltJ1 u 
• 'U 'U 

'U~b 1tuJ'U 1~'U1'U~'U ( '1J:w"5:W~LJ~~tl'El'U fllilfl1~fi'1~V~bb:WG'l.:JG'l1'U'U1, 2553) 
'U 

R1 
I 

0 
I 

R2-0-P-O-*<Leaving group> 
II s 

d 
VI:W1: National Pesticide Information Center, 2005 
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f1fl8TI~~~86'1 (Chlorpyrifos) i 

btl 'U~86'11lJill"118~6'11'H11 ~VI bblJfl~ ~~ ')oW"1J i1~8'V11~ n1')fi1ULJ'~8 EJ~e:J~ VI b tJ'Ut'f1') 1 'U fl~lJ 
"' " ~ 

88~n1 1 'U~8t'lb~~ (organophosphate Insecticides) t'f1'jfl~lJ.Qb tJ'U6'11'S~'U'Vl~~~i1~e:Jt'l~e:J-rt'lbtJI~ 
e:J~ r1'\.J ')~ fl8U ~1 1'1 qj f11 1lJ b tl'Uvhr~ ~ bb~ mh~ n'U1 'Ut'f1') bb~fl ~"IJ'UV~ bb~l1~ ~ij flfl1fl fl1'S€l€l n~vjB 

' I 

b'Mi18'Un'U tV~EJVJ'J 1 '\.J bb~'J f111lJ b tJ'Uvh~mn'M~m!8EJ"1J€J~t'f1')n1~VI bblJfl~ 'M~€lt'f1'j~~1VI1~~ ln~ 1~~1n 

~1 LD50 il1~1~-:!~1bbt'l\91-:!l1~-:Ji1f111:J.Jbtl'Uvh~~-:~ ~1'M-rUf1fle:Jft~~~m~~VIe:J~1'U')~~'\.J 2 milJ 

rl1 bb 'U~t11"1Je:J~fl 'jlJl"lJ1 fl1'j bfl~m 1m offt'f1'jf1fl8 fl ~~~ 86'11 'U fl1'j n1~\>l'M'U e:J'U blil1~6'1lJe:J~ 1 EJ b~CJ'U~h.J 
b~~EJ~8'U b~~EJ~fl~'U ~1-:J·n~lJ'Ub'Vli"f ~b~B-if11b'\.J~e:Jfl ~1~~1~-if11 ~1~~1-:1-if11b~\>l lJ8VIbbth lJe)VI 

t'ICJ1lJ 'M'Ue:J'Ub"il1~~1tX'U 'M'Ue:J'Ub"il1~~ fl Vl'Ue:J'U'Mii1 bblJ'J'M'Ue:J'U~1'U t ~-u~1 bblJfl~~1'M'U1lJ bbfl~~1~-:!1~ 

1 'Ufl~1CJ ~"ll~ bb 'U~tJ1b m off 1~bbrl ~1 b 'M~e:J-:1~1~?1-:J lJ'Ub 'Vli"f -if11 b'\.J~an.ffi offvh~~'U~ ~'U '\.J1~lJtl1~'U 
lJ~~~11 bbfl~fl~1CJ~.:J"il~ b ~'Ul1 1:!Ji1r1'1bb 'U~1111 m m 'Ufl"lJ"Ua-:~Yl"Uirn bbfl~ 1~~fl bb~€)~1-:~ 1\91 b ~m"il1fl?l1') 

' 
Aflafl ~~~ a?l b u'Ul'~ m)'U~11 EJ~i1Yl~m off~-:~~ 8-:~'\.J nu~ ~'U 1 Vf11 ntXa-:~~1lJ'M~ n bnru~"Ua-:~ m'Sua-:~ tli"U 

, 'U d.J 'U 

eJ'U~'S1EJ~1fl?l1'SbAi1'V11-:Jfl1'Slfl~m 1:W11"il~ltJ'Ufl1'jt'f1lJmi1a 'Mii1mn bb~.:Jfl1EJ 1 Vf-rV~nlJ um'i'Ub 'M.We:J 
' ' 

fl\>l'j~l-:1 1l1'1 Vl6'111 b -if1~1 "illJfl bbfl ~'\.J1fl '1111~~1.:)~1-:J fl1CJ 1 Vlt'l~e:J1\>l'Vlflf1~-:J'MGl.:Jfl1'j 1offt'111Vl1lJf1'U'M~e:J 
" ' ~~1boif11 '\.J1 "Uu~nruffi offt'f1'j8~1-:Jii8EJ 24 -&1 blJ.:JbU'UtX'U 'UBfl"il1n-d' t'I1'SAflafl ~~~8t'lcJ.:JbU'U~~~8 

tl tJ tJ 1 i 

'\.J fl1 tX e:J.:) 'j~lJ m·~-J.:J fl1'j"IJ~~1-:Jfl.:J~ bb 'M".:Jt11 'j'JlJVJ.:) b tJ'U~~~ e:J ~ .:J~.:JVl1lJ 1m 'U'j~ EJ ~VloW"Ui1 \>le:J fl n1~-:J 
" ' 

u1'U bbfl~i1m1lJ b U'U~~~a~1vh bb~~~d b ti CJ'U~-:~~a.:J 1offa ~1-:~1~~\>l'S~l'.:J b -d'Un'U~1'M-ru'j~ tJ~'\.J~a\>l.titJ 
'M~.:Jfl1'j 1offt'f1'jtXa.:J b l'U1~ CJ~ nmna'Ubnu b~CJ1~~~~~'MGi'.:Jvl'U?l11f1~-:Jt'I\91Vl1 EJ 1 - 14 l'Ub U'U8 ~1-:J 

' 
i!e:JEJ (?Jmu'Ui~EJEJ1-:J ml1i"U1fl11bfl'lo}~'j, 2548) 

Cl 

Cl 

1o,~s 

cf "a r 
Cl 

.fi1'W~ 2.2bf'"l'j-1!~~1-ll"lle:J-Il f'"l~BTI'W~'V'le:J~ (Chlorpyrifos) 

VilJ1: Center, N.P.I. (2005) 

?11 1 bf1 i1 n1~ \91 ~~ 1Y'l"1J n "lJa e:J ~n1 t 'U~a 6'1 b ~ ~"il ~ b n\91 n11 b '\.J ~ EJ'U bb '\.J ~ .:J'V11-:J bAm u 
" ' 

?l.fl1~ bb 1\91~ 8lJ b -d'Ub~ CJ1 nu 1 'U ~1-:J fl1 C.I"Ue:J-:JlJ'U~~ ~.:) fl1'jb '\.J~ CJ'Ubb'\.J ~.:) b 'M"1.n"il~tlflt11lJ11off b ~e:Jl \>lbb~~ 
il 'I 'U ' 

bb '\.J~f111lJVllJ1 EJ 1 'U m1Ll~'fi'V11-:J~b.fi1~"118-:Jfl1'j~lJirt'lnut'l1'jbf1i1n1~ Vl~~'j-w"1Jn"lJaa~m1 'U~e:Jt'l b ~t;l 
" ' 

1\91 EJ'\.J n n~ CJ1'V11-:J bf1i1~ bn\>l~'U 1 'UlJ'U'lo}~~a m1 b '\.J~ CJ'U bb '\.J~.:J~'W'Uu~~"1Je:J.:Ja~~8lJ~a?l~a-rt'l n1lJ~5u. 
d,J ' " 

bb~~e:Je:JflGIJ b"il'U '\.J.fj n~ C.l1fl11 blJV11Ue:J 1~'Vld "il~bn \>l~'U 1 'U~U bb~~~.:J~~ 1 'Un11cJU 8-:J be:J'U 1"1JlJbf'"l~'Ube:J?lb~e:Jb 'jt'f 
(US EPA, 2002) 



<(H3 
<(H2 
? Cl 

H c-c-o-P-o > ~ 3 H2 ~ N/" ~ 

Cl Cl 

chlorpyrifos 

yH3 

yH2 

9 Cl hydrolysis 

hepatic 
metabolism 

yH3 

yH2 

9 

<(H3 
yH2 
0 Cl 

H C-c-O-~-On 
' H, ~ ~ 

Cl Cl 

chlorpyrifos-oxon 

H C-C-0-P-OH + a H2 J Nr ~ H c-c-o-r,-oQ 
paraoxonase 

3 H II 
2 s 

HOQI 
(PON1) Cl Cl 

Cl Cl 
diethylthiophosphate 3.5.6-trichloro-2-pyridinol 

chlorpyrifos (TCP) 

yH3 yH3 
yH2 yH2 

HOQ' 0 CJ 9 H c-e-o-t-op hydrolysis 
- ~C-C-0-P-OH + 

3 H2 J N'/ ~ paraoxonase H2 ~ 
(PON1) Cl Cl 

Cl Cl 

chlorpyrifos-oxon 
diethylphosphate 3,5,6-trichloro-2-pyridinol 
(DEP) (TCP) 

.n1cw~ 2.3 no;;::'U1'1Jn1";;Ll!'VI1'Ue:J 1ii'1\'i''tle:~.:~flii'le:JTI cw~vJe:~a11.d1-:~mvl!'lf~V 
d 
'VIll1: Center, N.P.I. (2005) 

(inhalation) fl1"jfl'W (ingestion) bbG1:;~ll~?f~1'Wb·ih'Vl1\1~1Vlir\l (dermal- contact) bbG'l:;"iJ:;~r 

bll'VI1'Ue:J 1G1 ~ e:J~1\I"j'J\?J b ~1 1 'W~1\Ifl1 m.J'W~~ 11?1mhu 1 Vlru"iJ:;(ln-IJue:Jmr•inn~1\lfl1 CJ'Vl1\IU?f?f11:; 1 'I.J"j\LJ 
, QJ \1 \1: 

'tle:J\11\?leJG'lfiG'l'VJe:J?fb'VJ\91 (dialkylphosphate; DAPs) mCJ1'W 24 - 48 i1 bll\IV!~\I"il1n 1~~'\JboU1~~1\In11CJ 
bl?lCJvf11'tl11?leJG'lfiG1'VJe:J?fb'VJI'l'tJ"j:;ne:J'U~'dCJ dimethylphosphate (DMP), diethylphosphate (DEP), 

dimethylthiophosphate (DMTP), dimethyldithiophosphate (DMDTP), diethylthiophosphatie 

(DETP), diethyldithiophosphate (DEDTP) bb?fl?l\lbm\l?f~1\I'Vl1\lbfli1~\l.nTW~ 2.4 



•. 

Dimethylphosphate 

(DMP) 

Diethylphosphate 

(DEP) 

Dimethylthiophosphate 

(DMTP) 

Diethylthiophosphate 

{DETP) 

Dimethyldithiophosphate 

{DMDTP) 

Diethyldithiophosphate 

(DEDTP) 

d 
'VI:IJ1: Bravo R. et al. (2004) 

4 ct 0 Q,/ 

~1~"llel~1'Hfl:1Jn1':il~ ~TH:IJ'VI1Uv1~'Y1 
... "' DMP DMTP DMDTP DEP fl\9l~'W"ll 

'II 

Azinphos methyl ..; ..; ..; 

Chlorethoxyphos ..; 

Chlorpyrifos ..; 

Chlorpyrifos methyl ..; ..; 

Coumaphos ..; 

Dichlorvos ..; 

Diazinon ..; 

Dicrotophos ..; 

Dimethoate ..; ..; ..; 

Disulfoton ..; 

Ethion ..; 

Fenitrothion ..; ..; 

Fe nth ion ..; ..; 

lsazaphos-methyl ..; ..; 

Malathion ..; ..; ..; 

Methidathion ..; ..; ..; 

Methyl parathion v ..; 

Oxydemeton-methyl ..; ..; 

14 

DETP DEDTP 

..; 

..; 

..; 

..; 

..; ..; 

..; ..; 

i 
: 

: 

i 
! 



• 

. 

1~ 

i 

1911~1~~ 2.2 ~1a~eJ6'11~bf1ijfi1~!9l~\9l~~'!lmh.renJ{m1 'lJ'¥JeJ6'1b '¥J!9lbb~::6'11'H3J'V11'UB l~vl~fii1~~ 
(lilt!) " • II 

d d 0 .., 

6'11~b3J'V11'Utl l~vl 'l1a'!lt~6'11'lbf13JnT<il 191 
., 

""' DMP DMTP DMDTP DEP DETP DEDTF fl\9l~'W'!l 

Parathion v v 
Phorate v v v 
Phosmet v v v 
Pirimiphos-methyl v v 
Sulfotepp v v 
Temephos v v 
Terbufos v v v 

~111: Prapamontol, T. et al. (2014) 

2.2 m~·th::bil'lJf1113Jb~a~~1'lJ~"llfi1'W (health risk assessment) 

f11'~th~bih.Jfl11:Wb~CJ'I~ll'U?I"Ufi1'W (Health risk assessment; HRA) Vl:IJ1CJi:1..:Jm'j"flf1'1~1 
' 

"1e:~m?l" Vl~e:J "fl11:wth'il~blJ'lJ" "Ue:J..:J~ftm~'Vl'U"il1f1~..:Jbb1\9l~e:J:wlile:J?I"U.n1'W"UB..:J:W'U~~ ~..:J~..:Jbb1\9l~e:J~ 
' ' 

1-u~~n'\llmCJ?i..:~~..:~flnfll:W (hazard) ,1'\.Jbe:J..:J f11':iU':i~bil'Ufl11:Wb~tl'1~!9lbll'U "m~'U1'Uf11':i" "Ue:Ji..:J ' . 

fl11:WA!9l ~vl1 b ~e:J"il~ 1 m~~l1fl11:w b~t~..:~L!'U:w1n1Je:Jm v;v..:~1!9l b -d'e:JVl11 'U~1'Uiile:J 1 u-d "il~ 1~mh1fi..:~ " . 

m~'U1'U f11':iU'j"~ bil'Ufl11:W b~ v..:~ ~1'\.J?I"U.fll'W 11ij'Vl&r n f11'j"e:J ~ 1..:11 'j"tJ 1..:1 '\Ill n"il~ nci 111 thb~1 m:':i ' . 

tb~ bil'Ufl11:W b~CJ'I (risk assessment) L!'U ~\91 b ll'U m~'U1'\.Jf11'j"~e:J t1Vl~'I"Ue:J..:Jm':i1 bfl'j"1~~fl11:Wb~ m 

(risk analysis) ~'l"il~U'j"~f1e:J'U1u~1tlm~'U1'Un1':i~e:Jtl 3 m~'U1'\.Jf11'j" 1~bbrl (1) f11'j"U':i~bil'Ufl11~ 
b~E./'1 (risk assessment) fle:Jf11':ivl"il~'Ue:Jf11 m\?l11fl11:Wb~ti'IJ'Uii:W1f1Vl~mre:Jtl ~..:JhJbb~"Ue:J..:J1e:Jf11?1~ 
"il~bn\91 bbft~fl11:W~'Ubb':i'IVl1f1bn\9l~ftm~'Vl'U~'U (2) f11'j"~\9lf11':ifl11:Wb~ti..:J (risk management) ~~ 

Q d ~Q d 0 ~ d d d d 
f11':i'W"il1':ifi.l1 bft e:J f11D f11'j"'VJ b Vl:W1~?1:W bbft ~ \9l1 b 'U'U f11'j" b 'We:J ft \91 fl11:1Jb?l CJ 'I (3) f11 'j"?ie:J6'11 'j"fl11:1Jb?l CJ~ 

(risk communication) ~e:J f11'j" 1 Vf.Ue:J:wfl lile:J?I1fi1'j"fi.!~ l1fl11:W b~ CJ..:JL!'l.J'j"'l.Jbb ':i..:J:IJ1 n1Je:Jm v;v..:~1\91 lile:J!..:J 
" ' 

1 Vffl11:w~1f1 ~Vl~e:J 1ll~ 1 b u'U "il ~ 111 e:1..:~ ~'U\?1 ':i~Vl'U n 1(9) v n1 ':i1 Vf-1i'BlJfl~~ fl{?l'j" ..:~ nu fl11:w b U'U"il~:..:~ 
(Dibartholomeis, 2007) 

2.2.1 n~::'U1'Un1~1'Un1~u':i::bil'Uf1113JL~a~~1'U6'1"ll.n1'W ij 4 i'U\9lti'U fit~ (e:J'U1:W'tJ . . 

b'Vll"ln~Vin, 2552) 

2.2.1.1 f11'j"D..:J~~'IfJf1Al:W (Hazard identification) ~e:Jfl':i~'U1'Uf11':i1'l.Jf11'j"D..:J~l1~'11~ 
Vl~e:J.n11~ 1(9)b u'Ui:l"il~t~flnfll:w ,1'\.J~e:J Vl1n:w'U~~~:w~?I~..:~L!'U'\Il~e:J.n11~L1'Um"ilne:J 1 Vfbn\9luru'\ll1'Vl1f!l 't , <u . 

?1-um-w~'U 1~ m':itl..:~~~..:~flnfll:w b u'l.Jm'j"l?le:Jmhm:w111 'U?Im'U~bb~'~Vl~..:~ Vl~e:J?I.n1-wnTm1Vl~..:~L!~ 
' ' n ~ '~fl n fl1:w e:1 ~ "iJ ~ ..:~Vl~e:J 1ll Vl~e:J e:1~ bu1..:~~ b u'U ~ ..:~ fl nm:w bfl ~e:1..:~n e:1 ~1 f1rue:1 ~1'1'\ll~..:~-ue:J..:~ bb -w'Vl t1 

't 'U 'i CLI ' 

e:J 1~h b 1 '111"11 ?I 1?1 i 1 'U f11'j"D ..:~ ~ ~ ..:~ fJ n fl1 :w 1 'U ?I m 'U ~ vl1 ..:11 'U ~ ~ e:J n1 ':i b~'U ~1 ':i1 "il ?I m 'U ~ vl1..:11 ~ 
(walkthrough survey) '~ 

"Urr) 1 OG~2.. 
~ ~ ~ 
'VfUJ~'Vlu ~'.-·. ~ · 

liubu
Rectangle



.. 

. 
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2.2.1.2 nTjtJ'a~biJ'W-u'W1~61':w~?tnu~(;lm~'VIU~bfi~~'W (Dose - response assessmentr 

L tJ 'W n 11tJ 1 ~ LiJ'W 11 -utJ 1 ~-u eJ'l n 1 161':w ~?11~ ~u1~~~ b tJ'W eJ'W 1P1 11 tJ ~ eJ~-u.n 1'V'l:W1 m! eJ tJ L vh1r 

~'ltld~'U1'Wn1'a.Q~~vh 11X?t1:W,1'atlbbD'l'a~~'Un1'ai:W~?I b tJ'W 'a~vJUU(;leJ~tltJ nu1~vi'u~v111 ~Lfi~~~ 
tld~'Vl'U ~eJ?I'1J.f11'V'l ~1 eJ~1'lVloU~ L ~'W b 'li'W n1'aU1~ biJ'W n11\PleJU?I'WeJ'l~ eJ?I1'Hflfl1 'Wl"1l1'ihr1'Vl tlh , ' 

?11'a'W~'1lU~b~tJ1rl'WbL~i1 "tJ~:w1rum161':w~?!" ~1-:Jfl'W ~~vh 1 ~~1'ln1tJIPleJU?I'WeJ'l~1'ln'W ?1'1vt-ru~-:~ 
d tc: d (' cv Q,IQ.o'dl q./::::~ 

flflfl1:WU1~b.f1'VleJ'W 'Vl-:!?l"lflflfl1:W'Vl1"l n1CJ.f11'V'l "1l1.f11'V'l bb(;l~n1tJP11?11P11 1~~Un11?1:W~?I'VIIP11"lfi'W'W'Wfl ' , ' 

~~v111 ~~1"l n1 tJ:W'W~~ bfl~~(;l 1P1 eJU?I'W eJ"l~1"l nw~)'J tJ b 'li'Wb~ CJ'J fl'W , 
2.2.1.3 n1'aU1~biJ'Wn1'a~:W~?I (Exposure assessment) fie:Jfl1'aU'a~biJ'W'a~~'Ufl1~ 

61:w~?t~LL~{;l~'l.Jflfl(;j tJ1~-u1m vt~eJ1~uu'WL1P1U 1t11-ru11mm.Je:Jm'YltJ"l1~ 1~tJfll~"l~"l"U'W1~m~ 
~:W~?I (dose) 1~tJ~L1m~61:u~?l (duration) bb(;l~'lieJ-:J'Vl1-:Jn1161':W~?I (routes of exposure) 11:W~'l 
b~'W'Vl1"ln1'aoW"lnd~~1tJ"tleJ'l~'lflflfl1:W~1fl 1 'W~"lbb 1~~e:J:W~1'W~1nm"l (medias) :W1?ifl'Wt111 tJ , , " 

2.2.1.4 n11eJ5U1tJ~n~ru~"tleJ'lfl11:Wb~tJ'l (Risk characterization) fie:Jfl11lbfld1~~ 
.U e:J:W (;l ~ 1 n~'l 3 .ff'W IPl e:J'W ne:J'WV!tJ 1 b ~ ml1:w1 tJ 1 ~ biJ'W 11 m 161':w ~?I~ 'l fl n m:w 1 'W ?l.f11'V'l~ b tJ'W eJ ~ tT'U 

'IJ , \,1 I 

~m tJ'Wfl11:W b~tJ"l~ eJ?t-u.n1'V'lVI~eJ hJ 1 'W~'Y11"l1'WV!~e:J?Itn'WtJ1~ne:Ju n11LL '!A"lvt~"l fl'W'Y11 'l1'Wbb~m~fl'W 
' 

'Vl~e:J LL~'W n-:J1'ULL~(;1 ~ bb~'W n ~e:J:W~~i1m1:w L~ tJ"l~ e:J?t"U.n1'V'l~ bb\Pl n~1'l n'W 1 UIP11:W~"l fl n A1:w~~:w~~ , ' ' 

11tJ(;'l~ b~ tJ ~~~ e:J"l'W~11ru11 'W.ff'UIPleJ'WdfieJ ~eJ-:!UeJn1 mt1111m1:w b~tJ'l~e:JU~~tJfl tlfl1:W~?I'W h,!~ 
' ' 

'a~~U'IJeJ"lfl11:Wb~tJ-:Ji1:w1tltJe:JmLA1 'Vl'W i1m1:wb~tJ"leJ~1-:J h 1A'a L tJ'W~~i1A11:W b~CJ'l?l'l?l~ ~n~ru~"l1'iJ 
" " ' 

'Vl~eJfl~nd'a:Wbb uu 1~~'Y111 Vfbfi~fl11:Wb~tJ'l?l'l?l~ " , 
2.2.2 n1'H~1f!~Jn1''a~:we11i'! (Exposure Monitoring) 

tl11 bll1 fl :w n11~:w ~ ?f b tJ'W m~U1'W tl11?1'1ri' ty 1 'W.ff'W 1P1 eJ'W tl11U1~ biJ'W tl1 1~:w ~ ?f ~e:J b tl1-J 
i6m1~~~ 1 Vf.Ue:J:w(;'l L~~.nnu m1~:w~ ?t1t11 b ~tJ"liPl'i"l~?f~ LL(;'l~ ir"l L tJ'WoUe:J:W(;'l~~?l'1'Vl-ru 1-ifl 'W m1tJ 1~ LiJL 

'U , 'U ' 

~1 CJl5 bb U'Uii11(;1eJ'l~ tl~'J tJ ~"ld b ~ €1'1~1 tl n1'a blJ1fl:W?f1:W1'at1'Y11 tl1'a brlUoU fl:W(;'l~ij'a~ tJ ~~:W ~ ?t1n~"lJ ~ n'IJ , " 
n ~mJ ':l~'1l1 m'Vl~€1~ -!l bb 1 (?)~ eJ:w~ ?f'Uh:w 1 n~"' (?) 15 n1 ':l bll 1 fl:w m ':l ~:w ~"' bb tJ 'l€1 8 n hku 'U 2 in , , , : 

('V'l'lfib'Vl'V'l l1'a15'W~b~"1l, 2547) 1~bbrl I 

2.2.2.1 n11Lll1fl:W~~1'l.Jflfl&l (personal monitoring) n1'abll1f1:W"1l'W~dfie:Jfl111 i15m~ 
1~A11:Wb .U:w-tl'U'IJeJ'l?f11VI~e:J~'lfl tlfl1:W~ LL~(;'l~fl'W 1 'Wn~:wtJ1~'1l1nd 1~-ru 1~ tJ 1:WfhU"l~'l?ftn'W~~u Afl~ 

' ' ' 
tT'WeJ ~ 1~ tJ m1 Lnu~1 f) ~1'lfl1fi1Pl~u flfl(;'ltT'Wvt1 tJ h'Vl~mJ1~uflfl(;'ltT't.J~:w vt~eJ 1 tJmru~~fl'l n11i' ~ 

" ' ' 
tJ~m ru -r 'l~ fl1 i LA ~e:J'l'Vl~ eJ Lbt1U 1 ~tJ~:w1ru -r'l ~tJ 1~ li11 m tJ L tJ'W ~ 'W 'Wfl n ~ 1 nd eJ 1~~ ~ 1 i15m 1 LnV 

~1e:J~1'l?f111 'W~1'ltl1tJ L"li'WL~e:J~ U?f?f11~ ?f11fl~'Vl~'l 15'Vl~-:J-d'irn~~L'1tJn11 n1'abll1A:W'Vl1'l;s1.n1~ 
' 

(biological monitoring) 

2.2.2.2 tl11Lll1f1:W~~'Jtl(;l1'l~'lbb1~~eJ:W (environment monitoring) 15dbb1Pltl~1'l11f] 
~1tll5bb'atl~1~tl~111Ubb~'J fieJ ~~btJ'Wl5tl1'abrlU~1fl~1'leJ1tl1Pl J1 V!~eJ~'W~\?l1bbV!ll'lfl'l~ L~~ 
1Lfl'a1~~V!1fl'J1:Wb .U:w-tl'W'IJfl-:1~\lfltlfll:W 1 'W'U~nru~1'l I n1'abll1fl:Wbb uudirn~~ 1-ifl 'W mru~~'W~V!~$ 
"tl'W 1~'1Jfl'lU1~"tl1 m~~ eJ 'l n11 bll1A:Wi1'1J'W1~ 1 mu , "' 

eJ~1\11 'an\Pl1:wi5nTall1A:wi1-tleJ~i11n~ tJ'a~m'aLL 1n m1n1'Vl'W~n~:w~1B~1\11~mu'V'J1!f. 
' ' T 

€1~1~~~ "li'J\Ib 'J(;'ll~bnU~1fl~1-:J?i'liP111~ b 'V'l11~1~tJ~b 'J(;11~bb\Pltl~1'lfl'W~e:J:W~~1 ~~(;1tl11\Pl1T'il~ 
I 
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bb~nl'h:u~'U1~ ~1B~1-:Jb-d'U ~-:Jflflfl1lJ~'IJcimmam.nil1nh-:J-:J1'U B1"il"il~:ih~~tJ~1L'U~~tJ~ 8 .&11 -:J , 
bb ~mb~G'l-:~1 'U~n 16 ~1LlJ-:Ji1~ hH11JJ 'Uan:v1nt!'Um1b~e:~n6'lm'U~m-rr-r~~bb~n~1\ln'Uaan hJ~m"il 1 

'\J 

11X~G'1 fll".i ~ ~1"il AG'11 ~ bA~ B'U 1 tl"il1flfl1 1:w b U'U :v~ 'l1Jl ".il:W~\I:u~l'l m ~Dh;j-:~~\16'l.!lTVW1 mPJ"llru~vhn 1 

: 
I 

i 
i 

2.2.3 flT;i~~~1:wm-a-r'U~lJe!"'Vl1.:1~1'U~1.!l1'W (Biological Monitoring) 

fl1".ibl:hf1:WVI~Bfl1".i&i~m:wm".i-ru"':w~6'1Vl1-:ll~h'U=ill.n1'W (biological monitoring) LtJ~ 

iTim".iVl1-:~m'l~:W n 1-1ltl".i~ biJ'U".i~~tJ6'11".ibfl:WV1~-:~ ~ ~1~-ru b -1i'1~~1'~ m tJ 1~tJ bnul'l1 a ~1-:JVl1\l=i!1.n 11'l 

~1-1i'btl'UI'l1~1~ (biomarkers) b~BVllfl1".ilbfl".i1~'1h~~tJ6'11".ibfl:WJ'U ~ (parent compounds) 

6'111~ b tJ'Ua~~w5 (metabolite) Vl1e:J6'11".i~b U'U~~~~G'1"il1ntl{j n~mVl1-:J=il1 bAffi 'U~1-:Ifl1CJ (reaction 

products) ~-:~d~ 'l?hfi' qJflB:V~I'i' a-:~vh1".iru1fi-:~1X1-:1".i~ CJ tb 1G'11fl1".i"':W~ 6'1 (exposure window) 

~1'11a~1-:JVl1-:J=il1.n1'WJ'U 1 6'11:W1".it;1L-1i'b U'UI'l1 bb Vl'U 1~a~1-:Jb VllJ1~6'l:W'UBfl"il1 nd~-:~~'UB~ nuu"il~CJ~'U ~ 
1~bbri ~1'Ub Vlfll 'U LG'lffi 'Ufl1".i~".i1"ilfl11lJ~-:ICJ1flfl11lJ b ~ CJ-:J~".i\lbblJ'UEh•h1-11~1CJ/fl11lJ~lJ~1bbG'1~fl1~ , ' 
m1"ilt!'U"iltl'i'a-:~ 1lJb tJ'UeJ'Um1CJVI~a 1lJG'1::;biJ~~a~1-:Jfl1CJ"llB-:J~tl!jU&i-:~1'Umn"il'Ubfl'U 1 tlL tJw;'f'U 

m c.~ 1\ilG'lm'Wbb 1~~a:wm".ivl1-:J1'U~tl{iu~'l1'U:W1a m6'11~-ru6'11".ibfl:W L -111~~1\lfllCJ 1~ 3 Vl1~ 

VI~ fl fl eJVl1 \1 fl1 ".iVI1 CJ 1 "iJ fl1 ".i fl'U Vl~eJ fl1 ".i ~ ~~lJ ~ 1'U~1VItJ-:JVI~-:I"il1 m!'U6'11".i"il ~ b -1J1 ?im~ bbG'lbG'l~~VI~tl 
'\J '\J 

b'Om~a\911'! ~ L~CJm"iJ:Wfll".ib tl~CJ'Ubb tlG'1-:JVl1-:J=i!11VlCJ1 (biotransformation) bfl~ b tJ'U6'1111'11nm>:~ 
Vl~eJ6'11".ieJ'U'Vrw5bbG'1 ttJ1-:~?i1'U :v~ t;1 nn1~~aa n:v1n~1-:~m CJ b -ci'UVl1-:JG'1:WVI1 CJ 1 :v a a flVl1-:JD6'16'111 ~VI1a b VI~ tJ 

, '\J ' 

~1 b U'U6'11".i~:W1A".i-:J6'1~1-:JG'1~mCJtl11~ "1G'1 "11 'U"llru~~?i1'U~b VI~B:V~6'1~6'l:wl'l1a CJ 1 'UBlCJ1~ b thVIm CJ bbG'l~ 
'\J 

ria fl11:W b tJ'U~~VI~B~G'l m~VltJ \91 BG'l"ll.!l1'WB'U1:W'CJ 1~mttJ1'U fl1".iVI~\I:V1 n 1~-ru6'11".i bfl:W b -1116'1~1-:~m tJ 
, '\J 

"il1flfl1".iVI1CJ h6'11lJ1".it;16'l".itl1~~-:l.!l1'W~ 2.5 , 

. 
.n1'WVi 2.5 m~'U1'Un1-aVI~·:r•il1 n 1~-r'U"'1-a bflih ihcii1-:Jfl1tP\l1nmoaV11£J L"il 

'II 

"il1 n bb~'U.!l1'W-1i'1-:J (;)'U fll".itl ".it biJ'U fll".i"'lJ~ 6'16'111 bfl:W1 'Unci:w~tl nu~-:J1'U~-:Jel1"il m::;v\'11~ 
, '\J ~ 

1~ c.~ n11 bnul'l1 a ~1-:!Vl1-:1~1.n1'W~ b tJ'U"lJeJ\1 b VIG'11~\I-rru~1 CJVI~e:J b ~a b~a~1-:1 n1c.1 b -u'U b~ a ~t16'16'111~ 
~"il"il1".it b VI~ e:JG'1:WVI1 CJ 1 "iJBB fl b~tJ bG1''U~lJ "'JG'l "1 b ~BVllfll".il bfl".i1~'1h~~tJ 6'111m -1J b tJ'U 1'11~1 ~ fll".i~:W ~~ 
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I 
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6'11'~ bfli1Vl'W-!l 1 61i-!l tlld''\.J d~ bi'h.!tlld'~~~6'11i11 fWllfJ~1-!lVl1-!l~l.fl1'VN~ IK f){J~Iil1'HU1.fl1 CJ 11K L~e:J'U 1 'U11?fl1 

~~ 'S1~'V'l'U~'Ui1~~1~1 n rna 1~1'\J b ·ih6'111-!lfl1 CJ~il~ -!l "l b vh,l'Uii1 'll~11il1 n fl1'i~i1mJ'6'1/tl'U L~ B~ 
.fl1CJ'Uf:lfl (external contamination) (~ocker, J. et al., 2002) !I 

M1~1~Vl1\1~1.fl1'Vl (biomarker) L U'U~'Uuifl -b1 'U f11'Hb?f~\lfl11~~~'Wwh~'Vl11\1~1 ml':i 
i1~~6'16'111tl'U6'1'1J.fl1'Vl~~~tln~ 1~CJvi'11'll~1~lVIVl1\l~l.fl1'Vl bb'tJ.:mmlb'U'U 3 "l!UVI (World Health 

' 
Organization, 1993) ~\ILL~~~"l!iJ~ni1rn1~?1'119'ty~bb~fl~1\ltl'Ue:Jf:lnhJ ~-!l.Q 

(1) ~l~lVIfl1'i~~~6'1Vl1\l;;h.nTV'I (Biomarkers of exposure) ?ia~l~lV~~vn'\.J~~lmJ 
m1i1'~~6'1b U'Utl1'ilV~'ll~~1ru6'111,1'U 1 'U11\Itl1CJ (internal dose) Vl~m U'Utl1'ilVI6'111~tlflb~m'Ua 1~v1 

'U 

m CJ 1 'U 11-:J m CJ 1V~ CJ "il ~ b u'U m1LJ .:J'U B ni;i\1 rn 1~i1~~'U~1~Vl11\16'11 1~i1~ ~6'1.n1 CJ'Ua n nutJ'1~1tu6'11i1 
~11\ltll CJ 1~1'\J b .U11 '\.J~i1'1-:J 1 ma~lil~ b~an1 V~'lJ1mru6'111V!~a'\.J1mru6'11'iL~~1'Uf:l 1~Vi~~~~1'iru;11 
~A ru6'1~U~'lle:J\16'11'i L 'll'U 1 'U mru~~~ ~6'1 tl'U6'111~ b U'U 1~Vl~~.:j b U'U6'111~ A fJ'UoU1\I"il ~A \I ~1 fl1'i~11~Vlh 

' 
tJ'1~1ru 1~Vl~ 1 'Ub~f:!V~"il~b'Vl~1~6'1~n11m1~111i1Vl16'111b~m'Ua 1~Vi'lla\16'111 1~Vl~~'U 1 M1e:J~1\IL"Ii1.! 
fl1'j 1~1'\J ~~ ~1~ b U'U 1~Vl~ fl1'j~ 'i1"il'Vl1U~~1tu6'111~ ~ ~1~1) ~'1 'UL~f:!VIfl"il~ b Vl~1~6'1~fll1fl1 1Vl16'11~ 
b~m'U eJ 1~Vi'lle:J.:J~~ ~11 'UU6'16'111 ~ bb~ tl'1 b U'U6'111'i~ b V!CJ m'ii' V~rnl~ L .U~oti'U'llf:l.:J6'11'i1 'U b~ f:!V~Vl~eJVll'.:J 
~~Vl1CJ haann6'11mat1vh 1~Lb~tl16'111,1'U6'11m1t1t1n L~m'Ua 1~Vim CJ 1 'W11-:Jfl1CJ 1~~1CJf:l1"il L~an~lil~ 

'U 

1 V~tJ1m ru 6'11 1 L~ ~ 1'\J eJ 1m1~:W All~ L~'Vll ~ L "ill~"il.:J 1~ L 'll'U m1i1~ ~6'1 n'U 6'11 16'11~~'UiJ CJ~~"il ~1 V~6'11~ 
b~m'Uf:l 1~Vi~B~'1 'UU6'16'111~ 1 'U~U6'111 mandelic acid (MA) bb~~ phenyl glyoxylic acid (PGA) 

b 'Vl'il~:n m aVl VI~ eJ .:J~~'U ir'W m 1~ i1~'W'U~~~ 1~Vll1-:J fi1 n11~~~ 6'16'11'i6'11~ 'i~'U n'U6'11a b~ ~1'\J a 1m1 

LV!~1d (Brenner et al, 1991) bU'UI'i''Ufl1a1i~1~lVIVl1\I:U1.n1'Vl~i1eJCJL 'W11\Ifl1CJd~.:J~IKB-!l~"il1arun 
" I il d d 0 a Q.l I d I ..dil II iJ' ..::::.1 

11~m CJAeJ1~CJ~b 1mVJ L 11fl1Vl'UV~Iil~ Lf1'U6'111~1a CJ1\I b 'Uf:l.:Jiil1f16'111m.:J 1 Vl L 'U1~11-:J rnCJ"il~~a.:J~rn~ 

bfl ~ f:l'U ~ 1 bb~ ~ b fi VI fll 'i b tJ ~ CJ'U bb '\.J ~.:! 1Aa .:J 6'1 f1-:JVl1-:J ~1 ill 'V'l (biotransformation) ~Vl~l CJ f;i~ 
fld~'U'd 'U fll 1 b '\.J ~ CJ 'U LL '\.J~\11 fl'i .:J6'1f1-:J'Uf:l.:J6'11 a LA:i11 'U~ \l:i1~1 ~ 1 Vf:i1'U'U 1 VI b~ fl~ \IV!~fJV!~l CJ f;i\16'11 5 

b~Vl1'U eJ 1G'1Vi,!'U beJ.:J "il1 n'Vl~ n n 11-d "il ~'111 m-111 Vf~"il1 1ru1 bbii'1 ~ b~e:Jn bfl'U6'111~1e:J ~1\11~a ~1-:Jtl nl'i' e:J~ " . 

~-!lbb6'1VI.:J1 'U.fl1'V'l~ 2.6 ,i'U?ia ~T;u~\OleJ.:Jbfl'U~1fJ~1-:Jb ~eJ1Lfld1~~Vl16'11'i~1~lVIVl1-:J~h.n1'V'lV!~\IIil1~ 
fl1'i~~~6'16'11'i.fl1CJ1'U 1l'U fl11~"il~b~e:Jn1bm1~~6'11'i1'LI1J6'16'111~ (urinary metabolite) ~.:llilo/ 
1 Vf~~~~n11maL~Bn1 LAa1~~Vl16'11a~1 CJ15rn1~'U~l nu 1 tJa~'U'UiJV~a~u~iJ'U (albumin adduct) 

'U ' 

L~f:l.:J"illn 1'W'll1-:J 11'UVl~\li1~~6'16'11atJ'1~1ru6'111L~mua1~Vl1'Uu6'16'111~"il~'V'l'U1~~1n Lb~~fl1'ibn'IJ 
bb~~~a11i1U6'16'111~6'11~1at1"il~vh1~~1~.1fll115rna~u 1 btlul'i''U (Pi~~n~ru l.:J,;1~~6'1'U, 2552) 

' 
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10.1 

0 10 100 1000 

!11'W~ 2.6 !PI'J1:W~:ww't.nf<tm-!l';i~~'U~'J~1~m';i~:We!?f'VI1-!l~'J!l1'W (Biomarkers of exposure) 

nu';i~~~L 'Jm~~1~1~'lh1n!J 
~:W1: Henderson et al. (1989) 

(2) (1)1~l~~~m~'VI'U'V11.:1~1m'V'I (Biomarkers of effect) ~e:J{I)1~l~~VI1~~bb~~"ti'U1~ 
"tleJ.:JeJ'U~"j1 tJ~ bii~~'U~ e:1~1.:~m tJ e:JltJ1 ~ b u 1VIm tJVI~m U'U m"ji' mh~~'VI5!11'V'In1';ivl1VI111~"tle:J.:~ 
e:JltJ1~,1'U '1 (effect of system) Vl~e:Jmru~H\uw•11~1~~"il~Ue:JmHl1'U~VI~e:Jm1:w?f:w~~"tJ~.:~ 
~1.:~mtJ~bn~~'UVI~.:~"il1nm"j~:wir?f?f1"j1~tJ~n"il~'Ue:Jn11(1)1~1~~~n"j~'VI'U'VI1.:~~1.n1'V'IdLu'U(I)1~1~~ 
U-!l'Ue:Jn fl11:J.J ~~tJ n ~ ~ bn~~'UVI~ .:J"il1 n n1"j~:J.J iJ?! n'U ?f1"j'Vf~e:J~.:J Lb U6'1 ntJ6'1 e:J:J.J~ b .rr1~~1.:1 m tJVI~eJ b U'U vib 

~ . 

~ runnru bb?f ~.:~1T'il ~ bn~m1:w~ ~tJ n ~1 'U'i1.:~ m tJ~ bn~"il1 n m';i~:J.J ir?f?f1"j b "li'W m~~ ';i1"ili' ~fl11:J.J ~ ~tJ n~ 
"' "' 

"tle:J.:J b~~ b~ e:J~ bb~.:J 1 'U'V'I11 n.:~1'W~~:w iJ?! n'U ?f1"j b 'U'W~h.t~.:~db tie:J.:J"il1 n b U'U~'VI"j1'1J n'U~l1?!1 "j b 'U'U~'U b U'U l'ib 
0 1, ""' "' 1 "' .. 111 I ~ ~ ~ 0 Q..l d.c:~t. .c:!t. I Q.l VJ1 VI bn~:w~ b ~..:~ 'Ub:J.J~ bG'leJ~ ~VI1n'V'IU11 b:J.J~ bG'leJ~:I.Fil1'U'd'UbbG'l~G'l n't:tru~VJt:-.~~tlm1bbG'f~..:J11'V'I'l.Jn..:J1'UfliW 

,1'U m"il1~1'UeJ'U ~ ~1 tJ"il1 n n1"j~:J.JiJ?f?f1"jb 'U'U~'U b U'U ~'U 
(3) (1)1~l~fl11:J.J111'UVI~e:J~'U~f1i"j:J.J'V11.:1~1!11'V'I (Biomarkers of susceptibility) ~u 

(1)1~1' ~~ u.:~'Ue:J nm1:w 111'U ~ e:Jm"j bn~mnT~"tleJ-!lbL~6'l~~flfl6'l~i1~e:~ m~~:wiJ?f?f1~,1'U '1 G5.:~ b U'U mt~ 
1'1~1"ill~VI1tl~:w1ru"tleJ.:J?f1~VI~eJ b'~'U 1"1lJ1~ b~tJ1 b tie:J..:~ n'U~ n't:tru~'VI1-:J~'UiS'f1i~:J.JVI~e:J bfl~"il1n n1"j~:J.J~?f 

' 
?f1"j bb~1-limhvi'11 vi\n~ nl"jb tJ~ tJ'U bb U~..:J"tle:J.:J beJ:J.J1"1lJ1(1)1~l~fl11:J.J 111'UVI~eJ~'U15n"j"j:J.J'VI1.:1~1!11Vl 

' 
b~ tJ1-rre:J.:~ tl'U fl11:J.J 11"1.1 e:J.:J bb~~ ~'Uflfl~~vh 1 '!Xbn~fl11:J.J bb~ n~1-:J"tle:J..:J"j~~'U ~6'1 f1i~'VI'U"il1n n1"j~:J.Jir?fniJ 

' ' 
?f1"jfl11:J.J?f'U 1 "il1 'U(I)1~1'~m 1:w 111'UVI~e:J~'Wum"j:J.JVJ1-:J~1.n1'V'I1 'U~1'Um1:w 11'VI1-:J~1'U~'Uum"j~ 

' ' 
(genetic susceptibility) G5.:~ 1 'Uu"j"j:J.J"tJ1~ bb~1~ n't:tru~~'U"tlm bb~6'1~'4flfl6'11,Jb Vli1eJ'Wtl'U~hbU'UU "il:il'~ 
~v111 'iXA11:J.J b U'U~'t:t"tle:J.:J?f1"j~ bn~~'W1 'U bb~~~'Uflfl6'le:J1"il ~~~~6'1-:JVI~e:J b ~:J.J~'U bb~ n~1-:Jn'W 1 tl~1l-J 

' ~ n't:tru~"tle:J.:J ~'U~m'Ufl:J.Jn1"jvl1-:J1'U"tle:J.:J be:J'U 1"1lJJ'~.:~n~11~-:J,1'U(I)1~1~'11tl~d?f1:J.J1"jt!~"il~ 1-11'\.J"j~ 1tJ'lltJ 
' 

1m 'Umru~~e:~..:~m"j'VI1m1:w 11-r'U 1 'U m"jbn~m1:w~~un~"tJe:J.:~ bb~6'l~'Uflfl6'1 ' . 
vY.:~d?f1"j bflij ~1VIti.:J "] e:J1 "ilij ~1;ffl ~Vl1'1~1.fl1'V'11~VIm tJ ~1 b 'li'W ~1;ffl ~ n1~~:J.JiJ ?!?!1f 

1 'VI6'1 B'U (toluene) G'f1:J.J1 "jtlb~ eJ n~"il1 "jf1! 1 "il1 m~ ~'U ?11 ~ 1 'VI6'1 B'Ub 'Ub~ e:J~ 1~ tJ ~"j\l"iJ1 n"j~ ~{J 
~ ~ . 
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i 
I 

o - Cresol 1 t!U?I?Il1~'VI~mnm~~'Um~ hippuric 1 t!U?I?Il1~n1~mh~ 11n~?m.J?Il1bfljj'VIm~ !1 
•tJ'W~rh:nlilii biomarker btl'W6'111"t1ii~b~~1n'W1~b-ci'U?I11bfliirh~~ffmrl-u1 'Wmi:wfl11'U1b:W'VlbbJ1~ 

'IJ ' 

€J€J{m1'W~€J?Ib~t'l'VImtJ-uii~lil~1-li'm1t'l111ill~1~~'U"1.J€J~b€Jtl161!l1 cholinesterase b~€Jbtl'U~1~1~ 
nl-:i~lJ r:J ?It! FJ nlil1 n-d ?11 -:i bfli1'U1 .:J-uu ~ n m ~ hJjj~1~1 ~'Vl1\l~1 .n1~~jjr11 11J"i11 b ~1~'VI~€1~?11lJ11Cl 1 

Sl I 

th~ ~ nt'l1 m 'U'V11\ltJ~tr~1~ bb(l~~1'V!'ru bb 'U1'Vl1\l1 'Um1t11~ blJ'U m1~:w~6'1 1~ tJ 1 -rr~1~1~'Vl1\l~h.n1il"l 

lil~~FJ\lrhil'l(i\lFJ\lAtl1~nFJ'UI'i1\l 1 ~~1A'qJ 1~bbti tl1~b.n'Vl/-uu~"1.JFJ\l?l11bfli1~jjm11-li ~tlbb'U'U 
tl~:w1ru m~'U1'Wtl11~b~cn.U-emtl'W~'U 'VI~tl~1AqJ1'Um1tl1~blJ'Utl11~J.J~?I ~\l-d (Lc, C. et al., 2001) 

"' ' ' 
( 1.1) fl11b~ €Jflt'l111il~1~1~ViCJn~€J\l b 'V!m~?l:w jjm1:w-:il1b~1~nu?111Vi~FJ\l n11 

'IJ 

tb~bijtJ jjr111:wb ~ ~\lt'l1\lbb3-lt~~11 t~fl11t'l111ili bfl11~'1-1 bb(l~?I1:W11mb tJm,m 1m3.ii'Ueii'FJt~ 
( 1.2) 1~ ~ ~ b 1m n11 bnu ~1 €J ~ 1\l/l:i \l~1€J ~1\li bfl11~'1-1 b -cit! n€J'U'VI~€J'VI~\l n11 

U~D~\l1'W~ii fl11~J.J~6'16'111 fl11?i\l~1€J ~1\l.fl1~ 1 'Ub 1(11~ tl1'VI'U~ "1(1"1 b ~€Wil1fl6'111'U1~"l1ii~~ b .01!~ 
~1\lfll~ €J11iliifl11b tJ~~'Ubb U(l\l vhtJ~il~~1 'VI~€JoU'U€JFJflFJ~1\l11~b ~1 vh 1 'IXiil'l1fl~\l~i \?11 tl~1\lfllitJ 

d~ df Q..l IJ' c::t. idl !LI Q,.l Q.J .d i.l cv Q.J .J'o) 
(biological half-life) 'Vl?I'U 'U€Jtllil1tl'U tJ\lt'l€J\l~~11ru1Cl\l'VI1~b'Jmfl116'1:Wr:.J?I'Vl?I€J~fl(l€J~tl'U\?1J"l111~ 

t!'W 1 ~1t1 ~\l~mtl'W~\l~~1Af~J:W1n 
( 1.3) m1 b~ €l nm111J b vh~-:il1b tlt~\?11:w 1B m?~m1~:wr:l?~ b ~€l~~~J1n~tJ~'IJ~~1'Uiim1 

vh~1t~1 t~~m~ru~~bb\?ln\?11\ln'U mliliibb'U1 1.W:wm1~:w~?~6'111bb(l~fl11m~tJ~~~h\lnt~ ~~t!t~ ~uw 
"il1 b t!t~~~u fi'U1i \l1t~'Vln flt~lll ~ I'1FJ\l \?11111ll'i'1~1 ~ b 'VIi1FJt~n'U'Vl n':i1 ~ m1i11~ 

'U ~ q , 

(1.4) m1bnu~1€J~1\ll'i'1~1~ btl'W1tJm:w<U'Bn1'VItl~'VI~m'Vlfliiflbu~1~ b-cit~ m1\ll~ 
en'VI11u 1\lU1~ b.n'Vl ri Btl \?1 1111l 1 -li'Btl mru~tl111"111l1 n m1tlt~b ~ €lt~?l11~1il~vh m1t>l1111l b t!wXt~ 

' 

2.3 ~~mb~:::15m1'l.J~n'W~n 
'IJ 

2.3.1 ~n'etru:::bb~:::15m1'l.J~n'W~n 
'IJ 

l'{~m tl'W~n"llii~'VI-ct\l~iim1J.J~1Afk! 1 'W~illltl1~1il11'W b -ci'U 1m 'Utl1-;itl1~tl€l'U €l1'VI1'Hb(l::; 1-ti 
btlt~?i1t~tJ1~nFJ'U"1.JB\lm-rmn hr11'11\l 1 btl'W~tl t~FJn~~J1n-dcr\lnfl11:w~1A'qJ 1 'W'Vl1\l bl"11~~il~~J 1~t1i1n11 
-:il1'VI't.hm~'l1'W1U"1.J€l\l'W~n?l~ "W~mb'IX\l bb(l~61!€l?I'W~n1t~tJb~1~tJ(jfl 2549/2550 U1~b'Vl1"11'VltJii~ti~ 

'IJ 'IJ 

tJ(Jn'W~ntJ1~:w1ru 474,7171 ~ ~~n~iir111:w~1A'ru 5 -uii~ ~FJ 'W~fl~'VItlb~~b~n 'W~n~'VItlb~~1'VIru 
\.1 v " \J 'QJ 

'W~mrn~ 'W~n'VItJ1n bb(l~'W~n1'VIru 1~r:.J(lr:.J~\ll?~wn:w 333,672 ~'W/u 'W~n~tJ(Jnmn~?l~ AB 
v 'IJ ' 

'W~fl~'VItlb~~ b~ n bb(l~'W~fl~'VItlb~~ 1 'VIru r1 bb 'VIr;1\lr:.J~ (91 ~1Af1'€J ~1 tl.fl1fll'l~-rtl€J€lm5tJ\l b '\)j\j€) 11)1 n?l~~ 
\J \1 V Dt: '\J ~~ 

"1.J€l\lfli:WI"l(lfllm 'W'Ul1 u 'W.I"l. 25491'VltJ?i'l€l€lfl~~n ~\l1Ur:.J(l?l~ 61!€l?I'W~n 'W~mb'IX\l bfl~€l\lbbf11\l 
' 'IJ 

611 b ~11J1tJ bb(l ~'W~n'U ~'VI~m:Jm u t!:W(l 1'1111:w 2,161 ~1'W'U1'Vl bb(l ~?i\l€l€l m:w~~'Ww5"W~m ~€lfl11~1 
'IJ 'IJ ' 

u6'1~n-:i1 1s1 ~1tl'U1'Vl (611'w fl\l1'W'Wn~'U1i'Vl tJ11"116'1\?11bb6'1~ b 'Vlfl1 t~16'1~ bb ~\l-u1~, 2554) ~1'VI-r'U'W~n1t~ 

bb'VIr;1\ltJ(Jn\?11\l 1 ?~1m 1mb u\lll11J.J"1.J'U1~b tl'W 2 tl1~ b.n'Vl ~€) 'W~n1 'V!ru bb6'1~'W~m~n'VI~€J'W~n~'VI'W 1~tJ 
'IJ v 'IJ 

i1 bb 'VIr;1~tJ6'1 n~611A' ru~\l-d 
'IJ v 

'W~n1'VIru bb'VIr;1\ltJ6'1n~~1A'ru ~B b~tJ'l1'VI~ 'Wfl16'1111A ci'1'W1.J €JI?11~1'1~ -llvn,::n 
QJ 'U v \1 q 'U 

'Ufl111-u~m b6'1t1 bb6'1~11-uu~ bU'U~'U 
' 



\1 \J IV 'U 

~1 

I 
I 

'1"11m~n'VI1e:J'I"'1n~VI'U ll'VI~~'\Jl:'ln~~1A'ru fo'ieJ l~CJ~L'VIlJ umG1"J'j'jfj L'\'11"!1'j'lJ'HU 'lleJ'WLLnj'W 

iCJ.niJ 'Ufl~~1"!1~:W1 :wn~1VI1~ e:J'U~~1"!151'U n1ru~'U'U~ 'l.h~~"J'Ufl~i'W~ ~~~~G1~Lfl, "!1:wvp 
'U q q v q , I 

'Wfl~f"1~5~~:W~1"ll Lb~~~~1,!)~51iJ LiJ'W~'U I 
v ~ I 
6'ln,ru:;vn\l'l"'~fl,f"116Wl~ ! 

'1"11m U'WYl"U~e:JCJb 'W\9l~~n6'l1"11m'U161iB (solanaceae) ~"'eJCJb 'U\9l~~fli:'ll~CJ1n'Ufl'U:W~L:UeJ 
'U 'U 'U 'U 

ll'W~~"~ bb~~CJ1G1'UYl"111'W\9l~~nl:'l-diJB~'\J~~:w1ru 90 G1fll:'l (genus) VI1B 2,000 "11il~ (species) 
'U 'U "' 'il 

1~CJ~11 '\J l uu 1Ji'~"!Yl"11~:w~ n 1l!-w:w Lbi:'l~ 1l!~'W~'W'll'W1~ L~n~"'m~~1CJB~~11 'IJ'lJB"'1~n ~1VI-r'U'I"'1n~~ 
' ' 'U 

eJ~b'Uii1~l:'l capsicum ~"!'\J~~flB'UJi'1CJYl"11"11il~~1"1 1 '\J~~:w1ru 20 - 30 "11il~ . 
G1.fl1'1"1 m~'\Ji:'! n'1"11fl'llB"''\J~~ L 'Vlf"11 'V1 CJ 

'U 

'1"11 n G11:lJ1~(1'\J i:'l n 1Jl \91 l:'l B ~~~u B ruVI.niJ~ L VI:W1~ G1:w 1 'W m~ L ~1ru L~'U 1\91 ~1VI-r'U'I"'1 n L~~~ 
\J , 'U Q.l . 

'\J~~:w1ru 20 - 30 B"'f"11b6lll:'ll61JCJG1t;)1Bn.!VI.fliJG1"!fl'".h 35 B~f"11L6lll:'lb61JCJG1Vi'11~~elfl~1"1:W1fl~~~~\91~1 
' 'U 'U 

Vl1eJ'I"''UB1 m~ b U'Ubb~6'l1 Vll!~~ 6'l fl1'j'\J6'i n'l"'~n 1 u-d1"1fl~ ~urn~ CJ mL '\J6'l"!G1"1 L ~eJ 1 ~i1m~~~'U18J11~~ 
'U ul 'U \I 

~~ CJ~'\J~nn11"1W.h'\J n&i L ~B 1 ~'Vl'j"'~:w 1 '\J~"''I"'~n~'\J~ n1 u"li1~tJ<:rd'l!n'I"''U L ~B 1 ~flvi'1mCJ'U~nru~~ L utu 

(;'11 'W:W 1 fl n~'\J ~ fl'\'11 ~fl~ b VI:W 1 ~ ?f:W 1"11 ~B ~1 't.Jfl ~VI'W111 ~ viJ-d1 "'VI CJ B~ b:W~ ~ b '\'111 ~ fl fl1'\J ~~:W1 n.lb~ BtLJ uj 'U 'U 'U ul 'U 

\91 ~ 1fl:W ~"'~'W b~B'Wli'W11 A:W 1~ CJ'I"'~fl (;'11:!J1~tl b~ ~ ru b~'U 1\91 hll 'W ~'U'Vl fl"UiJ ~"llB'U ~'U~1 'U'\J'U'V1~11CJ 
' " ' 
~'U'V1~61\9l(lmm~'U1CJJ1~m1:wluum~LU'U~1"~LVI:w1~G1:w'\J~~:w1ru 5.5 - 6.5 'l"'~n 1lJ"!1B'UJ1i~llq~ 

' 
fl1'j'\Ji:'! n'l"'1n1lJm~'\Ji:'! n~1~ L~:wLnu 2 A~~ L '\'ll'j1~~~ L U'ULL Vl~~(;'l~(;'l:w 1 'jf1LL6'l~LL:W6'l"'V'h 1 ~m~uB"'rl'U 

'U 'U 

n1~~ 1Jl v1 n '~"~~ ni1~~'U'U~1 mL n1VI~"~~ n~"'1 u~ulnu wh 1.20 L:wmi1~1 n~BCJLL~ml nJi'1'W~1!"~ 
ln'Wn';h 1 l:W\91~ ~"~,!um~L\9l~v:w~um'j 1(11 ~~ nt;l1~'Wi1m1:wB~:w?t:w'U~ru~1A1 'j'\J-r'U'\J~"'(;'i.fl1'1"1~~ 

' 'U ' 

nBu'\J~ m "li'W 1~tJ v.vl"!1(;'1 ~ tJ CJAB n'VI1e:JtJ CJVI~ n t;)1~'Ui1A11:W b uu m~(;'l"' fl1 ~'\J -r'UG1.fl1'1"1Ji'1 v'\J'U'll11VI1~ 
'\J , , 'I '\J '\J I 

'\Jum1~ne:J'U'\J6'ln1~v'll'W1~LL'IJ6'l~'IJ6'ln~lVI:W1~(;'1:wm'jn11"1'\J'j~mru 75 - 100 6ll:w. ~1VI-r'lJm'j'\J6'ln 
'U 'U 'U 'U: 

bb 'U'U Lbm b~m~1um~'\J~ n bb 'U'U bbmr1A1~ 1 oU'lJ'W1~ bb '\J~~ni'1"~~u b uu 1.5 l:wm'j~ v~'l-11"~~~wi1"~~u 
'U 'U . 

30 - 50 6111J. ~umlfl'U'lJ'U1~'VJ'j~oW1J'lJel~'V'l~flbb~61~?f1CJ~'I.J5 ~~~n'I:HlWflT:i'\J6'1fl'V'l~flbbU~e:JBfH1JiJ 
'U , 'II 'U 

" 
2 bb'U'U ~"'iJ 

(1) m~'\J~ n1 'U (;'l.fl1'1"11 ~ L U'W Lb VI~"!~~ \91~1rl' qj'lJB"!'tJ 'j~ b 'Vlf"l bb~ ~iJ'lJ'U1n-«'W~1 VlrY wh 11-J 

?f.fl1'1"11i11'U~'U5'1"1~ n~'\J~ niJv:w 1.U~u ~'Vl'Ulbfi"'l ti m~1 n bb VI~~'\Ji:'! n1 'Uii1.fl1'1"11 ~-d'~n~~'ll1~ bbAi:'!'U Lb Vl~kl 
'I 'U " \J 

J1ln,\9l~mi1 fl1'j 1.UtJ v Lb~~(;'l1'jb ~ ~ fl1'jb~~nl b&i'U 1\911 u'\J~mru~~1n~vh 1 VI1&Jm~A1'UA:w'\J1mrum~ 
' ·~ ' 

~~\9llb6'l~An.l.fl1'1"1'1JB"'~i:'l~~\911 ~~1bli1:We:J1Ji' 
' 

(2) m ~'\J ~ n1 u (;'l.fl1'1"1 ?11 u b u u bb VI~ "!~iJ m ~ m 'U fl:W 'j ~ v ~ b 1 ~1m 'j'\J ~ n~ n,ru~'lJ Bi-:1 
'U , cu \ 

~6'l ~~ \91 bl6'l~'\J~:w1 rum~~~ \911Ji'Ae:J'U~1"1 ~~"~-db 'W~1 d1-«'W~~~n~11~ flA'J'U fl:W~~~'UJ11Jle:J ~1~ 
' 

b VI:!J1 ~ (;'I:W bfl ,\91 ~ fl'j 1.UtJ CJ bfl m 'U '\J~1J1 ru A B'U~1"1?f ~iJVI fl,~ 1 'U fl1 'j b 'lJ \91 fl'j'j1J ~l'W A 11oU~1 CJ 1 'U Ji'TU 
' 'U . 

Lb'j~~1u~1~ 1 ~n~~n111u(;'lm'V'l1~ 
1 ~fl'W~nbb6'l~fl1'jf11'1Jfl:W 

' 
(1) hACJe:J~bb6'1~~'1bb~'l Ln~~1nb~e:J'j1 ChoanephoracucurbitarumThaxt. b~e:J~1~t 

vl16'11 CJ ~1 'U CJ tl ~e) tl'W 1 'U e) tl 'U ~'I bb6'1 ~ ~ 6'1 BB'U tl1 fl1~ b 'll1 b U'U~J 1 \9116'11 Vll! b61'1.J 1v'll B~ ~1 b u 'W ~'lJ 1 



~2 
I 

''" 1 u 1 tl"' mtf\J '" t ,), "" m i'J\J II oua ,;, '" n 1 11U~1 n t \J~ .. ~ "' n1 ~~ ""~~\J~· ii1"' "'~ LL J, 
b~811~~V!~Vlvl1G'ntJ ., ., .. 1 

'I VI 'U 'U 
(2) bA 1 ul?h-!1 bnV1~1m ~81 T~,~'1bnV11~'VlfwV1tJG'tn1V1tJih~~ mi8'Wb u1..1~1vr~'l11b~8vrln 

~'U b1A.n~~'U1V11 'Wbb tJG't-!l~-:Jhhnn1 m'Uti8'W~'Wvl1G'ntJ~-:J bbG't~~'W?f11bAi11"11'UI"llJb ~~ tlrJ8'W . ' .. i 

(3) 11A11 flbbG't ~ bl"l'W b '111 bnV1~1flb ~8~1 Sclerotiumrofsii ~u1 1..1"111-:J~~n n1~-:J 

b ~~ru b~'U b\?1 b~lJ~V!~m~wil-:J m1~V1V18 fl88 n v.JG't ~'W~~ niim m~ 1 u b vr~ 8-:J bbG'i'1 ~1-:J ~'W~~n b ~ ~n 81..1 ~ 
v . 

1?11 tJ ti'1~-:J bn l?l'U~ b 1 ru bl"l'W ~'W ~ VJ~,h~'W~~~u b~'W 1tJ"V8-:Ib ~m1~"V11 b~'W 1tJd ~ 8lJ1~ ~~ ~'W 1 b U'Wfl8'W bb ~-:J 
nG'tlJ~"V11 bbG't~ btl~ tJ'Ub tl'W~~1\?11G't bbG't~l?hi1~ m~ru~r1G'i'1tJ 1 blJ~Vlir nmVJm1D8-:Jn'U n1~VlbV1tJfl11~oU' 
?11~bAlihlri8tJ 1~v.JG'IU~~U'WUtJlJ 1oU'b ~8~111?1~ 1A bV1m.nn1~V1 b ~m1~1Wl'Wb8-!!bV1tJ~~ 1-il"1i1-:J~8-:Jtl'WV!G't~ 
n8'Wfl1''JtlG't n~~n 

" "! 

" 
(4) br1~-:Jbb 'IX-:J (bb8'Wbb'Vl11"lb 'W?f) bnV1~1flb ~m1 Collectotrichum sp. 3 "ll'WVJ~'Umin 

1 1..1"111-:Jv..~ G't~ ~n b~lJ bbn~ VJvr~m.J G't ~ n1V1 tJ bu~1 ~ 1 'Wfl~lJ"Il 8-:J~ ~n~vh bbv..~G'ti1~'ll~1-:Jn G'tlJvr~m-:J~sff8wl:Ft.~ 
vrmtJ 1 1-:J bbG't~~u b~'W 1m ~811~1?11u~nrubbv.JG'tfl1~'1J8-:Jn'Wb ~8-:J~1n1 ~l"ld1~'U1V1lJ1n1 1..1"111-:J~~e.J'Wm~ 
t!G't fl~~n1 'IX'tA1-:JIPi'V1 bb~-:J'Vl)-:J~lJ 1m tJ ~-:j " . ' 

bblJ G't -:J 1"1 \?1 ~Yl"llVi cl' 1 rl' ru bbG't ~ n11 mu AlJ 
" v • 

( 1) b~~tJ 1 -w~~n ~TeJ8'WbbG't~IPi'1 bbn~~V1V1~1 b~ tJ-:J~1n1 uYl"lJ b ~~ tJ 1 'W"IJ8'Uvl1m tJ tJ8V1~8fW 
" bb~~\?11V18nti'1 b u1..11 u~81..1~~v111 m uvr1n'UVJ"Il8u 1 u'IA8~'W~1'Uu'Uti'1 bU'W\?11V18n~~vr~V1~1-:JhJ~VJv..~~ • 

~n~ru~"V8-:Jb~~tJ 1 "Wi1~11Pi'1'U1-:J~tl~1-:JtJ11"V'W1V1b VltJ-:J 1 - 2 lJlJ. ~'W1-:JoV11'll'WbV!~8-:Ji1~8fl~1'WoV1-:J~1 
" 

IP11 bbni1tJn~b oV'lJwi1\Pl1 ~8'W~Pi'1~8'W hJntJni1m~tl'i~lJ1ru 15 - 20 l'Wb ~~ tJ 1 -w~~'U1V11~'V!n~~mmb~ 
~~~~'U1VllJ1fl bb~~ bb ~~fl'j~~1tJ8~1-:J'i1Vlb ~11 'lJflVJ bbG'i'-:JeJlflll"fbb 'iX-:J~-:J,r'WAl~V!~'W\?1~1~ bb tl~-:Jtl~ fl8 ~1-:J 

"1.., " 

?1~1 b?flJ8vt1n~uiim~~~'U1V11-il?f1~bAi1QVJ~'Wvr~881~~~ 1-llnul?lnm1 b vrt1tJ1~ b vr~8-:J b ~8~ 81 'IX~1 bbn 

U'WlJ1 ~ V1~~"1i1 tJ~ VJtl~lJ1tuiP1'1 bbn1~ A8'WoV1-:llJ1 flV!~8 1 '1X~1 bb 'U'U~'We.J8 tJU 8 tJ 1 b ~ m ~lJ A11lJ~'W 1tJ 

LL tJ~-!!1 '1l'1Je:J-!!L 'l/ll~tJ 1 vJ-:iJ~ilm tltJnTm(>r~hw'J'Wb 'l/ll~tJ 1 'V'Jr;N 1Ji 
(2) 1 'i"V11 ~~ n\Pl1 B8'W bb~ ~IP11 bbn~~VJ V1~1 b~ tJ-:J 1 'U611'W"V8-:J1 u ~8'1..1 tJ 8V1~8'Wbb~~\?11V18 n 

" 
V!1fli11 'i"V11'i~'U1V11 'U~8'W~tJ8Vl~~b~ fl b~tJ1 bb V!~lJtl1'W 1 'lJ tJ11 b tl11~'1Xfl~1tJ"lJ8'U 1 u'!Xn~-:J~1'W~1-:Jvl11 ~ 
1 'Ub~tJ1tJ11lJ1fl~'W~fl~t1J~"lJ8-:Jh"lJ11i1"1J'W1Vlb~fllJ1fl~"lJ11~1~1~11?fi181tJ~'Wtl~~lJ1t1J 3 - 5 l'W t~ . . 

"1!11~~ ~~'U1V1\?1~ 8V1~-:JD~-:J,!'WA1 ~V!~'W m1~ bb tl~-:J8 ~1-:J?f~1 b?flJ8V!1 n~ui1m ~~ ~'U 1 V11 m -b'?11~ bAlJQ ~ 
~'WV!~81-ilnul?lnm1 b vrt1m~b vr~8-:J 

(3) b ~~ tJ~81..11Pi'1 bbn bb~~~1~8'W~~~V1~1b~tJ-:~ 1 'W611'W"V8-:~1 u bbG't~tJ8VJB8'W b ~~ tJB8'W~~8~ 
n1..1 b U'W n ~lJ ti'1i1tl~lJ 1 rub~~ tJ ~ 8'WlJ1 n~ ~ ~-:J bn 1?1 b ~1..1'i1i1~ 1 b V!'UtJ1 mlJ 1 u~~fl'U1-:J A~ -:Ji1111?11~1..1b ~~~ • 
~8'WbU'W~1vr~1 'Wfl11bb ~~b~811-r?f~bU'W?f1bV!\?11 '1XbnV11 ~A 1 u~1-:~1 u~1tJ1 1..1~~nvr1n~ui1m~~~'U1V11 VI ' . 

Hf?11~bAi15VJ~'W 

( 4) vr1..1 8'Wm~Vi'vt8lJ~1vt'W8'Wv'i1m tJ611'U"lJ8-:J 1 u bbn1 u ~8'Wbb~~tJ 8Vl ~8'Wfl1~b -t'1v'l1m u 
" 

"1!8-:Jvt'U 81..1 m~~vt8lJ~~ b .V 1vl' 1~ 1 tJYl"ll~ n~ru~ b u1..1n~lJ n 8'U~Pl1 vr1..1 8'Wi1~ n~ru~~11Pi'1 el'11..1~1 b~ tJu~ 

~b~tJ1B8'W11-:~hhtJ'Wn~lJ 5 - 25 'W8-:~~~tJ~hi'WmtJ'WIPi'1~8'Wtl'i~lJ1ru 3 l'W1~tJ~IPi'1vt'W8~ 
14- 11 1'W1~tJ~~mb~ s - 7 1'W'i~tJ~~1bbn 5 - 10 1'Um~~~u1V1"1J8-:~vt'W8'Wm~~vt8lJ~1'U1vr~ 
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~ ·~u~ 1 ~ 1 '"'" ';;, ~• • L~1J111 """ ""~~1" (;i .~ ene" Fi1J) iJ1J L i'1m1o. 1 ""'" l>i'1111J e1J 11u 
flT'IWIVl'WVl I 

~IV.c::t.c::t II I 
2.4 ~1'1.JT'iiEJVlbmn"lle:HI I 

n1':i~m~n1~ CJ~ b~CJ'"JoUB-:1 tl'U n1':itl':i::: bi1'Wfn1:U b~ CJ-:J"IJB-:1 Lfl~\?l':in':im oU611':iLI"1iifi1~~Pl\?l':i j"IJ 
" "~ 

t~ CJ buVn~n~:uaa{m t 'W~B61 b ~l?l'il1nm-a61:u~61611':i~1'Wb~'WVl1-:Jn1':iVn CJ1'il"ll ru~5~~'W LL~ ~ni-a 
' 

i bl"1':i1~~611':i b:UVl1'UB 1~~"1JB-:!611':ifl~:UBB1m L 'W~BG'f b ~1?11 'WD6161TJ:::"1JB-:J bfl~\?l':ifl':i ':i1:U(i-:J'I"'tj&i fl':i';l:U 

fl1':i 1oU611':i bl"liJ bb~~(;.J" m:::VJ'U \91 B61"1Jfl1'\AIB'W1iJ CJ"IJB-:1 bfl~\?1 ':ifl':i l'i'1B ~1-:J-:J1'W1~ CJ~ b~ CJ1oUB-:JiJ~-:~il 
' 

61:uPfn~ B'WVl:U11?1 bb~::::a~'ViVJCJ b'l"'"ll':i'li1CJ (2555) Pin~1tl~:u1rub:uVJ1'UB1"~"1Jf:1-:J 
BB 1 fl1 L 'W~ B61 b ~ 1?1 (DAPs) 1 'WD 616111:::"1J B-:1 bfl~\?1 ':i m ~tl~ n~e:J flb ihu'il:U1i"f ~1'U~l'i1\?l'I"''Wi:U 

\J \1 tl • : 

eJ1b.fle:Jl'i1~'\AI'W:U ~-:J'Vil~'Wm'I"''W:U 'I"''UrJ1':i:::~'UL:UVl1'Ue:J1~~':i1:U (total DAPs) 1'WD616111~"1Je:J-:Jn~:u 

bn~l?l-am~tl~ n~a n b iJru:u11"! 20 1"1'W61-:~ n11n~:u-51-:~B-:~~hJ1~tl-a~naum:U'I"' bn~\?1-ame:J ~ 1-:~1111 CJ G11 A'ru 
'U cu v \1 , :v 

bb~ ~'l"'u'"i1 -a~~u b:UVJ1'U e:J1~VJ1 'WD 616111 :::"lle:J-:1 Ln~l?l -a mil m 1:u61':u~w5nu'l"'t] ~ m-a:u m-a 1-ti~tl m n1 
ua-:~n'W~1'W'UI"11"1"e:J~1-:~il1!CJG11A'ru 

61'W611 ~1mn~CJ-:J bb":::Aru; (2556) 1~vhm-atl-a:::bi1'WVJ1-:J:U1.n1'1"1~1'Wfn1:Ub~CJ-:~19ie:Jm-a61:u~61 
' ' 

?f1':ibAiJr\'1~~Pll?l':i~'IJ1 'Wfl~:Ubfl~l?l':ifl':i~vl1'W1: mrui3in~1 ~1'Umbtl-:!61'W1:U'W1-:J eJ1L.fle:lbbtl-:!61'W1:U'W'N 
" ' " 

~-:J'Vil~'WA':i':i1'1l~:U1 "iJ1'U1'W 110 A'W '\AI'UrJ1 fl~:UI'i'1e:J~1-:JiJ':i~~'Ube:J'W1"l1:UbA~'Wbe:l61b\?le:lb':i611'Wb~e:l~'il1fl 
' 

m-a1-ti611':ibAilrh~~l"i'l?l-a~'ll1'W-a:::~uhlt!~e:J~ilCJ~e:JCJm~ 27.3 -a:::~'U'I"''UilA11:1Jb~CJ-:J ~e:JCJ~::: 32.7 
" 

-a~~utl~e:J~ilCJ ~e:JCJ"~ 30.9 bL~:::'\AILJ(!..Jm~e:J~1'W-a:::~utln~LV1CJ~ ~e:JCJ~::: 9.1 bb~~(!..J~'il1nm-aiLm1~~ 

'Vi1A11:u61':u~w5-a~'V111~1J'il~t.Ji3imnnu-a:::~um1:ub~CJ-:~"1Je:J~(;.J~b~e:J~'il1nm-a1-b'611-aLAiln1~~Pi'l?l-aw'IJ 
" 

"1l e:J~ bfl~\?1 -am 1:W'I"''UD 'il ~ t.1 ~:W m1:u61:u~'W Be:J ~1 ~ii11CJG11 A' ruVJ1~61 ~ ~ nu -a~~'U A11:U b~ CJ~I'ie:J n 1-a61:u~61 
"' 

Petchuay, C. et al. (2008) vl1fl'l~~w.J'W115m~1bm1::::'vhh'Vl~'UI?l~'J'i11V16'f1~b:WVl1'lJ'e:Jb6'lvl"tlel'l 

e:Je:J{m t 'W~B61 b ~1?11 'W~tl dialkylphosphate (DAPs) 1 'WD616111~"1JB~ b~flflB'Wlt.lb~t.J'W1 'W~'W~ 
tl~n~n ~1'U~'U1~b'Vi~t.J~ eJ1b.fle:JA1'Wbtlt.J~ ~~'Vil~61~"1lm 'I"''UrJ1 611':ib:UVl1'Ue:J1~~~'\AI'UUe:Jt.J~61~Aie:J 

" ' 
DEP bb~::: DETP fl~b U'U~e:lt.J"::: 57 bb"::: 38 \?11:U~1~'U bb~:::vl1fl1':ib tl~t.J'UL~CJ'U':i~~'U611':ib:UVl1'Ue:J1~i~ 
-a:::'V111~b~fl~e:J1MCJ 1 'WbL tl~~tl"n~nnun~:u-51~B~~1:W1~e:J1PlCJBCJ1 'Wbb tl~~tl~n~n 'I"''UrJ1 -a~~u611-a 

'U , cu cu 

b:UVl1'Ue:J1~~ 1~bbfl DMP, DMTP, DETP bb~::: DEDTP "1JB~fl~:u~mf31CJ1'Wbbtl~~tl~n~n61~n11n~:u 
• \1 \1 , 

B'1~B~e:J~1-:~il1!CJG11A'~ 

Jaipieam, S. et al. (2009) Pin~1fl1-:i61':u~61"1JB~611':ibl"1ilrh~~Pfm~'IJn~:we:Je:J{m1'W~B61b~!?l 
" ' 

Vl1~fl1':i'Vi1CJ h"lle:J~ bfl~l?l':im~tl~n ~ n1 'W~1'U~'U1-:Jb 'Vi~t.J-:1 eJ'1 b.fle:JAe:J'WbijCJ~ ~~'Vil~61~"1lm vl1fl1':ibniu " " . 

vl'1a~1~e:11 mi"f~-a:::~u fl1':i'Vi1t.Jh"IJB~bn~mm "il'TW1'W 33 -a 1m ~e:J1bm1~~611':in~:ue:Je:J{m Lll.J ' . 

vle:J61b~l?l1~bbfl chlorpyrifos, dicrotofos bb~~ profenofos (!..J~fl1':iPlfl~1 '\AI'U';h bfl~\?l':ifl':i~tl~n~ 
" " ilA11:1Jb~t.l-:J"lJB-:Jfl1':ii1:U~61611':i chlorpyrifos bb!;l~ dicrotofos A~bU'W~e:JCJ!;l::: 39 bb!;l~~e:Jt.J"::: 8!7 

1?11:W~ 1 ~'U bb~ ~ bfl~\?1 -am~tl~ n ~ n1:Wili"111:U b~ CJ~1 'W m-ai1:w~ 61611-:i profenofos Vl1-:Jfl1':i'Vi1 tJ 1~ 
I 



~4 
j 

i 

~" chlorpyrifos ••• dicrotofos L ;;,~'''"'" 011J~1.<Liiu-.n "h 1u,J""''" ~~ ""'"~ LLO •nl; 
5vrvhJ?11"Jbfli1 rh~' ~ 1'11'1~~"111~ CJ aTuvi11 ~ bn ~~~ mt'VluVihlri~tht ?!~l"la~1~ b5CJLJV'I~'U 1~ 1 

William, J. et al. (2009) Pimnm"J61:w~?I?I1"Jbfli1rh~'~f'i'l'l"J~"illil1nm"Jvi1~1'U1'U"1l:W~l'U 

bn'l;mm"J:w tl"J~ b 'Vll"fn1'U1 V'I'Ull "J~vl'u bB'U 1~:w1fl~'UbB?Ibl'le:Jb "J?I1 'U~~B~"llB,Hn'l;l'l"Jm~61:w~?I1'U 
?11"J bfl ij n 1 ~ ~ ~ 1'1 "J~"il~ ~~ ~B ~ 1~i1'11 tJ ~ 1~ rub~ e1 b Vi CJu nun ci :w -eJ1~ B~ ~1 'U m"Jtl fiu~"lla~ bn'l;l'l "Jfl"J 

~ v ~ ~ 'I' 

b~mnu15m"J1i?I1"Jbfli1nl~~l'i'l'l"J~"11 Vil"f'Vl1~'1Ja~m"J5~.W'U?!l"Jbfl~nl~~l'i'm~"11 "11ti~'Ua~Btlm~ 
~ ~ ' 

ua~ tl'U bb~~"j~ Clt b 1m1 'Unl"J~n'Uru~5~.W'U 1:Wi1m1:w61:w~'U6eJ~1~i1trCJ~1~fljtl'U nl"Jb '\J~ tJ'U'U'®~ 
" ' 

"J::: vl'u cholinesteras activity 'UeJ mn niW~V'I'UrJ1Blnl"JVi~m1lJ~lJVl'U6 nu nl"J~~~~'UeJ~"J:::viu 

ba'U 1"1l:w1fl~'Uba?lbi'Ja b "J?Ifia mm"J~a'UbV'I~CJ'Ua~~l~mCJ 

Panuwet, P. et al. (2009) Pin'I;1?11"Jb:W'Vl1'UeJ 1m1'1Ja~?I1"Jbfli1rh~~l'i'm~"111 'UU?I?I11:::'1JeJ~b~n 
~ 

,:r n b~CJ'U ~~'Ml~ b ~CJ~1 'M:i.J '\J"J::: b 'Vl\"11 'VlCJ 1~ mr'hm"J'\J"J::: bi'J'Um"J61:W~?I?I1"Jbfl~fl1~~1'11'l"J 1 'Ub~ntrn b~~'U 
~ ~ 

eJ1tJ 12 - 13 tJ "il1'U1'U 201 fl'U 1~CJvhm"J1bfi"J1~'1t1?11"Jb:W'Vl1'UB1~v1'1Ja~?I1"JLfli1n1~~1'1m~"11 ' ~ 

"il1'U1'U~~'M:W~ 18 "11ti~~1Clbfi~B~ High Performance Liquid Chromatography tandem Mass 

Spectrometry (HPLC - MS/MS) V'I'U':h?I1"Jb:W'Vl1'UeJ 1~'VlL 'UI'11a ~1~U?I?I11~'1Jti~~l'l"J11ilV'I'UU~tJ 
~~~fiB PNP, TCPy bb~::: 3- PBA A~bU'U~BtJ~::: 98, 92 bb~::: 47 1'11lJ~1vl'U bb~:::V'I'UrJ1b~ntrm~~'U 
~ij ~'\J nmmtl "J::: nBum~V'I bm~l'l "Jm"J:wlil ~~m 1:w b .U:w-lJ'U'UeJ~?Il"J b:W'Vll'UeJ 1~v1'1JeJ~ 1 V'I~'Vl a tJ?I~ n'i1 b~n 

~ ~ 

trnb~tJ'U~i1~'\Jnfi"JeJ~'\J"J:::naum~V'IA1'1J1tJbb~~V'Itrn~1'U'U~,;'Vl'M~eJ-li'1"J1"1lm"JeJ~1~i1trCJ~1~ru 
~ ... 

Jintana, S. et al. (2009) Pim~nm"J61:w~?I?I1"Jbfli1n1~~1'1m~"ilbb~~~~m:::'Vlu~a?I'Ufl1V'I1'U 
~ ' 

'\J1:::"111m~61:w~?l?111bfl~n1~~1'11'11~'1Jnci:wBB~m1 'UvJm'fb vJ~ ~~'M1~-ti'CJfli1 tl1:::b 'Vll"f1 'Vl tJ "il1'U1i.'U 
~ ' ~ 

90 fi'U ·vhn11'\J1:::bi1'Un1161:w~?l?l11bfli1rh~~l'i'l'l~~'IJ1~CJn11lWa:::vl'u erythrocyte 

acetylcholinesterase (AChE) bb~~ butyrylcholinesterase (BuChE) 1'U 2 "lh~nm~a ~1~~~ 
d I d 0 V Q.l ~ V' CV I ~ d q .J.r::::~ d I q 

nl"Ju~V'I'U?Il"J bfi:W nllil ~~"~ 1'11V'I"il?l~?l~ ( nl1?1:W~?I?I~) bb~:::"i11~ Lnu bn tJ1 ~~ ~~l'l'Vl:Wnl1u~V'I'U?I11bfl:W 
\1 'U , \1 

rh~l'l~\91c.i.y;j"11~1?fl'l (rnc.iG1'~e'r?f~1) V'ltY:h 1'W"Ii1-:J~:rlrnc.iG1'~e'r?f?f-:! c.i~~'U"1J8-:! AChE LL~~ BuChE :rl~1 
~ ' ~ 

~1 n11~1~~~m161:w~?1~1 bb~ ~V'I'UrJ1Uiil~ CJ b ~'U ti61 CJrn".i?I'U'U'M~ bb~ :::m1~:w bfl~a~~:w bbB~ nml'Pl~ 
~ ' '1 

1:Wi1 ~~~a nliJ m1:W'Ua~ beJ'U 1 "15~ ~1'U~~ m~'Vl'U~a?I'Ufl1V'I'U a~ bn'I;I'J"j n "JV'I'Ul1 ell nl "j~V'I'U u a CJ~ 6'1 ~~a 
' ' . 

mm"Jtl1~~11~bltJ'U bb~tfi~'U161 fi~bU'U~eJCJ~t 91.1, 87.8 bb~t 82.2 m:w~1vl'u vl'~J'Um".i61:wel?! 
6'11"Jbfl~ n1~ ~1'11'11~"111 'U"J::: CJt tJ111il:::~~~~~m:::vl'u bB'U 1"1l:wbfl~'UbB?I bl'la b 1?1bb~~'l111 '\J~ ~~m:::'Vl'U~B 

'lJ I I \J 

6'1'1Jfl1V'I WU1CJ~1'UVibiim-li'eJ~fl11~m1~1bti'Um1m11ill~1:::vl'u'Ua~ AChE bb~::: BuChE V'l~a:wrru ' . 

m"J 1 ~m1:w~b~~n nu m11 offa'\JmuH1B~ tl'UB'UI'l11CJ~1'U'Uflfl~ bb~tm".i 1 otl?l11bfli1 n1~~~~"J~"ila ~1~ 
'U , , 'U i 

tl~eJ~JlCJ b~eJ~~bb~:::uB~n'Uuru'M1?1'1Jfl1V'I"llB~bn'l;l'l1m ... ' 
Khan, D. A et al. (2010) vhrn".im11il?leJ'U~~m~'Vl'U~eJ?I'Ufl1V'IIil1nm"J61:w~6'1?111bfli1rh~r~ 

' 
l'i'l'l~~"111'Ufi'U~1'Uh~~1'U tl1:::b'Vll"ftl1n?lm'U lil1nm1Pin'I;11'Uh~~1'U 3 'U'U1~~B 'U'U1~b~:n 

'U'U1~nm~ bb~:::'U'U1~1mu V'I'UrJ1 ~aCJ~::: 90 'UeJ~fi'U~1'Uh~~1'U'U'U1~L~n1:W~m11iB'\Jm.U ... ' . 
u e)~ n'U 5'UI'J"J1CJ?iTuuflfl~ 1 'U"J~w:h~m".i~~rn"Jnu6'111bfli1n1~~~'~~"j~"(l ~eJCJ~::: 35 'UB~fi'U~1ru ' ~ . 

1 "J~~1'U'U'U1~nm~i1m11off~~~mL~:::'M111~1n 1 'U'Uru:::~~eJtJ~::: 95 '1JB~fi'U~1'U 1 "J~~1'U'1J'U1~ 1 'Mqji1ni1 

1 off ~tJ m ruu 8-:J n'U B'U m1 tJ 6'11 'U'4 fl fi~Vi b 'M:W1::: 6'1 :w bb~ ~tl D u~ 1'11:W:W 11'1 "j~1'U ~ 1'U eJ1~TeJ 'U 1 iJ tJ bb~::: 
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m1llU(;'leJ~n E.J 1111 nm1tJ5u~\l1't.rVihlu(;'leJ~nE.J'1.leJ\lfl'W\l1'W 1 1\l\l1'W~I'1611'VIm1:w'1.l'W1~ b~ nvh 1 ~1~ u 

1A~'WbeJ61bl'leJ b 1611 'W'V'lm61ll1(;1~(;1\leJ~1-:Jij1Jm:h~'ru 'WeJf11\J1ni1'A'W\l1'W1 'WeJI'1611'VIn':i1lJ'1J'W1~b~mb ::: v , 

'1.l'W1~ f1(;11-:JiJ\l'1.l1~ m 1:w-r b~ m nu m1u fiu'1\~tJ(;1 eJ~n E.J bb(;'l ~ m1 1 ieJumrutJ eJ\l tl'WeJ'W\9111 E.J~'W't~,'W;i1'W 
\1 6-J , d.a 

Khan, D.A. et al. (2010) fin~1f111U1~bil'Wfl11llb~E.J\l~1'U61'1Jil1Wil1f1f111t1':we'r616111bflijfi'1 ~ , 
~1'11oW'1J'1JeJ\lbn~l'11m~tJ(;1nE.J161'U1'Wb~eJ\l Swabi bb(;'l~ Mardan U1~b'Yli"'U1n61m'U lil1'W1'W 105 A'W 

'U 'U 'U 'U 

'V'l'Ul1 bf1~1'11n':ib'U'U hflVi~'<il1f16111bflJJrl1~~Pl\91~oW'1J (pesticide poisoning) 1 'U1~1'l'U~1~\l1~~'U 
tJ 1'W n (;11-:J bb(;'l ~'V'l'U11ij fl1 1lJ t1' lJ'Vr'W -Bnu 1~1'lu b e:J'W 1"1l~1fl~ 'W b eJ 61 b\91 eJ b 161~(;1 ~ {;1\l 'U eJ n '<iJ 1 n-d'ir\l'V'l'Ul1 

bn~l'11m~1'W 1 'VIqjijfl'.n:wi11e:~E.J 1 'Wb~eJ.:J'1JeJ\lm1u5u~~1 1 ~U(;'leJ~.fiE.J'l.lru~ 1-tl6111bflm 'Wbb 't.J(;1-:JE.J1~u 
bb(;'l~~n 1:w 1~e:~umru'l1e:~\ln'W~1'W'Uflfl(;1'1Jru~ 1 oU6111bflij , , 

Ueyama, J. et al. (2010) 1~v11m1u-ruu~'li5m1ibfl11~v1''1.leJ\l6111blJ'Yl1'UeJ1m1 dialkylphosphate 
" ' 

1~E.J1i gas chromatography - mass spectrometry (GC - MS) f111lbfl11~v1'15i1tJ1~neJ'U~lE.J 

~'UI'le:J'U m1?1n~ m1b\91~E.JlJ6111eJ'4'Vr'W6 m1v11m1lJ?t:::m~ bb(;'l~f111\9111'<ili'~ 1~v11m1fin~11 'Un~lJ 
l'i''Je:J~1\l 2 n6'ilJAeJn6'i:w~iJm1i1lJe'r616111bflJJn1~~Pi'l'11oW'1J1'W1~1'lu~1 (n6'i:wfl'J'UfllJ) lil1'W1'W 25 rl'W 

, , " 'I , : 

nun 6'1 lJ~ iJ m 1 ir:w e'r 616111 bflij n 1 ~~Pi' m.W '1J 1 'U 1~ t'l u 61 \l (~ u 1~ n eJu e:~ 1~'\l'l-ru ~ 1\lo ~vi'W 6111 bflij n 1 ~ ~ 
, " 'U \1 

Pl\911oW'1J) lil1'W'J'W 25 fl'W '<iJ1f1b~eJ\l Chubu U1~b'Yll"'rl1u'W 'V'l'U';h n6'i:w~i1m1i1:we'r616111bflijfi'1~~ 
'\J Ill" 'I 

~\91 ~Vl'1JJJU~lJ1 ru6111bll'Yl1'UB 1m1 d ia lkylphosphate lJ1 n n'h n~lJfl'J'U ~lJ 

Kachaiyaphum, P. et al. (2010) fin~TU'<il~E.J~t1'lJ'Vr'WTitl'U1~1'lu1fl~'WbeJ61b\91eJb1611'Wm~bb61b~B~ 
'1Je:J\lbf1~1'11m~v1161'J'W'V'l~n 1'W~.:J'VIi'~iE.JJlil 350 fl'W 'V'l'Ul1bf1~1'11m-re:~E.J(;1~ 32 ijf111~~u 

'U 

1A~'W be:J61bl'1 e:~ b 161~~ ~u n ~ bb~~ijm1-ru ~m1lJ b~E.J\l bb(;'l~fl11l.J':i'Wbb 1\l'1JB\lm11-tl6111bf1JJrl1~~Pi'l'11vh 
\1 , 'U : 

1 'U1~1'lu ~1 m 11 bfl11~v1'tl~ tle:J E.J'V'l'VI bb uu (;'] e:J~ 61~ n'V'l'Ul1 D'<il~ E.J~ir:w'Vr'WTI ilu1~1'lu 1A~'WbeJ61 bl'lm ~61 , : 

~~~un~1'Wm~bb61b~e:J~ij~\l'VIll~ 7 D'<il~E.JAeJ bn~l'11mb'V'li"''1J1E.J ij61m'WJl1'V'l161~ bbE.Jnn'UeJ~'VI~eJ 
'U 

'VI~ 1-r1\l b U'U ~ v11-:J1'W u 1 ~ li111 'U 611 'W'V'l~n 5 ~vi'W 6111 bfliJ n 1~ ~Pi' \91 ~Vl'1JlJ1 n n'l1 3 fl ~.:! 1?1 m~e:~'W 
iJ'\J\lf1 ~ m1ll n11 1 od?l11bfliJ rh~' 1'1Pll'l 1~'1J~flf1 rKe:J-:~ 1 'W1~~uthu nm-:~ bbG1 ~~1 iJ f111~u.rm1ll b~ v-:~ bb6W Dl \J \1 \1 

fl11ll1'W bb 1 \l b~ E.J'J ilu m1 1 i6111 bflijfi'1~ ~Pi' 1'11oW'1J 1 'W1~ t'lu~ 1 
, 'U 

Norkaew, S. et al. (2010) fin~1fl11lJ~ Vli"''Ufl~ bb(;'l~f111tJfiu~1'Wm11-tle:~umruueJ\lfii'W 
'U ':.J , 

eJ'W m1 E.J ~'J'W'U flfl6'l'1J e:J\l bn~\91 1m~u 6'l n'V'l~n 1 w•huG'l~'J b~eJ -eJ1 bJl m~ e:J\l ~\l'VIl ~eJ'U 6'l 11'1Jo1,.W 
'I \1 \1 , 

lil1'W1'W 330 fl'U 'V'lu'l1 bn~mm~'J'W 1 V1ruiJm1 H6111n1~~Pi'1'11Vl'1J~'JE.J~'Jbe:J.:J ~mm~ 89.4 'Y111ui1 
v 'U 

m1'<iJ~611lJ'V1111mn, 1eJ\lbVi\ ~11 'W'1Jru~~m15~vi'W ~e:JE.JG'l~ 83.3 ~116111rl1~~Pl\911oW'1J611lJ11tl~1'W 
'U 'U ' 

~1\lf11E.J1~ 3 b~'W'Yl1\l ~e:JE.J(;'l~ 45.5 bn~l'11m~11m';i5~vi'Wm';ii1-:Jbn1'1Vii"''Yl1\l6'lllbb6'l:::m1'<il?te:Jru 
'U ' 

mJ mru ri e:J'W 1-ii''l1'W m 1:wt1':wYr'W1h~'VIl1\lfl11ll~ bbG'l ~Vli"''W fl~ fl11lJ~ bbG'l~ m1\J nu~ bb(;'l~VJI"''Wfl~ bb::i~ q \1 'U ~ ~, 

m';iu5u~ bb61~\l1 ~b ~'W1Ymh~tl-J'Yl1\l61t1&i~ijfl'J1lJi1lJ'Vr'W5'Yl1\l'U1n1 'W';i~t'i'u~1 (0.216, 0.285 bbG'l~ 
o. 30 5 1'11ll~1 t'lu) '<il 1 n e.J (;'] f11'j Pi n~1~1 ~ b'M'Wl1'VI'l.i'J E.J\l1'WJl1 fl-rij bb~ ~ '1Jll'1J'W fl'J 'j 1~ -ru rl'1 bb 'U ~ '111 "" , . 

~ b 'VIlJ1~61lJ bbG'l::: bb 'U'J'Yl1\l1 'U f11';iDeJ\l n'W 1lJ 1 ~ bn~e.JG'l m~'Ylul?i e:~61'1Jm'V'l~ b~ E.J'J-t' e:~\l nu m';iirlJ ~61611-;i n 1:tr~ , 
~moW'1J'1JeJ\l bn~\91-;in':i 1 'W~'W~ 

'U 

Dalvie, M.A. et al. (2011) fin~T~~I'l'U'lle:J\l dialkylphosphate metabolites (DAP~) 

1 'WU6'l6'l11~'1JeJ\lbn~l'1';im\l1'W1'W 40 fl'W 1 'W\J';i~b 'Yll"'e1vJ~m1~ 1~mnu~'JeJ~1\liJ616111~b~eJibfl';i1~1v1 



' 

~6 

DAPs "il1flbn~\91~mrie:J'Ubbfi~VI~\ll'Ubb~n1'U']~O~'VJ'Uflflt~L'W~'Vh:J?t 'W'U11 fhnm\l"1.1B\l DMP bb ~ 

DMTP i1~1?1\l~\lbn~mm~1-tl'bbfi~1:JJ1.rr?t1~bflii bb?l~\lh~\~'U11bn~l'1~m1'Ubllt~\l Western Ca e 
'U 

"1.1tl\leJ'YJ~m1~ 1~~'U61~~?1Bt~{m1'U'YJB?tb'YJI'1~i1n*.lb~Vifl (Methyl -containing OP) 1'U~\lbb1~"' ~ 
"' ' 

"1.1€1\lYl'U~ b 'Wl:::'\Jfln 
'U i 

Hanchenlaksh, C. et al. (2011) Pin~1\91~1"ill~?l1~b~VI1'UrJ1m1 dialkylphosphaye 

1 'UU?I?t11 ~ "i:::~'U?Il"i b~VIl'U rJ1m1"1lrJ\l611"i bfliJ rh~'~P11'1~Y1"1l1 'UU?t?t11 ~"1.1B\lbn~mm bbfl~fl~B'U r1-r1 

~61~~?t?t1"ibfliJrl'l~~P'll'1"iiil'lJ lil'1'U1'U 16 fl"iB'Ufl~1 bbU\lbU'Umt~'Ufl~1~'Yl1?11'U~n 8 fl~t~'Ufl~1bb~~ 
'U . 

'Y11?~1'U~-m br 8 fl"iB'Ufl~1 'Wu'i1 ?t1"ib~VJ1'UB 1f~VJ1 'Ufl"iB'Ufl~1~'Y11?~1'Uerni1~1bu~m ~"1.11flru\91bvhnh.J 
51.1 1~ bfl"in~~vit~n~~fl~bB~tJ'U bbfl~ ?tl"ib~VIl'UB 1m11 'UmB'Ufl~1~'Y11?11'U~fl 1~i1~1 bu~ICJ 
~.~"1.11flrul'1bvhn'U 122.21~1fl"j'n~~vit~n~~fl~bt~~t1'U 

Ooraikul, S. et al. (2011) 'Y11n1~1.b:::b:W'Um1~b~CJ'I1'Um"i'U~b.flfl'W~n~iJBB{m1'U'YJB?tb'YJII'1 
1'1nfi'1'11'U~'U~'\Jfln'W~n ~1'Ufi'1X1b~t~ Blbflmiit~\l ~\l'VIl~Bum1'1Ju1t11~CJ1-tl'bb'IJ'U?tt~'Um~61~m~ru 

't1 C! i 

iJ"j':::'lJ1m1'U~'U~ lil'l'U"J'U 11 o fl'U bbG'l~'Y11m~1bfl"i1~~"'1~bfliirh~~P'll'1"iiil'lJ~I'1nfi'1'11 'U~"JB~l'I'W~n 
'U . 

' 
33 ~"JB~1\l Vl~\l"il1ni1m"iO~?I1~bfli1 7 l'U \91"i'"J"il'W'U?I1"i chlorpyrifos bbfl~ profinofos fll'U'"Jiu 

~1bu~CJ~~1\ln1CJ1~~'U (ADD) n'U 1.07 x 10-
4 :WG'l~n~~/n1fln~~/i''U bbfl~ 8 x 10-4 :Wfl~n~~/ 

nbfln~~!i''U m~6'11~'U bbfi:::B5'U1CJfl11~b~CJ\l~"JCJ~1 Hazard quotient (HQ) 'W'U11 U"i~'lJlm 
1 'U~'U~ Pin~1iibt~ m?t~"il::: 1~~'Ufl11~ b~ CJ'I bb 'U'U hirie:J~::: b ~ \l"il1n?l1"i profinofos ~\91 nfl1\l1 'U'W~~n 
~'\Jfln1'U~'U~ 

'U 

Roca, M. et al. (2014) 'Y11m"j''\J"i~b:W'Um"j'61~er"'VI1\l~b.fl1'W (biological monitoring) vl\e:l 

?t1"ibfliin1~~P11'1~iil'IJ1 'U'\J~:::'IJ1mb~ni'm~CJ'U (mCJ~:::wJ1\l 6 - 11 u) iJ"i:::bVJI'l?tbiJ'U 1~CJ'Y11n1"j' 
'U ' 

1 bfl"i1:::~iJ~mrub~VJ1'Ut~1m,i'llt~\lBdm 1 'U'YJB?tb 'YJI'1 1 'W~VJ~t~ CJii61'lbfl~1:::~ bbfl:::?t1"ibfliin1~~1'1Jiil'IJ 

20 'IJ'U~ 1 'U~'"JrJ~1\lu?t?t11:::"1JrJ\lb~n 'Wu'J1 ?tl"ib~VIl'UB 1m1~i1fl11~m 'Um"i\91"i1"il'W'U~1n~"'~ 1~bbn 
' 

l1JV11'Ue:J1"'vi'"1le:J'11'W~Vl'HHJii 3, 5, 6 - trichloro - 2 - pyridiol (TCPy), b1JV11'UB1"'vi'-ue:J:'I 

flfiB1'W~'YJrJ?t, b~VI1'UBbm1'1JB\leH:J{n1b'U'YJB?tb'YJ\91 (DEP), b~VI1'UB1ml"1.1tl\l diazinon (IMPY) bbfl~ 

b~VIl'Ut~1m1'1Jt~\l parathion bbfl::: methypararthion (para - nitrophenol, PNP) b\91CJii~1btJ~~ 
b~'iJ1flru\91'1J€l\lfl11~boU~oU'Utl~b'U'li1\l 0.047 - 3.36 1~bfl~n~~vlBn~~fl~b€l~tJ'U bbrt~?l1"i TCPy bbfl~ 

IMPY iJfl11~b<U'~<U''U61\ln11~1bu~CJ ~flm~Pimn~\l'W'U11b~n~rJ1PlCJrJCJ1'U~'U~bn~mm"i~i1fl11)J 
'U 'U 

boU~oU'U'iJB\l DEP 1'UU?I?I1"J:::?t\lnl11'Ub~n~mPlCJ€JCJb'U~'U~blJB\l \91"i\ltl'UoU1~b~nmCJ 6 - 8 tJ ~BCJb'W 
't1 ~ , 't1 ! 

blJrJ\l'W'U611"i IMPY 1'UU616111:::61\lnl1b~n 1 'U~'U~bn~l'1~m 
'U 



3.1 ~Ubb uum~1'<5'~ 
" 

~ 
'U'VI'VI 3 

tl1~flfl~1fl~'ldb'lh.Jfl1~i~mb'U'U ru "'llilb1m11ilb1mVI~'I (Cross - sectional study) b~;e:J 
' u~~bih.Jm~~ljer~~1~bfliJn1~1il~\9l~~-umilJe:~e:~~m t tJ~e:J~b ~(91 'lle:J'Ibfl~\9l~m~u~ ni"l1n1 'W~'W~ ~1\.1~ 

'U , 'U \1 

'W1fl1~ bb6!1'1 eJ1 b.fl mlilOUe:JiillJ ~'1VIllile:J'Um10U51U blilEJ 1 off bb 'U'U~lJ.fl1~nJfl11lJ~ Vll"l'W fl~ bb~~i"ln~ fl1-allJ , , ru u I 

m~ 1 off bbG'l ~ fl1~UeN n'W B'Wm1 EJ"'l1 mn~ bfliJ n1~ lil ~ \9l ~~OU'll e:J'I bfl~\9l ~m 11lJt1''l'Yllfl11i bfl11~~\J1mtw 
" 

?11~ blJ'YlTU e:~ 1 m1-ue:~'l ~11bfliJn1~ lil~ (911~-un~lJ e:Je:~1m t tJ~e:J~ b ~ (911 tJ-t1~~11~'1l e:J'~ bfl~\9l1mn~'lJ \1 , ,, 

1'11 mh'l b u1 m.J b V1 m.J fl'U fl~lJeJ1'1~'1 
' 

3.2 u-a~'lf1mmilJ~1mh.:J • 
U1~0U1fl1 1 'Wfl1~flfl~1fl~'ldb U'W bfl~(9l';jfl1~UG'lfli"l~fl~e:J1~EJe:JEJb 'W~'W~ ~1'UG'l'W1fl1~bb6!l'l eJ1 b.flle:l 

'\J '\J '\J 

blilOUe:JiillJ ~'1VIllile:J'UG1110U51U \11tJ1tJ 46 fl'W ;'lbU'W'UflflG1~'Yi'1VItJ1~01ilyj'W~11bfliJn1~1il~\9l1~0U"'l1fl , , , 'U 

'Ylflfl1'1b1e:J'W fl1'1b~e:J'W~~ 1 11EJ bbG'l~n&ilJeJ1'1~'1 lil1tJ1'W 30 fl'W ;'lbU'W'UflflG'l~m~EJe:JEJb'W~tJ~ml~ , , , 'U 

hl11ilu1~fle:J'Um:'fii"lbfl~\9l1m~lJ 

3.3 bfl~e:J.:Jlie:J~t oU1 'Wn1'a1'<5'~ 
bfl~e:~-:JiJe:~ffi oil'!. 'Wfl11bn'U11'U11lJ<U'e:~lJG11 'lJ m1fin~1 u1~ne:~'Uiil1 E) bb u'U~lJm~ru.Ue:~lJmn~\9l1m 

'\J '\J 

lil'1'Wfl11lJ~ Vil"l'W fl~ bbG'l~i"lf1~ m1lJfl111 offbbG'l~m~~ljer~~1~bfliJn1~1il~\9l1~-un~lJe:~e:~~m t 'W~e:~~ b ~:(91 
\J UJ 'tJ 'I 

rn~1 bfldl~'Vivnt.l~lJ1ru~l~blJ'Yll'Ue:J1m1'lJe:J\le:Je:J1m1 tJ'V'le:Jm 'V'l\9l1 tJtl?f~11~ 

3.3.1 bb uur;llJ.n1'1!tWf111:uf v1 rt'Wfl ~ bb~~'V'l q~n-a-a:un1-a1~bb~~n1-ar;l:ue1~~1'abfliin1~~ 

'1i1\lnm 1 'Wfl1~51ilyjtJ~11bfliJn1~1il~\9l~~-u b tltJ~tJ 
'\J 

~1'W~ 2 oUe:JlJG11il'1'W~'lJ.fl1i"l '\.J~~ fle:J'Uvl1 EJoUe:JlJG'lb~EJ1fl'Ue:J1fl1~ bbG'l~e:J1fl11bb~lil-!l~ bfllil"'J1,fl 
'\J ' '\J 



l 

~8 
I 

?fTU~ 3 ienJG'lJi'TUfll1~~b~€l\lf11'j1-ff?IT'Hfliif1'1~~Pl~'f~"lJ bJi'bbri fll1~~b~€l\lel'U~'j1CJ 
'U 'U 'U 'U 

'tl€l\l?l1'jbfliin1~~Pi'~'j.w"lj f11'jU€J\l f11'jeJ'lJ~'j1 CJ~1fl?l1'jbfliin1~~Pi'~'j.w"lj ~1'Ul'U 20 ie:1 b tl'Ubb uu1 ~ 
~ ~ 

b~e:Jn~e:J'\Jb~CJ\lrh~e:J'\Jb~CJlL~CJiim'j1Vffl~bb'W'W~\l.Q ~e:JutJn1Vf 1 fl~bb'W'W ~e:J'\J~~1Vf o fl~bb'W'W 
~ 

0 

fl~bb 'U'Ui>hm~1 'Ub ;)~u1n fl~bb 'U'Ui>hm:u1 'Ub ;)~G'l'\J i fl11PJB'\J 

~n 1 0 

~~ 0 1 

?i1'U~ 4 ie:J~G'lJi'1'U'I-1P~'Ufl&i1 'Urn'j1i?t1'jbfliin1~~Pi'~'j.w"lJ ~1'Ul'U 11 ie:1 1~CJiibnru'f1 
~ ~ 

f11'j 1 Vlfl~ bb 'W'W Y1"iJ1'jttJT'il1 flfl~ bb 'W'W~\l?il'Urh'V11\l'Ul flbbG'l~rh'Vl1\IG'l u ~\11 ~ 1Ji'~1 n f11'j~ e:J'\J rhm~ 
11 ie:1 1~CJii bnru.;im'j 1 Vfr1~ bb 'W'W ~\l.Q . 

... "' fl~bb 'U'Ui'hm:u 1 'U b ;)~u1n fl~bb 'U'U .-h m:u1 'Ub ;)~~u IP11b~Bn 

.,: ... 
2 0 b'Vl'WmCJ 

hlbb'Ub~ 1 1 

hJb~'UJi'lCJ 0 2 

?i1'U~ s ie:1~" b~CJl nu'\flln&\ m'j~ f11'j 1 i?l1'j bfliin1~~Pi't91'j.W"lJ bbG'l~m'j1 im.Jmruue:J\1 n'W \1 .. , 'U , 

el'U (91'j1 CJ ?fl'U'\Jfl flG'l L~ tJ?I€1'\J tn:Uie:J:UG'l b~ tJ1 fl'U flTJ~ ~ bn'U.fl1"ll'U~'\J'J'J"il ?11'J bf'lij f1'1~ ~Pl ~ 'J~"ll fl1'J e-J 61:U 
, 'U , 'U 

?\1'j bflii n1~~ Pi' t91'j.W'1J m'JtJ iltJ'&i'tlru~5~.W'W?11'j bf'lii n1~ ~Pi' t91'J.W"ll m'J 1 ie:1tJ mruu fl\1 n'WeJ'W t91 'J1 t!'tl~~ 
'U ~ 'U , 

tJilu'1i\11'WbbG'l~m'jn1~~m"U'W~u'J'J"il?l1'jbfliir11~~Pi'm.W"U ~1'Wl'W 29 ifl 1~vii bnru.;lm'j 1 Vfr1~ bb u'W 
~ . ~ 

"' 
~\ltj 

... "' fl~bb 'U'Uf'llfi1:U 1 'Ub ~~'\J"Jfl fl~bb 'U'Wi'hm:u1 'Ub ~~"u IP11b~€lfl 
.,: ... 

2 0 b Vl'U~1tJ 

hlbb'Ub"il 1 1 

1l! b ~'U Ji'1 tJ 0 2 

3.3.2 f11'j'1bfl'j'1~~6i1'j'b~'Vl1'\Je:Jb~'Vli.'U~tl6i1'j''l.h~ne:Ju1~el'~f1~'V'lB6ib'V'l!Pl (Dialkylphosphate 

metabolite; DAPs) b'UU6'16'111~bn~~PJ'j'm 

v11 f11'j bn'U ~ 1 e:1 ~ 1\1 u?l ?111 ~'tl fl\1 b n~t91 'j n 'j bbG'l ~ n1 'Ji bfl 'j1~~tJ~m ru?l1 'j b~'Vl1'U fl1m1'tlm \1 
' i 

e:Je:Jim1 'W~ e:J?I b ~ t911 'WU ?1?111 ~'tl e:J\1 bfl~t91 'J m 1 'W'jtJ'I-11 1 ti"UeJ\l?I1'JtJ 'J~ flfl'U1~e)" f1G'l~e:J?I b ~~ 
.~ 

(Dialkylphosphate metabolite; DAPs) 6 "ll'D~ 1Ji'bbri dimethylphosphate (DMP), 

diethylphosphate (DEP), dimethylthiophosphate (DMTP), dimethyldithiophosphate 

(DMDTP), diethylthiophosphate (DETP), diethyldithiophosphate (DEDTP) 1~viii'Wt91fl'U~\lif 



29 
' 

3.3.2.1 m>Lf1tJiii<Btio.il~~''" I 
vl1fl1'Hfh.J~-;mci1-:I'U?f?f11~1"l#'lbb1flboW\i1'e:J'Ubotl1 (First morning void) V!~'l"il~fl 

1'U~:iJm15~~'U?f11bl"l:iJn1~~1"11911~"1J 24 -&11~'1 \J~~1ru 30 iJG'I~~m 'U1'.i"il1'U"In~btl'U~1eJUt'l 
~ . 

"il1 mr 'U 111 ~ 1 e:1 ci 1 '~ u ?t ?t 11 ~ 'l 1J b fiu H~ e:1 ru'Vl flii - 20 e:J'~ f'111 b6(!61 b~ CJ ?t b ~ e:1'Vl1 n111 L~"~ 11 ~v111'U 't '\J i 

VfeJ'I\Ji]u~ m'.il'ieJ 1\J · 
~ oO::li CV I ~ tf 

3.3.2.2 "IJ'U\91 eJ'Ufl1'.ib\91'.iCJ~\911eJ CJ1'1 bb61~fl1'.i1 bl"l'.i1~V! 

.ff'U\91eJ'Ufl1'.ib\91~CJ~~1eJU1'1bb61:::1bl"l'.i1:::~~~bbD61'1~1"il1fll5"1JeJ'I Prapamontol, T. 

et al. (2014) 1~CJvl1fl1'.ib\91~CJ~~1eJ~1'1bb61:::1bl"l'.i1:::~V!1?l1'.ib~'Vl1'UeJ1m1 ru Vlil1CJl~CJ~'Ibb1~~~~ 
bb61::: ?\"ll .n1~ ~'U ~1 ~CJ ~ 1'Ui'Vl CJ 11'11?1 191 {?\"ll .n 1~\J 1::: ~n ~ ?t t11U'U1 ~CJ1'Vl CJ 11'11 ?t 191 {?\"ll .n 1\~ 
~V!1l'VlCJ1~m~CJ'I1mJ ~'IV!l~b~CJ'I1Vl~ ' 

.ff'U\91eJ'U~ 1 fl1'.i?ftl~ (extraction) tJ1~1eJU1'1U?f?f11:::~1 5 iJ61~~\i1'.i 
b~~ sodium chloride 2 n.Y~, internal standard (dibutul phosphate) 50 1~11"l'.i~\91'.i 1l1l1J 

b"ll~1 15 l'U1Vl v1''1HeJ~1'1tJeJCJ 10 'U1Vlbb61::: b~~ 6 M hydrochloric acid 1 iJ61~~\91'.i 1111Db"IJ~1 
15 l'U1Vl bb~1?ftl~~1CJfl1'.ib~~ ethyl acetate: acetonitrile (1:1, v/v) 5 iJG'I~~m tJ1bLJb"ll~1 

3 'U1Vl bb61:::~'UbV!~CJ'I~1CJbl"l~eJW1J'U~Yh~ (2000 X g) bU'Ubl611 3 'U1Vl bbCJfl~'U?l1'.i61:;611CJb?f~8~ 
~1'U'U'U"IleJ'IV!61eJ~eJeJfl1?l"ll1~tl'Ufl61~ ~:W potassium carbonate (K2C03) eJ~ 20 iJG'I~fl-'r~ (vl1fl1'.i 

?fn~~1 2 1"1#'1) tJ1?l1'.i61:::611CJ~1~\J'.i:::b'VlCJ1VfbV!~eJ\J~~1ru 0.5 iJ61~~\91'.i b~~ acetonitrile 

2 iJG'I~~m bb~11111\J'.i:::bV!CJI'ieJ"il'UbbVl'l 111m61:::mCJ~1CJ acetonitrile 1"1#'161:; 1 iJG'l~~\91'.i 3 1"1#'1 

.ff'U\91eJ'U~ 2 fl1'.ib\91~CJ~?l1'.ieJ'U~'U5 (derivatization) fl1'.ib\91~CJ~?l1'.ieJ'U~U5 . . ' 

vh b ~eJ 1 Vl?f1'.i~?ln~ 1~:Wm1~?11m'.itlb 'UflTmmm U'UbeJ 1~~1fl~'U tJ1?11'.i~~h'Um:;'l.J1'Ufl1'.i?ln~ 
1?1 test tube ~:W potassium carbonate (K2C03) 20 iJG'l~n.Y~ V!~'l"il1fl~'Uvl1bVlbil~?l1'.ieJ~~'W5 
~1CJfl1'.ib~~ pentafluorobenzylbromide (PFBBr) 50 1~ 11"l'.i~\91'.i V!~'l"il1fl~'U11111J1 Vfm1~1eJ'U 
h.tL!911Bu ~Bru'V!niJ so B-:Jf"'1L61l~L~~?~ LU'Linm 1s .&11:u'~ L~B1Vi'Ln~tlf1n~~1~~'LI 

' ~ 'O.J " ' 
-IJ'U\91eJ'UVJ 3 fl1'.ivl11"111~?f:::m~ (clean - up) tJ1?11'.i6'l~611CJeJeJfl"il1flb\911B'U 

v1''11l1Vfb~'U61'1bVh~ru'VlJ;]iJVfeJ'I b~ml1 Type I \J~~1\91'.i 4 iJG'l~~\91'.i ?tn~~1CJ hexane \J~~100'.i 
5 iJG'l~~\91'.i 2 1"1#'1 U1bDb"IJ~1 3 'U1Vl bb6'l:::~'U~1Clbl"l~e:J'I~'Ub'Vl~CJ'I (2000 X g) bU'Ub1611 3 'U1Vl 

bbc.lfl~'U hexane 1?1 'V!G'leJ~'Vl~G'l eJ'I~1bb 'U'U bfl~ CJ1 bb~11111\J'.i:::b 'V!CJ 1 Vlbb Vl'l~1 mbn?t1 'U 11911 b"il'U "il'Ubb Vl'l 

tJ1~16'l~611CJ~1CJ toluene tl~~1\91'.i 20 1~LI"l'.i~\91'.i 

.ff'U\91eJ'U~ 4 fl1'.i\9111"ill~ (Measurement) U1~1eJ~1'1~~1'Ufl1'.i?ltl~ ~bM~ 
toluene 200 1~ 11"l'.i~\91'.i bbt;i'11l1mi bl"l'.i1~~'Vl1?l1'.i b~'Vl1'UeJ b6'lvl"lleJ'I?l1'.i bl"l:iJ rh~ ~ l"1191'.i~"IJ n6'l~ 

~ ~ 

e:Je:J{ml'U-rle:J?lb"rl\91 ~1CJbl"l~eJ'Ibbfl?l11"l'.im1191m1YJ (Gas Chromatography, FPD) i'U 6890 (Agilent 

Technology) ~'l:iJ?f.n11:::fl1'.i 1off'I1'U~'I.Q 



~11?1'~1~1~ (Detector) 

Rv~11.fi' (Column) 

Injection volumn 

Retention time 

The Limit of Detection 

30 

: Flame Photometric Detector (FPD) 

: Capillary column (agilent 19091J- 433) 

HP - 5 5o/o Phenyl Methyl siloxane 

Length: 30 m, Diam: 0.25 mm, Film: 

0.25 iJm 

: 'e:ltl.!VIJJi1~15t'l (injector) 250 e:J\IPl1b'l!1;1b~tJ?I : 

: fltuVI.fliJfle:J~11tJ1m'thbbfl111e:JtuVI.flnbl'ltJ . 
fl \J I I '\ \J 

C\. C\. 1.1 Cil ~ ..J 
e:JtuVI.fl~b'j~l'l'W'Vl 100 e:J\1Pl1b'l!£;1b'l!tJ?I fl\I'Vl 
' " 

bU'Wnm 2 'W1Yl b~~e:JtuVI.ni1~1m)m1 
' " d I ot::::il 4 .Q. 

17 fl\IPl1b'l!m'l!tJ?II'le:J'W1'Vl '<il'W(1\I€Jtu'VI.fll.l 
' " 

: 3 iJL 

: DMP 3.614 min DEP 4.326 mi~ 

DMTP 4.939 min DETP 6.040 miri1 

DMDTP 5.939 min DEDTP 6.983 min 

: DMP 2.5 iJg/L DEP 0 .2 g/L 

DMTP 0.2 iJg/L DETP 0.1 iJg)L 

DMDTP 0.2 iJg/L DEDTP 0.2 j.Jg,AL 

3.4 n1~1Lfl'a1~~~e:Jll~ 
" 

v1 1 n1 'j1 bfl 'j1 ~~-if f)~ 1;1 'Vl1\l "'~ &~ bb£;1 ~ n1 'j bb u 1;1 \1 ~ 1;1-if f)~ 1;1 '<il1 n bb u u ~~ .n1~ru 11'1 v 1-m: u 'j bb n 'j~ 
" " 

6'11b~lil~Ll SPSS (Statistical Package for Social Science) nv1-B''W 16 

3.4.1 ?tf1&ib~-!l'\"J'S'H1.!'W1 (Descriptive statistics) rl1V!~'UoVe:J~ftl:'iTU\.!~"'~~"'~fl oVe:J~f1~"1Ji11'\"J ~flf11'5 

1 bfl11~~?f1'j b~'Vl1'U f) 11;1 ~"IJf)\le:Je:J{m1 mffi?l b 'WI'l1 mJ?I?111 ~ 1~ bbri fl1'j bb Iii flbb'<il\lfl'J1~ct ~f) ()1;1~ 

3.4.2 fl1'jbb 'tl1;1 ~1;1fl~bb 'W'W'j~~um1~-rl 'Wm'j1-if?t1'jbfli1rh~'l'11"11'l'j~'/j 1~1il1 n fl1'j'j'J'tJ'j'J~fl~ bb 'Wru 
" " 

bb uu~~m~ru mhw1fl~ bb 'W'U 1 LJ~h b 'W'Wm"S1 bm1~~~1;1'Vl1-:J?If1&i 11'1tJ 1m 'tJ'j bbml-l SPSS b ~€11 bfl'j1~M 
'j~~u fl11~~ bM v1 nu fl1'j 1-iJ?f1'j bflil n1 ~l'll"ll'l'j~'/j 11'1 eJi1n1 'jb LJ~vu b Vi CJ'tJ'tJ'j~~1tu~1~vCJ1;1~ ~'~ bb u\1 

" " 'j~~ufl~bb'W'WbU'W 3 'j~~u ~-:Jd b?l~ m'llhliltl (2535: 65 - 68; eJ1\IB\IIil1n ~~'l"''j ~~CJ~u'W1'1"1\I~, 
2552: 100) 

'j~~'U?l\1 (~e:JCJ£;1~ 80 ~'W1Ll) 
" 

i1m1~~e:JCJb 'l.J'j~~'U?l\1 
" " " 

'j~~'U'tl1'Wfl1;'11\l (~e:JCJ£;1~ 60 - 79) i1m1l.l~e:JCJb 'l.J'j~~ull1'Wflm\l 
" " ' ' 

'j~~'U~1 (~1fl';h ~f)CJ£;1~ 60) i1m1l.l~em1 'W'j~~u~1 
" " 

fl1'jbb LJ1;1~1;'1fl~ bb 'W'Wm1~n 'Wfl1'j1i611'jbfli1n1~1'11"11'l'j~'/j ,\'1'W'J'W 20 -ifv ilfl~bb 'W'Wb~~~ 
" " 

20 fl~bb'W'W "1!1-:Jfl~bb'W'W 12 - 20 fl~bb'U'W 



~1 

fl~bb'W'W~~Vl'",h\1 12 - 16 fl~bb'W'W iifi11:U~€lcrl'W~~~ut.l1'Umn\l 
" " 

I 

fl~bb'W'W~1fr;h 12 fl~bb'W'W iifi11:U~m.J1'W~~~'U~1 
" " 

3.4. 3 fl1~ bb tl6'l ~6'1 fl~ bb 'U'U~~~'U fl11l.l b ~'e) bb6'l~Vll"l'U fl ~1 'UflT;i 1 oil'?l1~ bfl~ fh-5' ~ f<li'IP1';iVl'1l 1~'i11fl fl1'j 

';i1'U11:ufl~bb 'U'Wbb uu61:un1~ru bb~1111fl~ bb'W'W 11.M16 il'W m11 bfl~1~~~6'1Vl1\l?l~~ 1~t.~1 oUt tl~bbn1:u 
' ' ' I 

SPSS b Yl€11 bfl11~~1~~u m 1:u b ;;J€1 bb6'l~Vll"l'Wfl~ bn t.Jl ti'u m~1 oil'?l1~bfli1 fh:5' ~ f<li'IP1~Vl'1l L\?1 t.Jii n1~ 
btl~t.JubVit.~utl~~mrufh~€lt.J6'l~ ~\lbbtk:i~~ufl~bb'W'WbtJ'U 3 ~~~u ~\ld b?l~ m'llh"\!'11 (2535: 6si-

68; B1\l~\l"\!1fl fi~'V'l1 ~~t.J~u'W1'V'l\1Pl, 2552: 100) 

1~~'\J?l\1 (~€lt.J6'l~ 80 ~'W1tl) 
" 

~~~'Utl1'Ufl6'11\l (~€lt.J6'l~ 60 - 79) 
.<:::II Q.l Q Q 

l.!Vll"l'Ufll?1b'1l\16'l'U 

m1bb tl6'l ~6'lfl~bb 'U'Um1:ub ~mb6'l~V11"l'Ufl~1 'Wm';i1 oif?J11bfllirh'<il~f<li'1?1~Vl'1l "il1'W1'U 11 ~€) 
iifl~bb'U'Ub~lJ 22 fl~bb'U'U 

fl~bb'U'UlJ1flfl';h 17 fl~bb'U'U 

fl~bb'U'U~~Vll1\l 13 - 17 fl~bb'U'U 

.q Q.l o<::!. ~ 

l.!Vll"l'Ufl\?1 b '1l\I'U1 fl 

iiVl'l"l'Wfl~btJ'Wnm\1 

fl~bb'W'W~hn-J1 13 fl~bb'W'W iiV11"l'Wfl~h:U\16'l'U 

3.4.4 m~ bb tl6'l ~6'1 fl~ bb 'U'U'\fllf'l ~ m1:um~1 oif?J11 bflli n1-<il' l?lf<li'1?11Vl'1l bb6'l~ n111 oif-eJtl mru'IJ €!\I tll'U 
"I " ' 

eJ'Wm1t.J?i1'U'Uflf16'l Ll?lt.Jiim1btl~t.Ju bVit.Jutl1~mruf'l1~€lt.J6'l~ 1~mbU\I~~~'Ufl~bb'W'WbtJ'U 3 1~~u ~~d 
' 

b?l~ m'llb"\!'11 (2535: 65 - 68; B1\l~\l"\!1fl fi~'V'l~ ~~t.J~u'W1'V'l\1Pl, 2552: 100) 

~~~'U~\1 (~€lt.J6'l~ 80 ~'W1tl) ii'V'ltl~fl11l.l€l~b'U1~~'U~ 
~~~'Utl1'Ufl6'11\l (~€lt.J6'l~ 60 - 79) ~'V'ltl~fl11l.lel~b'U~~~'Utl1'Ufl6'11\l 

1~~u~h (~1n-J1 ~€lt.J6'l~ 60) ii'V'ln~m1:UeJt.Jb'W1~~ufl1~tl-rutl~\l 
"I " ' 

n1".iLL'll8e.J8fi~LL'U'U'V'ltj(;ifl1".ilJ1'Wfl1".i1oU?t1".ibfllifh~'\?l~tol~~"lJ ~1'U1'U 29 otle:J iJI"l~Lb'U'Ub~lJ 

58 fl~bb'U'U 

fl~bb'U'UlJ1flfll1 46 fl~bb'U'U ~'V'ltl~fl11lJ€l~b'U1~~'U~ 

fl~bb'U'U';i~Vll1\l 35 - 46 fl~bb'U'U i1'V'ltl~fl11l.lel~b 'U1~~'Utl1'Ufl6'11\l 

fl~bb 'W'W~1fll1 35 fl~bb'W'W li'V'ln~m~:U€lt.J 1 'U~~~utJ-rL.Jtl~\1 
"I " ' 

3.4.5 1 bm1~~Vl1fl11:u'61:u~'U5"1J€l\ltl~:u1 ru?l1~ b:UVJ1LJ€l16'11P11 'WD?l?l11 ~ nLJ'V'ltl ~ m1:u m11 i bb6'l~ 
m ~'IJ €!\I n'UB'W \9111 t.1 "\! 1 m11 ~ bflli n1 '<il 1?1 f<li'l911~'1l"1J €!\I bfl~\91~ m 1~ t.JL oti?l~ ~1 bm1~~1'11'61:utl1~~V1~ 

" 
(Statistical Package for Social Science) b1€l{i'W 16 



d 
\JVIVI 4 

e-~~n'l':iflm~'lbb~~e:~ih.l-:i'ltle-.J~ 

lum'a~fl~11"l~-:Jdbtl't.Jn1'a~mn ru "il~L1m1~L1GnVI~-:J (Cross sectional study) L~en..h~LiJ'U 
' v ' 

n1'a ~~ ~ ~ ~ 1 'a Ll"l i1 rh~' ~ f1 ~ 'aoW"1l n ~ ~HHJ ~ n11 't,rvhJ ~ L vi~ "11 -en L n~~ 'an 'a~ '\J ~ nY'l~ n1 'UoW'U V1 
~ , ~ ~ 

~1tJ~'U1m~LL611-:J eJ1L.flm~"1le:J~~ ~-:JVI1~e:JtJ~'a1"1lu1i1 ,]1'U1'U 46 l"l'U LL~~n~~B1-:JB-:J 30 l"l'W1~e.~1~ 
' ' ' 

bb tJtJ~~.fl1~ru-ife:J~~ 1"111~~ Yl Pl'UI"l~ bb~ ~Y'lf'l~ m'a~ fl1'a 1-if~11 Ll"lil rh~~fl ~1oW"1J"1Je:J-:J bfl~\111fl1 Lb~::: 
~ ~ ul ~ 

'Vl1m1i L\"111~~'\.J~m ru~11 L~'Vl1tJe:J 1m-i"1Je:J-:Je:Je:J1 m1 'Uvie:J~L vi~ 1 'U.U~~11~"1le:J-:Ji.J1~"111 n1n~~~m~1 

1~mntJ-ii'm;Jm~w-J1-:JL~e:J'UY'lt)~.fl11"l~ fi-:JY'lt]A~me.~'U Y'l.A. 2556 

4.1 A113Ji ~A'WA~ bb6l~'VH)~fl1".i3Jfl1".ibotlbb6l~n1".iUB~n'UeJ'W~".i1C.I"il1flt'l1".ibAiin1~~~~~Vl"l1"U8~ 

bfl~\11",jfl".i 

4.1.1 oUB3J6l~1'W'UAA6l ... . 
-ife:J~~6'11'U'UI"ll"l~~ b~ CJ1 ntJ fl1'.l1 -if~T~ Ll"lil rh~ ~ fl~ ".ioW"1J i.J1~ fltltJ ~1 CJ-iJ tl3J~'Vl1-:J~1~ 

'\J 'i 'U 'U 

i.J1~"111mLL~~-rrB~~m".i1-il~11LI"li1n1~~fi'~'.l.W"1l "il1nm'.l~1'.l1"il -ifm.m6'11'U'UI"ll"l~"UB-:JLn~\9l'.lmn~i~ 
'\J 'U 'U 'I .. 

t'11e:J~1-:J 46 l"l'Ui.J'.l~ne:Ju~1CJ LY'lA me.~ ~m'WmY'l 1~~um'.J~n~1 '.l~CJ~L1~11'Um'.l1-ii'~1".iLI"li1n1-.ij'~ 

fl~'.loW"1J{9]f)(Dl~-:j tJ~ b 1 ru~m'U~~-:J"1Jf)-:J~1'UYr fltl1fl Cl "1J'U1~~'Um 'Ufl1".i'\J~flY'l~fl 1~ Cl~ b 1m~vl1-:J1'U1'U 
~ ~ ' 

Lb '\J~-:J'\J~nY'l~n "1JtJ~"(Jf)-:J~1'.lbl"liln1~~fl'm.W"1lvh .u fl11~m 'Um'.li.J~ nY'l~n{9]e:JtJ VIU1~t:.J~~~11bflnm.u 
~ ~ ~ 

1 'ULL i.J~-:J~n ,J1'U1'U"1lu~~1'.JLI"li1~1 -if LL(9]~~1"l~-:J ~'\Jmru~1m 'U m'.lTI'U~1'.lLI"li1'1i1-!lt]~mm Y'l1~'\J~n 
m1~~ '.l~CJ~nmLL~~'Ii1-!lL1m1'Wm'.l5~TI'U~1".iLI"li1n1~~fi'\9l".ioW"1l 1~e.~i1'.l1CJ~~LBCJ~ ~-!l.Q 

~ 

t:.J6lfl11~1'.l1"ilY'ltJl1 bfl~mmn~~l'i'T€J~1-:Jbtl'UbY'lP\"111CJ"iJ'l'UTU 25 l"l'UAI'lbtl't.!'~-elt!G'1~ 54,3 • 
LL~~LY'lAVIru-:J,J'1'U1'U 21 l"l'U fi~Ltl'U~e:Je.~~~ 45.7 LL~~~1'W1mui1me~Be.~1t~'li1-!l 31 - 40 tJ fi~L'lJ'U v v , 'U . 

~e:JCJ~~ 58.70 '.lel-:J~-:J~1e:J~1'W'Ii1-:Jf.l1CJ 41 -50 tJ fi~LU'U~e:JCJ~~ 32.61 bfl~~'.lfl'.l~1'U1VIru 
\J '\ I Ql 

~e:JCI~~ 91.3 i1~tn'U.fl1Y'l~m~ ilL~CI-!l 4 l"l'ULVhJ'W~i1~tn'U.fl1Y'l1~~ fi~LU'U~BC.I~~ 8.7 bfl~~'.lfh'.l 
6'11'U1 w,:"iltJfl1'.l~n~1?1-:J~~1 'U'.l~~'Ui.J'.l~t:l~~n~1 fi~L tl'U~e:JCJ~~ 65.2 '.le:J-!l~-!l~1fimJ'ue~~~n~1 

0~ " • 

~ tl'U IX 'U fi ~ b U'U ~f) CJ ~ ~ 34.8 ~1 Vl-rtJ -if B~ ~ ~1 bb Vl'tl-:J ~ ~ -:j "11 f) -:J ~ Yr fl tl1 f1 CJ "(] eJ -!l b fl~~ ',) fl'.JY'l 'U'h 
~ 

~e:JCI~~ 87.0 i1~Yrne:J~'U~b1W.fl1C.I'UeJflbbi.J~-:Ji.J~flY'l~fl bb~~~BCI~~ 13.0 ij~Yrne:J~tJ~b1Wbbi.J~-:J'\Jan 
'U 'U 'U ~ 

Y'l~n "1J'U1~ L de:J~1 'U n1'.li.J~nY'l~n"1JB-!l Ln~~'.lmci'd'U 1 Vlruil L de:J~i.J~ nY'l~nwr1 L~e:J'U~ ~hJ Li'i'W 1 l ~ 
'U QJ 'U l 

fi~LU'U~e:JCJ~~ 65.2 i1"1l'U1~~'U~ 1 1 ~ fi~LU'U~BC.I~~ 30.4 LL~~Ln~mm~i1L.fle.J~Lbi.J6'1-!li.J~nY'lln 
v ~ 

"1l'U1~ 21~ fi~LU'U~e:JC.I~~ 4.3 Ln~~'.lmn~~l'i'1e:J~1-!lvl1fl1'.li.J~nY'l~n 1 l"l-r-!J{9]e.Jti (1'U'Ii1-!lVIGl-!lq~ 

LntJLMcn-ii'11 '.l~WhH~e:J'U6'U111"l~ 5-!l L~e:J'Ui1'U11"l~ 'Ue:J-:Jtlt;1~1'\J) 



611Vl-ru.rr-enJ~?iTwuflfl~~L~~1-rreJ~num11-fft1THfli1n1{]~~(911~'11 'V'ltJl1 Lf1'1;(911mn~ 
\1 q 'U , 

~1eJ~1'l ~eJ~~~ 73.9 i1m1L-fft111Lfli1'11i1~L~~1L'Uf11151'1LLI'i~~fl~'l ~eJ~~~ 19.6 ~ti:Wt111bfl 
2 '11iil'l ~eJ~~~ 6.5 ~ti:w~11bfli1 3 "ll'D~ rieJ'Uv11m151'l'YJ'U bb~~1'Um15~'W'Uti11Lfli1n1{i'l'l~m~ 

'U 

bf1'1;m n16'i1'U 1 Vlru ~mJ~~ 80.0 1.rre1u mru5~'YJ'Uti11bfli1'11i11'1G'lti~'V'l1 mL tJtJloU Lb 1 'leJ~ i1 L .W 'l 
~ ' 

~el~~~ 13 bVh~'Um offeJ'IJ mru5~'YJ'Ubb tJtJ b~f1 b~ ~?f'J'Ul Vlru~eJ~~~ 73.9 ~~vl1f1115~'YJ'U~11bfl 
' v . 

~ ~ a I I 1 q I .11::!11 II 
Ll'leJ'U~~ 1 fl1'l (91~eJI'l1~~~b1~1b'V'l1~ u~n Lb~~"111~L1~1 'Uf1110~'V'l'Ut111Lfl:W'1.1eJ'lbf1'1;mmn~~ 
!U I ~ d!l I i.l 'IJ q Q.J d 'i 
mvm'lVJ-:JVl:W~fleJ "111-:JLJm(Olv'Ub'1.1111~~~beJ~~I'l'lm11-:JV1 4.1 

~n~ru~~1lu 1iJ1'UTU (n = 46) 
Ill 

"HW!il::: 

b'V'lfl ' 

'111~ 25 54.3 

VltY'l 21 45.7 

e:nt~ 
' 

21-30 tJ 4 8.70 ' 

' 
31-40 tJ 27 52.17 ' 

41-50 tJ 15 32.61 

~m'Wfl1'W 

btil'l 4 8.7 ' 

ti:W';i~ 42 91.3 
OJ ' 

Vl:JJ1~ 0 0 
' 

' v 
Vl~111-:l 0 0 

-a:::~unT"afiin~1 

1:U1~ b~~'UVl1!-:J~eJ 0 0 ' 

'IJ1~t1:w~n1;1 30 65.2 ! 
v "" OJ i :JJtW:JJ Pl f1'1;1 (91 eJ'U(Ol'U 16 34.8 

irli ~:w ~ n1;1 (91 eJ'U'\.Jm ~Vl~eJ b Vi ~u b vh 0 0 i 
: 

'IJ1~ m PliJtJ'IJ (911l"111~'V'l.ff'U~-:!Vl~B L Vi ~u L vh 0 0 
I 
I 
I 

'IJ~ruru1(91~ 0 0 i 
~ v 

-a:::t~:::L 1~11 'Wm-a1.U~1-abfl i1n 1{] 1'1 A' 1?1 -aw'IJ 

5 - 10 'U1Vi 2 4.35 

11-15'U1Vi 19 41.30 

16 - 20 'U1Vi 25 54.35 
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1il'1'LI1'l.! (n = 46) 

0 0 

6 13.0 

40 87.0 

30 65.22 

14 30.43 

2 4.35 

0 0 

0 0 

13 28.26 

33 71.74 

46 100 

0 0 

0 0 

17 37 

29 63 

34 73.9 

9 19.6 

3 6.5 

0 0 

6 13 

40 87 

0 0 ., 
1il'1'LI1'l.!f'l-!.:~1'Lim':ifl~v.J'l.!~1':ibf'lij 

34 73.9 

8 17.4 

4 8.7 



.. 

~1'U'J'U (n = 46) 

! 

46 100 I 

0 0 

0 0 

4.1.2 .UmJ";{1'U!if"tt.fl1'Vl 
'1.1 • 

-if enJ~ bb?l ~..:)'Ell n 1 'j rJ11'U ?1"11 .n 1 '\Alii) 1 n n 1'j 1rJl~\J ?{1'j bfl~ n1 ~ V1 ~ ~ 'j.W"!J"tl 'E)..:) bmt~'jm"tJ ru~ 5 ~ 
'1.1 ' '1.1 

.Wu?tl'j bfl~Vl~eJ"tl ru~~ eJ cJ1 'Ubb '\J"..:J b 'V'l1~'\J ~ n'V'l'UrJ1 bn~~ 'jn'jG'b'U 1 V1ruiiJ1mmnn n-J1'\Jn~ fl~'U 1~ 
'IJ '1.1 "' 

'Ellb~ CJ'UfiV1 b uu~m.J~~ 82.6 bb~~'j'EJ..:J~..:Jl.Jlb uunG'il.ll?i'1mh..:J~ii'El1n1'j'\J1V11"1~~~ iiJ1~11 Vl~llln • 
bbU'UVl111'Eln Vl1CJh~1'U1n Vl1CJ11il-rrV1 l'lbiCJu flV1bU'U~'ElCJ~~ 78.3, 56.5, 26.1, 17.4 bb~~ 13.0 

ml.l~l~'U ~'lbb61~..:J1'Um'j1..:J~ 4.2 

~1-a1~~ 4.2 oUBlJ"~1'U'J'Ubb"::~BCJ"::bnCJ'Jtl'UB1n1"a'VI1~6f"tt.fl1'Vl"!..W::uV1'VJ'U6f1"abfliinT~V1A~-aw!U 
'1.1 • '1.1 

"tt'El~bn~~-an-anG'ilJ~'J'El~1~ • 
d .c::t. .N ~ I 

'El1n1"a'VIbnV1"tt'U"!..W~uV1'Vl'U 

6f1"abrliinT<5'~A~~w"ll (n = 46) 

36(78.3) 10(21.7) 

6(13.0) 40(87.0) 

1(2.2) 45(97.8) 

3(6.5) 43(93.5) 
«l ... .., 

b'Vl'U'U"!J1 "!Jll.J'El "!J1b'V11 4(8.7) 42(91.3) 

2(4.3) 44(95.7) 

1(2.2) 45(97.8) 

2(4.3) 44(95.7) 

38(82.6) 8(17.4) 

26(56.5) 20(43.5) 

4(8.7) 42(91.3) 

2(4.3) 44(95.7) 

38(82.6) 8(17.4) 

3(6.5) 43(93.5) 

2(4.3) 44(95.7) 



• 

• 

3? 
I 

~1-a1~~ 4.2 1i'v3J~,}Tw1'Wbb~~~v£J~~b~£~1nummoa'VI1~~"!.1.n1'V'l"!.lru~n~w'W~1-aLfl3jrh~~ft'~-a~ I ~ . ~ ~ 
' ., ' ( ' ) I 

"llel~ bfl~IPI'afl'afl~3JIP11el£11~ \Ple:J '1 

i 

a1m-a~bn~~'W"!Jru~a~-w'W 1 

~1oabfli1th~~A\PlatJ'tl en = 46) I 

. 
8(17.4) 38(82.6) ' 

' IV 
bb 'W'WV!'WTEJn 12(26.1) 34(73.9) 

0(0.0) 46(100) 

0(0.0) 46(100) 

6'11V!-ru en n1~ bb?ll'l'l eJ eJ nVJl'l ~l'l m CJ"1l eJ 'l b n~\?1 ~n ~~ bn 1'1 "ill n n1 ~ 1i?t1~ bfli1 n1 ~ 1'1 Pi' \?1 ~~~ 
n~~ae:J~m1 'U'VJeJ?l b vJ\?lm .m, 'Wv1'W~ ;'l?i'l~6'lm~Vl'\J~e:J~l'lfl1CJ~1n'l!e:J CJ~'Wfl'\J~:;~'\J\"111~ b u'U~~"[Je:J-11 

' I 

?l1~bl"li1~1.U b'li'W ~:;tJ:;bQCJ'IJ'V'l~'W"il~i1enm~VlLJliil'l i'lbit.J'W~h~~ 1"1~'1..11~ enb~CJ'W 1V~mn~\?l~fl1 
?f1'W1m1]"il~i1e:Jlfl1~"1Je:J'l~~'\J'Uth:;?fTVl b'li'W l"l~'W1G1 e:Jlb~CJ'W thV~~~~~ i'lbit.J'W ;'lbfl~\?l~m?fTtjJ 
1 Vl ru "il:; i1 e:1 1 n1 ~ b ~ n 'I! e:J tJ bb 1'1111 t1 e:1 tJ ; 'l ?I e:J VI fl fK e:1 'l n '\J e:1 1 n1 ~ ~ b n VI "ill n n1 ~ t1 ~~?I ?11 ~ n ci 3J ., ' 
e:Je:J~fllb 'U'VJeJ?l b 'VJ\?1 

4.1.3 1i' a3J~ ~1'WI"l113J~b~eJ~m-a1.UmoaLfli1rh~V~ A~P~-atJ'tl 
'II 'II 'II 

"illnm~Pin~l~:;~'\Jml~~ b~CJ"Jn'Um~ 1i?tl~L~"Ji1nl~V~Pl'\?1~~"1l 'V'l'IJ11 Ln~\?l~m?i"J'W 1 VltU 
" " r i1fl11~-rl'W~~~'U?l'l tJl'Wnm'l bb6'l:; ~1 fil'lbtl'W~e:JCJG'l~ 11.1, 13.1 bb6'l:; 1s.2 bb6'l:;"iJ1nm~Pin~n1: 'II 'II 

m1~-rl 'W b~e:J'l~~"1le:J'l?l1~ Lfli1rh~ V~~ \?1~~"1l'V'l'IJ11 bfl~\?l~mi1m1~-rl 'W ~~~'U?l'l b ~ e:J'l"il1 n Lfl~\?1 ~n h 
'\J \1 '\J '\J I 

?f"J'W 1 V!ruVJ~l'IJ11Vl1 n1Jl-r'IJ~~"il1 fl fll~ 1oU?t1 ~ bfiij tll~VI Pl\?1 ~~"IJ"il :;i1en fll~Vll tJ 1"iJ ~1'1-iJV~ bi CJ'W~~~~ ., 'II 

fi~'W 1~ mb~CJ'W bbfl~Vllfl~~mb v;~~t.Jl fl"J~VltJI'l~'W?ll~bfli1nl~l'lfi'\?1~~"1JVi''WVi ~'\J 1 tJ'V'l'Ubb'V'lVl~'V'l~e:J:JJ 
'U ~ 'U ' 

.fl1"1l'W~~'\J~~"ilfl11~-rl 'Wb~ e:J'l n1~~ V~ Ln'IJ bb~~ fll~(;.J?f~?ll~LI"li1nl~V~ Pl\?1 ~~"1l'V'l'IJ11 Lfl~\?1~ n~i11"111~:;-
, 'U 'U ~ 

1 u~~~'UtJ1u nm'l bn~\?l~m?i1'W1 V!ruVl~l'IJ11?tm'W~1 um~~?t~?tl~bl"li1nl~V~Pl'\?1~~"1JI"l'"J~~?t~1 '\lj 
., 'II ' 

~1ci'l Lb~'l n1~ Ln'U?tl~Lfli1nl~l'lfi'\?1~~"1lm~Lbt.Jmfiu 1 ~\·h'l"ill n~Ln'IJ.n1"1l'W~ fl'W i!1\?11 bbfl :;v;'Wiim~ m 
'II 

ul'l tJ'li1 bfl~\?1 ~m8n'Ul'l?il'Wi1 flll~ L i11 "il ~wi1 m~ 1 oU?ll~ Ll"lffi mJl~G'l ~~?IV~Ae:Jm~vhm~l"ll bb 'W~'i1'h 
' 

"ill n L ~ e:J'W Lfl~\?l~mJ11 tJ nu~e:J CJG'l~ 34.8 flll~~ b~e:J'l n1~ 1i?t1~ Ll"li1 n1~ V~~m~"1l'V'l'IJ'-.h bfl~\?l~fl~ 
'II 'IJ I 

i1fl11~fl 'W~~~'\JtJl'Wfl6'll'l bfl~mm?i"J'W 1 Vlt1i ne:J'U 1 oU?ll~bl"li1i1m~Plfl~1~'l15m~ 1.m, -Hb i1 h fll~Q~ 

~'W?l1~bfli1~e:J'l?l1~ 1?ie:JtJ m~Uile:J'l tl'Wbbfl~QVI~'Wb Vli1e:J6'l~ bb~e:J ~1'!1 ~nm~ bfl~\?l~flJcJ'li11"111~ b i11 ~ 
' 

~V~1 'W L~eN"1leJ'lfll~~V~m~b~mr1 L~e:J?tl~ b~"Ji1VlmV~ LLG'l~ b tJ~eJ:; L ~B'W 1V~ CJ'V'l'IJ11 bfl~\?l~m?i1u1 Vl~ 
~e:JCJG'l:; 71. 711li1m~LtJ~CJ'WL~mrl~b tJ~eJ~b~eJ'W?tl~bfli1Be:JmLfK1?tl~b~mr1"1lV~1 VlliLLVJ'W ~'lbb?tV~'l1tlJ 

' I 

\?ll~l'lVi 4.3 
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\911"a1~~ 4.3 ~~~1"a1"'il-a::~uf!113Jri.'Ub~eNm-a1-H~1"abfliiri'1:5'191A\9l"a~"lf'tlv~bm~\91-amml3J~1v~1 J ~ ~ , 1 

1. fl1"a1off?l1"abfllJrl1~\?li'i'l'l"a-Vl'll3J1flfll1 2 'll'WI?l 
" 0 "' I ~.c::.i d I Q,.l ..::i CIIQ.I 

"a~V111'l'Vl3J fl1"a~ l?l'V'l'Ufl"a 'l bl?l tJ1 eHil"il ~3JeJ'U l'l"a1 tJ 

"il1flfl1"a1~.:ru?l1"a'W~mn~'U 
2. 16flTHbrlUruVI1fl1"a~eJ?I1"abfllJrl1~1?1i'i'l'l"av:l'll fi'"J"a 

v " 

1off?ITHfllJrl1~1?11'!1?1"av:l'llmflfll1 1 'll'WI?lm~?!Wl'U 

40 m"a1 off6'11"abfliln1~1?11'11?1"a-Vl'll1 m~~~~~?l\?1 
" ' 

~B'l1~.:ru r\'1 bb 'U~'l11"il1 n b ~ B'U bfl~l?l"an"a~1 tJ n'U 

50 m"abnu?l1"abflilrh~l?ll'!m-Vl'llfl1"abbtJmnu 1 Vfvl1-:J 
" d c;o: Q.l ~ i.l .dil ~ 

"il1fl'Vlbfl'Ufl1'1l'U~ fi'U 6'11?11 bb~~'V'l'U3Jelb\?lfl 

60 ?lm'UvTI 'Ufl1"a~?I3J?I1"abfliln1~1?li'i'1?1"av:l'llm"a~?I3J 
" 

1 'U.ffi~'lbb~'l 
10 m"a 1lJ?I13J"ael'lb .Yhul'l1 'U"a~VIl1'lfl1"a1 off6'11"abflil 

" 
n1~1?11'11?1-a-Vl'll1lJiJ~~I?ieJm"a~3JeY?I~1VItJ'l'U1nru 

" ... 
'll1bb~~b'Vl1 

80 m"aul?l'VJ'U?I1"a bfliln 1~ 1?11'! \91 "a~'lllil B'l6'113J 1~ 
" 

~LJ mruu eN tl'U bb~ ~5 l?l'VJ'U b VI'W el~JJ 

9 0 Vl13J6'1U'UVI~VI~el.:r'ULJ"a~'Vl1'Uel1VI1"a 1 'U"a~VIl1'lvTI off 
" ' d 0 Q.l Q,.l .dil 

?11"a bfiJJ fl1"il \?11"1 1?1 ~'V'l'll 

100 ~1~~flbb ~Vi~tJ1 fi'"J"aVItJI?l'VJ'U?ITHfllJrl1~\?l 
" ' 

1"11?11,-Vl'llVI'U'Vi ~u 1 'U'V'lu bb 'V'l'Vl~'V'l~eJJJm'll'U~~u"a"a~ 

120 Vl~'l"il1flfl1"atoff?IT'HfllJrl1~1?1i'i'mv:l'llbb~1 1lJfl1"a 
" muLl1Vi'U'Vib'V'l"a1~m"ilvh 1 Vfb tl'UVIl\?1 

130 bdeJ1off?l1"abfliln1~1?1Pi'm~'llVIJJI?lbb~1 fl1"j'l11 
" fl1'1l'U~'U"a"a"il?l1"abfliJ1 LJ~1'l,J1 bb~1'111JJ11 off 

' 
LJ"a~ 1tJ'Il'tJ 

140 Vl1n1~-ru"W~"il1 nm"a 1 off?l1"abfliln1~ l?li'i'm-Vl'll"il~ 
" ilmm"aVI1tJh~l7lil?l bltJ'U~i'J"~~ fi~'U1~ mb~tJ'U 

1"1i 

:ij1'U1'U (n = 46) 

C~e~v~::) 

37(80.4) 

12(26.1) 

1(202) 

16(3408) 

42(91.3) 

45(9708) 

13(2803) 

41(89.1) 

39(8408) 

42(91.3) 

40(8700) 

1(202) 

3(605) 

46(100) 

:ij1'U1'U (n = 46) 

(~va~::) 

9(1906) 

34(7309) 

45(9708) 

30(6502) 

4(807) 

1(202) 

33(71.7) 

5(1009) 

7(1502) 

4(807) 

6(13.0) 

45(9708) 

43(9305) 

0(0.0) 

i 

I 

' 
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d 
\Pl1':i1-!l'Vl 4.3 ~~61'1':i'JliJ':i~~'Uf'l11:tJ-ri.'t.!b~B-!ln1':iboU6'11':ibf'lijti1~~~\Pl':icW"ll"!JB-!lbn'ti\Pl':in':in~:u~'JB~1lq 

~ ~ q I~ 

(~B) '! 

" 16. b:We:mn?I1'HA:Wrh~'~PI~':i~'1lVlm~b~Ber1 
" " I V I V V 

fi'"J ':i b tJ~ tl't.! b~B er1Vi b tJ ':iB ~ b U B'UB B n bblK1 ?11~ b~Ber1 

'1l~1Vl~bb'Vl't.! 

19. 1~:Wrn':im1~?fB'Ubfi~B'liiB1 urn':iu~yj'U?f1':ibfi:W 
rh~~f1~~~'1JnBu rn':i 1 i'l1't.! 

" fl11~?f~B1~VJnfl~'l 

"' II 

':i:::~'Uf'l'J1:1J~ 

:Wm1:ufB~1'U':i~l?i''U?f'l (~Btl"~ 80 ~'UbU) 
iJf!lllJfe:~~"b .. m~l?i''U'\.JTtmm'l (-re:Jtl"~ 60 - 79) 

:Wm1l.l~B~1 'U':i~l?lu~1 (~1n'"i1 ~Btl"~ 60) 

1-d 
1il1't.!'J't.! (n = 46) 

(~e:~a~:::) 

33(71.7) 

13(28.3) 

44(95.7) 

10(21.7) 

1(2.2) 

6(13.0) 

0 

liJ1't.!'J't.! 

33 

6 

7 

4.1.4 -lle:~:u~~1't.!li'fl't.!f'l~h~il.!Jn1':iboU6'11':ibf'lijti1~~~\Pl':icW"ll 
~ ~ 

I 

1:u1"li I 

1il1't.!'J't.! (n = 46) 
I 

(~e:~a~:::) 
I 

13(28.3) 
' 

33(71.7) 

2(4.3) 

36(78.3) 

45(97.8) 

40(87.0) 

II 

-ae:~a~::: 

71.7 

13.1 

15.2 

' 
' 

"'il1m..J" m':i~n'M1':i~l?lu~f"l'Ufl~ 'V'l'Ul1 bn'Mmm?h'U1 Vlqj:W~f"l'UA~1 'Ub:U'lu1n fi~b .U~ 

~Btl"~ 80.4 bb"~:W~f"l'Ufl~b.Uun"1"~ fi~b1J'U~Btl"~ 19.6 l?i''lbb?f~'l1't.!~1':i1'l~ 4.6 "'il1nm':i~n'M'l 
':i~l?i'U~f"l'U fl ~ b~ tl1 nu fl1':i 1 oU?fl':ibfi:W fll~~PI~':i~'1J 1~ tl bbtJ ntJ'a~ dJ'U~f"l'U fl ~ BB n b 1J'U b :U'l U1 n bb"~ b :U "~"~ 

" "'il1nn1'.iU':i~biJ'U~f"l'Ufl~b:U'luln ~'l'Vll.l~ 5 -ifB 'V'lUrJ1 bn'M~1m~1'U1mub~'t.!~lcd1?f11bfi:Wti1~m 
OV I 

P1 ~'j"~'1J'Vl n'1J'W~ b U'U eJ'U ~11 tl ~ B~'l:W:fii ~ bb" ~~"! bb 1~lKBl-l 1~ tl?f11bfi:W til~ ~fr ~1~'1J?f1:1J1'a~ ~ n fll'l1 'Uer fh 
" ' " 

bb" ~ b U'UeJ'U~ 11 tl~Beru~1.nfl bb"~fi11B1UJ1 vJBn?fu .fl1tlVlG'i'-:J"'il1 n n111 i?t1':i bfi:W ti1~~f1~1~"1l 
\1 \1 \1 ; 

'Vlnfl#'l b~mh1~lK1-:J?f11bA:W~m"'il~~m:u~1-:Jfl1tl bb~~'l:Wbn'M~'m1U1"111tl:W~f"l'Ufl~~1~~mi'B'l1'11J 
'I 'U : 

fl1':io~yj'U?f1':i bA:W 1~ tl b ~'Ul1fl1':io~yj'U?I1 1 bA:W rh ~~PI~ 1~'1l b Vlii B"l.l 1~1~'1!1 tl" ~ eJ'U ~ 11 tl~l n rn':i 1.V 
" 

?fl'j" bfi:W bb" ~Vl1 n:W?f11 bfi:W n 1~ ~PI~ 1~'1J b tbB~ b ~ B'U~l'l fl1 tl il1~"il1 b .Uu ~ B'l~U B1'UJ 1Vllfll1l.l?f~m ~ " . 

~1'Um':iu1~bil'U~f"l'Ufl~b:U-:~"u ~"~Vll-l~ 6 -iJB 'V'lu11 bn'M~1m~'lVl:u~1~b~'U~1wh?t11bA:Wn1~~ 
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I 

~ \91 dy;j'll b -lr1G'1~1~ m CJ A'U b d11Jibl'l CJ md n'Ub vhJ'U bb!;'l ~ b iJ mi''U m1 CJ buvn ~l?ie:J bb:W!;'I ~ hl b tlu el'u m1 ti 
'U 'U 

~Pie:J:wu '13~ bb~ ~ hl b ~'U ~l CJ1TVI1 n 1-tl'?l1 d bl4~ n1~ l'lPl my;j'll\911:WeJ \91 d1 G'11'U~ bb u~ t1TU'UU~1 n bb~ 
, 'U I 

1~~1 biJ'U~e.J~ 1G'1~'\.JndnJDe.J~tl'Uel'UI'ld1CJ b\91 1 n'\.J~e.JI'lil CJ bbl?i EJ'~iJbn'l3\9ldndU1~d1,CJiJVJiill'U14&J~1~~n~e.J~ 
bn'l3\911nJ~I'l11m1t:-J?I:W6'111bl4~n1~1'll"i'l'l~y;j'll'VImEJ 1 'lltJI'lboU1~l EJn'U "111m ~:wth~~'VITI.flTVi lum~ 
n1~\9l~\9ldy;j'll11'ltJ1~iJt:-J~b~EJbbiPie.J~1~h bbm~n1d?ll:WbG'1b~e.Jbb'll'UCJ1l n1~bn~'ll1CJ1l b'U'llru~1i6'11dbl4t 

'U I 

n1~1'l~\9ldy;j"ll lil~v\'11 ~~?in51'leJI'lbb!;'l~ 1~?1~1'11n 1 umd'\.Jnu'1i~1'U !il~bb?l\91~1 'U\91111~~ 4.5 • 
'U 'U -:..J 

1.6'11dbl4iin1~1'll"i'\9ld~'llb .U1G'1~1~mCJA'Ub d1 
"'U 'U 

1ml'lCJmdn'Ubvh"W'U 

2. b~e.J 1 i6'11dbl4iin1~1'll"i'\9ldy;j'll\911:wel'm1G'11'U 
'U 

~bb'U~U1'U'Uummb~l 1~~1biJ'U~e.J~1G'1 
~'\.Jmru1Je.J~n'UeJ'U\9ld1CJ11'l 1 n'\.J!;'Ie:JI'lilCJ 

3. 6'11d bl4iin1~1'1Pi' \9ldy;j'll ~, iJ'U el''U \91 d1CJ ~ e.1 bb:w~~ 
'U 

b vhJ'U 1~ b iJ'UeJ'U\9ld1EJ~e.J:W'U'l3~ 
' 

4. 6'11d bAiJ n1~ \91 Pl\?1 dy;j'll'Vl n'llU \91 b iJ'U el'U \9ld1 CJ 
'U ' ' ' 

IPie.J~~ii~i\?1 bb~~~~ bb ll'l~e.J:W 

5.mdt:-J?I:w?l1dbl4iin1~\9l~\9l~y;j'll'V!mCJ 1 
'llUI'lboU1~1CJn'U "li1m~:w'\.Jd~~'V1TI.n1'W1'Umd 
rl1~\91Pl\9ldy;j'll1~iit:-J!;'Ib~EJbb~eJ~1~h 

b.ib'H'U ~'J v 
,)1'U'J'U 

(n = 46) 

(~eW6l~) 

46(100) 

46(100) 

46(100) 

0(0.0) 

24(52.2) 

1~bb'lJL~ 

lil1'U'J'U 

(n = 46) 

(~vvm~) 

0(0.0) 

0(0.0) 

0(0.0) 

2(4.3) 

8(17.4) 

"' il b 'V!'UI'l'JV 

,)1'U'J'U 

(n = 46) 

(~eJV6l~) 

0(0.0) 

0(0.0) 

0(0.0) 

44(95.7) 

14(30.4) 

6.md?ll:w1G'1b~e.Jbb'll'UCJ11 m~bm"1.11CJ1l 24(52.2) 2(4.3) 
I 

20(43.5) : 

1 'U"l.lru~ 1 oU?I1dbAiin1~1'1Pll?ld~'ll lil~vh1 '!X~?in 
'U 'U 

51'leJI'lbb!;'l~1~?1~mn1'Umd'IJ5u&i~1'U 

0(0.0) 0(0.0) 46(100) i 
I 

8.mdeJ~b'VIi1m'l:wl?l~eJI'l nm1 'U"l.lru~ 1i 
'U 

0(0.0) 5(10.9) 41(89.1) 
q 0 Q.J V ~ I QJ 

?11d bA:W mlil l'llill 1?1 ~'W'lllil ~'lll CJ~I'leJ'U 1?1 d1 CJ 

lil1nmd1i?l1dbAiJ1~ 

9. t1'16'11dbl4iin1~1'1Pi'l'ldy;j'llb '\.Jde.l~b~e.Ju 
'U 

4(8.7) 12(26.1) 30(65.2) 

~1-1n1t! ~eJ-1~Ue.J1Utl1b~?l~e.J1\9l b'W'a1:t: 



4P 
i 

..l 
~1';i1.:i'Vl 4.5 

, I 

e.J~~1';i1"~A'Ufi~LnE1nun1';i1-ifa1';iLfliin1~~~~aVl"lf"'lt~.:~Ln~~';jn';in~:u~1t~~1.:~ 
• i 

(~tl) I 

l~h~'U~1E l~bb'U1" 
~ ., 

b'VI'U~1E 

~1'U1'U 
0 0 

"1'U1'U "1'U1'U 

(n = 46) (n = 46) (n = 46): 

(~tiE~~) (~tiE~~) (~tiE~~) 

30(65.2) 4(8.7) 12(26.1) 

11. ~1'abf1i1fh~~fl~'aVl'1l~1JJ1'afl~ flfl1\11 'U~ fl 
\1 

0(0.0) 0(0.0) 46(100) 

bb~~ b ut.reJ'W ~ 'a1 EJI'lB ~u~1.nf1 

"' "' "" 0 ., 
'a~~'U'VIA'Ufl~ "1'U1'W 'aBE~~ . 

i1VJPl'Uf1~b'8\ltJ1fl (~BEJ~~ 80 ~'WhJ) 37 80.4 

i1VIPl'Wf1~bU'Wflm\l (~m.m~ 60-79) 9 19.6 

i1VIP1'Wf1~b'8\l~u (~1n .. h ~BEJ~~ 60) 0 0 

4.1.5 il B :u~ ~1'UVH1 ~ m'a:u m 'aL -if a 1 'a bfl iin 1~ ~ ~ ~P~'acW"lfbb!;t ~ m 'aL -ifm.J n 'aW tJ B.:~ ncu el'cu ~'a1 E cu 'U q ' 

~1'U'4flfl{;t 

~1 flfl1'a~1'a'd~ 1 'Ub~el\I'V1~~ fl'a'aJJ fl1'a 1oU~1'Hf1i1 rl1~~fl~~Vl'1l1 'U~'W ~B'WI'l1\l ~ 6/i\1~1JJ1~fl 
bbU\IBBmu'U 4 .rr'W~B'W 1~bbri 'Vj~~m'aJJ1'Wm'a~~bnum'1l'W~u'a'a~~1'abfli1n1~~~~~~'1l 'Vj~~m~:u 
1 'W fl1'at:.J ~JJ~1'abf1i1 n1~~fi'~ ~Vl'll Y1~~ m'aJJ 1 'Wm'a5 ~~'W~1'a bfli1 bb~~Y1~ ~ tn'aJJ'VI~\Im'a5~oyj'W~1'a bAi1 

V1u-J1 n1'a'\J 'a~ bil'W 'j~~u'V1~ ~ m'aJJ m'a 1 .u~1'abf1i1n1~ ~ f1 ~~Vl'll 1~ EJ.fl1'V1 'a1JJii'V1~~ m'a:u 1 'W'a~~'U~ 

lil'1'W1'W 28 f1'W f1~bU'W~BEJ~~ 60.9 'V1~~m'aJJ1'W'a~~u'\J1'Wflm\l lil'1'W'd'W 14 f1'W f1~bU'W~BEJ~~ 30,4 

'aeJ\1~\Im~e:~ 'V1~~m'aJJ1'W'a~~'Uf11'a'\J-ru'\J1\I lil'1'W'd'W 4 f1'W f1~bU'W~eJEJ~~ 8.7 ~\lbb~~\11'Wm'a1\l 
d 
Vl 4.7 

'a~~'U~A'Ufl~ 
0 ., 

"1'U1'U 'aB~!;t~ 

"' 
i1'V1~~m'aJJeJEJb'W'a~~u~ (~mJ~~ 80 :fi'W1'\J) 28 60.9 

i1'V1~~m'a:um.i1'W1~~u'\J1'Wnm\l (~e:JEJ~~ 60- 79) 14 30.4 

i1'V1~~m1JJeJ~b'W1~~umTtHu'\J]\I (~1n'J1 ~BEJ~~ 60) 4 8.7 



•. 

4~ 

4.1.5.1 oVel:IJ~b~cfJflU'V'l~~fld":iJ..J1 'Ufll":i~~b~U.tl1"1l'U~U":i":i~?l1":ibfli1Fh5JV1flll'l~~"1l . 

lilln m1rll":illil 1 'Ub~el'l'V'l ~~ m1J..J m1 1-t'?tl":i bfli1rh~ ~fli'l'l~~"111 'U~'UI'l8'UbMcn nv 
'Y'l'] &\ fl'J''J'J..J1 'U fi1'J'~Vl bn'Ufll"U'U~'U'j'j~?fl'jbfl~ fll~~flll'l~~"ll 'V'lU';ll bfl~l'l":ifl":ivr'l'V!J..!Vl -rm.Jfl~ 10b 
~" m'W~ bn'U ?ll'J' fll~ Vl~ M~~"lj bbCJ fl B bu'V'll:::~ hhJ :::'IJ'U tl'Ul ?l\9l/?fl'j bfl~m'U 1 bbfl~'I'Jflfll"IJ'W~'\J'j'j~ 
51uftl n mu (h 'U ~l'W?I m'W~ b~U?I1 'j bfl~ 1-'il.:J1n fllill n fl ~l L~eJ'U bb~ :::~fll'ji'J 11 lil ?I 8Ufll"1l'U~U ":i";i~ll8 ~ 
1 'W?tfi1'V'l?IJ..J\J":iruri8'Wfll":i1i'l1'W AVlbU'W-rmm~ 69.652.2 M1J..J~111i'u rl'1V!~U'V'l~&im'jJ..Jfl1'jbL ti.:Jri1£J 

.tl1"1l'U~'IJ'j'j~?f1'Hfli1 bfl~l')"jfl":i 1:W51 fl1"Hb U'lt:llCJ?f1'jbfl51 AVl b U'U~8CJ~~ 78.3 lil1fl fl1'jcl'1'j'J~~'l'V'l'Ul1 
' 

~'V'l'l~fld"jJ..J~Ln~M"jfld~l'W 1 Vlt1ifi~btl'W-rmm~ 7 6.1 ~\ltJ~u~1:W b Vlm:::?IJ..J~8 fl1'j1:W~ fl1'jGitJfi'Vl~81~ 
nru bb liltJ ";i:::M?Itn'U~ b~U?fl";ibfl~11 b?fJ..Jel vr\ldmlilvh 1 ~bfll?l~'UI'l":i1CJvl8J..J'W~V Lbfl~~\1 bb lV1Gl8J..JV!1fl Lnfl 

\ v ~ , 

fl1":i~l 1 V!~'lJel\l?fl'jbfl~ 111'\lbb?IVl\11 'UMl";i1\l~ 4.8 

1'11";i1-!l~ 4.8 oUeJJ..l~'VHl&im""aJ..lb'Wfll'a:ij~bn'UJI1'!1'W:::'U"a'a~~1'abfli1n1:5'~~~'aori'!I"UB.:Jbfl~~';im'fl~J..l 
'U 'i 'U 'i 

... ' 
~'J8ti1-:J 

0 
... ... ... ... hib-d fl1fi1J..l 'I'Jflfl';j.:) 'U1-:Jfl';j.:) 

... ~ "" m"a~ ~ Ln'UJI1'!1'W:::u"a"a~m"aLfiJ..J 

51?tm'W~b~'U?I1":irl1~Vl~M":i~"UbbCJ n Hbu'V'l1~~ 1:W 46(100) 0(0.0) 0(0.0) 
'IJ 

tJ:::tJ'Ufl'Ul?l~/?11'jbflii~'W "1 

51 fll'jl') "j'JliJ?ftl'U m"1l'U~'\J'j'j"iJll8 tJ 1 'U?fm'V'l?fJ..l'\J"jru 24(52.2) 22(47.8) 0(0.0) 
' 'IJ 'IJ 

V!~t~1:W 

"" v 
46(100) 0(0.0) 0(0.0) 'I'Jflfi1"1J'U:::'\J";i'j~J..l~fl1flfl"j'\J~l'U 

hl51 m1 bb u\1 ri1 tJJI1"U'W:::'\J";i'j~ ?fl'j bfl51 2(4.3) 8(17.4) 36(78.3) 

iim'jbnu?tl";ibflii1-'i1'l1n~lill nfi~'J b~el'U 32(69.6) 6(13.0) 8(17.4) 

iim1Gi8 fin ru bb ~tJ ";i:::l'l?l m'U~ b~'U ?111 bflii b?IJ..J t1 ' ... 11(23.9) 0(0.0) 35(76.1) 

4.1.5.2 -t'BJ..J~b~cnnu'\f'ln~m":iJ..J1 'Ufl1"j~?fJ..J?tl";ibfli1n1~~fli'M'j~"1J 
" "I " 

lill n nT~~ n~11 t.! b~8\I'V'l '1~ fl":i'jJ..J m":i 1 i?~l1Lfli1nl~ l?l~ l'l~vh1 t.!~'WI'l8'WbM tJ'J nv 
'V'lt]&im1J..J1'Wn1";i~?IJ..J?I1";ibfliin1~~fli'l?1~~"1l 'V'lu11 Ln~mmvr\1'\I!J..J~ (~tJCJfl~ 1oo) iim"j1-il'1?Jm, 

BtJ mru1 'U fl1";ifi'U~'J'U~?IJ..J bb Vl'U fll";i 1 inB b tJ ~ 1 ~'J'U nl";i?I'JJ..J bfi~'€1\IU'tl\ltl'U~l\1 m CJ'lJ ru~~?IJ..J (~\lnt~i, 
' ' ' 
~~JlUVllil:IJ fl) bbfl :::ii fll";iBl'U~fllflbbfl ~1oUMlJ..l~fllV!'U V1111 'U~fll fl AVl b U'W-rtl tJ~ ~ 7 6.1 bbfl::: 54.3 

M1J..J~ll1i''U ~lnm";irl'1";i&lil~\I'V'l'U1lii'V'lt]~m"jJ..J~Ln~M";im~\ltJ~u~1:iJLV!J..Jl:::?IJ..J~t~ m";i1J..J1im~'Ut~f11 
\?l'J\1/it~'W \?11\11 'Ufll'a~?IJ..l?l1";ibflii vr\ld tl1lil'Vh 1 ~bnVl~'U\?1";i1tJvltl bfl~M";imrni?l1";i bfli1b ~'€l\llillfl1 ~ 

'IJ . 

?ll";ibfli1bn'U"U'UlVl~n1V!'UVl 11i'\lbb?IV1\l1 'U\?ll'jl\l~ 4. 9 



! 

• 

44 

I 
i 

... ~ 
1~1-d 0 "' I fl1tl1~ 'VIflfl'a-3 'U1-!lf'l'a-3 

' 
"" n1'a~lil~li11'Hfl~ 

ehum;nn bbfl~1-tim:l.l~fhvrul?l11lu~mn 25(54.3) 21(45.7) 0(0.0) I 

1-lim~'UeJfWl''l~ I oUeJ'Um..:J1 'Ufll'at:-J?f:l.l 6(13.0) 13(28.3) 
' 

27(58.7) i 

?11:!.1 bfl~eJ..:JU eJ..:J n'W~1..:J m t~"llru~t:-J ?1:!.1( t)..:JijeJ ,~1tJ l?llilJ,l n) 35(76.1) 11(23.9) 0(0.0) 

1-tii'?J l?leJ'IJ mru1 'U fl11fl'U~1'Ut:-J ?1:!.1 bb 'Vl'U fl111.Uijm 'IJ~1 46(100) 0(0.0) 0(0.0) 
'' 

4.1.5.3 olieJ~flb~cnn'UYJt]~m1:l.11 'Ufl11QI?lyj'U?J11bfli1 

-;;)1 fl fl11G1111-;;Ji'Jt]~ fl':i1:l.Jfl111oU?f11 bfli1 rh·~' l?lPl ~ ~oW"1l~ b~ tl1 n 'Ufl11Q l?lyj'U ?f1'j bfl~ 
rlT~, 1?1Pl~'joW"1J i'J'LJ';h bfl't'l'~'jfl':i.vr..:JVI:l.J\?1 (~f) tift~ 1 00) i1fl111?1ViPl'Vl1..:Jfl~ rlfJ'UQI?lyj'Ubbfi~"1Jru~Q\?lyj'UiiJ3 

~ ~ 

~'Uf)~ b Vl1jfJViPl'V11..:Jfl:l.Ji1m'jeJ1'U~mn i5m'j1-rr -tieJfl'J'j'j~i'..:JnfJ'U 1-ti'Vlnfl~..:Jbfl~f)..:J bb~..:J~1m -ti?J1~b -via 
~ ' 

vl1fl11QI?lyj'Ui1fl1'jin1 Vlli'Vl flfl~..:J vl1fl11:l.J?f~fJ11?1~1..:Jfl1ti bbfl~ fJU mruQI?lyj'UVIi:l..:J b?f~-;;J fl1'j 1 oil'..:J1'UVJ'U~ 
' ' 

bbfl~"llru~QI?lvi'U 11li1m'j?f'LJ'U~ VJ~Bn'UB1VJ1'j Vl~eJ~:!JJ1 bbfi~YJ'U11bfl'l'l'~'jm~1'U1 VJru~mJfl~ 84.8 
~ ' " 

"llru~QI?lvi'U 11ii1?J11 bf1i1Gii:l.J b ~ eJ'U b~mr1~?11:l.J 1~VJ1m'1:l.J ~ ?J~1VJ1!..:J 1 'U b~eJ..:J"1leJ..:J fll'j\?1 bb6'1 bA~eJ..:Jilfl 
~ 

fJU mrubb6'1 ~ flT:ivl1fl11:l.l?f~ fJ11?1 YJ'U11 bfl'l'l'~ 1 mi1 fl1'j ~ 'j1-;;J b ~flvl1 fl11:l.l ?f~fJ11?1 bbfl ~odeJ:l.l bb 'll:l.leJU m ru 
' ' 

UeJ..:J n'U B'Um1 t~VIi:l'..:Jiil1 n m 'j1 oil'..:J1'U bb~1'Vl n A~ ..:J fil?l b tl'U~eJ t1 6'1~ 67.4 lil1 n fl1'jG'11111il ~..:JYJ'U11~ 
' 

YJt]~fl1'j:l.J~bn'l'l'mm~..:J'IJ~u~11ibVJ:l.J1~?f:l.J~eJ 11ii1fl1'jbWnv11A11~?J~mmA~eJ..:JileJ bfl~eJ..:Jt-rr b~eJ~1 
fJU mru~'IJ 'U b~ fJ'U ~'U ., tl'U n11'1111~ ~ 1-.:JfJ ~1-.:J~'U bb6'1 ~"ll ru~Q l?lyj'U ?111 bfli1 bfl't'l'mmi1 fl1'jlJTUVI~ 
' I ' 

fJ1VJ1'j J1~:l.l:l.11111n~'U~nrubbUfi..:JUflfli5..:Jm-;;Jv111 ~fJ1VJ1'jU'Ub~fJ'U?f1'jbfli1 fil?lb tl'U~fJtlfl~ 65.2 bb6't::J 
~ 

65.2 1?11:l.J6l1~'U ~..:Jbb?fl?l..:J1'U~1'j1..:J~ 4.10 

1~1"1i 

46(100) 0(0.0) 0(0.0) 
I 

Q\?lyj'U II 

~-------------------------.~--~--------~------~------~' 
eJ1'U~mn 16m11.U oU'eJA11'j~1..:Jne:J'U 1oU''VInfl~..:J 

' 

' ' .. q .:::111 C:..CJIQ. c:..o:::9 

:lJ fl11t:-J ?1:!.1?111 bfl:l.JV!fll tl"1l'U 1?1 b i'JfJ b i'J:l.J fl11fJ fJ fl t]'VlliVI'af) 

1-ti?J1'j bflffi 'UU~:l.11 ru~ b oU:l.loU'U bfl'U n·;h~~ m flfl1VI'U 1?1 

'Uru~Q l?lyj'Ui1?J1'j bf1i1Gii:l.J b ~ eJ'U b~mr 1~?11:!.1 1?lVJ1eJ 

~:l.Jer?f~1VJ1!..:J 

46(100) 

46(100) 

11(23.9) 

0(0.0) 

0(0.0) 

0(0.0) 0(0.0) 

0(0.0) 0(0.0) 

9(19.6) 26(56.5) 

7(15.2) 39(84.8) 

0(0.0) 46(100) 



4;3 

I 

~1~1-:1~ 4.10 'timJ!;!"Wn~n~~:ulum~a~vh.t6'11'Hfliiti'1~~A'~~.w"lf"llv-3Ln~~~n~mi:u~1mh-3 (~e) 
~ "I V • 

8(17.4) 8(17.4) 1. 

i 

0(0.0) 0(0.0) i 

vl1'WHi'bb~nvhl"l11:W?f~en~bl"l~el!liiB bl"l~B-:~1-ll b~€1~1 5(10.9) 11(23.9) 30(65.2) 

~tJmru~'LJ'Wb~€l'l.!~'L! ~ tl'UnT:i'1h~~~1.:1€l~1-:I~'U 
I Q ~ 0 I 

'Vl1'U:IJn11\91'H'ilb"1!1"l'Vl11"111:1J?f~B1~ bb!;l~'l!€l:1Jbb'll:IJ 31(67 .4) 15(32.6) 0(0.0) . 

eJtlmruueJ.:~n'UB'U\91~1CJVl~.:~"il1nm~1i'I1'L!bb~1'Vlnl"l~.:J 
' ' 

!1J d QJ ..:::::.. V <=II I .::1 

4.1.5.4 'lJ€l~!;lbnCJ1n'UV'I']\91nd~:IJVl~Nm~u~V'I'L!?f1~bl"l:IJ 

"il1 n m~~ m~n 1 'W b~€1-:JV'I '1~ m~:IJ n11 1 oU611~ bl"lii n1~ ~f'i' \91~Vl"111 'W~'U\91 eJ'W bMCJ'J ffu 

V'l']~ nd1:1J'Vl~.:J n1~~~'\-'J'W6111 bl"lii rl1~~f'i'\91~Vl"11 V'I'Ul1 bn ~mm~.:!Vl:IJ~ n m~tl ~u~~ b Vl:IJ1~ 61~ 
Vl~.:~m1~~'\-'J'U?t11bl"lffi 'Wb~€l.:J'll€l.:J hJii~1-:Jbb~~~.:~m"1!'U~'\J1~"il6111 bl"liin1~~Pi'\91~Vl"111 'Wbb Vl~.:~J1 iin11 

' 'U 

~ 1\l.f11"1l'W~~h m..J \l~nvJ e1 n neJ'Ubnu IK1\I:U mb!;l ~Vl~ ~~h CJ 61l.J neJ'U1utl 1~'Vl1'UB1Vl1~ .n1"1!'W~~1~ 
'U 

6111 bl"lii n1~ ~f'i' \91~Vl'llvfl oUVl:IJ~ bb~Tt.h 1 tl ~ .:~ bb~~muJ1Vi''U'Vi'Vl!K.:~m1u~'\-'J'Wiibn~\91~mu1.:~6h'Utl~~ 
~n~e:J\11 'Ub~e:J\1 ~B ~n~~~?t1:1J1~'llru~u~vJ'WVi''UVI Vl~.:Jb61~"il'~1'Ufi~btl'W~BCJ~~ 65.2 bb~~tl~~b~'Um1 
tll)u~~1l.J b Vl:IJ1~61:1J ~eJ 1l.Jiim~bnu6111bflii1 'W~61,Vl1u bi'iu611~bflii~eJCJ!;j~ 7 6.1 ~1CJ~~b~CJ~~'~ 
bb61~-:J1'U\91111-!I~ 4.11 . 

0(0.0) 0(0.0) 

0(0.0) 0(0.0) 

46(100) 0(0.0) 

35(76.1) 11(23.9) 

16(34.8) 30(65.2) 

11(23.9) 0(0.0) 

36(78.3) 10(21.7) 

46(100) 0(0.0) 

29(63.0) 12(26.1) 

46(100) 

46(100) I 

i 
0(0.0) i 

0(0.0) 

0(0.0) 

35(76.1) 

0(0.0) 

0(0.0) 

\ 5(10.9) 



4~ 

I 

4.1.5.5 oifeJ:I.JG'i b~ tJd nu nTj?l'"J~Btl n1t\JtJB-!l n'W~TW'UflflG1~1n?t1':i bfl~ n1~~Pll'l':if1"ll"V1~ 
\.1 , 'l 'U 

tl5tm-!l1'W 

~1nnTn:h':i1"iJ~f1~m':i~m1?t1~Btlmru'IJB-!ln'W~1'W'UflflG1~1m'l1':ibfl~n1i~ ., ' ' 
Pi'l'l':iVl"ll"VB\Ibm~tl'l':im"Vru~tlnu~-!l1'W ~u11 e:Jtlmru'IJB-!ln'W~1'W'UflflG1~bn"t~mmvmfl'W1ivmfl .:~ 

'U d.J 'I 'l 'l 'l 

~tJ5u11.:~1'W 1~bbn m~VI~1n1~-:~fl~~~1'tl~~.:~i1m-hvt~B~\Ii1m·'lir-:~1B\IbVJ1~1\I (1B\IbVJ1~V1) b~mb~'W 
~11/m.:~bn\I"V1~11bbG1~1B\IG1\1~1n~~~1B~1-:~~m1?t1~Vl~1nn'Wbb~~~~btl'W~B~G1~ 74.0 11~G1~b~J~ 

' 
~-!lbbG'l~\11'WI'l111\l~ 4.12 

l'll':i1-!l~ 4.12 "li'B~~H~fl 'Jtl'U n1':i?{'J1fel'llmnHle~-!iti\J~'mWil1min':ibfl~rl1~~~ l'l':i~"!l"!!OJ:: 
~ . ~ 

tll)U~-!ITW 

m':i1.Ue~tln-anHle~-!in'We1'WI'l-a1fl 
' 
"!!ru::tliju~-!11'\.J 

t.UVJnflf-!1 
' 

boU'U1-!lflf-!l 1~1.-u 
0 0 0 

"'i11'W'J'W "'i11'W'J'W "'i11'W'J'W 

(~e~m~::) (~elf!~::) (~elf!~::) 

0(0.00) 0(0.00) 46(100): 

12(26.1) 21(45.7) 13(28.3): 

46(100) 0(0.00) 0(0.00) 

0(0.00) 3(6.5) 43(93.5) 

34(74.0) 6(13.0) 6(13.0) 

0(0.00) 0(0.00) 46(100) 

0(0.00) 0(0.00) 46(100) 

46(100) 0(0.00) 0(0.00) . 

46(100) 0(0.00) 0(0.00) 
" " " b~B bb "V'W~'W/m-!lbn-!l"V1~'W 0(0.00) 0(0.00) 46(100): 

46(100) 0(0.00) 0(0.00) . 



4~ 
I 

4.2 ~~m-a~hfloa1~'1-h.l~:u1ru'6'11~UJ'V11UB 1~viot.reJ~eH:l~m1 'W'V'leJ?fb 'V'l~ L'WU'6'1'6'111~ 
"il1 n n11vhm11 bl"l11~~?!11b:U'V11UeJ 16'l~"tleJ~e:JeJ1m 1 'W'We:J?! b 'W~1 'l.!'H.I"tleJ~1vreY6'lf16'l'WeJ?!b -w~ 

'U 

(DAPs) vi'1ltJ~~ 6 'lJU~ bt.l'U?f?f11~"tleJ~bn~t911mnci:uvi'1eJ~1~ ~TUTU 46 l"l'U YltJ.-htJ~:U1 
' 

fl1be:~~-du (creatinine) i1ri1e:~~1u•1h~ 0.85 - 1.24 n-r:u/24 i11:U~bb6'l~i1ri1bO~tJ 1.04 n-r I 
'U 

24 -ti'11lJ'~~'~~e:~11btlufh~tJe:~lJ-ru11'1\~e:~\l"iJ1nl"l1be:~~ih.~~tJe:~:u-ru1~ iiri1e:~~1u'1i1\l o.6o- 2.so 
'U : 

n-r:u/24 -&1 1:u~bb6'l~tJ~mrub:U'Vl1tJeJ 16'1~ DMP i1ri1e:JtJb 'U'Ih~ 1.27 - 6.021:u bfl'Jn-r:u;n-r&Jfl1be:J~~'U 
'IJ I 

tl1&J1ru?f1'JblJ'Vl1Ue:Jbl;l~ DEP iiri1e:~~1u'1i1\l 0.12- 21.64 1&J11"11n-r&J/n1&JI"l1be:~~iJfu 
'U 

?!11blJ'Vl1Ue:Jb6'l~ DMTP i1ri1e:~~lu'1i1\l 0.05 - 1.471&J11"11n1&J/n-r&Jfl1be:J~u'U ?!1'HlJ'Vl1'Ue:Jbl;l:~ 
'U 

DETP i1ri1e:~~1 u'1i1~ 0.06 - 5.41 bl-l 1mn-r&J;n-r&JI"l1be:~~iJ'U11lJU~lJ1ru?f11blJ'Vl1'UeJ bl;l~vY\l 6 'llil~ 
'U 

(total DAPs) Yl'UlllJflle:JtJb u'1i1\l 0.06 - 28.41 blJ 11"l'Jfl-rlJ/n1&JI"l1beJ~U'U 
'U 

Dialkylphosphate metabolite (1-Jg/g creatinine) 
Total DAPsi 

DMP DEP DMTP DMDTP DETP DEDTP 

1 < LOD < LOD < LOD < LOD 0.20 < LOD 0.20 

2 < LOD < LOD < LOD < LOD 0.25 < LOD 0.25 

3 <LOD <LOD <LOD <LOD 0.14 < LOD 0.14 

4 < LOD 0.38 0.09 < LOD 0.11 < LOD 0.58 

5 < LOD 5.16 < LOD < LOD 3.18 < LOD 8.33 

6 < LOD < LOD < LOD < LOD 0.07 < LOD 0.07 

7 < LOD 0.42 0.18 < LOD 0.17 < LOD 0.77 

8 < LOD 0.62 0.16 < LOD 0.17 < LOD 0.96 

9 <LOD <LOD <LOD <LOD 0.68 < LOD 0.68 

10 < LOD 8.85 < LOD < LOD 4.50 < LOD 13.36 

11 < LOD 0.43 0.17 < LOD 0.10 < LOD 0.70 

12 <LOD <LOD <LOD <LOD 0.09 < LOD 0.09 

13 < LOD < LOD < LOD < LOD 0.06 < LOD 0.06 

14 <LOD <LOD <LOD <LOD 0.23 < LOD 0.23 

15 < LOD < LOD < LOD < LOD 0.15 < LOD 0.15 



.. 

1P11'a1~~ 4.13 m:JJ1t:Ub:JJ'V1Tt..m l~'Vi..t1 1 U"l..B~em{ml 'U'V'lmH'V'liPIL 'UU616111~"l..B~ bn'liiPI'an'an~:JJ 
~1mh~ (~B) 

Dialkylphosphate metabolite (IJg/S creatinine) 
~1~~1~ r-----.------.------.-----.------.----~ 

DMP DEP DMTP DMDTP DETP DEDTP 

16 6.02 5.07 0.05 < LOD 0.70 < LOD 

17 < LOD 1.73 1.11 < LOD 0.19 < LOD 

18 < LOD 8.81 0.00 < LOD 2.85 < LOD 

19 1.27 21.64 0.09 < LOD 5.41 < LOD 

20 < LOD 1.68 1.15 < LOD 0.23 < LOD 

21 < LOD 0.45 < LOD < LOD 0.22 < LOD 

22 < LOD < LOD < LOD < LOD 0.11 < LOD 

23 < LOD 0.15 < LOD < LOD 0.21 < LOD 

24 < LOD 8.30 < LOD < LOD 2.53 < LOD 

25 < LOD 1.76 1.42 < LOD 0.16 < LOD 

26 < LOD 0.35 < LOD < LOD 0.14 < LOD 

27 < LOD 1.92 1.47 < LOD 0.22 < LOD 

28 < LOD 1.95 < LOD < LOD 0.51 < LOD 

29 < LOD 2.45 < LOD < LOD 0.44 < LOD 

30 < LOD 6.43 < LOD < LOD 0.90 < LOD 

31 <LOD <LOD <LOD <LOD 0.18 < LOD 

32 < LOD 4.63 < LOD < LOD 0.95 < LOD 

33 < LOD 2.93 < LOD < LOD 1.85 < LOD 

34 < LOD 0.19 < LOD < LOD 0.07 < LOD 

35 < LOD 2.00 < LOD < LOD 1.52 < LOD 

36 < LOD 0.21 < LOD < LOD 0.91 < LOD 

Total DAPsi 
I 
: 

11.84 

3.02 

11.66 • 

28.41 

3.07 

0.67 

0.11 

0.35 

10.83 

3.33 

0.49 

3.61 

2.46 

2.89 

7.32 

0.18 

5.58 

4.78 

0.26 

3.51 

1.12 



.. .. 

47 

I 

\VI1~1~~ 4.13 m:W1Wb3J'VI1\Je:J b!;'t'Vht11 tl'tle:J~e:Je:J{m1 'U'WmH'WIVIL 'lJUaa11~'tle:J~ bn~~VJ~mn~:w I 

~1e:J~1~ (9le:J) i 

Dialkylphosphate metabolite (!Jo/S creatinine) 
Total DAPs 

DMP DEP DMTP DMDTP DETP DEDTP 

37 < LOD 0.24 < LOD < LOD 0.10 < LOD 0.34 

38 < LOD 0.36 < LOD < LOD 0.26 < LOD 0.62 

39 < LOD 1.51 < LOD < LOD 0.46 < LOD 1.97 

40 < LOD 0.12 < LOD < LOD < LOD < LOD 0.12 

41 < LOD 2.89 < LOD < LOD 0.19 < LOD 3.08 

42 < LOD 3.28 < LOD < LOD 0.38 < LOD 3.65 

43 < LOD 4.27 < LOD < LOD 1.88 < LOD 6.15 

44 < LOD 2.16 < LOD < LOD 0.41 < LOD 2.58 

45 < LOD 7.26 < LOD < LOD 1.19 < LOD 8.44 

46 < LOD 1.19 < LOD < LOD 0.31 < LOD 1.50 

7.29 111.76 5.89 0.00 35.58 0.00 160.53 

LOD = Limit of Detection 

Metabolites n %Positive Mean±SD Std. deviation Range 

DMP 2 4.35 3.35 ± 2.37 0.13 <LOD- 6.02 

DEP 35 76.09 5.19 ± 1.15 0.57 <LOD- 21.64 

DMTP 10 21.74 1.04 ± 0.61 0.54 <LOD- 1.47 

DMDTP 0 0.00 - 0.00 <LOD 

DETP 45 97.83 1.35 ±0.35 0.17 <LOD- 5.41 

DEDTP 0 0.00 - 0.00 <LOD 

Total DAPs 46 100 3.49± 5.19 0.76 0.06- 28.41 

n = ~1'W1'WII11e:J~1\l~ihHmru611'H:WVI1Ue:J 1(;1vJbn'W~V1flT~Vl'UeJ\ln1';im1~lV1 (LOD) 

LOD = Limit of Detection 



! 

~8 

I 

\110\?11')1~ 4.13 LL!;1~ 4.14 'W'lrht.J~:lJ1ru~1')LllV11'UeJ 1!;1Vl1 'UU~~11~?hu1 Vlqj~m1\I'W'U1 'UO :w 

b0~1?1')n':iO~ll~1eJ~1-:!~eJ DEP bb(l~ DETP ~.:iblJ'UbllV11'UeJ1!;1vl~11'1J"lleJ-:!~11bfli1n1~~bbll .:! • 
fl(leJ1'W~'I-'JeJ~ (Prapamontol et al., 2014) ~~bU'U~11bfli1~bo~mm1u~'U~Pl0~11oU'~vrviueJ~ 'U 

U\1\IU'U 'IJ~:w1ru~'W'U1'U~1e:J~1~U~~11~"llmbo~~1m 46 fl'U b~CJ DEP i1~1eJ~1~W.h'l <LOD -. ~ 

21.64 1:w bfl1o-r:w;o-r:wfl~be:J~U'U DETP i1~1eJ~')~Vll1'l <LOD - 5.41 1:w bfl1o-r:w;o-r:wfl~beJ~i1~'U 

e:J0\110n11~11\I'W'\J DEP bb!;1~ DETP ~'lbU'UbllV11'UeJ 1m1~1 1 'IJ"UeJ'l~11bfli1nT~,~bbll!;1~f1(1eJ 1 'W~'\-'Ja~ 
bb!;1~8<J~11\I'W'U b:WV11'UeJ 1G1v'i DMP bb!;1~ DMTP 1 'U~1eJ~1-:~u~~11~"lleJ'lbO~I111mo~:w~1eJ~1'lU1-:!L'U • 
'IJ~:w1ruhJ:w1o1!o b~C.l DMP i1~1eJ~')~Vll1~ <LOD - 6.021:w1mo-r:w;o-r:wfl~beJ~i1'U DMTP i1~1 

~ 

eJ ~')~w;h~ <LOD - 1.4 7 1:w bfl')o-r:w;o-r:wfl~ LeJ~.Wu~~dm\1 b tleJ~\11om')11'1-r'U~:wer~~1')Lfli1rh~~ 
~ 

~1111~'/Jo~:weJeJ~m1 u'I-'JeJ~b'\-'JI?l'l.fu~~'Ub -li'11 'IJ\110m')-r'U'\.J')~V11'U~o ~(11~~i1m')'\.J'Ub ~eJ'U~11br1i1 
~ . 

r\'1~~ bb:W(l~ b~eJ'i'l\J1')tu1~111:W"lleJ-:!~11b:WV11'UeJ 1!;1V11~e)(1~!;1'\-'JeJ~ b '1-'J~~'l'Vl:W~ (Total DAPs) 'W'U'hi1 

~1eJCJ1 'U'1i1.:~ 0.06 - 28.41 1:w bfl1o-r:w;o-r:wfl~be:J~U'U 
~ 

t:-~!;1 m11 bf111~~'\.J~mrum1 b:WV11'Ue:J 1G1Vl1 'U~1eJ ~1'lU~~11~"lleJ'l o~:w~1<JB'llil1'U1'U 30 fl'U 'W'U~1 . ' 

~11~<J 6 'l.fu~ ~1'U 1 mui1')~~'Um1:wb oll':woli'UeJCJ 1 'U1~~'U~1\I'U~~')~~'U~ bfl~eJ<J hJ~1:w11t1m1\11~ 11'1 
v ~ 

~eJ ~1011~1 limit of detection (<LOD) bb!;1~'W'Ul1'\.J~mru~11b:WV11'UeJ1!;1Vl1'Wi1~~11~ ~1'U1VIqj 
~~')1\J'W'U1uo~:w~1~B~ ~eJ DEP i1~1eJ~1u'1i1~ 0.04 - 0.49 1:wbfl')o-r:w;o-r:wfl~beJ~U'U ' ~ 

~1')b:WV11'UeJ 1!;1vl DETP i1~1eJCJ1 'W'1i1'l 0.06 - 0.31 1:w bf11o-r:w;o-r:wfl~beJ~U'U~11b:WV11'UeJ 1!;1vl DMTP 
~ ' 

i1~1eJCJ1 'U'1i1.:~ 0.11 - 0.16 1:w bfl1o-r:w;o-r:wfl1beJ~U'Ubb!;1~~11b:WV11'UeJ 1!;1VJ1~e)!;1~!;1'\-'JeJmvJ~~'l'Vl~~ 
~ 

(total DAPs) i1~1eJCJ1'W'1i1'l 0.04- 0.751:Wbfl')O-r:w;o-r:wfl~beJ~U'U11CJ(l~b8CJ~~'lbb~~'l1'UI'I11'N 
~ 

d 
Vl 4.15 

Dialkylphosphate metabolite (IJg/g creatinine) 
Total DAPs 

DMP DEP DMTP DMDTP DETP DEDTP 

1 < LOD < LOD < LOD < LOD < LOD < LOD < LOD 

2 < LOD < LOD < LOD < LOD < LOD < LOD < LOD 

3 < LOD < LOD < LOD < LOD < LOD < LOD < LOD 

4 < LOD 0.49 < LOD < LOD 0.26 < LOD 0.75 

5 < LOD < LOD < LOD < LOD 0.06 < LOD 0.06 

6 < LOD 0.23 < LOD < LOD 0.27 < LOD 0.50 

7 < LOD < LOD < LOD < LOD 0.14 < LOD 0.14 
I 

8 < LOD 0.13 < LOD < LOD 0.31 < LOD 0.44 i 

9 <LOD <LOD <LOD <LOD 0.16 < LOD 0.16 



49 
i 

\011~1-:!.yj 4.15 ti~3J1Wb3J'VI1Utl 1ii'lvi'llt~-:!tltl{n11 \J'rhl~ b'Vl\Oib \JU~~11::'1Jtl-:! bn'I~\OI~n~n*HJ1-:!J-:! 
(~eJ) 1 

Dialkylphosphate metabolite (1Jg/g creatinine) 

DMP DEP DMTP DMDTP DETP DEDTP 

10 < LOD < LOD < LOD < LOD < LOD < LOD 

11 < LOD < LOD < LOD < LOD < LOD < LOD 

12 < LOD < LOD < LOD < LOD < LOD < LOD 

13 < LOD < LOD < LOD < LOD < LOD < LOD 

14 < LOD < LOD < LOD < LOD < LOD < LOD 

15 < LOD < LOD < LOD < LOD < LOD < LOD 

16 < LOD < LOD < LOD < LOD < LOD < LOD 

17 < LOD < LOD < LOD < LOD < LOD < LOD 

18 < LOD < LOD < LOD < LOD < LOD < LOD 

19 < LOD < LOD < LOD < LOD < LOD < LOD 

20 < LOD < LOD < LOD < LOD < LOD < LOD 

21 < LOD < LOD < LOD < LOD 0.14 < LOD 

22 < LOD < LOD < LOD < LOD < LOD < LOD 

23 < LOD < LOD 0.11 < LOD < LOD < LOD 

24 < LOD 0.04 < LOD < LOD < LOD < LOD 

25 < LOD < LOD < LOD < LOD < LOD < LOD 

26 < LOD 0.11 0.16 < LOD < LOD < LOD 

27 < LOD < LOD < LOD < LOD < LOD < LOD 

28 < LOD 0.12 0.15 < LOD < LOD < LOD 

Total DAPs 
I 
! 

< LOD 

< LOD 

< LOD 

< LOD 

< LOD 

< LOD 

< LOD 

< LOD 

< LOD 

< LOD 

< LOD 

0.14 

< LOD 

0.11 

0.04 

< LOD 

0.27 

< LOD 

0.28 



sp 
I 

~1'a1~~ 4.15 ti~3J1W b3JVI1'1.Hl b%1Vi"lJE~EE~n1b 'IJ'V'JE61b v.J~L 'IJU ~~11~"lJE-1 bn~~-an-an~3JeJ1-1~-1 
(~E) I 

! 
j_ 

Dialkylphosphate metabolite (1-Jg/g creatinine) 
I 
I 

.... I Total OAPJ \Pl1EEJ1.:1 
DMP DEP DMTP OMDTP DETP DEDTP i 

I 

29 < LOD < LOD < LOD < LOD < LOD < LOD < LOD 

30 < LOD < LOD < LOD < LOD < LOD < LOD < LOD 

'a13J 0.00 1.14 0.44 0.00 1.35 0.00 2.93 

LOD = Limit of Detection 

b~m 'lJ~E.J'U b ViE.J'U'lJ~~1ru6'fTH~'V11'Ue:J 1G1Vi'llme:Je:J~m 1 'IJ'VJe:J?f b 'VJ~ 1 'IJ'U6'f6'f11~'a~vrh:~ bn~~d'mn~iJ 
~1e:J~1-!lbbm~n~~eh:~€J-!l1~E.J1m6nTwn-!l6'fi:i~ (t- test) ~'a~~'Ufn1~b~mt'W 0.05 (P-Value = 0.05) 

' 
'WU';h ih~~'U6'f1'ab~'V11UBbG1Vi~bb~n~?h-:Jn'IJB~1-!l~'l!E.J6'fi:i~ (P < 0.05) bil'W1~6'f1'abl.lVI1'UBbG1Vi DEP 

bbG1~ DETP bvhJ'IJ ~1'1J6'f1':ibl.l'V11'UB bG1vl~'U 1 ~'a~~'U6'f1'abl.l'V11'UB bG1'V11:JJ bb\Plflvl1-!l tl'IJVI1-!l6'fi:i~-a~vr.h~ 
n~l-lPfn'l'f16'fB-!lfl~l-l 1~E.Jn~l.l~1B~1-!lijA1bil~E.l'UB-!l6'f1'abl-l'V11'Ue:JbG1vl DMP, DEP, DMTP bbG1~ DETIP 

' ' ' 
ijri1w~E.J 3.35, 5.19, 1.04 bbG1~ 1.35 1~1rorm-r~;n-r~fl~be:J~ih.~ ~1m=h~UbbG1~ n~~B1\IB\I~ 

' 
A1bil~E.J'1JB-!l6'f1'abl.l'V11'Ue:Jbm·1 DEP, DMTP bbG1~ DETP bVhnu 0.92, 0.97 bb%1~ 0.84 b~bfl'an-r~; 
n 'Y~fl~ b B~U'IJ 1 'U'1J ru~~'lJ~~1UJ'U e:J-:J DM P Ill ~'Wu~'lJ~m ru1J BE.! lii'IJ ti-!l-a~~'U~ bfl ~B-!lb:!J6'f1l.l1 'atl ~ ':i11ill m 
1~ AB ~1n-J1ri1 limit of detection (<LOD) ~-:Jbb6'f~-!l1'Wm'a1-!l~ 4.16 bbG1~bb6'f~-!lm1'VJb'lJ~E.J'UbVimJ 
~-!lm-wVi 4.1 

ncl~ • P-value 

DMP 2 3.35 ± 2.37 (n=2) - (n=O) 

DEP 41 5.19 ± 1.15 (n=35) 0.92 ± 0.83 (n=6) 0.01 

DMTP 13 1.04 ± 0.61 (n=10) 0.97 ± 1.00 (n=3) 0.15 

DMDTP 0 - (n=O) - (n=O) 

DETP 52 1.35 ±0.35 (n=45) 0.84 ± 0.83 (n= 7) 0.01 

DEDTP 0 - (n=O) - (n=O) 

TOTAL 76 3.49±0.76 (n=46) 0.97 ± 0.84 (n=30) 0.01 
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A 

4.3 fl111ll~llwu5';j~'Vf11~'Wn~m';illn1';i'LoHbb6l~n1';i'Ue:J~nuB'u~';i1V\11mt1';ibflli1rh~~~~';i-w"'1n'll.l ., 'U ' 

ml!1 ru~1';ibl!'VI1ue:~ 16l'VIi.uu~~1 'J~"Ue:~~ bn~~';j 

4.3.1 fl1 11ll~l~W1..! 5';i~Vd 1 ~wq ~ n ';i';illn1 ';i~ ~ bnUfl1"!11J~U';i';i\1~1';i bflli1 nm.J~li1W~1 ~ . . 

bli'V11UB 16l'VIi.uu~~11 ~"liB~ bn'l!!tm 
.:::ll. If CV CU tf I .c::t. Q.l C.:: c;:l~QJ 

"il1 n tl1 ';il bfl 11 ~Vtm 111 ?f:W'W'U 51~Vl11-:J'W (]~ m1:w tl11"il ~ bfl'U.n1"!1'U~'U 11'l?f11 bfl:W fl\J 

tl~l!1 ru ?11 1 b:W 'Yl1 u e:J 1~ v11 'U iJ ?f ?f 11 ~ "U e:J .:~ b n~\?1 11 ~ tJ i bfl 11 ~ ~Vl1 ~ 161:wtl 1 ~ ~'Yl ~?I Vt61:w~'U ~ bb u \1 

b'VltJ161'UVt1e:J Pearson correlation coefficient (r) ~~m1Pin~1 'W'Ul1 ?ftn'U~bnui1tl1~\9lbb~~ 
'U . 

161nrubb"ilUV111b?t:we:J iJm1:w61:w~'UBbb uu~ nert~nutl~:w1tu?f11b:W'Yl1Ue:J 1~'¥11 'UD?f?f1l~'Ve:J.:J bfl~l'l1m 1 tJ 
' "' 

1~~'\.Jb~tl'IJe:JtJ e:Jci1-:~iJoJm=11rl'qj'Yl1-:J?f~~ (p <.05, r = -.302) bb~~'WUl1'W~~m'j'1Jfl111?11l"il?fe:J4J 

fl1'1J'U ~'U 'j''j'"iJrJ1 e:1 ~1 'U ?f fl1V'l ?f:W'U 'j'uJ n1 'j' hJ bb u \l ri1 tJfl1'1J'U~'lJ'j''j'"i) ?f 1'j' bfllii bb~ ~ fl1'j'i1?ft11'U~ bn~ 
, 'U 'U , 

?f1'j' bf1i1vi1'l1n~"il1 n101-r1 b'1e:J'U i1m1:w61:w~'U6 bb 'U'U~nert~n'Utl~mru?f1'j' b:W'¥11'\.Je:J 1~'Yl1 'UD61611l~'Ve:J~ 

btl~1?111'U1~~'Utl1'Unm.:~ e:Jci1-:~iJoJm=11rl'qJ'Yl1-:J?f~~ (p < .01, r = -.514, -.653 bb~~ -.565 

\91111~1~'\J) ~\l'Vl1J1tJ ()\l'Vl1 tlbtl~\911 mi1'W~ ~ fl'j''j'lJ b Vl~1t1~e:J i1 fl1'j'~VJ bn'U6'f1'j' bf1i11 'UG'ftll'U~ bn'U~~ 
tl1~1'1 bb~ ~ 161n ru bb "ilU~ 11 b?f:We:J i1m11'11l"il?fe:J'U.n1'1J'U~'U11"ill1e:J ~1 'U ?ffl1'W?f:W'U1ru hJi1m1bb U'lri1tll 

'U q v 'I 'U 'U 

.fl1'1J'U~'U11"il?f1'Hf1iJ bb~ ~iJ?ftn'U~ bnU?f1'j'bAi1vt1.:1 btl~"il1tlA-rl b'1e:J'U "il~'Vll 1'1-11~~'U?f11b:W'Yl1'Ue:J 1~-vn 
' 

1 'UD?f?f1l~'Ve:J.:J bn~me:J~1 'U 'j'~~'U~1tr'Ufie:Ji1m1:w b~tJ.:~ 1 'Ufl1'j'-ru61:wer?f6111 bAi1~wd'Un'U~\l bb?f~'l1 'ij 
'U . 

d 
\911'j'1\l'Yl 4.17 



~1~1.:J~ 4.17 fl'J1:JJ!il':JJ~'U fi-a::'Vi-J1.:J'VH] ~n':i'a:!Jn1'a~~HnU.n1"lJ'I.J::\J111Q~11bfliJnu'lfi:u1W 
&~1~b:JJ'VI1ua11il'VI1 'Liil&~&~11 ::"lla.:J bn~~-am 

.q llol ~ .ct 

wq~n11:Un1~':ii~Lnu.n1"ll'U::u-a-a'l~1'abfl:JJ 

1. il61tn'U~bn'U611'jfh~'~~l'l'jVl'lJbbE.lfl11mvn~~ hltl~tlwi''U 
'U 

161~/611'jbflilB'W 1 

2. ~m'j~'j'J"iJ61eJ'Um'li'W~u'j'jlill1eJ!:.J1 'W?lm~?l:JJ\pruVt1eJ 1~ .. ... 
3. ~n.n1"ll'U~'lJ'j'j~:JJulil1nfl'j'lJ~1'W 

4. hJilm'jbbD\1~1tJ.f11'li'W~'lJ'j'j"iJ6'l1'jbflil 
' 

5. 6'ltn'U~bnU6'l1'jbflilVh\11nlil"il1nfl-r1 b~m.J 
6. ?ltn'W~bnuiltl'j~t'lbb!il~ 1?inrubb"ilU~ Hb?l:JJeJ 'v 

* correlation is significant at the 0.05 level (2-tailed) 

** correlation is significant at the 0.01 level (2-tailed) 

!il':utl-a::~'VI~ 
"' "' ~ 

6'1'Vi~:JJW'I.JG 
p-value 

- -

** 
-.514 0.000 

- -
** 

-.653 0.000 
** 

-.565 0.000 
* 

-.302 0.041 

52 
' 

4.3.2 fl'J 1:JJ!il':JJ~'U fi-a::'Vi'J1.:JW q ~f1~1:1JflTH·J 6'1:JJ6'11~ bfl iJnutJ~:JJ1 W6'11'ab:JJ'VI1\Je:J11ilviL 'Ui 

il&~&~1'J::"lla.:J bn~~~n-a ' 

"il 1 n m 'jl bfl'j1~~fl11J.J iK:JJ'W'W rh ~vn' 1\1~ t] ~ m 'j:JJ m 'j V.J ?l:JJ 6'l1'j bflil nu tl~m ru 6'l1'j: 

b:JJ'Vl1UeJ hrvi1 'WU6'l6'l11~"1JeJ\I bm~mv.J!ilf11'jPlf1~1 ~u11 m'j1-tlm~ueJnl'l1\l/-tleJ'Wm\11 'Wf11'jv.J6'l:JJ: 

?l1'jbflililfl11:JJ61':JJ'Wwhb uu V.J n~'W nutl~:JJ1ru?l1'jb:JJ'Vl1UeJ 1!i~'Vl1 'WU?l?l11~"1JeJ\I bn~m 1 'W'j~~u b~ m!e1 tJ 

e:J~1\Iil'l!m11AqJ'Vl1\16'l~~ (p < .01, r = -.43 7) ?i'd'Wf11'jB1'Wummblil~ 1-b'?l1'jbflilm:JJ~fh'Vf'W~ 111 'W 

umnm'j?l'J:JJbfl~e:J\IDe:J\In'W~1\ImtJ"lJru~V.J?l:JJ (~\lileJ, er1tl~"il~n) bblil~ 1~ilm'jv.J?l:JJ?l1'jbfliJVtmtJ'l!il~ 
b vl eJ b viJ.J n1 'aeJ eJ n 'l'Vl~Vl~B 1-1i?l1'a bflil1 'UtJ'1J..J1 ru~ b .UJ..J.U'U bfl'U n11~ 0691 n rl1Vl'W ~il fl11J.J~J.J~'W 6-
bb uuv.J n ~'Wnutl~:JJ1tu6'l1'j b:JJ'V11U eJ 1m11 'WU6'l6'l11 ~"1JeJ\Ibf1~1'1'j1 'W'j~~utl1'Wnm\l eJ ~1\lil'l!mhr'l qJ 

'Vl1\16'l~~ (p < .01, r = -.562, -.707 bb!il~ -.742 m:JJ~h~u) ~\I'Vf:JJltJti\1 Vt1mn~l'l'jf11il~t]~m'j:JJ 
b'Vf~1-d ~e:J ilm'jB1'Wumn bbm:: 1-1i611'jbflili'11:JJ~n1Vl'W~1ll 'Wumn ilm'j1-tlm~ueJnl'l1\l/-tleJ'WI'11\11 'W 

f11'jv.J ?l:JJ bblil~ f11'j?l'J:JJ bfl~eJ\IDeJ\1 n'W~1\I mtJ"lJtu~V.J61:JJ (tt\lile:J, er1u~"i1:JJn) bblil~ hJil f11'jv.J?l:JJ?l1'jbfliJ 
' 'U ' 

Vtlil1 tJ'llil ~ b ~e:J b ~:JJ n1 'je:Je:J f1tJ'VltVt1e:J1-lf?l1'j bfli11 'W'tJ~:JJ1ru~ b oif:JJ-if'W bfi'W n11~u!il1 n tl1Vt'W ~"il ~v111 ~-
'tJ~m ru6'l1'jb:JJ'Vl1UeJ 1m11 'WU?l6'l11 ~"lJe:J\1 bn~l'l'jil'j~ ~u ~1 "il~ b i1'W 1~11 bf1~1'1'jmn~:JJ~1 eJ ~1\11 'W, 

' 
f11'jPl mn fl ~".Oil~ t] ~ m'j:JJ 1 'W f11'j V.J 6'l:JJ6'l1'j~ AeJ'Woif1\l ~,j''Wf1e:Jilm1:JJ b~ tJ\11 'W f11'j-ru61:JJ~6'l6'l1 'j bflil 

~1b'li'Wn'W~\Ibb6'l~\11'WI'11'j1\J~ 4.18 



5$ 

i 
' 'I I 

~1':i1~Vi 4.18 fi'J1116Y3JcW'Ulh~'VI11~'VHl~fl':i':i11fl1':ill-lfl11fl1':ibfliinutJ~111flH11':iU..JVI1'Uel bft't1L ~ 
Uflfi1'J~"llel~bfl~~':ifl':i I 

i 

p-value I 

5. :W fl1':it:-J6'tl.J?I1':i bfi:Wvn;ntJ'llil~ b ~m ~:J..J fl1':i€JB fl()'Vli'VI~€1 1-li 

611':ibflffi 'UU~:J..J1 ru~ b -rr:J..J-rr'U bfi1.Jfll1~Um flflTVI'U~ 

* correlation is significant at the 0.05 level (2-tailed) 

** correlation is significant at the 0.01 level (2-tailed) 

-.562 

-.437 

-.707 

-.742 

I 

0.000 

0.002 

0.000 

0.000 

4.3.3 fi'J 1 :J..J 6Y11<W'u :h~'VI11~'V'I q ~ n':i':i11n1':iil ~vJu fl1':ibfl iinut1~111 rufl1':i b11V11'Uv1fl..11 'liA 

i:l fl fl1 'J ~"llel ~ bfl~~ ':ifl':i 

~ 1 fl fl1 ':il b fl ':i1 ~~A11 :J..J ~ :J..J Yr'U 5':i~ 'VIl1 \l Vol() &1 fl':i ':i:J..J fl1 ':i 5 ~~ 'U ?11 ':i b A ij n tJ 'lJ~ :J..J 1 ru 611 ~ 

b:J..J'Vl1UB bG'l'Vl1 'UU616111~'llB\l bfl't}~':it:-JG'l fl1':iPlfl't}1 V-ltJl1 fl1':i hi\w n'Vi'1m1:J..J61~m~ bfi~€1-:~:WB bA~€1" H 
b~mr1 ~'llmru~'ll'Ub~B'U~'U 1 num':i'll1':i~~1\l~'llmruB~1\l~'U :Wm1:J..J~:J..J-Yr'U5bb'U'Ut:-lfl~'Un4J 
'll~mru611':ib:J..J'Vl1'U€l bG'l'Vl1 'UU616111~'llB\lbfl't}~':i1 'U':i~vJ'U1JBtJ B~1'l:W1!m11f"i'ty'Vl1\l61~&1 (p < .OS, r ::;: 

-. 3 72) bb~'llru~5~~'U 1lJ:W611':i bA:W61J:J..J b ~B'U b~mr1~?11:J..J 16'i'VI~B~:J..J~?I t:h'VI11'l ilA11:J..J~:J..J-Yr'U5bb 'U'U t:-J n ~w 
nu 'll~:J..J1 tu611':i b:J..J'Vl1'U B 1m11 'UU616111~'(Je:J\l bfl't}~':i1 'U ':i~vl'UD1'U flG'jl\l B ~1'lil11m11 f0lqj'Vl1\l61~ ~ 

(p < .01, r = -.793) <S-:~'VImtJri-:J'VI1flbn'\~1?11nd:W'V'Jb]~fl':i1:J..Jb'VI"1-d' fiB hlbbtJflYl1f111:J..J61~e:J1~ 
bfi~B'liJB bA~B'l1-ff b~mr1 BDfl':itU~'lJ'Ub~B'U~'U ., n'Uf1T':i'/l1':i~~1-:IBDfl':itUB~1'1~'U ':i1:J..J~\l'lltu~5~ 

' I ' 

oW'U 1lJiJ611':ibAiJ61J:J..Jb~B'Ub~mr1~611:J..J 16'i'VI~B~:J..J~61r:i1'VItJ\l ~~vl11 ~'lJ~:J..J1f1!?11':ib:J..J'Vl1'UB bG'1V11 'Ui:J?I6111~ 
'(Je:J\l bfl't}~':iih~ vi''U ~1,r'U fi B:Wfi11:J..J b~ tJ-:~ 1 'Um':i'!'U~:J..J~61?11':ib~"~ffi 'U'llru~5~~'U~1 b -d'Un'U vi''l bb?l~'l1 w 

..l 
~1':i1\l'Vl 4.19 

~1':i1\l~ 4.19 fi'J1116Y:J..J.Wu:h~'VI11 ~'V'Iq~m':i:J..Jm':i5~vJuf!1':ibfliinum:J..J1rufl1':ib11VI1'Uv1"..1 
1 ui:lf!m'J~"ll eN bn~~-am 

p-value 



~T'a1~~ 4.19 fi113Ja3.1.W'L!5"a::VI';h~vHl~n·a-"a11m"aa~rrh..!~T';ibfliinmfi111W~TH3J'Vl1ue:~ l~'Vi' 
1 'L!U~~11::"1.1e:J·Un"t;~"am (~e:J) 

6. 'Uru~~~~'Wii'U'Vl~ mvn~ J1~l.le:JtJbn~u~rJru~'Wm'<il'll'Wb~e:J'W 
' v 

... ... ' 
?f1~bl"ll.l'UtU~Q\9l'V'l'U 

7. vJ1'U 1~vl11"1113J?f~e:J1\91~1'1 fl1tJ bb6'1~e:JtJ mru~\9l~'U'V!~'I b?f~'<il 
' 

fl1~ 1-ii''I1'W11''WVJ 

s. vl1'W1~bbvnvl'11"1113J?f~m\9lbl"l~e:~.:~ije:~ bl"l~e:~.:~1.if b~mr1 e:~'llmcl 
' 

~'ll'Ub~e:J'U~'U 1 num~-il1~~~1'1e:J~1'1~'U 
9. vi1'Wiim~(9)~1'<il b ~l"lv11m1l-l?l~m\91 bb6'1~"lie:~l-l bb61Jl-le:JtJmcl 

' 
ueJ.:~n'UeJ'W(9)~1 t!VI~.:J'<il1nm~ 1 .if.:~1'Wbb~1Vlnl"l~'~ 

' 

* correlation is significant at the 0.05 Level (2-tailed) 

** correlation is significant at the 0.01 Level (2-tailed) 

.... ~ 

~11'lh::~'Vl5 p-value 
.... .... i 

~V1~3J'W'L!t5 

** 
-.793 0.000 

- -

-.248 0.096 

-.372 0.011 

-.113 0.456 

4.3 .4 fl1111 Gl 3JoW 'L! th ::VI ·;h ~ 'W q ~ n "a'a3J VI~~ n1 'a~ \9lvJ 'U ~1 'a bfl ij nu'lJ'il.l1 W ~ 1 "a ba.JV11 U eJ 1 ~vi] 
1 'WU~~11::"1.1e:J~ bn"t;~"am 

'<il 1 n n1 ~1 bl"l ~ 1 ~~ 1"111l.l ~ l.l~ 'W 5~~'V!l1.:J'V'l ~ ~ n ~~l.l'V!~ .:~ n1~~ \9l~'W ?11 ~ bl"li:i nutJ~l.l 1 ru ?11 ~: 

bl.lV11'UeJ 16'1VJ1 'WD?f?f11~'1JB.:J bn~~~~" m~Pi m~n 'V'l'Ul1 bn~mmii m ~~mJ \9l~?f1l.l 1G1'1Jru~~\9l~'WVJ'UVJt 
' 

'Vl~"l b?l~':il"l1'WiJ fl'd 1~~~~'Wthb 'U'U ~ f1~'W nutJ~~1tU?l1'a b~VI1'UB hrvib 'l..rlJ ?1?111 ~'UB.:J bf1~(9) 'J 1 'W'a~ lii'u 

b~fl'IJe:JtJ e:J~1.:~iiirm11rl'~V11.:J?fi:i~ (p < .01, r = -.379) G11'Wfl1~~eJ\91~\9l~?f1l.lbG1'1Jru~~u?f1~bl"lii 
VluVIV!~.:J b?f~'<il\l1U iim~bfl'U?f1~ bl"lii1 u ~ 611'V!-ru bfl'U?f1~bl"lii fl1'1J'W~~1G1?f1~ bl"lii ih~ \91Pl(9) ~Vl"11~1-U1 v v 

V!l-l \91 bb~1i11l tJ ~ .:~Vl~e:~ b~1 iim1l-l~~~u6 bb uu~ n iru nutJ'il-l1tU?f1 ~ bl-lVJ1u e:~ 16'1VJ1 'WD ?1?111 ~'1le:J\l bn~(>) ~· 

1u~~~'UU1'Wfl6'11\l mh'liiirm11rl'~V11.:J?fi:i~ (p < .01, r = -.776, -.729 bb6'1~ -.768 (9)13J~1~u); 

bb~ bfl~m miimuJ 111''WVJ'V!~ \jQ \91~1.1?11~ bl"lii iil"l113J~l.l~'U 5 bb 'U'U ~ fl ir'U nu'll~m tU?f1~ bl.JV11'U eJ 1m11 

1uu?f?f11~'Ue:J\lbfl~(>)'a1'U~~~'U~'I e:J~1'liiirm11rl~Vl1\l?fi:i~ (p < .01, r = -.805) 61i.:~'V!~1tJ~\l 
'V!1flbfl~(>)~mii'V'lf)~m~l.l b 'V!~1d fie:~ ~e:J\91"1l~~?f1l.l 1G1'1Jru~~U?f1~bl"liiV1uVl'Vl~\lb?f~'<il\l1U iim~~n'U~: 

•j ' ' 

~ ?f13J bG1'1J ru ~ ~ \9l~UVJU VJVI~\l b?fh \l1U ij fl1~ bfl'U ?11~ bl"lffi U ~ 611'V!-r'U bfl'U?f1~ bl"li:i fl1"1JU~mG1?f1~ bl"li:i: 
v 

n1~ \91Pl(9) ~Vl"llm .if'Vll.l\91 bb~1i111 U~'I'V!~m~ 1 bb6'1 ~ muJ1VJUVJ'V!~\l~\9l~'U?l1 ~ bl"lii '<iJ ~v\' 11-M'tJ~mru?f1 ~ bl.J: v 

VJ1'Ue:J b6'1VJ1 UD?f?f11~'1Je:J\lbfl~(>)~ih~~u~1 '<il~b~u 1~11 bfl~(>)~mn~l.l~1e:J~1\lb um~Pin~11"l~'ldi1! 
' 

'V'l~~ m~l.l'V!~\l m~~\9l~U?f1~bl"lii~~ ~'Wfi e:~i11"111l.l b~ tJ\lb u m~-ru~l.l~?f?f1~ bl"li:i~ 1 b 'li'W n'W ~" bb?l\91'1 

1um~1\l~ 4.20 



5$ 

i 

\911';i1.:J~ 4.20 f1113J~3J-w'uth~'VI11.:J'rl q ~n';i';i3J'VIlil' .:J m <;jfl ~vJua1';j bfliinuu~3J1 wa1';ib3J'VI1'Uv lf>l~ 
1uilafil11~"lleJ.:Jbmi\OI';in<;i 1 

p-value I 

-.776 0.000 

-.379 0.009 

-.729 0.000 

-.763 0.000 

" 
9. muthvi'uvh'l~'lo~vlu -.805 0.000 

"il1nm~f'in~1'V'l'U'h ~e:JCJ~~ 54.3 -ut~~bn~l?1~mm-1l'?ITHfli1rh<ii'~fi'm.y;"UbU'Wb'V'lP1"111~ 
" " ' 

t~CJi1mmu~CJ 39 tJ i1mCJeJ~~~'t,d1>:J 29- so tJ ~1'WbVIflri1m~f!in~1eJCJ'1u~~~u.ff'UtJ~~~:uf!inw 
q q 'V g~ '\.1 

fi~btl'W~e:JCJ~~ 65.2 bn~mmvr~VI:u~i1fl11:U~1'Um~'\.J~n'V'l~n 1 flf~l?it~tl t~CJ"il~'\.J~n'V'l~n1'U"1i1i~ 
" " ' 

b~e:J'U'V'l']\"1~ n1 CJ'Ufl~ b~e:J'Ub:U~1 CJ'U"Ue:l~VJ ntJ bn~l?1~n-JG'f1'Ub Vlqjvl1VI1JTffi 'U n1~~6'1:U6'11~bfliJ btl~ b~ ~ 
~1'Ub'VIqjvl1n1~~6'1:U6'11~bfli1 2 "UtJ~'V'l~eJ:U I tl'U b~eJ"il~1vitl.J~eJ'l5~vl'UVIGnCJfl~'lbb~~~1'Ub'VIt~ 
i1m1:u~1'Wm~5~vl'U 2 fl~>:JI?im~t~'U ~'l6'1eJ~fl~eJ'Ifl'U'l1'Wi~CJ"UeJ'l'VleJ~b~t1J th~~ne:~'W (2547) bb~r 
Hector c. (2008) ~'V'l'UrJ1bn~l?1~m~1'U1 V1Wvl1n1~~6'1:U6'11~bfli1n1~~f\'1?1~.y;"1J 2 "1JtJ~1'Wm~5~vl~ 

v " .., 
bbl?i~~fl1'l 

"il1nm~ii:ufl1~ru-1l'e:~:u~~1'U6'1"1Jfi1'V'l"Ue:J'lbn~l?1~n~ 'V'l'tYJ1bn~mm~e:~CJ~~ 86.96 1~1'\!J 
" ' 

m~l?1~1"il'VI16'11~bfli1n1~~f\'1?1~~"111'Wb~e:J~ 6'11:U1~~..J'1bb'Umtl'Wmh..J'\.Jn~..J'1'U1'U 9 fl'W fi~btl'W 
" ' 

~e:JCJ~~ 22.50 mi:utJ~t~~ilCJ..J'1'U1'W 21 fl'U A~bU'U~eJCJ~~ 45.65 mi:ui1fl11:Ub~CJ'l~1'U1'U 9 fl'U 
' ' 

fi~btl'U~e:JCJ~~ 22.50 bb~~n~:uhh.J~e:~~ilCJ..J'1'U1'W 1 fl'U fi~btl'U~e:JCJ~~ 2.5 ~>:Jbn~l?1~m~1'U1VIqje:~~ 
1'Wn~:utJ~e:~~ilmb~~tJn~ ?leJ~fl~eJ'ltl'U~1'Wl~CJ"UeJ'l e:J'U1~CJ ~h1hlil'l1 (2542) bb~~ 'V¥"11~ 1'~'U~'U~"l 

' 
(2546) bb~~6'11~ bfliJ n1~ ~fl\?1~~"1Jn~:Ue:Je:J~n1 t 'U'I"Je:J?Ib 'I"JI?1~H'1 'U~'U~ EJ~~~~~ n'J~'Vl'UI?ie:J~1~n1 eJ 

'\.1 , ' 

:u1n1Jt~CJ~'Un'U~~~um1:u b tl'W'~~ b -d'U ~~CJ~bOCJ'U'V'l~'U"il~i1eJ1n1~VI1J1i1~ l'lbl CJ'U~~~~ fl~'W1~ 
81b~CJ'U b'U'U~'U ~1'Umm~"Umbn~l?1~m1'Wm~f!in~1fl~'ld 'V'l'UrJ1 n~:w(;)1e:J~1'l~1'Ub'VIW"il~i1mm'S 

' v 

"UeJ'l~~uutJ~~6'11'Vl b"li'U fl~'U1~ mb~CJ'U '\.J1~~~~~ i~blCJ'U ~'lbn~l?1~m6'11'UL'VIqj"il~i1e:J1n1~b~n1Je:~a~ 
bb!?ihh.ie:JCJ ?leJ~fl~eJ'ltl'U'l1'Ul~CJ"UeJ'l Kachaiyaphum (2010) ~'V'l'UrJ1bn~mmi1eJ1n1~ fl~'W1~ 
e:J1b~CJ'U tJ1~~~~~ i>:JblCJ'U Vl~'lm~1-1i'?~1~bfli1n1~~fi'l?1~~"11 

" 



5~ 

Llio>11 """h LL u n;; il~il~1il •1n ""'"1'"il1u m1~i 11' ~''";; LLil ""~;;""~tum' 1j 
6'11'HAihh~vWll?l~Yl"U"1Ja.:JLfl'jji?J~W.iaamtJ'U 3 ':i~~U 11'i'LLfi ':i~~U~\1 ':i~~Uth'Ufl~l-:1 LL~~':i~~U~~ 

~1flt:JG'lfl1':i611':i1'<\J':i~~Url11:U-rl 'Ufl1':i 1 i6'11':iLrlijfh~'Vl~l?l':iYl"ll LL?!Vl.:Jr.JG'l?l':iU~\11?11':i1\l~ 5.1 I 
'U 'U ' i 

I 

1?11'a1.::!~ 4.21 n1-a~1 bb 'L!m::~Uft11:Ui ~fi'L!ft~ bbli'l ::VU]~m-a:ui. 'L!fl1'ab -if~1'abfliirhlij'V1AI?l~W'tl"lle!~ 
bfl'jj\?l'afl'a 

"' II 0 II 

'a~~Uft113J1, ~1'L!'J'L! 'ae!VIi'l~ 
.., 

ijm1:uia~b'U':i~l9lu?t\l (~m.m~ 80 :U'U1tJ) 33 71.7 

iiA-;n:ui'eJ~b'U':i~\9lu\J1'Uflm\l (~at'JG'l~ 60- 79) 6 13.1 

iifl11:U~a~b'U':i~\9l'U~1 (~1fll1 ~at'JG'l~ 60) 7 15.2 

"' "' "" 'a~~'U'Vlfi'Uftl?l 

ii~l"l'Url~lb~\1'\Jlfl (~at'JG'l~ 80 ~'U1tJ) 37 80.4 

i:i~l"l'UA~ibtl'Unm\1 (~at'JG'l~ 60 - 79) 9 19.6 

:lj~l"l'Url~L~\IG'l'\J (~1fll1 ~at'J~~ 60) 0 0 

"' "" ~::VJ'U'Vltjl?lfl'a~:U 

:lj~tj~fl':i':i:Uat'Jb'U':i~\91'\J~ (~at'JG'l~ 80 ~'lJ1tJ) 28 60.9 

i:i~t]~fl':i':i:Uat'Jb'U':i~~'IJU1'lJflm\l (1at'J{;l~ 60 - 79) 14 30.4 

:lj~tj~fl':i':i:Ua~b 'lJ':i~~'\JrlT~tJ-rutJ1\I (~1fll1 1at'J(;l~ 60) 4 8.7 

'<\11flfl1':i611':i1'<\Jvl1'lJfl11:Ui ~l"l'Url~ LL{;l~~tj~ fl':i':i:U1 'U fl1':i1 i?tl':iLAi:i fll~~ ~l?l~Yl"ll"lla-!1 

Lfl'lji?J ':ifl':i~'\Jl1vl1'Urll1:U~"lla\l Lfl'jji?J':ifl':iL~tJdtl'\J fl1':i1 i?t1':i Lflffi 'lJfl1':irl1~V1~mYl"U ?f'J'lJ 1 Vlruiifl11~ 
'U 'U ~ 

~a ~1 'lJ ':i~\9lu ~ fiVJ L U'lJ ~a t'J(;j ~ 71.7 1'11t~~l"l'UA~ L~ t'J1 flu fl1':i1-1i'?t1':iLAn1 'lJ fl1':ifh~ VJ~I?l':iiil"U'Va-!1 
\J \J \J 

bfl'lji?J':jfl':i elt'J 1 'lJ':i~~'\J b ~\1'\Jlfl fiVJb U'U1e:J t'J{;j~ 80.4 bL~~bfl'jji?J':ifl':im i6'11':iLAiinT~,Vl~l?l':iiil"llii~ fl~ fl':i':i:l\1 
'U 'U 'U "'I 

m':i 1 i?t1':iLAiin1~Vl~l?l':iiil"ll1VJt'J.n1~':il:Ue:Jt'J1 'U':i~vi'u~ Ae:J i:i?tmt~~Li'h.J?t1':iLAiin1~V1~miil"ULLt'Jn1 t 
\J \J 'U 

L0~1~~ 1~tJ:;tJt~nu16'1V1/?t1~LA:i1~t~ ., :i1m':i 1·uhJ'mt~6'11':iLAiirh~V1~miil"U'Vru:;t:J6'1:u?t1':iLA:i1n1~~ 
' I \J 

~l?l~iiJ"ULL Vl'lJ 1-1Ji:ie:Jm'lJ LL{;l~Lfl'lji?J':i:ljfl1':iUDml~1 1 'U'lJt1J:;QVJ~'lJ?l1':iLAi:in1~V1~1?1~Yl"U11'i'a~1\IL VI:J.J1~6'1~ 

1V1 t'Ji:i fl1':iV1~1"lVJ1\I{;l:Ufi e:J'lJQVJ~'lJLL{;l ~'<\!:;a~ L Vli1e:J~ l"lVJ1\I(;l:IJ'lJt1J~QVl~'lJ ijfl1':i'Vhrl11:U?t:;e:J1V1~1-:Jfl1 Ejl 
\J \J 

bb{;l ~~t.JmruQVJ~'lJVI~\1 b?t~'<\1 m':i 1 i'l1'lJ~'UVl :lj fl1':i 1 i~tJ mruue:J\1 tl'Uel'lJI?l':i1t'Je:J~1\11Je:Jt'Jfl'U{;l:; 4 "Uu~ 

'Vt1J~'Vhfl1':it:-JG'I:UVI~aQVJ~'lJ ~tJ mruua.:Jtl'lJ~ bfl'jji?J':ifl':iUt'J:U1 i?flt~1 m1J11'i' LLn VI:Ul 111~-:Jfl~:U~':i'lj~ 
miia~1/t;1-:J:tia'VIU'l ':ia'lLVf1, tV!t'J1'l b~BbL'V'lJt'J11 fl1'lbfl'l'V1CJ11 LL{;l~VI1J1fl1fl/~1DV1'<\J:Uflr111Ua'W 

'l 'l '(! 'U 

611V1-r'\J~tj~ fl':i':i:U fl1':i1 i6'11':iLAii rl1~Vl~l?l~iiJ"U~fld':i:lj fl1':itJ-rutJ~ 'l 11'1 LLfi Lfl'jj\?l':ifl':i?fl'U1 VlqjhJ~ 
?tm'lJ~Lfh.J?t1':i Lflii rl1~ Vl~l?l ':iiiJ"U~i:itJ':i~ 1?1 LL{;l~ 1?f flru LL'<\JD V1bl L?t:Ua ijfl1':it:J?l:U?l1':iLAii'VIm t'J"IJU~ L ~a 

'U 'U 'I v ~ 

L ~:Ufl1':i'€l e:Jflt]VI~VI~a 1 i?t1':i Lflffi 'lJU~:U1 ru~ L oV:UoV'lJLn'lJfl'·h~omn rl1V!'lJV1 LL{;l~ hJijfl1':iLLC!fl'Vhfl11~ 
?t:;mVJLA~e:J.:J:tia LA~e:J'l1i L~a~1 atJmru~tJt~Ltie:J'Unum':i'l11':i~~1-:Ja~1\l~'lJ LU'U~'lJ 

' 
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! 

lil1 n n 1 j 1 b r1 j 1 ~ ~ tl'1l.l 1 ru 6'11 j b lJ VJ1 u eJ 16'1 v1 'IJ rJ '16'11 j n ~ l.l rJ e:1 { n 1 t 'U w e:1 6'1 b w J 
' I 

(Dialkylphosphate, DAPs) hru6'16'111~'1Je:J~bm~mm~tl~n'V'j1fl bb6't~fl~lJB1-:JB'l~-:J1:iJ1vl'th~ne:J~ 
r.J1~'V'j Ln~l))jf)j e.J6'tn1j~n~1'V'jtJrJ1 u.'1l.l1ru6'11jblJY11tJe:J 1f1v1~a1 U'1Jr.J'l6'11je:Je:J{n1{1 'UWe:J6'1b wt 
(Common DAPs) 6 "11U~1'U'\J6'16'111~ ~.:JtJj~f1r.JtJ~'JCJ6'11jblJY11tJr.J16'tv1 DMP, DMTP, DEP, DET~, 

DMDTP bb6't~ DEDTP t~~tJ1mru6'11jblJV11tJe:J16'tVJL 'WD6'16'11l~G'ia'W1 'VIqj~IPlj'JliJ'V'jtJ 1 'Wfl~l.lbfl~IPJjfl~ 
n~l.l~leJ~1'l~eJ DEP bb6't~ DETP ~'l b tl'UblJV11tJ e:J1m1vi'1 1 U'IJeJ'l6'11jbfljj n1~ ~ bbl.l6't.:!fl6'te:J1 'V'j1We:J~ 

' ~bn~~PJjmt-if~~oW'We:J~1-:Jbb'V'j~'VI6'11~1'W~'W~~m~1 t~~ DEP jjf11e:J~j~'VI11\I <LOD - 21.64 
'\J 

1J.J tmn1J.J/n1:~-m1be:J~ij'W DETP jjf11e:J~j~'VIl1\l <LOD - 5.41 1l.l lfljf11l.l/n1l.lfl1br.J~i1'WG'i1'WflTS 
'\J 

1P1 j1 liJ'V'jtJ blJV11tJ e:J1 mii OM P bb6'1~ D MTP ~\11:Wb-1ibl.l V11tJ eJ 1mJivi'1 1 tl 'IJ '€l '16'11 j bfl jj rh ~ ~ bbl.l 6'1 ~ 
fl6'te:J1 'V'j1We:J6'1 m~ Ln~~1f1fl1j 1vl'-ru;;rJ.Jir6'16'11jbfljjn1~~Pi'IPlj~"1Jn~J.Je:Je:J{m t 'WWe:J6'1bW1P1"1lii~~'WboU11 ~ 

'\J ' 

~1flfl1j1tJtJj~VJ1'Wirn e-16'1 hj~jjfl1jU'Wb~e:J'W6'11jbfljjn1~~bbl.J6'1\I L~CJ DMP jjf11r.J~j~'VI11-:J <LOD ... 
'\J 

6.021J.J lfljf11J.J/n1J.Jfl1be:J~i1'W DMTP jjf11e:J~j~'VIl1\l <LOD - 1.4 71J.J lfljfl1J.J/n1J.Jfl1be:J~i1'Wb~al 
'\J 

Ltl1~u b ViCJutl1J.J1tl.l6'11jbJ.JV11tJe:J1m1~\I'VIJ.J~ (Total DAPs) j~'VI11\I bfl~mm~tl 6'1 fl'V'j1flbb6't~ n~:JU 
. cu 'U q 

B1\l ~\I'V'jtJrJ1tl'1l.l1 ru6'11jblJVJ1tJ rJ 1m1~\I'VIl.l~ 1 'WD6'16'111~'1Jr.J.:J bn~~PJjm~tl6't n'V'j1nn A16'1\l n11tl1mtl!J 
'\J '\J '\J 

blJVltJ e:J1mJ11 'W n ~l.l ei' 1\1 ~'~ e:1 ~ 1 \ln'IY m11r1 ru ( P<O. 05) t~ CJ 1"11 LO~ CJ'1Jr.J\16'11j LlJVJ1tJr.J 1mii~\I'VIJ.J Ill ' ~ 

1'WD6'16'11l~'IJe:J\Ibfl~IPlm~tl6'tn'V'j1fl jjf11e:J~1wli1\l 0.06 - 28.41 1J.Jtfljn1l.l/n1l.lfl1Le:J~U'W bb6't~ 
'\J '\J '\J 

1"11 Lo ~ CJ 'IJ e:J \16'11 j bJ.JY11tJ e:J1mJl~\l 'VIl.l ~ 1 'W 11 6'16'111 ~'IJ e:J\1 n ~ J.J ei' 1\1 B 'l jj 1"11 rJ ~1 'W "1!1 'l o. 04 - o .4~ 
' '\J 

1J.Jtfljfl1J.J/n1J.Jfl1beJ~ii'W 1'W'IJru~~fl1jPifl~1'1Je:J\I 6'1J.JPi'n~ B'WVlmiPl bb6't~ <ll~'VI~CJ b'V'j"1Jj"1f1~ 
(2555) b~eJ\Ifl1jtJj~ bil'Wfl1j;;rl.JiJ6'16'11jbfljjn1~~Pi'IPlj~"1Jn~l.lr.Je:J{m t 'WWr.J6'1 b W1P11 'Wbfl~~PJjm~tl6't ri1 

\1 'I '\J 'U. 

~e:Jmurulilml"l 1'11tJ6'1511Pl'V'j'l.JlJ B1b.flr.J511Pl'V'j'WJ.J ~.:Jw!J~'Uflj'V'j'l.Jl.J 1~CJ~n~11 'Wbfl~IPljm"iJ1'W1'W 20 flU 
~ ' ' 

'V'jtJl16'11jbJ.JY11tJeJ 1m1'1JeJ\16'11jbfljj n1~ ~Pi' m~"1lr.Je:J{m1 'WWr.J6'1 L 'W1P11 'WD6'16'111~ Ln~~PJj~\11~LLn6'111 
'\J 

blJV11tJr.J1m1 DMP, DEP, DMTP, DETP bb6't~ DEDTP tl'1l.l1ru~m'Jlil'V'jtJbb~6'1~"1lU~i1A1bO~~ 
bj'IJ1flru1Ple:J~~ 33.80, 6.69, 1.47, 0.85 bbfl~ 1.681:ULfl'jWr:U~"Elfl~l.JI""l~b'€l~ij'W IPll:UGl1t'ltJ bbfl::: 

'\J 

j~l'i'tJ6'11jbl.JV11tJ eJ 1m1~\I'VIJ.J~ (Total DAPs) 1 'WD6'16'111~'1Je:J\Ifl~l.Jbfl~\Pljflj~tJ 6'1 n~e:J m uru~mi"' 
, 'U 'U Q.l 

~\lnl1fl~l.leJ1\IB\1~1:W1~tJj~fle:JtJr.J1~'V'j bn~IPlj mr.J ~1\ln'!Ymh rl't1J lil1n fl1jPin~1'1Je:J\I Petch uay, 

C. et al. (2008) m1~l~6'11jbl.JV11tJeJ1mJl'IJr.J'le:Je:Jiml'Wvle:J6'1bvliP11'W~tl'IJe:J\I (Dialkylphosphate; 

DAPs) 1 'WD6'16'111~'1Jr.J\Ib~nne:J'Wlm~ CJ'W ru "llJ.J"Il'Wbfl~IPl j fljjlJI'11tJ6'ttJ1\I b 'VI~CJ\1 B1 L.nr.J fl e:J'W b i1CJ~ 
' ' 

~\I 'VIi'~ 6'1 '~ 'IJ 6'1 1 'V'jtJ11 j~ vi'u 6'11 j bJ.JVJ1ue:J16'tVJ1 'UD6'16'111~'1Je:J\Ib~n~r.JCJ1 "Wmr.Jufl~1 bn~~PJjmmPi'CJ 
'\J 

1'WbbU6't\IU6'tnirn jjj~l'i'tJ6'11jbl.JV11tJe:J1m11~bbtl DMP, DMTP, DETP bb6't~ DEDTP 6'1\lfll1fl~ll 
'\J '\J ' 

eJ1\I~\I~hi1~mPi'CJ e:J~ bb tl6't\leY n bb!;l~ 1:W1~e:JCJ1 'WfljeJtJA11 bn~~PJjfljjlJ yjtJrJ1r.J~1\In'IYm11fl'ru bb6't~t1'~ 
'\J '\J ~ 

6'1e:J~A~eJ\ItltJe.J6'Jfl1jPifl~1'1Je:J\I Ueyama, J. et al. (2010) ~\lvhmjPifl~11'Wn~:u~~i1fl1j;;rJ.JirG1 
' '\J 

6'11j bAn n1~~Pi'IPlj~"1j1 'l.Jj~vru ~1 (n~J.Jel1\l~\l) nu n~J.J~nmj;;rl.Jir6'16'11jbflnn1~~Prm1 'l.Jj~vru6'1\l 
'U , , 'U 'U' 

(~tJj~nr.Jue:J1~'V'j1tJ~1\I~~-w'W6'11jbAnn1~~Pl'IPlj~'IJ) ~1mi1r.J\I chubu tJj~bVJI"lfiiu'W 'V'jtJ11 n~l.l~d 
\I \I IIV q , 

fl1j;;rl.Jir6'16'11jbfln n1~~ PliP1~~"1ijjtJ1lJ1 ru6'11j blJV11tJ €) 16'1 vl dialkylphosphate lJ1 nn11n~l.J el1\l~\l 

Hanchenlaksh, c. et al. (2011) 1~~n~1j~l'i'tJ6'11jblJV11tJr.J16'tv1'1Je:J\16'11jbflnn1~~Pl\Plj~"lJI 
'II I 

(Dialkylphosphate, DAPs) lu'lJ6'16'1'l1~'1J&!ILn~l))'ffijbb6't~Ajr.JtJA11 tJj~bV11'11VlCJ 1~CJPin~11~ 



5 

bfl'l3mm~'IJ"ne1'n-:6'Tu1'U 16 fl'U bbm~bfl'l3\w~m~vh?11'Ut:-J" 1~-:6'1'U1'U 16 fl'U Yl'U'"h?11~b~Vl1'UeJ1" ~ 
'U 'U 'U 

.Jf ~ill~ ~ 1 'U -u G'l G'l11 ~ '1J e1 -:t b n '13 ~ n ~ ~ LJ 6'l n ern bb" ::: -01 G'I'J 'U [:..1 "1l1 ii fi 1 b u ~ tJ b ~ '1J 1 fl ru ~ '€) cJ 
'U 'U 'U 

51.11~1A~n-r~~'€ln-r~fl~beJ~i1'U bb"::: 122.21~1mn-r~~'€ln-r~fl~b'€l~i1'U ~1~~1~'\J ~~~1nn ~ 
'W~1~tu1fl1'j ~ fl'l31oU1-:tlii''U ~u;h fl1'j~'j'J~ill1?11'jb~Vl1'UeJ1"Vl1 'UiJ?I?I11 :::'lJ'€1-:t bfl'l3~ 'j m~ :::?11m'jfi'W~ 
?11'jb~Vl1'\JeJ 1m1Vln'1Ji1~ b i:i eJ~"il1flbfl'l3~'jmiim11-li?t11 bfliiillmtJ'llU~ 1 'Um~5~~'U ci'J'Ui.J~~1ruG'Ii1 ' . 
blJVl1'\J '€11" v1 ~ii fi 1 bb~ n ~ 1-:t n'U 1 'U bb~ m: m1~ fl'l31t!'UlJ1 ~ 1 fl'W11 ~ m1~ m ~ 1-li?t1~ bflii bb"::: m 'jtJ8-:J N'U 
V .d I 

eJ'U~11 tJ ~'UbeJ~Vl bb~ fl~1-:t 

~1 n m 'jill1 fl 'l1lJ ~lJ~'U ~'j :::vn' 1-:t'W 11 ~ fl11lJ n111-li bb"::: m1u '€1-:t n'UeJ 'U ~ 11 tJ "il1 flG'I11 b Aii 

n1~~fi'm~'ll n'U'IJ~mru?t11b~VlTuv 1"Vl1 'UiJ?t?t1'l:::'lJ'€l-:t bfl'l3~1 'W'U11 bfl'l3~1mv1'\JJ1Vi''UV1ill~-:ta~ 
'U 

~'U?t11 bflii iim1lJ~lJ~'U ~ bb 'U'\J t:..~ ne1''U n'Ui.J~lJ1tu?l1~ blJVl1'\J eJ 1"Vl1 'UiJ?tG'11'l~'1Jm bfl'l3~11 'U~:::~'U~-:t 

vcl1~ii1!m{1~t1JV11~?ti1~ (p < .01, r =-.805) ci'l'U~:::~'Ub~Vl1'U'€11"Vl1 'UiJG'IG'I11:::'1J'€l-:tbfl'l3~~ 1 'U~:::~'U 

'IJ1'U n" 1-:t 1~ bbn'W 11~ m1lJ'1Jru:::5~~'U hiiiG'I1~ bfliisglJ b ~ v'U b~'€1 ~ 1~G'I'J~ 1?1 ill~ eJ~~er ?t~hillLT ~ ii fl1'jfl~~ 
'll ~~ ?t'l~ 1?1'1J ru:::~'UG'I11 bfliiVi''UViill~~ bG'I~~-:t 1'Ui11'll'U:::ffi?t G'l11 bflii n1~~ fi' ~ 1~ 'll~1-liill~~ bblK'l '1111 '\.J 11-:t 

' 'U ~ 
ill~'€1 bt:-J1 bfl'l3m mhiii fl1'jt:-J?IlJ?I1'jbfliiill"1tJ'lli1~ b ~m ~lJ fl11'€l'€Jflt]Vl~ill~v 1 -ti?t1'j bflm 'U'IJ'1~1ru 
~ b oU'lJoU'Ubn'U n-;h~umn n1ill'U ~ ii m1 bn'UG'I11 bflffi 'U 1?1~1ill-r'U bn'UG'I11 bflii bb" :::iim1G'I'l~ bfl ~v-:t uv-:t A'U 

'U 

11-:t fl1 tJ 'll ru::: [:..! ?llJ ?111 bflii (fl.:! i'J eJ bb"::: er 1:0 ~ ~ lJ f)) 1~ tJ ii fl'l1lJ ~lJ'W' 'U ~ bb 'U 'U t:.J f) er 'U tl'U '\.J~~ 1 ru G'l1 ~ 
' 'U 

blJVl1'\JeJ 1"Vl1 'UiJ?t?t1'l:::'1JeJ-:tbfl'l3m 1 'U1:::~'Ui.J1'Uflm-:t eJ cl1~ii1!m{1~t1JV11-:t?ti1~ (p < .o 1, r = -. 79$ -

.776, -.768 -.742 -.729 bb"::: -.707 ~1lJ~1~'U) ~-:tV!~1tJfi-:t V!1flbfl'l3~1mii'W11~m~lJbV!6hd ~eJ 
'€11'UJ 1Vl'UVlV!~ -:t5 ~~'UG'I1~ bflii '1J ru::: 5 ~~'UhH'J ?111 bflii<glJ b ~ eJ'U b~ eJ ~1vi ?l'l~ 1rl'Vf~'€) ~~ er ?I e:l'lV!'J ~ 
ii fl11fleJ~'ll~vi?t'llJ 1?1'1Jru:::~'U?I11 bfliivl'UVlV!~-:t bG'I~"il-:t1'Um'll'U:::ffirl?t1'j bflii n1~~ fi' ~ 'j~'lfffi -tl'V!~~ bb~l 

' 'U 

'1111 '\.J ~-:tV!~ '€1 bt:-J1 bfl'l3~'j m hJii fl11t:-J ?llJ?I11 bfliiill" 1 tJ'lli1 ~ b ~'€1 b ~~ fl11'€l'€l n 11VltV!~eJ1 otl?t1~ bflift 'U 

i.J'1lJ1ru~ b oU'lJoU''U bn'U n11viu" 1n n1V!'U ~ iim~ bnu?t11 bflffi 'Uii1~1V!-r'U bn'U?t11 bflii bb":::ii m1?t'llJ bfl ~'€1-:t 
'U 

ueJ~n'tJ~l~flltJ'lJru~ t:-~?1:u?1l'jbflii (mi'le:m"':::e:f1tl~"illJn) "il:::vh 1 Vf'IJ~lJ1tu?t1~b~Vl1'\JeJ 1"Vl1 'U'UG'I?I1'l::: 
' 'U ' 

'1J eJ-:t bfl'l3~ 1ii1 :::~'U ~1 tf'U fi vii fl'l1lJ b~ tJ~ 1 'U m1-ru~~ e1'G'IG'I11 bAli ~1 b 'li'U n'U "il::: b ~'U 1~11 bfl'l3~ 1 mnr.i ~ 
' 

l'i''l '€) cJ 1-:t 1 'U fl11 ~ fl'l31 fl~-:td ii'W11 ~ fl11lJV!~eJ fl11i.J nu~V!~-:t"il1 n~ii fl115~~'UG'I11 bflii bG'Ih bb~'J~ 'U 

fi eJ'UoU1~~ ~~G'I1lJ11fl'li'l tJ" ~fl11lJ b~ tJ-:t 1 'U fl11~:Ue1' G'l?111 bflffi~ 
15-:t bbG'I~~ 1 Vi b ~'U11'W f)~ m1lJ n111olibb"::: m1u v-:tn'UeY'Um1 tJ"il1fl?l11 Lfliin1~~fi'mriii'll "I 'UI 

ii m1lJ ~lJ'W''U 5 n'ULJ~:u1 ruG'I11 blJVl1'UeJ 1"Vl1 'UiJ ?IG'I1'l :::"U'€1-:t bfl'l3~ 'jfl1 ~-:tt!'U fl1'jG'I-r1-:t m1~ ~'j:::Vfti ~ 1 'U 

b~eJ-:t'lJ eJ~ fl11~ ~ bn'UG'I11 bflii bb" :::'V'l 11 ~ fl11lJ'1Jtu:::5 ~~'UG'I11 bflii b vlvu '€1-:t tl'U eJ'U ~ 11 CJ~1 n fl11~l.je1' G'l 

?11'j bflii n1~ ~fi' ~'jVl'lf bb"::: m1~ fl'l31m:::'U'J'U m1"~ m11-liG'111 bflii n 1~ ~fi' ~ 1Yi'll b ~ '€) b YilJfl'l1~LJ" '€) ~.n CJ 
'U 'U 

~1'UG'I'1Jm'V'l'1JeJ-:tbn'l3mm'IJ"n'W~mb6'l:::'lllJ'll'U IS~b tl'Ub~8-:t~fl11~n'l31~eJ 1 '\.J 
' 'U ' 
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~'iitl~~nT'.ifim~J-1 
~ 

n1'j"Pln'\~1fl~-:rdb'LhJfl1'j"Plmn ru "ilV!b16111V~b1611Vl~~ (cross sectional study) b~e:n.h~biJLj! 
' ' 

fl1'j~~ ir~m'j bfli1 n1~V~ Pl~'j~"lJn~~e:J e:J~m1 'W'V'le:J~b 'V'l~ 1 'W n~~ bm~~'jm~'tJ~ n'V'l~n ~TU~'W1m~ bbGd~ 
~ , , ~ ~ 

ei'1b.nmV~"lle:JV~~ ~~wrV~e:~'lJ~'j1"lJ51iJ "ii1'W1'W 46 fi'W bb~~n~~B'1~a~ 30 fi'W m'j"Pimn'tJ'j~ne:~u~1~ 
' ' ' 

fl1'j~1'j1"iJ-1le:~~~~"V.n1'V'l fl11~~ Vif"l'Wfl~ 'V'jf1~m'j~fl1'j1.U~1'jbfli1n1~V!Pi'~'j-w"(J bb~~m'j 1.Ue:~umrn 
'\J , '\.1 <;JJ \I , 

ue:~~n'WeJ'tJ())'j1~~1'W'Uflfl~ 1V~~ 1.U bb uu~~.nTt~ci 'Y11m'ji bfl'j1~~'tJ~~1ru~1'j b~VlTUe:J 1m1"Ve:J~~1'jbf1U ' . 

n1~V!Pl())'joW"lJn~~e:Je:J~m1 'W'V'le:J~ b '\"l())1 'WU~~11~"Ve:J~ bn'l~())'jmn~~l'i'1e:J~1~ bb~~n~~B1~B~bb~~ 
'U , , q ' 

Vl1 m 1~~~~ 'Wth~Vl11 ~'tJ~m ru ~1 'j b~Vl1'U e:J 1m11 'WU ~~ 11 ~ nu'V'l ~~ m'j~ fl1'j 1.U bb~ ~ fl1'j"U e:J ~ n'4 

5.1 ~-a'tJ~-mm-a~n~1 • 
5.1.1 ll-l~n1"a~1"a'J\I fli'J1~~ Vlfi'Ufll~ bb~:::VHJ~n-a'j~m-ai.oHbb~ :::n1-aUB·:Ui'UB'Ut'l 'j1 EPil1 fi 

q 0 Q.l Q,l dl I Q,l I 

m-abfll~n1\llilflt'l"a'V'l"'1"VB~bn~t'l-an-an~11t'l'JBEJ1~ 
~ . 

"il1nn1'j~1'j1"iJ~1'Wfl11~~ Vif"l'Wfl ~ bb~~'V'lf1~ n'j'j~ 1 'Wn1'j 1oU'~1'jbfli1n1~V~Pi'~'j~"lJ"Ve:J~ 
~ "I ~ 

bn~(i)'jm1V~~fl1'j~~.n1~rubn~~~m~'tJ~n'V'l~mh'W1'W 46 fi'W 'V'l'Ul1 ~1'Wfi11~~"Ve:J.:Jbn~~'jm 
~ ~ ~ 

b~crJnu m~ 1oU'~THfln1 'Wfl1'jfl1~V~Pi'~~-w"ll ~1'W 1 Vlrui1wn~~e:m1 'W~~~u~ fiV~bU'W~mJ~~ 71.7 ~1'W 
'\J QJ 'U 'U 

Vlf"l'W fl ~ib~ ~1 nu fl1~ 1.U~1~ bflm 'W fl1~rl1~ \il Pi'()) 'joW"IJ"tle:J ~ bn'el~ ~ m e:J ~1 'W ~ ~ ~'U b ~ .:J'U1 n fi \il b u '\.J 
~ ~ 

~e:~~~~ 80.4 bb~~bn~~~m0oU'~1'jbfli1n1~V~Pi'())~Vi"IJi1'V'l~~m~~m~1oU'~1'jbfli1n1~1ilPi'~~Vi"IJ1V~~m'V'l 

'j111e:J 81 'W".i~l'i'u~ fie:J i1?~m'U~bnu6'11".ibfli1rh~lilf'i'\?l".i-Yl'1lbb~n H bovn~~ hhJ~LJwi'u16'1\il/611".ibfli1 
'U '\.1 , ' 

~'W 61 i1m~1 o/J1~m'W~1~ bfli1n1~V!Pl())'joW"IJ"IJflJ~v.J~~~T;Hfli1n1~\ilPl\>l'joW"IJbb Vl'W 1oU'i1e:Jn1'W bb~~bn'el~'j1 
I ~ ~ 

nm'j'tJ nu~ (9)11 'W"tlru~5V!'W'W ~1~ bfli1 tl1 ~ \ilPl 1'1 ~~"IJ1~ e:J 81-:J b Vl~1~~~ 1V~ ~n fl1 ~Iii Vi f"1Vl1.:1~~ fle:J'W5V~'W'UI 
~ ~ ~ 

bb~ ~"il ~e:J 8 b VJ.W e:JVi f"1Vl1~~~"1Jru~5 lil'W'W n fl1'j'Y11 m 1~~~m \il~1~ fl1 ~ bb~~e:J'tJ mcioV~'W'WVl6l'~ b?l~"il fl1'j 1-ll1 
~ ' 

.:J1'WVJ'U'Vl nm".i 1oU'e:J'tJ mciue:~.:~n'WeJ'W(i)'j1~e:J~1.:Ji!e:J~fi'W~~ 4 "IJ'i:Jiil'lJru~'V11fl1'jv.J6'1~Vl1e:Jo\il'W'W e:J'lJ mru 
' ' 

ue:~~n'W~ bn'l!tl'l~m-w~~ 1.U~1'W1 VJru1~bbn Vl~1n 1lJ~fl~~~'j'l!f~ mijt~~1/t1-:~ije:~VJiJ.:~ ~e:~.:~b Vf1uV1~1~ 
v 'I 'I 'I '\J 

b~e:J bb 'lJ'W~11 bb~~ m.:~ bn ~'lJ1 ~11 bb~ ~Vli!1 mn/~1D\il "il~ nfl1 ~'Ue:J'W ~1Vl1''U'V'l ~~ n 'j'j~ m 'j 1.U~1'j bfli1 

n1~1ilPi'l'l~~'lJ~m'jnm'j'tJ1'uu~~ 1~bbn bn'l!f\>l'jm~1'W1Vlru1lJi1~m'W~bnu~1'jbfli1n1~V~Pi'~~~'1l~i1: 
\1 'I "' 'U : 

'tJ'j~~ bb~~ 1~~qJbb"ilDiil11 b~~e:J i1m'jv.J~~~1'jbfli1Vlm~"IJijV! b~m ~~fl1'je:Je:Jn~VJBVJ1e:~ 1.U~1~bf1n1 'W 

'tJ~mru~b.U~-1r'Wbn'Wn11~omnn1VJ'WV~ bb~::: 1lJi1m'jbb~n'Y11fl11~6'1~mlilbfl~e:J.:~ije:~ bfl~e:~-:~1.U b~e:J~1 
e:~umci~'tJ'Wb~e:~'Wnum~i1'j:::rK1-:~e:~81~~'W bU'W~'W 
' 



. . 

5.1.2 ~~mc.i1bflc.i1::~tnlJ1WblJ'VI1Ue:J 1~'l'i"Uv-3e:Je:J{m b 'W'V'le:J~b'V'l\Plb'L.!'U~~11:: 
':\! 1 n n1 ';i 1 L fl ';i1 ~·vhJ~lJ 1 ru ~ 1 ';i blJ'Vl1'U €116'1 'V1<tJ €l\1~1';i n ~ lJ €l B-5 m1 'W ~ m'fb ~ l'l1 'W ';iD'tl vl\1 

Dialkylphosphate (DAPs) ~1hJ 6 "IJU~ fiv Dimethylphospha~e (DMP), Diethylpho;pha+ 

(DEP), Dimethylthiophosphate (DMTP), Diethylthiophosphate (DETP), Dimethyldithio ~

phosphate (DMDTP) bb6'1~ Diethyldithiophosphate (DEDTP) 1-u~1v~1\ID~~11~'tlv\lbfl~\9l';ifl~ 

n~lJ~1v~1\l ~u11 't.J~lJ1ru?f1';i LlJ'Vl1Uv 1~'Vl1 'WD~?fl1~6hu 1 vmJ~\9l';i1':\I~'U 1 'WLfl~\9l';ifl';ifl~lJ~1v~l~ 
" cu , . 

Av DEP bb~~ DETP ;\lbtJ'WblJ'Vll'U€l1~'Y1~11 't.J<tJ€1\I?fl';ibfliJfh~'~LblJ~\Ifl~v 1 ~~~v?f~bfl~l'l';im1-u'5~ 
oW'WvcJb'WU':\1':\JU'W 't.J~mru~~'U1'W~1v~1\ID?f?fl1~'tl€l\lbfl~\9l';im 46 fl'W b~CJ DEP iJf11v~';i~vd1.:~ 

'U ' 'U 

<LOD - 21.64 1lJbfl';ifl.:rlJ~vn.:rlJfl~bv~U'W DETP iJrhv~';i~Vdl\1 <LOD - 5.41 1lJbfl';ifl.:rlJ~£l 
'U ; 

n.:rlJfl~ bv~U'Wbb~~ V\l\9l';i1':\J~'UblJ'Vll'U€l1~t-1 DMP bb~~ DMTP 1 'W~1€l~l\ID?f?fl1~'tl€l\lbfl~\9l';ifl'Jfl~~ 

(!)1€l~l\IU1\11WJ~mru1:WlJ1flirn hw DMP iJI"l1€l~';i~'VrJl\l <LOD- 6.021lJbfl';ifl.:rlJ;n.:rlJfl~bv~i1~ 

DMTP iJI"llt~~';i~'VlrJl\1 <LOD - 1.4 7 1lJ bfl';ifl.:rlJ/n.:rlJfl~bt~~iiu ~\l\1€ll':\J b ~ti\1':\Jlflfll';i 1~.:r'U~lJ~t1 
'U ' 

~1';i LfliJ rh~'~ l"lmYl"~Jn~lJ€l€l~fll1 'W~tl?f L ~l'l"llu~~u L .U11 't.J':\11 n fll';i.:r'U't.J';i~'Vll'W~ n ~m 1JJ'~jj fll';i 
'U ' 

'IJ'Wb ~ti'W?fl';ibfliJ n1~ ~ bblJ6'1\I bb~~ L~m 't.J~CJ'U L ViCJ'U't.J~mru?fl'HlJ'Vll'U€l1~'V1~\I'VllJ~ (Total DAPs) 

';i~'Vl1l\l L n~m m~'t.J ~ n~~ n LL~ ~ n~lJ eJl\IB\I~'U1l't.J~lJl ru?fl';i LlJ'Vll'Ut~1~'V1~\I'VllJ~ 1 uiJ?f?fl1 ~<tJ t~f:l 
'U 'U ' 

Lfl~l'l';im~'t.J" n~~nl1ril?f\l n1lmlJlrublJ'Vl'U t~1~'Vl1 'Wfl~lJeJl\IB\It~ ~1\ll1irm11~ru (P<O. 05) 
'U 'U 'U ~ QJ 

5.1.3 fl11lJ~lJW'W :h::vr;h -3\'4 q~ nc.ic.ilJ n1 ';i1.Uu~ ::n 1 c.iUe:J .:~ n'UB'W 1Plc.i1 v~1 n ~1 c.ibfl ii rh :5' ~ 
A'm.W"UnumlJ1ru~1c.iblJ'VI1uv1~'VI1'Uu?f?f11::<tm.:~Ln~\9lc.i 

'II 

':\] 1 n fll';i'Vl1 fl1llJ~lJ~'W !h~'Vl1l"~'1 ~ fl';i';ilJ n1 ';i1-u bb~~ m';iu €)\I n'UeJ'W\9l ';il CJ':\11fl?fl';i bfl~ 

nl~~\"ll'l';iYl"llnLJ't.J~mru?fl';i LlJ'Vll'Ut~1~'VI1 uu?f?fl1~<tJt~\ILn~\9l';i ~'U';h Ln~mmmLJthvi'uVi'Vl~\15~ 
'U 

'Wu?ll';i Lfli1 l1mllJ~lJ~w5 Lb 'U'Ue.J n~w1'U't.J~lJlru?l1';i LlJ'Vl1LJt~1~'Vl1 'WD?I?I11~<tJt~\l Ln~m 1 'W';i~~'U?Ii:! 
'U 

v~1\liJirm11~tlJ'Vl1\l?l~~ (p < .01, r = -.805) ?i1'W';i~~'UblJ'Vl1'U€l16'1'Vlb'WD?I?Il1~'tl€l\lbfl~l'l';i1'W';i~~tJ 

't.J1u nm\11~ LLn~q~ m';i:u<tJru~5 ~-wu hJiJ?~1';i Lfli161ilJ L ~ m.1 L~ t~ ~1~6'11lJ 1?i'Vl~ e:J~lJ ~?I e:i1V1ir" iJ fl1';j(1e:Jm 

"ll~~ 6'1111 16'f<tJ ru~oW'W?f l'HfllJVJ'WVi'Vl~ \1 b6'1~':\J\11'WJl1"1l'W~ffi?f?fl'Hfli1 fh~' ~ \"lmYl"ll~1oUVIlJ ~ bb~1'l111 't.J ~ ~ 
' 'U ' 

Vl~t~ be-l 1 Ln ~\91 ';i m 1:WiJ n1';i e.J ?flJ 6'11 ';i bfliJ'Vlm CJ"Ilu~ bvi t~ L ~l-Im ';it~t~ n '1 'VI B'Vl~t~1-u'?l1 ';ibflm 'U't.J~m tllJ 

~ b oiJlJoiJ'U bn'W n--J1~~m n nl'Vl'U~ l1 fll';j bn'U6'11';i Lflffi uvi'ii11'Vl.:ru bn'U?fl';ibfliJ bb6'1~iJm';i?f1lJ bfl~t~\lu t~\1 n'W 
'U • 

~1 \1 fll CJ 'tJ ru~ e.J ?flJ 6'11 ';i bfliJ ( (1 \1 jj €l bb6'1 ~ ~ 1 tJ ~ ':\JlJ fl) 1 ~ CJ jj fl11lJ ~lJ ~'W 5 bb 'U't.J e.J fl ~'W n'U 't.J~m ru?f 1 'S 
'I '\1 : 

Lll'Vll'Ut~1~'Vl1'WD?f?f11~'tl€l\lbn~m1'W';i~~'U't.J1'Wfl6'11\l €l~1\ll1irmh~qj'Vl1\l?f~~ (p < .01, r = -.793 ~ 
.776, -.768 -.742 -.729 bb6'1~ -.707 \911lJ~1~'U) ;\I'VllJ1CJ~\I 'Vl1flbfl~\9l';ifl';il1~']~fl';i';ilJ~\I~fl~l1lJ"1 
1 'W-1rl\lvl'W':\J~vh 1 ~'t.J~mru?f1';i LlJ'Vl1'Ut~16'1'Vl1 'W'U?f?f11~'tl€l\l bfl~l'l';ii1';i~~'U~1 ,j''Wfit~i1fl11lJL~CJ\11 'Wfll1 

.:r't.J ~lJ~?f?fl ';i Lfli1~l b 'liu n'U':\1 ~ b t1'U 1~11 bfl~\91 ';ifl';i fl ~ lJ ~1 €l th\11 'W fll';i PI fl~1fl ~\ld jj~ '1 ~ fl';i';i1J'Vl~€l flll 
't.Jiju~'Vl~\1':\11 n~iJ fll';i5~oW'W?fl';ibfll1 b?f~':\1 bb~1,r'Wfl€l'U-1r1\l ~ ;\16'11lJ1';i(1'/J1 CJ 6'1 ~ fl11lJ b~ CJ\11 'U fll"j~lJ~ 611 

6l1';ibfll11~ 



6~ 
il 

5.2 oifemt'L!mb'L!:::\11n~~m-a1-.5'a I 

"il1 fl t:.J(;l fl11~:1Jil1~ru'V'fU11 ~~e:J'U bb 'U'U~:IJ.fl1~ru~TU 1 vmJii fl11fi fl~1e:J ~1 iJ ':i~\9)'\Jt.J ':i~tl:IJ fi fl~ 
" v " 

1~ CJ~liJ 1 VJf11 t.n~mmvh fl1':iD{;l n'V'!~fl'\JiJ~iJ~'Ile:J\I~iJbe:J\1 t.b{;l~vl1VlU1~5~vJiJ?t1':i t.flii n1~~Pl~':i~ 
0~ " " 

vll CJ ~iJ be:J\1 ?f1'jbflii~'iJCJ:W 1m iJ~iJ~'Iil\Jfl~ b 'V'I1~D{;l flAB fl(;le:JTI yJ~vJe:Ja b DiJI?iiJ 1~CJ~l1 D bfl~~1fl 
"I " " 

fuu~m ':i?l'll.fl1'V'I"il1fl1 ':i\I'V'I CJ1'\J1(;1 ~'~ b?I~:W?t'll.n1'V'1~1'\J{;l bb{;l~ 1~-ru.Ue:J:w{;l t.Mm nu m11oU'a1':it.flii n1~ 
q q 'U . 

P1 ~ 'j~ '1J lil1 mr ni '1J 1 fl11 b fl~~ 'j1 iJ ~iJ ~ bfl~~ 'j fl ':iii fl1 'j 1-lle:Jt.J fl'j ru i1 e:J\1 tl'L! eliJ ~ ':i1 CJ ~ eJ 1 "iJ hl ~ 
" ' 

t.l':i~~v(~.n1'V'I1 iJfl1':iU e:J\1 niJm1~:wera6'11':it.flii1~ v111 ~?!11Lfliin1~ ~Pl'~':i~'1J?t1:W1':im .U1~~1\I mCJ U1 
" " 

eJ ~1\11 ':inm:w bb~bn~~':im~liJ1 Vlrulil~iifll1:1J~fll1:wb .U1 h bb{;l~iiVi'PliJfl~1 iJb~e:J\1 fl1'j 1-lla1':i bfliin1~fl 
v " 

P1~1~'1Je:JCJb iJ':i~\9lu~ Lt.~ Ln~~':im~\l'll1~m1:w~':i~Vlun1 iJb~B\I'Ile:J\Ifl1':i?tl:w1~Bt.l mruu e:J\1 niJaiJ~':i1 tJ 
~ 'U , . 

~l iJ'U f1 f1{;1 L ~BuB'~ niJ n1 ':i~:w er aa1':i Lflii Ln~~'j m~\J{;l n'V'I~n1 iJ~iJ~ fi n~1ii1 B m a1~fu a1 s 
' " " 

PJB1m1 iJl'Je:JaLvJ~ L .U1~~1\ImCJ 1~:w1nn11~~1:W1~t.J':i~ne:Jum~'V'I Ln~~1m':i:w ~\lmlil1~fu~:wera~1'\J 
" " 

'V11\Ifl1':i'Vl1CJ1"il m':i~:wera~1iJ~l'VlU\I Vl~B m':ifiiJ Lb~B~1\11 ':inm:wm1mllil'Vl1?t1':iL:W'V11'UB 1m~i 

1 iJU?I?!1l~'lle:J\I bfl~~':im"il~?I1:1J11tl'V'I'U?I1':i b:W'V11'\Je:J hr0VJ n'1J'iJ~ b ~e:J\I"il1 n bfl~~1mii m':i 1-lla1':i bfl~ 
Vlm CJ'1J'iJ~ 1 iJ m':io ~vJiJ ~liJD~m rua1':i b:W'V11'\Je:J lm-i~iif"l1 bb~ n~1\l niJ 1 iJbb~{;l ~m':ifin~1JiJ:w11il1 f1 

'V'I~~ m':i:w m':i 1-lla1':i bl"lii bb{;l ~ m':iUe:J\1 niJBiJ m1 CJ ~iJ be:J\1~ bb~ n ~ 1\1 niJ \91\IJiJ m':ifi n~1 m~'UliJ fl1':i{;l fl 

n1 ':i1-lla 1'j bflii n 1 ~ ~ ~ ~ 'j~'1J b ~ B b ~:w m1:wt.J {;1 eJ ~n CJ ~1iJ a"lJ.n 1'V'I'IJ e:J\1 bn~~ ':imt.J {;1 n'V'I~ n bb{;l ~'1J:w'1JiJ 
'U , 'U q 

~\IL tliJt.~B\I~fll':ifin~1~B 1 tJ 





fleJ-:Jfl1UfJ:W81V!1~. bR~~fl1~b~1~d'~WJ1:Wtl~B~l.lltl"lJB~~n~W~tJ~BWI~1~bRij. fl~-:Jb'VI'V'l"'l: 

61'1'1!n-:J1tmru~m';i:Wf11';ieJ1V!l';ibbG't~tn. 2542. 

fle:J~muR:w1~t1i1'W~. lvi~'VI~Btl~. m~b'VI'V'l"'l: 61'1'11nnuRru~m';i:Wfll';ieJ1V!TmG't~tJ1, 2537. 
' ' ' 

rtt11'UtiJ~tlt11~. \IW~V!3.11tl"li11~~tu. m~b'VI'V'l"'l: fl'J:Wl"111fl1';ibfl~~';i, 2548. 
' 

"1l:w';i:w~tl';i~ne:Junlilm';inl~~bb:wG't~m'U'U1. "rtl';i"Ue:J~n'Un1~~~~';i-w"(l :w'U~~ bbG't~~~1,, 
'U 'U ' 

" Q 
~1'U"llel 3J~'V11.:!1"ll1 fl1';i. ... .. 
http://www.lannapest.com/index.php?lay=show&ac=article&ld=538772524, 

5'U11fi:W, 2553 . 
.0 al " al "' ' Jt 01 f}OI -=< 

'VIe:J~ b 'V'lq] u1G't~ fle:J'U. fl1~ u ~~ b3J'U~~ m~'VI'U~B~"ll.f11'W b 'UB.:i~'U"llel.:i bfl~~~fl~\11flfl1~ L "ll~1~bR3J 

fl1~WI~~~.y:j"llb'U~1'U6llbtl ~ilu~-J-:!~1-:J ~.:Jei1b.nvb1tJ~~el~'Vi'Uel.:i ~~'Vi-JW~~1'W'U. .. .. 
b<ilt~~1'VIl.i: :WV!ll'VItll~m<ilt~~1VIl.i, 2547 

'V'llm.n ~~V!brti:l. ~~"llv.:JtJ1'ill1bb3J~~~vm.-ubb~~~.:Jbb1WI'61v3J. -w:w~fi~-:J~ 4. m-:Jb'VI'V'li: .. ' 
0 Q.l ..:::... ~ (( .Q. Q.l 

rll'Ufl'V'l:W'V'lliJVIlGNfl'Jru:WV!l1'VIti1GW, 2537. 
' 

-r~'U~'UW~l. R113Jb~tJ~~vn1~1~~u~1~Uv.:Jn'Uu~~n1~W~~~~v:i"llbb~~~~1n~;w .. . 
vv{m1 'U'VJvm 'VJ~bb~~R1{'U1b3J'VI 1 'Ubn~~~n~tl~n~niii ~1'U~'U1-:J b'Vi'itJ.:J 

eJ1bJlvR1'UbUtJ~ ~.:J'VI1W~~.:i"ll~1. l'VItJTU'V'l'UthJ~qJ11Jll'VItn~lrt~1:w'VI1Urusnl?l: 
Q v Q (( 

:WVI11'VItJ1G'ttJrt~'llm'Ufl';i'U'VI';i, 2546. 

'V'l-:Jfli b 'VI'V'l l1';i';iti'U~b~"1l. fl1~tl~~bii'UR113J b~tJ-:!~1'U~"lJJl1'W. b <iJtJ\11 Vll.J: Jllfll"111 b1"1l~lrl1?11"1l:W"1l'U . ' 
flru~bb'V'l'VItJ~lrtl?l1:w'VIll'VItn~m<iltJ\11VIll, 2547. 

:Wti~rt ~~~11'l.Jt1. ~~1'VItJ1~-:Jbb1W~GlB3J. 'W:w~fl~~~ 2. m~b'VI'V'l"'l: 61'1'1!n'W:w~VI~'i1~.Wu~'1!~~. 
' ' ' 

2549. 

11';iru ~1?181~. "UVIUlVI'lleJ~ be:J'U bBIJ~'V'll';ile:Je:JflBIJeJ'Ub'Url1 'Ufl1';itl1~~'W~Iil1 flrll';ibfli1r\'l~~~m-Yi"11 
' 'U 

m'l:We:Je:J~fl1b 'U'I"Je:Jrtb 'I"JI?l ", 11~~1~b'VIRilRfl1~bb'W'VI~b~tl~b'Via.j. 40(1 ): 31-40, 2550. 
' 

~n~1 ~~'lln~t1. "~~.i1tJ'lleJ\Irll';ibfli1rh~~~mY1"1l ", 1 'U m~tl~~"lll.lb 1Vi~~"ll"ll1~"ll.n1'Wbbvi~"ll1~ 
'U • • 

'W.fll. 2546. 'U. 1 - 39. 'U'UVIU~: r!tnU'Ul~tl';i~UUrlltil';irurf'll, 2546. 
' ' 

rttnU'U81V!1';i m~VI~1~e:JI?lri1V!m';i;w. 11~~1~.fitJb'UB1'Vi1~. m~bVI'V'l"'l: r!tl1U'U81V!l';i, 2547. 
' ' 

r~:w~n~ ~'UVI3Jll?l bbG't~~~VIVJtJ b'V'l"1l';iozi1tJ. "fl1';itl';i~biJ'Ufl1';i~:W~rtrtl';ibAi1rh~~~mVi"1ln~:w 
'U ' 

e:Je:J~fl1b 'U'I"Je:Jrtb'WI?llt.tbfl~\?l';ifl';i ~UG'tfl~e:JflbUflN3Jl~ !?11UG'lti11?l'V'l'U:W eJ1b.f181'i11?l'V'l'U:W 
'U \J Q,l , 'I 

~-:JV!l~'Ufl';i'V'l'U:W ", 11~m~v'U1:W't1fl~u 1W~Glvl.l. 14(2): 21-30, 2555. 

bbrt\l1u:W bn~fl~ltl. ~~tl~1tJ-:!1'Ufl1'H~1~~-J.:J hfl. 'U'UVIU~: Gil'l!fl'J~Ul~lVItll fl'j3Jfld'Ufi:W hfl, . ' ' 
2546. 

~~~n~ru 1\l,jl~\?l~'ll. "Biomarkers nU'UVI'U1VI~Gilri'qJ1'U-:Jl'UeJ16il1e:J'Ul~tlbbG't~fi113JtlG'le:J~.iltJ ",i 
11~~1~ l.lun.1"ll1fl1~. 12(24): 89-99, 2552. 
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m~1{1~ "l...l m:u1rub:U'V11uv1!;1\1i11 tl"l..v{ltre:J{m 1 'U\'JvmvJ~l 'Uu~~11::"l..v{lbm.i~~n'3 
n~:u9i'1vti1{1 (l.:u1f'l~n~:u~e.Jn~:uf'l~be.J~Hl'U) • 

DMP DEP DMTP DMDTP DETP DEDTP TOTAL DA !> 

1 < LOD < LOD < LOD < LOD 0.20 < LOD 0.20 ! 

2 < LOD < LOD < LOD < LOD 0.25 < LOD 0.25 

3 < LOD < LOD < LOD < LOD 0.14 < LOD 0.14 

4 < LOD 0.38 0.09 < LOD 0.11 < LOD 0.58 

5 < LOD 5.16 < LOD < LOD 3.18 < LOD 8.33 

6 < LOD < LOD < LOD < LOD 0.07 < LOD 0.07 

7 < LOD 0.42 0.18 < LOD 0.17 < LOD 0.77 

8 < LOD 0.62 0.16 < LOD 0.17 < LOD 0.96 

9 < LOD < LOD < LOD < LOD 0.68 < LOD 0.68 

10 < LOD 8.85 < LOD < LOD 4.50 < LOD 13.36 

11 < LOD 0.43 0.17 < LOD 0.10 < LOD 0.70 

12 < LOD < LOD < LOD < LOD 0.09 < LOD 0.09. 

13 <LOD <LOD <LOD <LOD 0.06 < LOD 0.06 

14 < LOD < LOD < LOD < LOD 0.23 < LOD 0.23 

15 < LOD < LOD < LOD < LOD 0.15 < LOD 0.15 

16 6.02 5.07 0.05 < LOD 0.70 < LOD 11.84 

17 < LOD 1.73 1.11 < LOD 0.19 < LOD 3.02 : 

18 < LOD 8.81 0.00 < LOD 2.85 < LOD 11.66 : 

19 1.27 21.64 0.09 < LOD 5.41 < LOD 28.41 1 

20 < LOD 1.68 1.15 < LOD 0.23 < LOD 3.o7 I 

21 < LOD 0.45 < LOD < LOD 0.22 < LOD 0.67 

22 < LOD < LOD < LOD < LOD 0.11 < LOD 0.11 

23 < LOD 0.15 < LOD < LOD 0.21 < LOD 0.35 

24 < LOD 8.30 < LOD < LOD 2.53 < LOD 10.83 



~0 
I 

I 

~1~1.:J~ 'tl.l tl"i111f.l.! t11'VI1'UeJ 1~v1~ 11 tl'tleJ .:Je1e1in11 'UVhHH 'W~ hruaa11 ::'tJeJ.:J tm~•~ca~ca 
ml11~1eJS1.:J c'l.11 1fl~ni'11~eJni'11fil~beJ~il'U) (~eJ) . [ 

• 

DMP DEP DMTP DMDTP DETP DEDTP TOTAL DAP 

25 < LOD 1.76 1.42 < LOD 0.16 < LOD 3.33 
I 

26 < LOD 0.35 < LOD < LOD 0.14 < LOD 0.49 

27 < LOD 1.92 1.47 < LOD 0.22 < LOD 3.61 

28 < LOD 1.95 < LOD < LOD 0.51 < LOD 2.46 

29 < LOD 2.45 < LOD < LOD 0.44 < LOD 2.89 

30 < LOD 6.43 < LOD < LOD 0.90 < LOD 7.32 

31 < LOD < LOD < LOD < LOD 0.18 < LOD 0.18 

32 < LOD 4.63 < LOD < LOD 0.95 < LOD 5.58 
! 

33 < LOD 2.93 < LOD < LOD 1.85 < LOD 4.78 

34 < LOD 0.19 < LOD < LOD 0.07 < LOD 0.26 

35 < LOD 2.00 < LOD < LOD 1.52 < LOD 3.51 

36 < LOD 0.21 < LOD < LOD 0.91 < LOD 1.12 

37 < LOD 0.24 < LOD < LOD 0.10 < LOD 0.34 

38 < LOD 0.36 < LOD < LOD 0.26 < LOD 0.62 

39 < LOD 1.51 < LOD < LOD 0.46 < LOD 1.97 

40 < LOD 0.12 < LOD < LOD < LOD < LOD 0.12 

41 < LOD 2.89 < LOD < LOD 0.19 < LOD 3.08 

42 < LOD 3.28 < LOD < LOD 0.38 < LOD 3.65 

43 < LOD 4.27 < LOD < LOD 1.88 < LOD 6.15 

44 < LOD 2.16 < LOD < LOD 0.41 < LOD 2.58 

45 < LOD 7.26 < LOD < LOD 1.19 < LOD 8.44 
I 

46 < LOD 1.19 < LOD < LOD 0.31 < LOD 1.50 

7.29 111.76 5.89 0.00 35.58 0.00 160.53 

. • LOD = Limit of Detection 
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DMP DEP DMTP DMDTP DETP DEDTP TOTAL DAP ~'Jel£11..:1 

1 < LOD < LOD < LOD < LOD < LOD < LOD < LOD I 
I 

2 < LOD < LOD < LOD < LOD < LOD < LOD < LOD 
[ 

3 < LOD < LOD < LOD < LOD < LOD < LOD < LOD 

4 < LOD 0.49 < LOD < LOD 0.26 < LOD 0.75 

5 < LOD < LOD < LOD < LOD 0.06 < LOD 0.06 
• 

6 < LOD 0.23 < LOD < LOD 0.27 < LOD 0.50 

7 < LOD < LOD < LOD < LOD 0.14 < LOD 0.14 

8 < LOD 0.13 < LOD < LOD 0.31 < LOD 0.44 
! 

9 < LOD < LOD < LOD < LOD 0.16 < LOD 0.16 
' 
,, 

10 < LOD < LOD < LOD < LOD < LOD < LOD < LOD 
I 

11 < LOD < LOD < LOD < LOD < LOD < LOD < LOD 

12 < LOD < LOD < LOD < LOD < LOD < LOD < LOD 

13 < LOD < LOD < LOD < LOD < LOD < LOD < LOD I 

14 < LOD < LOD < LOD < LOD < LOD < LOD < LOD : 
I 

15 < LOD < LOD < LOD < LOD < LOD < LOD < LOD 

16 < LOD < LOD < LOD < LOD < LOD < LOD < LOD 

17 < LOD < LOD < LOD < LOD < LOD < LOD < LOD 

18 < LOD < LOD < LOD < LOD < LOD < LOD < LOD 
' 

I 

19 < LOD < LOD < LOD < LOD < LOD < LOD < LOD 

20 < LOD < LOD < LOD < LOD < LOD < LOD < LOD 

21 < LOD < LOD < LOD < LOD 0.14 < LOD 0.14 I 

22 < LOD < LOD < LOD < LOD < LOD < LOD < LOD ' 

' 

23 < LOD < LOD 0.11 < LOD < LOD < LOD 0.11 I 

24 < LOD 0.04 < LOD < LOD < LOD < LOD 0.04 
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DMP DEP DMTP DMDTP DETP DEDTP TOTAL DAP 

I 
25 < LOD < LOD < LOD < LOD < LOD < LOD < LOD I 

I 

26 < LOD 0.11 0.16 < LOD < LOD < LOD 0.27 

27 < LOD < LOD < LOD < LOD < LOD < LOD < LOD 

28 < LOD 0.12 0.15 < LOD < LOD < LOD 0.28 

29 <LOD <LOD <LOD <LOD <LOD <LOD < LOD 

30 < LOD < LOD < LOD < LOD < LOD < LOD < LOD 
1 

• 

0.00 1.14 0.44 0.00 1.35 0.00 2.93 

LOD = Limit of Detection 
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Method Validation 

1. Standard curve in urine 

concentration (ug/L) I 
I 

Compound name Level Level Level Level Level R2 

1 2 3 4 5 

Dimethyl phosphate 25.00 50.00 75.00 100.00 125.00 0.99580, 
(DMP) 

Diethyl phosphate 5.00 10.00 20.00 30.00 40.00 0.99673
1 

(DEP) 

DimethylThiophosphate 2.00 4.00 8.00 16.00 32.00 0.99881 i 
I 

(DMTP) 
I 

DimethylDithiophosphate 1.00 2.00 4.00 8.00 16.00 0.99895' 
(DMDTP) 

Diethylthiophosphate 1.00 2.00 4.00 8.00 16.00 0.99986i 
(DETP) 

Diethyl dithiophosphate 2.00 4.00 8.00 16.00 32.00 0.99942 
(DEDTP) 

2. Accuracy 

DAPs levels 
% Recovery (n = 5) 

DMP DEP DMTP DMDTP DETP DEDTP; 

Low 105.92 116.19 102.10 116.80 106.33 100.40' 

Medium 105.71 116.39 114.53 82.70 96.53 82.75 

High 98.16 103.27 108.79 89.25 101.17 83.01 i 

3. Precision 

o/oCV (n = 5) I 

DAPs levels 
DMP DEP DMTP DMDTP DETP DEDTP 

Low 4.23 5.99 8.87 4.34 8.97 3.72 

Medium 1.83 1.73 3.80 3.27 3.31 3.53 

High 3.89 5.04 2.78 3.77 1.88 3.25 

. • 
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4. Limits of detection and limits of quantitation (LOD & LOQ) 

DAPs 
concentration (ug/U 

DMP DEP DMTP DMDTP DETP DEDTP 
LOD 2.50 0.20 0.20 0.20 0.10 0.20 

LOQ 25.00 5.00 2.00 1.00 1.00 2.00 
! 

Reference; Prapamontol T, Sutan K, Laoyang S, Hongsibsong S, Lee G, Yano Y, 

Hunter RE, Ryan PB, Barr DB, Panuwet P. Cross Validation of Gas Chromatography-
' 

Flame Photometric Detection and Gas-Chromatography-Mass Spectrometry Methoqjs 

for Measuring Dialkylphosphate Metabolites of Organophosphate Pesticides in Human 

Urine, International Journal of Hygiene and Environmental Health. Accepted with 

minor revision, 15 Aug 2013 . 
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oUUVIel'lH1T:HVI~£JlJ Sample DAPs 1u Urine 

Test tube+ NaCl 2 g. + Urine 5 ml 
I 

-Shake 15 s vf'l'l-f-e:Jehn!-e:Jtl 10 lJl~ I 

+ !~lJ Internal std (Cone 1.25 ppm) 50 ~I 

-Shake 15 s 

+ !~lJ HCl (6 mol/L) 1 ml 

-Shake 15 s 

"' fl'rl~~")tl Ethyl acetate: Acetone ( 1:1 ,v/v) ml.lll"l'i 5 ml X 2 'fli''l 

I Shake 3 mines 

Centrifuge 3 mines at 2000 rpm 

W.Jfl.flJ solvent .fu 'UlJ 1 ~'ti""J~tfu fli:llJ .YH'j K 2C03 flf,j 20 mg. 

1 .... 
Evapulated ll'li:lfl 0.5 ml 

1 + Acetonitrile 2 ml 

Evapulated 

1 
Ull.Jli:l~i:llt.J~""lt.J Acetonitrile 'flf.:jr;,~ 1 ml x 3 'flf.:j 

1 
Ulfl'l'i~i:l~~nt1'1~ ~Test Tube ~ij K 2 C03 Bf.f 20 mg. 

1 + PFBBr ml.lll"l'i 50 ul 

Derivatization Vi 50 ° C lJ llJ 15 .J'""J llJ.:j 

1 
0 ..f"'~"'d • ..,,., 

lJlfl'l'iflflfl'illfl Oven 'Yl.:j n ~l'lWlJi:l.:j!'YllB'tUl'lfllJl'lfJ.:j 
• <u 

"' +'Ill Type I ml.lll"l'i 4 ml 

1 Shake 3 mines 

Centrifuge 3 mines at 2000 rpm .. 
!WflGJflJ Hexane i ~Test Tube U 'U'Uij! fl~t.J") 

1 "',.,,.,,., ,., 
'i ~! '11 t1 t '11 U 'J1-:j ~""lt.J N 2 'illJ u 'J1-:j 

Ull.lli:l~i:llt.~~""lt.~ Toluene ml.lll"l'i 200 ul 
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CNJ' iiit c.xp. R"'· 3 .iil4 
Pl.'Ol B, 
Co rr~:: l;;;,t 1on z D. 99!ii~IJ 
~a1Ciua.l ~tel. Do::•.r.: D.O'l3D2 
Po rm.Jl011: 'I IJ.X + b 

B: 3.ii1EI3~-2 

b: 4.4JI.!.~2W 3 
X: Amo1.1ot H.atio 
'f: o\r"a H;;.t I=· 

or:T' ;;.t cxp. Jo!!': 4 . 3 ::::.:.:. 
FI'D1 H., 
CorrcL;;.tlDn: 
S:.:::::::tdu;;.L ~ld. Dc:·.r.: 
J.'o nTI.J L;;.: 'f nt.x • b 

D.>J·:;.c;'/3 
o.c.:u::c; 

B: 3 .9-!:.B GJ.i: 1 
b: 3- 721ll.;a ·2 
x: Amcruot Ratio 
l': Arc.a lbt 1o 

CN':'I' a~ ~U- RT: ~.9J.!) 
Ft'Ol E., • 
0:: rrc l;;,lion ~ D. 9"5ilU!l 
R~aidu;;;,l Sld. Do::v.: D.IJ'lG84 
}'o.rm.JliOI: 'f I'II..X + b 

n: 3.21.170~ 1. 
b: 1.1\l'l~~ 

., 
X: A.rrauot. li:o:.~tto 

)1: o\r~ H;;;.ttc 

~0 
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1 
' 
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I 

Cl'lcrrl" ::.t ~P. 11.,.. !:. . -;,:::·:;. II 

FPOl K, .. 

ca rrc l::.t 1 on" D ?9B 91 
!iJacidU>il !':.Ld. I:Xl:•.r .. ' D ~IllS 9 
}'etrm.:J 1 ::. : 'I 1'1.."( .. b 

r.: 'J_GBl.C.Sc 1 
b: 1.!:.389001-2 
x: AIIDutlt R;;;Jt:to 
)': Ar"oQ:.OI n.ot:!o 

Dh~P -~ ~xp. RT: G.D4D 
FP!Jl B. 
Cclrr"Q t::.t :1 Dll.! 

R~m1 du;o.l !':.td. co.::: ..... : 
}'c Tl'TI'.J L::. : '[ I'IX • b 

D .. 'J""''J B~ 
D- OOB:::!.O 

B: 1J. (! 0!:..£.~ 1 
!:I: '!. 4 B'Jl!'i.-Q 3 
x: lunc<uot Jf.;;Jt:to 
}': AroQ:.OI n.t1o 

o~:crrl" ::.t C;Xp. 
Fl'ol E., 
•::C rrQ l::.t 1 on: 
R~::o:l du;o.l Std. 
l''o nri.J 1 ::. : 'I 

G. 9f.IJ. 

~:X!:.,. . : 
I'IX • b 

I 

ll - IJ""'IJ.C.~ 
O_Q2G.C.~ 

I 

7- 2.C.3 041:! -1 
LJUD~-2 

x: ~1: Jf.;;Jt:to 
}': AroQ:.OI li::.t :1 o 

!lnl" ::.t ~- :RT: 7. '!DS: 
FI'Dl B, 
ca rrQ t::.l :1 on : 

~:X!: ..... : f;-.;:!::;1 du;o.l !':.Ld. 
V.:. rm..:. 1::.: y ll'..X • b 

l.CO•JO•:• 
(:L CDC DO 

x: Am:::iuot R;;;Jt:. :to 
)o': AroQ:.OI n.t:!o 

I'll: 

!:I: 

1. CC•CDC 
0. GC•C D~ 

I 
I 
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mttlt~ Liiurntft'1l rl'flfl1tl ¥~tlrhtf'l~f'ltw"~~n ~11ee.fm 1 untl tt Ln "L mnMfltM ~tl ~ow ;n 
~~0 e Cb' IV .. 

rtU't'lfl1'UfiU1Ml::U''i!~ t>"ll.flt>lfl'if~f'lll 't-1M'lft\l'Ufl'l""''ifii1U 

rnrfl n~Ud]u mnh::: Lllu m~ il.J tr?h'!1t L r1iiri1;-~ l'i~t;Yi'!lB Bf m 'iuvlv~ L Yil'l'UB ~ Lfll!K'l'l'fl'i' ~ 
,J~m~ln'lu~u~f'hum.J1fl'i'~lL'lhlB1ilHllr1'll'OfllJi·m'ifiVU~'i''l'l!fl1U Lr1tl'Hi1fim'l';in~~L1Vn'hm'i'LU1 

~ ' ' 
fll.JmtilJtJ~Vl1-l:a'll''l1Vi (Biological monitoring) vhmi'1 LM1:ahl1lJ1ru~1tLlJVl1Ue LfiYi"lltN~'l'i' 
' 
n~UVBtm1uYi'O~HYil'l (Diolkylphosphate, DAPs) LUUflfl11::'llt'l~Lfll!K'l'l'fl'i'tJU~'~fiViTn"i1U1U 46 flU ' • v 
il'n!:fl~lJ~1-lB-l~-lhJ1~tJt::fl'OUV1:aVilf11!K'l'i'fl;;1U11J 30 flUt!:Wl1-li~'OUflU11fll.J'I'Ul. 2555 fi.:JL~VU 
il.J~1VUVi.l"i. 2556 C.J'ilfl1tfinlj1VlU'hUllJ1\IH'I1'i'il.J'Vl1UB 1flfii11U'll'D-lfl1'i'BVffl1tLUVhl'MvJI'l 

(Common DAPs) 6 'l!UYl ~~th::nvu~i1Vfl1'i'Ll.J'Yl1UV1RYiDMP DMTP DEP DETP DMDTP Lift!: 

DEDTP 'luut\m'l::'llB-llfll!K'ltn'i'tJtlftnViln iifi1LU~tlLt'U1flWI'l (geometric mean: GM) Lvhnu 
" " 

0.13 0.16 o.n 2.43 o.oo LLa:: o.oo 1l.JLfl'i'fltl.l~enflJf1TLefluu LflmtlivmVivuull.l1rufl11tlJ'Yl1 

Uf.l 1-oYi~-ll-llJfl (Total DAPs) t::wh-llfll!K'l'i'fl'i'~U'nflViTfl u.a::n~lJ(j'1-lB-1ViU'hU1lJ1rufl'l'i'LlJ'Vl11J'O hYi 
" 11 ' 

~-ll-llJ~ 1 utT?I i'l11::'ll v-1 Lfl'lffit m wu am~lniifi1 fl ~ n11tl1m ru LlJ'Ylue 1m1't u n~ lJ~1-1ii-1 mh .:J ih!v i'i1ti ~ 
\1 " 'V 't 

( P<0.05) LflrJfl1 LU~V'llV-ll'i1'i' Lm11uv hYi~.JY1lJYI 't uu~l'i11 ::'llV.J Lfl~111f1'i' ~tJanYilnljf11vu"l u'1i1-1 o .06-
• " ~ 

28.41 1lJ Lfl'i'flflJ~vnfl.lfl~ Lv~uu LLl'!::~1 LU~U'llB.:J?!1'i' Ll.J'Yl1'Uf.l 1m~~.Jl1l.JY~L uu?!i'l11::'1lv.Jn~l.JB1-l ~.:J 
ii~Tu~"lu'lf1~ o 04-0.7 s 1lJ Lfl'i'nfmiBntlJfl~ LV~UWLa ::'Y1flfl1'i't'i1'i''l'Yfl111lfli'f!ufl~ u.t'l::~qfin'i''i'l.l 

fl1'i' L~?!1'i' Lfliifi1;-flfl111tW'll~lJV U. UU?! VU\l1lJViU'h Lfllffi'i' fl'i' ~tJ~ flVilmhu'l l-ltYiifl11lJlfl'l1lJ t•ihL 'Y 

u.a::jjli'fluflm ut~e.Jm'i' 1 -1it111 Lfl )jfi1i?tfl'l'ltYl'll~~ "l ut::9lu ~ u~ Lfl'lffi'i' n1 V'.Jiiriql'lnnl.lm'i''t 1ft11'i' Lflii~ 
1ul MlYI ::~l.J Ll 'i\::n1'i'~11JL ~€Jti m' rutl il .J nu£u l'l'i'1V~TUUflfi fl'U ru::tlnu~.J1U 1u ~ n;Jv .Jfl 'i'U~lJ U i'i1w¥u 

' 1 :.J 'U 

tlv-l num'i'~:wtr~?~1'i' Lfll1 '-1vh'l ,:,Viutl~mru l'i1t Lflii~ L-ii1 ~-i1-Jfl1V~..J1fl1~ Utti'Uv.Jtllmrul'i1t LlJ'Yl1 

uv 1 'i'lYi'l uut'lfl11 ::'llB-1 L nl:lfl 'i'fl'i''i'l '~ n-l1 iiffil.J '1~tl'i' ::nBuv1:SVi L fll:lfl'i'fl'i'tlJ 91-:JJu m 'i'?lt1-Jfl11lJI'l 'i'::m!n 
~ ~ 

1 u L~B.J'll().:J fl1 'i' 't 41?11 'i' L l'lii u a::mt tl B.J nu BU\11 'i'1V'Y1 f) fl1'i'ilJ tJ ?1?111' Lflii n'l,Yll'i 11'i'Yl'll:;-liifl11lJfhti ru 
~ w 

I 

~6 
I 



. 
! 

th:: L vtM 1'Vl u11'l L tluth:: L'Vll'l Lf1'1:Wl'ffl'i''i' lJ'lh ::'!11 m~·nAH \\i1.h::nm.Je1'irim1Lfi'I:Wl'i'.,1fl(l~l"l 

m5~11-.~uumnh Lfll:tl"l'i' n'f'flJ 1 ~i'i11 ~u1m1~ L tJ~ vu LL tl a-11 tJ~th-lm n ~ -11uu,,uuiim1~~ Lei11l 

Lll'I:Wl'fMLUttlLLUU¥h.:!1 L~fl'li1 Lll1ffi1fW1i11U 1fl LffT1l LL~::iW1fh't.n,;1tJL Uftf'l L;flU flOfl1'fU~f1Uflt'I1U 
flf1 ~~d"'um'i''l.iiu~,.h~l-l~.:!fl1'i'LDUL~V1r..tflr..tal"1'1fiU~f1'ii11 L~t:lLUUt:l1~YiLftt1lLi1LOM1V1~u 
flf1LTtlU lflVLfll:tl"l'i'fl'i'LUU,,UULUUf.letr..til\Jlmfl<fi'u vh'tr'ium'i't'l11li11Hm'fmm;!r.~~tJal"1-i1U1UlJ1fl 

' 
't t'1 Li~tJ-lYitl~f.lf111l.l;;o.:Jm'i''Uf.l41'lalf"l LLI·d1tl -3nu \ 'i'fi~ii LLl.lM LuuvnVI:: ;;1v LVI~Pi-m~11;,wh'l-H' 
t'!1'l' Lfli1rhi'fitTfltri'liL-ii1mi5VInYirtvtvrntLnl:tl"ltm't1lt~U1-lll1fl LfltJiimt't-iift1'lLfliirh1fltifltYfil'lu 

t111J1rumn 'U1f\R11m::lil'l'f::1-l ut~::iiLLu'l ttiw~1Jofiul'ln1h1n'i'1V-!1Ut'!mum'i'ru?l11 Lflihi11t~ 
tT l'ltri'll't ut11:: L'Vll'11vtv¥hu f11'i''lh L-ii111'l ~B'um1~JYiu'ht11mru mnh L -ii1 i'!l'l Lfl ii n~JJOii u. u1 t Ul.l 

L~1Jofiu'Ylnu~.:~t11mrumnr, L-ii'l<uf.l.J?II'l Lfliin1i'¥~1'11'ltn'll'l.u'li1.JUYi. fl. 2548-2552 ii..P1u1u 16,401, 

20,487. 21 ,589, 25,331 LLa::24,680 1'1u~J~11J'ih!')u111,1ntl1mrum'i''l.nfi1'i'Lfliil'h1t~ffl'1tW'IfLUtl1mru 
~t'I-3~·HUU?IIl'Yll'lLr'iLnl'lt.J'nfl'i'::'VlU~1-!<llJ1fl1J1U L'liu fll'l'i'~'llL~1Jfl11lJ;;1U'Vl1U~tlt'l1'i'Lflii ~ , I ~ 

4'1111Yi U.1flilt>lJ L~ tll.l L Vl'?l.l LLa::~tht1 \11 Lnfl au l'l'?1tJ ~t:lf!'US11'Vi L fl'I:Wl'?fl1 Qr.~al'l LUl::tl1'::'ll1'llU~U1Lnfl 
uf.l n'1 m!u m1m~a u a ::wq~ fl'f'flJ rm 't <ii.ffi:W L, m ::?lu'U a-1 L n'I:Wl Tn'fm-1 n ~ll~;;a-1 rn1 1. r1 em nli'l'l 

flP1t.W'llllllfii]Vl~\tmNL!'ItJVhfl1'i't.l?llJf!1'i'Lf'lii'Ha1V'IlU!'IL-iJ'l$(1unuvi11.r'iwan'i'::VlU~Ln?l~U\UUNri.:~ofi'u 
LLfl::m 'l' L-ii1 i)~ LQYn::4illl,J "'1 n fl'l'j' Lill:tru1 LL a:: fl')'j' ri -3 L fl1lJfl1'i"U'ltJfl11 LfliitJU1-3Bfl'l'::i'i-ltJfl 1. r1 L nP!fl'l'i' 1.-ii ! 

f!1'1 Lfli1.ffi:W an15 ua::iim1 't<iimhrvl1l LtlmJ :d-1 rn1~'i'\T'f Lfliin1i't~tim·w'ilamhl.l1L<iimh..J uw11<lmu1.u 
"' q " \1 

~1ULfll:tl"l'i'm'tlJlJ1fl<ft'u vh L ~~ ~ r.!CIBUIIl'i'ltJ~ll~'llm'rl'Ull-1 Lfll:ffi'i'fl'i' lt:l-1 ~U1Lnfl U.ft::flUYfJ 1tl~ilLt:lfl1f! 
L~tJ..JI'illfl'l'i'ftlJU?Ifl1'i' Lflii n!i'!'lti lllt.W'lf~..l u.uu lQtJU'rl~UU a:: L f(lf-lvh 'l-M Lfifl L'i'flfil:ttJ(lifl1 LU 

Wt:li'l Lvl?l hfl'Vil:Wl1ttl1llJI'I \L'i'l:: \ ?flfi\; 1 Yi9'Vl8tJrh uu;;U,lfl'i'ltJ..JlUi'I\11Ufl1'?Wfl1'i' l~UthtJ~1tJ 1 1fl"fl 

f!l'i'rhi'flirl'ltW'Il'llll-!fhun 'l 'i'fl'1 nmTu? ::mJUtJ1~ ua::R-l u 1flamJfl'i'JJtnUfl1l 1 'i'fl u 2550-2555 

wu1l~thu.ffi$\fufil:t'1flf!1'l'Lfli1n1i'l'll'i'l'llW'lliH1u1u 7, 7 43 8,037 5, 937 8,160 6, 913ua:: 7,339 

'i'1V 1'11lJTI1riU12\t>nJi'JUU1LillJ'Utl-l~thm~lJ<fi'ULifl::l1fl11U..J1Ufl1'l'L!'J1'i'::l-!L1fl'U8..J~1Um'::U11'1 YiU'h 

fi~thtJ~..Jofi'u1.uL~llUyjCjl:tfl1fllJ - ~..J'I-llt'll.l'U8~VJfl1trB..JlUU'lh-lq~t.luLfll:Wl'i'fl1l~l.l!ifl1'i'l'Vi'l::U~fiUfl:: 
iim1 't <i!t'l1'i'Ull..Jnun1i'l'lffl'ltn'lll~l.lmn<fi'u lfltJii ~th u"1nmf'l L '1-lU a.mfln a1~sw11'1 ::1uean LGtJ ~ L "Hua 

'l "~ !"! "' (3] J' .; • • ~ ~ 
LLl'l::fl1fHI'lfltlLUU'i'tJV11:: 37.70 29.69 29.29LL11:: 3.32 YlU'I'li'11U'OU1fl'i'!::LL'Il..J81LflOL!'I'!I~fllJl~Wlfl 

~uan'lltl10tiadjui{u~~iit1-r::'ll1fl'fU'l'::numn:awLn1:tvl'i'fl'i''i'lJ-;1U1UlJ1flLfl'\!Jfl'i'flt~1UL'Ho,ilim:Sw 
'H~flflllVhU1Ufl::iim'i'U'ijflcJn?11Uflf1djutn:Sv.LfiT1l,1flf11'i'fi1'l11Yitl'hw'lf~ilul.lu~nfi1ULl-ltYthm1n 
~.:J~u~tl~nw1nfi.:Jmh1d:'luBniu~"H0.:J~iim'l''t<ii?l1'i'Lfliin1i',-.tit~tw'll'ilu1Ul.l1fll~t:lUtNOUU.l.lfl-l 
f'i'Y'lt'~'~~ t -rflw'llu~= Lrluua u ~ Y'lvt1-lm1 L fll:tl"11,uv1,vh 'l r1 L nl:tl"ltMum'llJ ~.av.:Jv!eq'llmrif.lu'luv 1;; Lrie 

1Mui1JcJ?I L!'ltJIIlN '11U1i'v flf -l0ii11'1 QU'l'::f!-lfi L ~llU'i':: LUUfl1'l'ilJ a ?I ?11'1' L fl iirh1'fl ti l'l~W'll'milJ8ll i fl1 . .. . 
1urhH·r LWV'l tun~JJ Lfl'!ffi'i'fl'i' LAtJvi1m'f1 Lfl'i'1 :;l1tl1mru?l1? L1Jmua1m1'1Ja-.l~1'i' Lfllin'li'l'lffl'llW'lifl~lJ 
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adm LUW~fH w"' 'l U11-Mf11 ~ Ltft~'i'i111,fl11lJt Vlf!Ufl~ LLft!:l'l C)~ fl'i''i'lJfl11 'l-ii~'l'i' Lfliiri1~1'lfr RtVl'lMJt:J..) 

Lfl'I:WI'i'fl'i'lJU~fl'Y'l~fll'i'llJ ~U'lfl'i'::: LL'l!-.1 £h Lll'U Ll'l'l!'UI'll.J'f-ll'l11'1 'UlJ~'i''l'l!tl'lU 
\1 " , , 

( 1) 1'UU'UU011'ftfl1!t1 
'II 

m'l'iim~nii'Luumtiim:Ylrnflvil'l'll'l'l-3 (cross-sectional study) L~-u1 Lfl':l'1::11tl'hmu?f1Hl..l'Vl'l 

lJ'U 1fll1'll-u-.l~'l'i' L fllirhfl'lfrl'ltVl'l!'l uu?f~'l'l::'ll'U-3 Lfl'I:WI'i'mvh-ii1111 Lfliirh.;~ll'il'ltVl'l!fl~lJt:J'Ufm 'i u 

we~LWI'l LL'n::rl1'i'T~m1l..li Vff'1ufl~LLfl::r.q~nnl..lmr'l~LL'i'l::m'i'iJ~Nnutrul'l'i'1tJ"P1fl~1'i'Lfliirhi'l'l 

ff l'l'i'Vl'l!'ll o.., L fl'I:WI 'i'fl'i' lltJ~ nw:S n 'i I'W m 'i' Li1lJ'i'1lJ 11lAlmJ fl ,,n LL lJlJffl.lmlfciL fl'I:WI'i'fl'i''i'::wh.nfiau 
\1 'V \i 'U 

fiu'l1fllJ vt f'1. 2555 t1-.1 L?iouu.Jmvu v.. fl. 2556 ;i'ltl'f::'l!1fl'l'vh-inurn'i';lnmttlum'I:Wim't~tl~nw;n ' 

'Y1fl'VJflflf1 Ltauflf1ttau'O:: 1 flULL'O::iirn<t"l-ii'i'!1'l' Lfliirh.;l'ltil'ltW'l!€l1frtm~i.UL'lll'l«u~l'i1tJ'i'lu1n'l':: 
LL'l!'lll1LllBLI'l'l!t:ll'llJi''lWll'l€ltJi'l'i'1'l5fnU4iu1U 46 flU LL'i'l~fl~l..l51..)~..) 41U1U 30 flU ~..'!LtlU11flfl'il~ 

, 'I 1 '1 

~'lfltJt:l'it Ui{U~ LL'O:: 1l..l L?lU'i':::fl'iJUt:l'l~W Lfl'I:WI'i'fl'l"i'lJ~t:J'lfr tJ'UtJL Ui{u~l'i1UftU1fl'i'~ LL 'l!-.lll1 Lflt:l Ll'l'llt:ll'llJ 
~ ~ ' 

;..,, . .,.11'1VUft11'lltnil 
' 
(2) m'i'ft1'i'1"i'm1u1 't1f!UfiA woftnnu lum1't~ft1'fLflilrhi'flftflfff'if ~ ., 'II 

l'i1 L iiumtrl'l'i''l'l'n ~l.ltlt ::'151 n 1 'i l'l v 1-ii LLlJU~1lm'lfruf111l..lt~f'lufl ~ ufl ~Yl q~n'l''i'1Jm'i' l-iiff1T Lflii 
.... ... 4 .. t ... .. I ...... P/1.... A (4) .a ~ t "' (SJ. I ,S.t ... ~ 

f1111'lf'11'l'TYl'll u'i'Uu'NlJ1't'lflYl'l5'i''i'l'lt.li>UI'l1 LLft!:L?f1'lUtJl'IUOLLfl1 u'i'~fl~UI'l"ltJ 5 ~t:lUfl..'IU 
" 1 

Aau~ 1lluu~l.Jm'lfru<ilolJ'11~11tl1;]u.n~o~t~'hYlf'lo1fli'lmumVJflm?~'i'~~umTfinm v • , 

.J ... I ~ ~ ,... 
'i':::tJ!:L151'Vlu'i'::fltJU01'l5YlLUU~U 

fi~U~ 2U uu~wnlfcloil OlJft~hU?f'Un'lWL -iiL~OU'i'::liJUfhu ?l'llfl'1Yl'lltl'llfl'I:WI1f'I'T tflti~Wnlfci 1 

" , . 
' ' 

oil €ll;Jfl Lfiv 1 nu€l"l n"lt u a~ o1m1 u. ?11'1 '~Vi LOf\'1'1 n m<t'ill..l rJn '5"lt Lflrlmi'l'lfrl'ltW'lf 

fltlu~ 3LL UU~1Jfl1'!fru-iiol,j5~1ufl'l1l..l~ L ~o 'ln'l'T L -ii?~'ll' L flUfl'li'l'ln IJltW'l5~~1¥~1 ~'t1flfl1l'l'ltllJ\) n 

'i'"''U'JU 20 -iJ{)fi~LLUULf\lJ 20 fl::LLUUth::LiJUfl'n3..17'lflt!~'i'THUI'i'lflfl::U.UUrleUl;lfl1~ 1 fl::U.UUI'lUU 
" " 

~fl1fl 0 fl!:llUU 

flt!U~ 4LLtJU~lJfl'l'lfru-iivl,jil~1Ufl'l1l..ll~ULla::Vff'IUflmurn'i'L-i:f?f1l'Lf1iiri1i'l'lfrl'ltW'l5;i'l11'11~ 
't'lf'lfn'i'flBUf11mlJ 11 cUBfl::LLUUtltJLU'li'l'l 0 - 22 f1::LLUUei11J1'i't1U'i'::d:iu~f'lufl;)LfltJVl'1'1'ftU111fl 

" " fl!:U.t.lt.l~..tft1Ufh'Vl"l-IU1f'l LLtl!:rhVl"l..t'i'lU 

I 

fl1~1~ftU 

.,. A 
fl::uuu fl1lfltlfl A::u.uu 

2 0 

0 1 '"' " lJLl'IUI'l'lU 
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.. 

fl\JU~ 5 Ll uu ~ll rn~ruiJ fl lJ"' L ~v '1 nu '1'4 '] ~ fl'l'~ll mt 'l4f'i'1'1 ~ Lflfl fh .,-f'l i11'lt~'ll LL a ::fiTl' L 4f~Uit'i' ru 

tJ ~ 4 nu flU M1tl t'i1Utjflfl a ll'ltl ~lJfn~WoUB l.Jfl l ~ U1 nu fl1'i"~l'l LnUfn'l!u:U'f1~111'f Lflilrhi'l'lfll'llri'!lm"l' 

tJfi1Jfl1tLfliin1i'flfil'ltri'llmn.lfiufi'Uru::5flvlufl1tLfliin1i'l'lfll'ltri'~~rn'l'1.-if~tlnTrutla.:JnuguflT'1EJ'Uru:: 

tlfiui\~1ULLa::mtn1i'l'lll'1'l!'U::U"l'"l',?l1"l'Lflflfi1.,-flf'i'l'ltW'li.;1U'1U 29 -ilafl::LLUtlfJ~i.u•lh-3 0 - 58 

fl!:U.UU lflUflLnru.fimti'i'1'1'l'tl.l1'l''1flfl::LLU'Ui-l~hUfh'Vl14U1fiLLfl::fh'Vl1~ftUt~fl::LLUU ~~n 
I fi1'Vl1~U1fl I 

fl1l'l1~ftU 

fl::u.uu fl::U.UU 

2 0 

1l.iuui.'l' 

0 2 

( 3) mtiLA'l"'l:a~.;Jaual'I1·Urnfi .. 
rm1 Lfin::l-1-tlvl,Ja vh \Y~vm'l'1l1-ilalJavft~.,,nm'l'1 Lf'l11::1-l'lu-H''U4tlfiufimT ua::-tltJlJavftfi 

'l''1 fl LL UU ~lJfl"'\ ~ru1J'11'l'l''1'l'?l OU t'l'1'1l.l \] n ;( e 4 LL ~'1U1-il fll,Jfi1J1'n4'l'~?l u.a::tJ OU-il91JIIML U ~U'l' LLfl"l'lJ 

fhLhttl SPSS (Statistical Package for Social Science) 

'i'IG~L:n-4'1'l'l''l'tl.IU'1 (Descriptive statistics) ?i'1l-lfu-iial,Ja'l'i'1Utjflflfl -tlUl,Jfl~'Ufl"'\'1'4 t.Jflfl1'i' 

1Lfl11::ih'l1'n1J'Vl1Ut:l 1'fll>l'llB..J9'VTI11 tuvJa'i'llWI'llUUflt'l'1'1:: 1~lLrl fl1~LL'l'nLL'Nfl'111Jci tetJa:: fl1LQ~U 
u.a::~hu~.du.m.JUl.l11'l'i'l1U 

1111 LL tJ <I tJ II fl:: U. U U 'i'::~Ufl111J flU fl1 'i' l .if ?11 'i' L fl ii fi1.,flfll'l tYi'l! 1 ~'1'1 flfl'l"l''l"lU'i"llJfl:: LLUUU.UU 

~Wl11:fru LLft1tilfl::LL'UU 1tlli'i1LUUfn'i'llfl'l'1::Mr.Jfi'Vl1..J?IG~ lflu'l-if\tltUfl'i'lJ SPSS L~fl1Lfl'l'1:ah::~u 
i'l"l11Jf L~rnnum~'t-i!t'I'1~Lfliin1.,-rl!'ll'ltYi'll ~1u1u 20 .Ua iifl::u.uw;ilJ 20 fl::u.uu 'li'1-Jfl::uuu 12-20 

fi::UUULr1EliiflltLt11uuLViuutl'l'::lJ'1llift'1TilVil:: :8-JLLU-J'T::~Ufl::UUULUU 3 nl'lu ~4;:1 Lfl1 i11'1f'i'f'l'U 

(2535 : 65-68,~1~0-ltUfl~V'l'T W7V::tlU'1'V'l..Jfl 2552 : 100) 

l'l::LLUU 0- 12 (uuun"hl-l:fmvhnu S9%)i:ifl'11lJ~umJ 
'II 

fl::lLUU 13- 16 (60- 80%) iifl'1'1lJfU1Ufl~1~ 

ri::LLUU 17 - 20 (80 100%) iit111llt~ 

fl11llU ~t.J ~fl::UUU'i'::l'lum1ll L~tl U~::'l1ffuflffium't'loift'l1'i' Lflii01.,-f'lfll'ltVi'll 1fl'l''lflfl1'J"l''1U't'11J 

fl!:LLUULLUU~1Jfl1~ru LL~'1ti11'l::LLUU 1tlfi1 LUUfl1'l'1 Lfl'l'1::M r;Jfi'Vl1-lt'IM1 tflt/l-ift U'l' LLfl'l'lJ SPSS L~t:l 
iLflt'l::lh::~Ufl'111Jt~fllLf\,:a1f!Ufi~L~U'10lJfl1'Tl-iffl:1'l'Lfliir'i1.,l'lf'i'l'ltVl'l1 41U'lU 11 .)it) iifi::LLUULVJ1J 22 

fl::u.uu Ll'lvrimntl:fumViuutlt::ll1tl.lfl'l1flvfl:: ;-JlLU-J'i'::~ufl::LLUULtlu 3 'i'::~u ~..J;i L?l:f fl'1'1fh-,u ' 

(2535 : 65-68,e'l~G~1ui'l~Vi'l' Vi~v::tlu1'1'4~!'1 2552 : 100) 

l'l::uuul'hn1113fi::Lmu (uoun.-J,,.,1mvhn1J 59%) 

fi::U.UU'i'::VI-)1~13 17 fl::U.UU(T9tJfl:: 60-79) 

t1:: LLUUlJ1nn1118fl::u.uu( faua:: 80 {u h.J) 

fl'11ffufl¥i L:n--lau 

il'111'1ufltiLUUfl'n1-l 
..... --lJ'Vll'!tifll'l L'l!~U'lfl 



. 

' . 

.. 

fl1'i' lLU~ t.J ~f'l:: LLUUY>l n~n'i"i'lJfl1'i' L ~?f'l'i' L fl iifi'l;-l'lfi?l'i'-ri'llll ~:: rmHutJ nnutJ fJ -l OUUU l'l'i''lt! i'f1u ., ~ , 
~!'l!'l'i'l -;'1u1u 29 .Uu ii!'l::uuuL~:u 58 fl::LLUU Ll'lviimntl~vutY\vutl;-::lJ'lruth;:uva::'lmJuU-l'l'::l'iu 

fl::uuudb 3 'l'::l'iu L~1 tn'llh'ii (2535 : 6S-68,e'1-J{i.J'lufi~w'i' Vl~fJ::f!u1w.Jt'i 2ss2 : 100) 

fl::uuu~1rd135f1::u.uu( ~1\Yh fuva:: 60) iiwqt1n'i''U.m~"lu'i'::l'iutliutl~-l 
fl::uuu'l'::1·rl'1-l 35 - 46 fl::uuu( ¥uvfl:: 60-79)iiwq;irunm~"lut::fiutl1uf1'i'l1\l 

flttLUUlJ'lnrl'h 46fl::uuu(1:EJvfl:: 80 'i1u1tl) iiwq;im1l1UtJ"lu1::fiufi 
.. .. w I ."f - '.~ 1 # ... I ( 3) fl'l'i' lOU U fl::LflftllJfl10tl1-4 u ft t'f'l1:: Ufl:: 0'11'1 tflf1Z'Hu flJ1 NllJ'H'lUtl flll"'l iNt'f11' LfllJ fl fl11 

t~ofm 'iul'lat!Lrifl 

l'i'lt UUll1'i'1 Lf'l'i'1 ::~tl1 ).J'1QJ?f'1'i' LlJVI'lUfl 1 flvl'll f)\lfl'l'i'lflflfhffl fi l'lt'ri'l!L UUflfl'l1 ::'llfJ\1 L ll'lffi'i'fl'l'~ 

tl~ nw;nvil -?ifl'l'i' tfl iirhi'l'lfi 1'1~-ri'llmi lJ flu j m 'i: uvlofl L Yll'l 'i:l'l v m1 tnul'i'l ev1\1Uf'ft'111::.,, nm'l'ift'ff'f11:: 

flf-lLL'i'nLUI'lfJW-ii1 (First morning void) 1-\~-l.,1f11u~iim1iii'1WUf'f'l'l'lflUfh.;flfii'll-riWtl.J1\U 30 

iifliial'l'l' ~-<l'i1m.h-lUf'ffl11::~nutl-loumuu 2 'i'i1u 'i'i1u~ 1 l'i1t:Jth'liff'lfl11::tl1l.J1ru 5 iiflaiil'l'l'i'!.:J 

l'l'i''l.,llfl'i''1t~l-1'1f'f11flTLfl~i1u (Creatinine) ru LNYltJ1U'1flfllJL~hY>l1::~v;11'iiLVl'l!(jl'l1J 'i'i1uVi 2 U1 

l'i1o~h-.nJ'i'tfi11::1J1lJ'11:U 25 iir~1i§m 1t1Lfiu H~~I:Ulll;Jii - 20 fl-lfl'l L'l!flt:Sv'i't~MU-ltli)tT~m'i'fltu:: 
1VI tJ11'11 ?1'11f l.JYI11Vl ~.n'!i'v~Ufl'i'1'lHni1 •~~11.111 Ul>'l'l'1'i'1 Lt1'1''1::~'111fl1'1' Lllvnuu 1el'l'luttl?f1'1'tl'l'::nuu 

1Y1eafiavlt:Jl'!LWI'l(Dialkylphosphate metabolite;DAPs)11iunDimethyl phosphate (DMP)Dimethyl 

thiophosphate (DMTP)Diethyl phosphate (DEP)Diethyl thiophosphate (DETP)Dimethyl 

dithiophosphate (DMDTP) ue:: Diethyl dithiophosphate (DEDTP)ru mhv1.;uS..'lU.1flliflllU.ft:: 

~'llfl1Y>l ~uviffJ~1u1VIV1~1ff1'14~'lln1wtl'l'::~nl'l fl~1uuitv1~v'1~1fll'lf~~n1~ 

l.J1-11'h'lti1iltnffiv-l'l mJ .;-lw1?1 Ltfiv-l'l mJ Lflvii.fful"luum'i' Ll"'tmJI'l1t:JV1 .. ma::m'i'1 Lfl'l1::~ 4 .fful"'au 

.ffu.,vu~ m'i'flnl'l (Extraction) U11'i1m.h~uf!f!11::lJ1 5 ilfttHil'l'i' L~ll Sodium chloride 

2 nfl.J, Internal standard 50 hl'imZil"l'l U11UL'Ilth 15 iu1Vi ~-lHeth-luflv 10 u1Viue::: L;\3.1 6 

M Hydrochloric acid 1 iifl~~m ti'11tlt'll<h 15 iu1Vi LL~1flnf't~1Ufn'i'l;\l.J Ethyl acetate : 

Acetonitrile (1:1,v/v) 5 iie~H~f'lT ti11UL'Ilth 3 u1Vi Lte::Jum~U..'lfl'ltJLflit:l>lL'!IU;\vh~(2000 x g) 3 
"' . 

U'1Vi u.vniUff"l'iS:!fl'1fll.etVi'E>~t).,uuu'U~~'HfltJY'It>€JfiL?i-u'lY'Ifi'UflftlJ Vifj Potassium carbonate 

(K2C03) u~ 20 ile~nflJ Cvi1m'i''i'lnl'lod'1 2 flf-l) ti1fl1'i'ft::e1vm~tl'i'::mvi.Mt1-1fio o.s iie~§l"l'i' 
LVlll Acetonitrile 2 iiefi~l'l'i' LL~'lti11tl'i'::mvl'lt:J-,ULLM-3 U1ll1fl::fi1Vfl1V Acetonitrile flf-la:: 1 

"' iie~H\'111 3 flf.:J 

.ffu¥JVU~ 2 f11'l'LI'l~Vllfl1'l'fl'4WUB (Derivatization) fl'l'l'LI'l~Ull?f11fl'4~ufivi1Lfit:J"'.llf'f11~ 
fln911fiiifi113Jfi13J1'l'~'tum'l'nfi1VLUu1t:J1~ll1~u U1fl1'l'~t.hun'i'::mum'lf!n9l'td test tube ~ii 
Potassium carbonate (K2C03) 20 fie§nfll l1'!1-l.,1ntluvi'1'1.Md'\Y1i'l1'l't:l'4~UB~'ltlf11'i'L~l.J 
Pentafluorobenzylbromide (PFBBr) 50 1lJLfl'i'~m ll'!i'-l'i''1fltlUti11tl'lMfl11lJTtm'lu Oven ~ 
~ru,.,iJii so v-11'11L'!IeL:Svt~ LUm1e1 1s .ft','i:lJ\1 L~u'lMLn?~tlfin~u.,~;fu 

lOb 



T . 

.fful"\m.l~ · 3 mt'Vhfl1"11J'i't::O'"Ifl (Clean-up) U"''i't'1t'0::'0'1tJOM1'1fl Oven ~..J11tML~UMLVh 
~ru"HlJih1~N LiiilJJ, Type I tl1mm 4 flflfiaflt 'i'tnl'l~'ltJ Hexane tl1mf'l'l' s i'Jflfiaf'lt 2 f'lf-1 
tio1UL'\IU1 3 u1Yi U.fi::,JUL'H~U-l;)'WLf11u-:~L'i!U~Vh~(2000 x g) 3 u1Yi U.tJnoffu Hexane 'td Test 

Tube u.umnat11 u~hti11tl'l'::l'l·ltllMU.~..J~hu N2 ,uu.~-1 U1lJ1fl::~ntl;l1u Toluene u;lJ'l¥11 20 

1uLfl'l'fll'l'l' 
:: ....: -.. I .JI &... .J-
'IJUI'I{l'UVI 4 fl1'i'l'l'l'1.,1fl(Measurement) U'11'11flti'1-1Vlt.l'1Ufn'l'?lflfl VILI'IlJ Toluene 200 

11l Lfl'l'afl'l' u..fhtiou11 Lflt'1::l-1'1'11'i't11LlJVI1uu hw1'Uu'l'i't1t Lfliirhi'rtti'fl"trt'lln~llilu1m turl~H'IL rl?J ~1u 

Lfl~U-:!Lifl'i'tlf1'i'll1l1'1fl'l'1Yl (Gas Chromatography,FPD) tU 6890 (Agilent Technology) 

( 1) t\'mtru::~11tlcuu~mltflm'fnqufl'1i>~h~ 
'il1nm1finm itn'!!tru::-i11 U'llU'l Lfllffi1fl'i'fl~lll'l1 u fh-l'VlU11lfllffi1fl'l'fl~ul'l1 u th~ d1u'l. ,.,~ L tlu 

L'Vlfl'i!1tl"i'1U1U 25flUfiYILtlUttlUft:: 54. 3~1Uli'lft'l'lrlj~'91U1U 21 f''lUfli'!LtlUtUUfl:: 45. 7fl~lll'i'1Uth:Jij 

u1~1::w)1-1 29-SO u iimtfimnu~.flu'l'::l'iuoffutlt::t11lfinmLtlufi'lu't'l'l~l{u~vi1m1L'Vl1::tliJnriLil€l~ 
vrt41l.um'l"LYn::U\jfiLtlU'Il'tl'll'lUL~N ll"'ltlihfiuv/o~1::Wl1-l 1 -31U- 21iLfllffi'i'fl'i'fl~lll'i'1'Dth'IU~fl'VlTf1 
lmL'ihLtlut::u::L'H'l'l 1-6 uilm11J&lum'i'tl~n'Vl1n 1 flf-lvl€1U .. .. 

1.1 'IIU1Jftf't1U'f"ll.fl1YC 

'il1fl-liBl;jflfl'l'i'L;uthu-,'1nm11Mu'i't1"l'Lfliimi'l"'lti'l'ltrt'll1.u'Uru::{il'l~U'i't11lf1U'I'I~tl'lfru::vi€l~1u 
utlMLvn::tlftnuu-lmumm1'1'11ilm'lL:;uthEmu11Lnlffi'i'fl'i'~hu'l.,.,ruii'tl1fl1'lf1~u1iimt;umha1u .. -
lJ1flfdotln~ fil'lttlu1Dua::B2.6 ~1111fwnm"l'U1rtf'!~l!t:: U.f"l ::e1m'lihh•n 1'11tunn fi¥ntlufeuf"l:: 

78.3 U.fl:: 56.5 1'111l~1fi'U 

~1;4 

J:.i 

-' . •. !t ·~. - .. 

·~·:.L,, !~-- .•*· ;:::;;, .:..:; 

mYC~ 1 'il1011"illf001•n4uihv"t1nmtltll'futt1flfiUihiruifl~1 ucuru::tli)U'ft.nucuu.amltfltn'fn~u 
fl'JO~h~ 



" 

1 

1.2oU0JJftA'IUA'l'l11VUm1t.Uft'l1tfliiri1ifliflrW'I 

'1nm ?fim!l'1-t::t1ufmuf tfiv1num-t 'l-iiff"l't tfliirhff'ltifltYi'lf l'IU'h nqufi'1ethnf.;Murt( 1ev 
a~ 100) 'Vl11U111.nn1;)fufi~1nfl1TL~i'l1'i'Lfliifh~P~f'i'l'ltW'l!'ll::iie1m'i''l11tJL'9~Pt'llP~ L1tJufi'l'lf::: 

~)~t11 ~ B1 L ~tJU 1.1. a~n~U"1BV'H~''lU L~ cYYI'i'1U'h1'1muvh umnJ'i'flH'll'i' LflUrhfflfll'll~'i\fn'i'r.H'IlJL u~ 
t11-l LL;-1 neu'l-1i1'f1'i' lflii m'i'fimn5-J1firm·'l-ii"LMLoU1l.,fl1'i' d1mm· Lflfjfi1i'Pif'i'l'ltfi'llm'i'U.tJnLnu'lMll1-l 

'111n~Li1um'l!u::: flU 51'11 LLr~::Yiuiim~n t1'1i~mLYiW1ffi1 m'i''11f4f'lWl.lt'11'i'Lfljjrhi'VItil'lt~m1uVi 1u1t.l 

YiULLl'IVIVl'I~B:um'l!u::~u;-·n fiP~Ltluh:ma::: 97.8 95.7 91.3 u.a::: 91.3 l'l11liht)u u.a:amtfl'ln'lii , 
"' 'l - 'l " ., ..1 .. • " ~ .. .f " tl..l .f " .J tJ N ., 

m11JL'll1 ~'tJI'l•U'I11'll9LllB\lfli'f11Lf1:Ufl1,.flr1Plll'l'llllfl11'1 LffetJ'l fl'l'i'L atJULff6tJ1VlL ta:auaueamLa'l 

i'11l.aiaih'qi'ILV!llu.VIU l'IU'hLnlffi'i'fl'l~hu'l~t\)fiPILUUhw'll:: 71.71llumnt.l~tJULia~1~Ltl'i'ma0eu 
?l'l'i' 1 flii~HJ n LL ft11'11 :u L ~a ~1'qf1L m.i u. vtu-r1v '~'~::LV~ fll'l11J\'l1'i''l-J~ 1 

1. m'l''l-ift'f1'l'Lf1iJriT~·Ptfll'l"i"l~'l!1.J'lflfll'l 2 'llUI'I 'i':::Wl1-JYi 37(80.4) 
" 

ilm'i'al'lvluflf-lL~tl1 ~nn:d:h)ul'l'i'1V'91nmT1Mu 

2. 1firnru.nift~~mm,~ei'I11Lflihhi"l'ltil'ltm fm-'l-ii 12(26.1 > 
ff11Lfliiri"li'f1til'lloW'Ifl.J'lOfl''h s '!!UI'l1J"ltJ1!"1JllU 

3. 1'11'tLfliiri1~1'1til'l~W'll1'11m1moU1~T1-lfi1VUi 2 vm 1(2.2) 

fiu Vl1-Jihrnh LLI'l!::Vl1-ll~U'I-l1Vh 

9( 19.6) 

34(73.9) 

45(97.8) 

------------.--------4-----------+----------~ 
4. m?'l-i!?111tftiiri1i"l'lf'i'l'llYh'lm;(t.Jr~~Vi~l'l ~tN 1;(fu 16(34.8) . 
fi 1 LL U :::thT1 fl L Yl ~ U L fllffi 'i'fl'i' fl 1 tJ n U 

5. fl1'i'lflUff1'i'Lf1fjfi1i'P~til'ltW"lffl'l'i'LLVmnu'l.Mri1-l'1nVi 42(91.3) 
a ..,~ v•.: 
mumw: flU ?lm LLa:;l'!ulJml'ln 

6. ~Hl"lUVilUn11tJ?IU?I1'i' lfliirili'l'lflmfl'lfm"l'tJ?IlJluVi 45(97 .8) 
~ 

ta-1 Lt_,>l 

7. m1 1l.l?~1lJ'l'B-JlVI1~MLll1::rri1-lm11-li?~11ifliifhi"P~ 13(28.3) 

f'i"l'ltW"lf hi il r.~ '~'~vi B rn'ftr:utJ21 ihV!U-JU ~ n ru'lJ1 u. 11::: L Vl1 

8. rm·51'lwu~nnflrifhi'l'lf'll'l~n'!lfla-Jt'l11l'lri~tln'tru 41 { 89. 1 ) 

tla-!nl.llL~:::ul'lwumut:~-nlJ 

30(65.2) 

4(8.7) 

1(2.2) 

33{71.7) 

5(10.9) 



1d3 

10. 0"'1f1inu~fi'l:ttl1 fn'i"~tll'lvlUff1'Hfljjn1i'l'lfil'll~'lf 42(91.3) 

11Yt1Yi tu 1th'IU LlYU•iU111t>lJfl1'lfU::~U'i'1''1' . 
11. 011' 1u~1lJ~~Ut>LU'i'::Wh..1mT'l<if'l'!1'l'Lflj'jn1.;-l'l 40(87.0) 

fil'ltn~o,.,,::d.,~an'i':~u~e~~n,wi1..1n1vl~ 

12. M~-l.,1nrn'i''l-ii?111'LflUfhi'YlffVltYi'lluih 1ufl1'i' 1 (2.2) 

01uJ·-n~uiiiLW'i'1::€l1'l»'VhLHlUUWll'l 
13. tue'l.-iifl1'l'LflUn'li'l'liil'ltYi'lll1lJI'lU~1 m1thrnw:: 3(6.5) 

U'l''i''j>ff11Lflffitlfi1..1J'l Ufl1U1lJ1t-ih.l'l'::1V'lfU 
' 

14. rnn1MuYi'l:t'j>1nm'l'"l<ii'I'I11Lfliin1.;-l'lii~tYi'lf.,::£i 46( 100) 

e1f11'i''H1tt"l-tAI'loUI"l L1vufi'i''l:t: fl~u1?1 Oll~tltl 
15. t'llJU1'rll'i'ih-l:;Fl'l'l1lJ1'i'OL<iiih..1Y'i~Mt'l1'i'lflUn1i'fl 33(71. 7) . 
t'1VltYi'll1~ 

18. m159'1Wtl'I'I11LfllJLLI'l~::l'lf~fl1'i'OflYlU'lUL1~1Yi 1 0(21. 7) 

81f11fl~OU Uflfli'l'l ua::flalJU'l'..l 

19. 1uiifl1'i'l'l'l'1'i»l'lBU Lti~'V..lUOLtlfl'11'UI'lvlU?I1'HI'lii 1 ( 2.2) 

n1.;-l"lffVlt'lil'lfrieun1'l''l.-ii..11U 

20. mi~ll1'i'L-ifLfl7o~UV~Ufl'i'tUil'lh 1umnhm1lJ 6( 13.0) 
~ 

i'!::01?!VJfll'l'i..l 

7( 15.2) 

4(8.7) 

6( 13.0) 

45(97.8) 

43(93.5) 

0(0.0) 

13(28.3) 

33(71.7) 

2(4.3) 

36(78.3) 

45(97.8) 

40(87.0) 

'l»1nr.Jarn'i'fifl'l:t1~1tlfl'l1lJf 'rllU'h Lfl'lffi'l'fl'l'fhu'll1qj£il'l11lJflU1::tlU~-l fiflLUU;ava:: 71.7 

'1::tiuthuna1..1flflLUu~vva:: 13. 1 tL-n::'i'::tiu~1fl1'1Luu1vva:: 15.2 'i'1tJa:auvflti..lm'i'1~~2 

I t::fi'UA1111f 
-· --

i1U1U 
., 
filVt\Z 

iim11Jfo~"lu'l'::ii'u\J..l ( 1ava:: BO 'iiu1tl) 33 71.7 

Ufl11lJ,ov"lu'l'::~utl1una1..1 
'II .. 

(-i€lva:: 60- 6 13.1 

79) 

iim11.1{e~"lu'l'::timi1 ( vhn-l1 -¥eva:: 60) 7 15.2 

I 
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'V111 fn'i'ffnl!n'i'::l'iu'ltit'!Ufl ~ L ~V'l nu fn'i' 't oif~1'i' Lfl flrhil'lfll'ltW~ wu1·um:.K'I'i'fl'i'~~1Ulfl( Ttltlil~ 
1 oo) L~w~h~.rhm'i'V1'U\l1 rhm~~ mvM~..J,1llrn'i''t.nf!1'i'Lfliirh;'l'ltil'llW'l!Yjflflf..J L~e"lhnih~ 
fl1'l' Lflii~a11l~l'l 1'111.111-.lmv 1'!1'l L fl iirhiAifl'llW~e'l'91'l nf11-3'l ur.in LLt~:: Lijm)ul'l'11fiA0~unnfl LLfl:: 12.1 

L~UFl'W~1fl1'i' Lflii ri'l.,f'tfl l'ltW"'rt<\1"1 ~·h1111t1flUL t"' 1fi1" v m1 oUL'Ih~u dje 't -li-c11t tfli:lri1fl'lfil'l t'~'lfl'l11J 
Ul'l'l'"\ ~ 1'U~ LL U::U 1UUQ fl1 f1 LL ft1 1J.1.;1l UU ~V .J l ?f~tJ f1'I tU U ~J.J llU UU l'l'l1 V l Ill') ntJ 'Cie l'lntl LL fl Z?l1t Lfl iirhfl'l 

f11'ltfi'llLUUUUI'l'l'1VI"fieu.1Hl.JLVh~u hidiuUUI'I'i'1tJI'iVll1.4m1U.'i't::Wu11m'I:WI'i'f1'lL~U~i'Jtl'h?11'i'Lfliirh;'?t 
fT l'ltfi'llVJ n'lfill'l t uuuul'l nv 'rlv ~ -.1 iif!i11'1 U.ft ::~., U.11'1 ~e 1J LLfl ::m'le~ Ll'IUVfll.ll'l fiVI'l L'lfl11 u"l!ru::'loii1'11'l' tflii 

ri1fl'lfll'ltYl~'Y::'lhtJfll'lUUI'l'i'1ti'V1f1fl1'i'L~?I1'ltflii1~ f1fltUu1avft::: 95.7 u.fl::: 89.1 l'l"'lJi:h~u 
' 

'i'1VfiZLVtJI'll'l-.ll'l1'i'1.JYi3 

¥1"1'11'l~34Jel,jfi.;1U1U LLfl:::1etJ fl ::'ll a~-tiVlJ fl L~V1 nu'ltif!Ufl ~ L~ ~Nf11"l' L-1f?l1"l' L f1Urh?'l'lfll'ltYi'll 

1. ff11' Lfliiri1ifl111'1tW'l11'ih~11-.lf11tJI'IUL'l11f! 

~flvrm·nwvh~u 

bh~ulhv 

i1U1U 

(n = 46) 

(i~vnz) 

46(100) 

46( 100) 

lli11u,~ 

i1U1U 

(n = 46) 

(fllVft::) 

0(0.0) 

0(0.0) 

.. "' L'HUf'l'lfJ 

i'lU1U 

(n = 46) 

(Hun::} 

0(0.0) 

0(0.0) 2. tjje 't-ii?11'i' tf'lfiri1.,fl111'ltYl'lfl'l1lJU1'1'i'1i1uVi 

ttu:::ti1uuoft1mdl1 12.1.;-nilu~v.Ji.i~tln'i'ru 

ue.Jnu~ul'l'i'1tJi.l'l1 nuflel'lnv 
-~~--------------+---------4----------+--------~ 

3. ?11nfliirhfflfil'ltYl•uuu~um1vl'lmtl.lfl-:t 46( 100) 0(0.0) 0(0.0) 

tvhau 1lltuu~uvrnvv!vu1.4m1 
4. ?111'U't:i1rhiflti111tVi'lfVJMUfllUUUUI'l'l1tJI'ia 0(0.0) 2( 4.3) 44(95.7) 

~.,:i1fii11'lu.rt:::~4u.'lflaeu 
-----------------------+---------4----------+--------~ 

5. mtt.J fflJfl1'l' Lflflri1i"flfi"fltW'lf}lf11tJ j'llUrwih 24( 52.2) 8(17.4) 14(30.4) 

~1~nu 'li1v l~lJth~~Vl~fl1't'lL umHhfl'l 

6.fl1'l'ffllJL'Ih~eU'UUV1'l f114Lf1-l'll1t11'l 24(52.2) 2(4.3) 20(43.5) 

1.u'!lru:::'l-iiff11'Lf1ilfhil'lfi"l'ltW'lf '\l::l'h'l.}lf~n 

~F!Bi'l u.l1:: 1lii'I::Fl1 n'l umttlfiu~ -:J1U 
r-------..,~-----:---=::.__----+--------+-----~----l 
7.mnnuti1 l'lenff~ fl1tJ}I~-:l.,11lf1"1"l'L-ii 

v ' 

t'!1'i" Lflihi1ffl111'1tW'l1Vjf1fl~.J 1Vle'li1'l'::a1-1 
' 

fl1'i'LfliiVie1'\l~fi(IJ1l.J'h..Jfl1U 

8. f11'i'f:l~ mtlertlJl'lftt>fll'lf11LU'Il ru:::'l-iii'111t!'l:i1 

01iflfll'll~"~'li'ltJ~Fl~UI'l11V,1nn1t't-ii 

0(0.0) 0(0.0) 46(100) 

0(0.0) 5(10.9) 41(89.1) 
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~~~~U~1uJ1i.~~~~1~ 
~11111~~uu1u81~u~1~ 

11.t'f1'i'lfliifhf~til'l~Yl'll'i'!1111'i'rll'lflfh~1Ut!1l 0(0.0) 

u~:::dju~u~Jl'i'1tJ~€l~u1tflfl 

12(26.1) 

4(8.7) 

0(0.0) 

30(65.2) 

12(26.1) 

46(100) 

-,1f\ f.l~ fl1'iflfH:!'l~1UVlf!Ufl~ YIU'll lf\l:ffi'i' fl'i'fhul "Hq.jflYffiUfl;)lu~:n--Jm f1 firHUU1'€lVIl::: 80.4 

UftdiYff1Ufl¥iLUUfH'I1~ fifllUUt€ltJft: 19.6 i''HJ'n::L~tJflvi--JI'11'i''H~4 

1::AuMfiUf'IA <i1U'lU 
., 
tiltlt\:: 

flYffiUfl~h:n,JU'lf\ (1~HJft:: 80 ~ULU) 37 80.4 

iiYfl'luflviLuumm C1€lv-a:: 60-79) 9 19.6 

iiYfl'lufl~h:a--J~u (l'hn11 1m.m::: 60) 0 0 

1.5 ~ill.l1\li1uTtnfinnu1um.Ylftt11'lfli'irhi'flftfltfi'il .. .. .. 
.,,n m1firn:n i. ut ~ B \l'l'i q ~ m-1 u m 1 l<li~11 Lfl iirh.,-~ti l'ltw'lll u.fful'l€1U ~1 --l1 :fi \lt'f1111'i'~ uti -1 

€1€lfHUU 4 .ffurtBU 1~un 'l'it)~fl'i'i'U1um~·.,fllftUfl1'llU::U'l'i'"eff1tLfliifh.,fltifltYl'll 'l'it')~fl'i"ilJlUfll'i" 
tJ'i'!1J'i'!1'i' Lfliirl1.,-l'ltirttri'lf YH)¥i mtlJi. u fl1i' Q. flvlu ~'!1'1' Lflii LLft ::Vi q¥i fl'i''i'lJl-1 ~\lfl1'i'Q flvlu 'i'l1'i' L fl i1Y~u11 

rnttl 'i'::: dJu 'i' ::l'lu'l'i q¥i fl'i''i' u m 'i' 1 4i ?I 11 L fl ii fi1~flfi'YltYl'll 'i r1 Vfl1'1'i'i''l uii'l'iq Vi fl'i''i'lJ 1 u'i':::viu ?i ·hu1u 28fiU 

ftfliuu1m.Jil::: 60.9'i'€l--lft-l1J1fl€l iiY~q;\m'i'l.J'lu'l':::.flutl1Uflft1-l 41U1U 14flU fifllUU1€JtJft::: 30.4Ufl:::ii 

'l'it)¥im'l'u'U~1tm:viutlfutl~~ 41U1U 4flU fitntlu1~H.Jft::: 8. 7 'i'1tJfl:::L{ivflvi~m'i'1~~ s 
1'111'1..1~ S rm·;11.l.Ufl'l':::flUYH)~fl'l''l'1JLUfl1'i'i.-iiff11Lf'liifh.;f'lnl'ltW'll 

60.9 

30.4 i'ir~t);int'i'1J€1~1un:viutl1uflfl1\l ( t€lm'l::: 60-79) 14 
---~----~------------~--------~------------~------------4 
iir~q?innl.l~~1uT::~utlfutl~-l ( l'hn'"h T'~v~::: 4 8:7 

60) 

VI qfi nnurn'i' 't4iff1'i' ~f'liirl1-;'?ltil'llW'lrlle -1lfl'lffi'f n1 n ~mi1tH.i1\l'l'iU11Ln'lffi'i' n1J-11-1 l.ll'lii t'f mu~ 
Li1uff1'f L fliim-;'91 ffl'l'f¥i'lf~Lv n11 LQ 'l'i1 :::ffilltl :::tlunu1?! 111/ ?!IT Lf'l ii ~u1 vr nm'l!U:::U'l''f'ii u "' flfl'l'tl e11u 

1;1 " , , 

LLMiiLVlV,JLfl'\ffi'ffl'f1t~tH'I::: 23.91 iiflmU~LOU'i'!1'i'Lfliiv~ 1liiitl'i'::¥~YTifinnl LL-,tlr~11 Lf!l..IEJLfll:ffi'i'f\1" " ,·:.: 
J4~l.lfl(t€1Vft:: 100) iin1TL-iiiff~~U1Uefl.,1fl~'lU~€l--lt1\lfl1tJLUfl11f'lU~1U~'i'!1J ri1~ttlfl1'fff1l.l 

! 
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etln'trutlv~nu·h~mvouru::t.J~l.l( \1..'lUO ihtlfl-,llfi) fifiLUUtnvfl:: 76.1 u.?iLn'lffltnt 1uiirn1'HJ 
' ' '\1 

fi'i'!:Utlfifl'l~/-iitJUfi'HL Un1'i'r.J?IlJ ~hUUfl1f1 u.~:: 11J1oii~Jl11J~fi1MUI'l111uu~1f1 f1fiLiJU~t:lVfl:: 58.7 

'' e~:: 54.3 ml.J"hl'lu Lnlffl~m0'-:n'llJI'Iiimt~;JVif1VJ1-1~1nieuul'lviuut1::,:m~ milmm'llrurof'lviuthu 
u~1n 1fin·w'Hl <Uemn::i-lrieu't<i/~nflf-lLfllMuvi-.l~'lvh<iit'l'l1lL~evi1rntnf'lvhillmtin'bul~nflf-l 
ouru::6flviuvhu 11.l~u'4~ M1nnu~nM11 "H1o~uJ1vi11'111lJf!::n11"1'h..'lmtl u~ ::~tln'l'WUflvhm~-.1 Lt'l;, 

mt'l.<ii..:J1ul1uVithwr1.J'Ilru::uflviullliit'11'i'Lflii:rim1i"ouL~elh~t'111.tt~'H1oilJt!?~f31MU.J ~1'1dJuf~wr1:: 
84.8 LLI'iLn'lffl'Hl'i'11l1fiu.vnvi1fl11W'I::tJ1fiL'fl~t:l.JlJtl L'fl~tl.JL-ii L~t~lh ~tJn'i'ru~tJw\i"eu~U1llUf111 
'lh'r ::fll.JtlV 1-l~U LL a ::ii fl1't tJ ?llJ?I1't Lfl ii'l'l fl1 t!'l!Ufl L~tl L ~l.Jfl1'Hltlf1\]VIfi'l'l1a L<ilfl11 Lfliil utl1l.J1ru~ 
L<\JJJ<iJULnUfrl1~Url1flfi1MUI"l¥11'1LUU~~Jt!f1:: 65.2 wa:: 56.5Ln'lf\Jl'i'flti..'l'HlJfl1Uiifm·fh-ln1'l!U::\J'i''i" 

' 
?111' Lflriri1-fflifl'llW'lfLULL'Yifl-.ltl11u~-lll1'l!U::U'i''i'~t'l1'l'Lflfiri1-fflifl"'l'r1'l!a-l'l.Uu'Yiii-lJ'1a1-lfl1'l!U::fi'ltJ 
CHinvlnnn€lULOUiimta1-3Ut!Ufl!:'HU1fi'lt!?l~ri'i:lufutlt::VI1Utl1'YI1'i' Ln'lffl'tf1'tthu'l.'l'l\\ifl1'l!U::vi't~ 
?11'i' Lfliiri1-fl'lfll'l~W'l!VI..,<i/'Hl.JI'lLLa'ni11 tlif-lM~tl L£..11 \101'\'l!fl~ ?11l.JL fiou ru::vhH'111 L f'lfii'iufi'l'l ~.J Lt'I!'N 1U 

'II ' 

fll'lLUUfetJfl!: 78.3 UI1:: 76.1 u.?iLn'lffltfl'i' 1uiifnnnU?I1'i'Lf1iiluVi~1'1'1fULnU?I1'i' Lflii fll'lLUU1ova:: 
'II 

76.09?hwfu<\Jel.Jf1fl1'l'L<ilfltlfl'i'ruU~NnUVUI'l'i'1tt?huuflflfl'Uru::tlnu~-11Ul'IU11Lfl'lffl'i'Mfl~lJ~1tlt.h-l ,. , , :J • 

~nfltli:i m1 1 ~~tl mruu ~n nu o~1-1u ~ tiflua:: 4 'l!Uf1ouru::Yi1 m tu 11l.m1 e5flrlu ~tlrmutle..'lnu~ 
L n1:ttl'i'fltur.JlJ1 <ii"hu L'H\l.J 1;) u rir~ihm n/ ihtlfl-,l;Jnm.fu~u 'YilJ1n W..'lfl ~lJfitm'i'tJ>l Lfl1\JVIV1>l Lie u'UU 

tl11 ua::m.J lfl-1'U1tJ11 L tlu Viui4E>1"P 1l.Jiitl 1 ::iiVJti ll1Yi'l u m 'i'U0-3 nu fl1'j'~l.JcJ t'lt'l1'i' L f'lffi;} u fl::tltlfl'l' ru~ 
L fl'l.'l'\Jltn'l'fi'mL 'H \\)1uuv 1Jfi11JL t'11 fiLL fiLL 1uf1 'l'E>U l'n\).JUO nu ?11'1' Lflii L0 O-l"P1fl1llfl!:f111 flf!U1ti'U ru::m 'i' 

vh..:11u 

2. Uft01-MLAf1::mJi111WUJ't11Ut> lfttl'lliN'Ut>fm iuW'UftLWfl 'luuftft11Z 

1j>1 flt.JZ!fl1'i'l'l 11-,1 Lfl'i'1 ::l1tl1JJ1\U?I1'i' LUl'l1Utlt ~fi'U V-lt'11't Lfliifi1;-fl~l'llW'l!miu~mfm LU 

vl ~t'l L vll'l 't uu t'I1!11::<UN Lfl1:li'l'l'fi'tl'lu1Tt.l1lJ1 ru?t1'i' LlJYI1U~ 1 ayj~1l ti'Ue.J 1111 eef mft uYla ?ILl~ 11 

(Common DAPs) 6 'lfUYI i-ltlnrmu;}1tli'l1'i'Ll.JV11Utl h'l-iDMP DMTP DEP DETP DMDTP ua:: 

DEDTP 1uut'fff11::'U'i:l.JLfl'lffltll'l'QtJ~nYi1n fiti1Lu~tJL'i''U1f1rul'l (geometric mean: GM) LYhnu 0.13 

0.16 0.77 2.43 0.00 u.a:: 0.00 1l.JLfl'i'flf1.ll'ifmfl.JflTLe;jfiu 

L'i''U1f1illl'l (geometric mean: GM) 0.77 1l.JLfl'tf1TlJI'hlflTlJfi1Ltl~UU'i'E>-.lMlJ1fl€l i'!11LlJVI1\Jtltal'i . . 
DEP DMTP lLa:: DMP iifi1LU~tJL'i''U1f1WI11 (geometric mean: GM) 2.43 0.13 LLfl:: 0.16 

11J l'fl'l'flil.J~tlflf1lf1~ LeMu 9'11lJfi1flU'i'1tJfl:: Li)Vf!Yl-11111'1-.l~ 6 

~11'i'1-l~6'i' ::ri'Ufl11lJ L<ii u<iiu'U e -.1 '1'!1 'l' LUl'l1Utl 1ft Yi1 uu?t t'l11 ::<11 t~..'lflfllJ~1 t~ti 1..'l ( llJ 1 fl'i'flf JJ?i t~nflJ fiT L e~ , 
UU) 

! 

Metabolite I n 
Mean±SD Std. Range 

% Positive GM 
deviation 



• 

-

DMP 2 4.35 3.35 ± 2.37 0.16 0.13 <LOD- 6.02 

DMTP 10 21.74 1.04 ± 0.61 0.13 0.54 <LOD- 1.47 

5.19 ± 1.15 <LOD -
DEP 35 76.09 2.43 0.57 

21.64 

DETP 45 97.83 1.35 ±0.35 0.77 0.17 <LOD- 5.41 

DMDTP 0 0.00 - 0.00 0.00 <LOD 

DEDTP 0 0.00 - 0.00 0.00 <LOD 

td~ttJ1vmYivuri·w::~'Ufl1'i'LlJVl1Uil1a~h::wh.,n~lJvl1€lth.,ua::n~lJ~1.,tl-l L?!tll~ t - test ~ 
1::rium1m~mJu 0.05 (P-Volue = 0.05) Y~u-l1 ih::~ufl1'i'LlJVl1Uil1m·1~u~nvi'1-Jnumh-lih!uflo;i 

1 ~ .~. 1 ... ., ... 
(P < O.OS) L\lW1!:fl1'i'LlJV11'lltl fl'YlDEP lLt'l:: DETP LVl'lUU fl'lUfl'l'i'LlJVl'l'Uil fiVlilUj lJ'i'::t\Ufl1'i'LlJVl1 

Uil1fiVl1ULL?lflvl1-lnUV1'1-lf!Mi tfltJfl~1J~'leth-lU~1lO~U'UD·H'f1'l'LlJVl1'U€llfl'I~DMP DEP OMTP DETP ij 

fi1LO~tl 3.35 5.19 1.04 1.35 1lltf11'flfl.lMVflfl.lfi1Le~UtHLft:: fl~1Jfl1-l~.Jfifl'ILO~ti'UV-lfl1'i' LlJVl1 

Utl1aYiDEP DMTP DETP iJfi1L\l~tJ 0.92 0.97 0.84 1J./lf11'11fllfitlnfl.Jfl;L(I~UUm1J~hl'tu'l''ltlfl::LBtJI'l . 
~-.ll"lTi"l-lVi 7 

l'lTn-.J~ 7 'i't~utJ1mru?I1TUJYnuil1aYi'U~mn'i' Lfiflrhtrlti'l"ltVi'lfilo4m tuwflt'ILWI'l;, uunl"l'll.lfl~l.ln 

fhtoav(bJ lAfni'llfianfuAtUlftUU) 
-t'lU'lU 1---, - ... --.-----....--, -.,-... ----1 P-Value 

0~1Jfi19V1~ O~lJ\11~9-l 

DMP 2 3.35 ± 2.37 (n=2) - (n=O) 

DEP 41 5.19 ± 1.15 (n=35) 0.92 ± 0.83 (n=6) 0.01 

DMTP 13 1.04 ± 0.61 (n=1 0) 0. 97 ± 1.00 (ne3) 0.15 

DMDTP 0 - (n=O) - (n=O) -

DETP 52 1.35 ±0.35 (n=45) 0.84 ± 0.83 (n=7) 0.01 

DEDTP 
1 

0 - (n=O) 
f------1------l-·-· 

- (n=O) -

TotafDAPs 76 ± 0.84 0.01 
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trlmtl1vuLVivutl9mttH'f'"l'i' LlJVI'"IU~ 1a~~,ni1J9'1 (Total DAPs) 'i'::'rrh.an'l:ffitnt~tl\)fll'itn ua:: 

n a1JB1 ~ €i ~Ylu'hlJ~ lJ1 ru ¥11? ~1JV11U ~ 1 'i'l~vT ~,_, lJ9l 'l uu ~ 'G'I11 ::'U ~ ~ Ln't:l¥1~ n? iltl'i'l nw1niifi1 ~ .. ~ n·htlY1J1 ru • v v 

LlJ'Vluu 1aVJ1um;lJ~14ij .. mth--lihrv~hti\1,l (P<O.os) Ll'ltJ~1 ta~v'll~4t~1l'UJV11U~ 1 a~~'I'I11Jfli.uut'lfl11:: , 
'll~.JlflHflfll'~tl~nw1nflrh€l~"lu•lh-.1 0.06-28.41 11l1Mnf1l~~nf1lfl1Lo~ilu ua::fhLn~v4il~t'l"l'tL1l 
mua 1a'l·h~'l'l11lfl tuut~t'I11::'UD-.111~1JB'"l-.le4 iif11a~"lu'li1-.1 0.04-0.75 LlJ Lfl'l'nfl.lfianf1Jfl;La;iilu 

,, . 
' " " I< 
~ 

' . .. 
"' ] 
'! 

~ 
?, 
~ 

~ 

groUJ> 

' " mnfi tl1l.J1UJL1JVI1Utl 1ft~'liU'l~~.frn tuvl~t'ILW1l'i1'l'l1lJ9l (Total DAPs) LUttJ1..1 LfitJU'i'::Wj1'lfl~lJ 
l'i''l'UU1.J LLft::fHll.lB1-.lO'l 

' 

,,nmTRmnwu'h1ava:: 54.3'llMLn'ttl'l1'm·qtailfi11Lflflrhi'l'lfYPltYi'i~LtltHYlfil'll'lVLflVfla1~ 

La~v 39tlfle1~tl~'l'::H114 29-50 i.1d?u'lllqjiimtRn'tt1tl~Lu7::~uiutlt::oufin'tt1f1flLtlu;ava:: 
65.2Ln1:1mn'i'~-.1'111Jfliim1uci'lum'i'tl\]nn!n flf.Jri~tlLI'Iv'::tl~nV'itn'lu·lh.JL;'iauV'l~fl;mvuti.J 
L~ ~u Ll.l1:11 vu'll tl-l'l'pitl Ln'tffi 'i' m ~·m'l '11 qjvhwt'hvh u m'i' r.Jfll.lt'l1 1 L flii UN Lfl v~·m 'l Hqjvi1m1 r.Jt'll.l 

J " I ., 

t'I1'HfllJ 2 'l!ill'lV'l1tll.ljflULYit11>:: 1~~fitl.JU9lWUH'i11Vflf.Jua::?hu'l'l1qjiim11lG'lum'l'09lWU 2 flf4ria 

~~ 8U1>1fl.J1U19u'lutl1:: LVIt11 VIU'i'IU'h ~ fl'tffi'i'tl'i'd·m 'l,_,qjVI'"lfl1'i't:H'flJi'!1'i 1flfifl1i'l'lfYI'1lvt'lf 2WfiLU\l1'1 
..,. t 1 !;{9j, (1Qj "' 1/&1 &I t V 

Ql'lYiU~I'lfl::flN '9'lf1fl1'i'f!l.Jfl1tiUI'lltll,i'i1f'l1U~'Un1Yi'UtJ..:m'l:ffi1fl1YiU11Lfl'l:ffil'l11ttJUflZ 86.96 

Lflfum1¥1'i''l-,'111f!11~flfifl'l;-t'ltrl'ltYi'll'ltlLfttll'li'f'll.l'l'Hli1UUIILtlUn~l.ltlnii41U1U 9flUft9'1LUUTtlVfl:: 

22.50fl~l.JU'n€1fliitJ;IU1U 21 f1UflFlLUU1tJUa:: 45.6Sn~1Jiifl11lJL~tWi'lU1U 9flUftflllUU1eva:: 22.50 

LL'i1:::n~lJ 1lhJ~mf'lfi·u,'lmu 1 flufivutlu1ev a::: 2.5 ~_, Lfl'tffi'i'fl'i'~1UL 11tlie~1 u n~lJU'i1tJf'lilv ua:::tlnii 

.. ~ % .l£41 {6} M • ~ ~ .. I ~ <;' .. 1 •• 1 ~ !!:'! % .J ~ 0 

fl€/flflfHl~f'I1Jl-l il1tJYiUV1 Uil:::fl1'i' LfllJf11'lYlnl"ltYi'l!fl~l.JB€11fl1 LUY1Ct'lll1¥1Vl L'l! LUYlUVltNt'l..:~'i1fl'J'::VlU 

!'l~h.JrnvmnuB~unm·:;l')ul'l11l.JLUU~1:1L'liut::v:::L5vun~u':::iimm'i''I1U'1Uflli'IL1tJUfl'i'ti::fl~U1?i 
M !"f V [7)t f} ~ ~,:: I I-., I I fl I _, 

{)I L 'ttJU LUU\'lU i'!'lU€11fl1'i''UtH Lfl'tffi'i'fl'l L Ufl'"l'i'n\l1:11flNUYiU11flqlJI'11BtJ1..:1t'11U L '11 \1J'!:OO"'fl'114jjtl..:J 
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flilflflflfHrlUM~1ti~UVi181"P1Dfl11ri111"P?i1Ufl11lJt'loiffufl?iLL~::Vlij?in11lJLUD1'lL~i'l1'llf1Ufhi'fln~J~4fi'lf 
'IJU-l lfl'lffl'i'fl'i'fiU'h ;!1u fl11lJl'llU-l L fl'lffi1fl1 Lf~tn num 'i' l ~fl1'i' Lfli:il U fl1'i'thi'l'l fil'ltfi'lf~hu l ll tYiifl11lJ 

tB~'i. u1::Piu;i fiflLuufmJTI:: 71 . 7~1uYiflufl~iLMmnum'i''loiifi1'1Lfliil um'i'rhi'flfi~J~tfi'lf'lltl-llfl'lffi'i'M 
£~~'i. u1::A'u L~-3U'l n fifiL uu~mJ~:: 80 .4 LL a ::Ln'lffltn'l'ql ~t'l11 Lfl iirhi'flt1 "tfi'lliifi qfinnlJmri. ~ 

l'l1'i' Lfliifhi'I'Wtl'ltti'lllfltlfl1'r'l'i"llJU~L U'l'::~ufifiu ih'lmU~ LnUfl1'i' Lfliifhtlllfi'9'ltVi'lfLLtJfl1i LQ\11::~ 1J.J 

tl::tlu nu-l t'IV')/ f!1'l' Lflii~u 1 iim'l' 'l-iflilmUi'l1'l' LflUri1i'9'lfi9'ltfi'lf'llru::t.J flllfi1'1Lfliiri1i'f'lfi l"ltfi'lfU.VlUL<ifiiu 

muLLa::m'lffl'fiim'1tli)ufil'i1'lu'Uru::uflvlu?11'i'Lfliimi'l'ltil'llfi'lll;(ud1-3LMlJ1::?1lJ Lflviim'll!)Vlf'!Vl'NfllJ 

nuuul'!vlu LLa::"P::€1~ L MUUVlf'!Vl1\l a lJ'lJru::u Ylvlu iirmvhtn1lJt'l::€l1 Yli1-lf11tJ LLa::~p.Jn'i'WUI'lvlU'I'I~-l 

Lllhm1'l-ii'l1uVfuYi iim·/l~~tlmrutJg~nu~ul'l'i'1tJmh'lummufl:: 4'llilfl'llru::vhm'i'tJftlJM1Boflvlu 

~tln'lrulle -3nu~ Lfl'lffi1fl'lilv 111 ~?bu't, qj1~ LLn'l'lm n tJ.i,m 'o,lJ;Int::~'liie lh I~'~ iiet~U'l'H}'l LVl1\j'YltJ1~ 
.t " !" !"' ~ • ... • ....., ......... 

Lfl€1 LL'11Utl11 LL\i::fl1~ Lfl-l'll1tl11 LLa::'I'IU1fl1fl t.n1.Jfl"Pl,jflfl1'i'UUU fi1M'l'U'r'l\jflfl'l''l'lJ01'i' L'llt'l1'1 Lfl1Jfl1"Pfl 

fil'ltfl'll~m,iim,tlfml~.., 1;tur1 Ln1ffitfl'l~·m1l-lOJ1lliiflmu~Lnufl1tlf1iiri,i'flfifltfi~iiu?::l!llla:: 
't~fll:\l LL '\lufll1 Li'!lJ a iin1'i' tJ fllJ1'11l' Lfl riM fl1tJ'liUI'l l ~IJ L~lJfl11U~Jnq'VI~M;u 'l~t111 Lfliilut!TlJ1ru~ LeU llciiu 

LnUn"h~aa1flrl1l'IUY! LLa:: 1l.iiifl1tUtJ1lvi1fl11lJ?I:::~1¥1 lfl~~_,ij~ Lfl~~NL<if L~U~1 ~Ufl'ttU~UULi1~lUOU 
' 

fl"ll''lhl' ::~1.-J~U'I-l ~U l U UVJU lL\i :::11 flfl1'1'1 Lfl11 ::,:ltJhn ru ?111 LlJ'Yl1U6 l ~Vi'll ~~fl1'i'fl~ lJBaim t U 

WBt'ILWI'I (Dialkylphosphate, DAPs) 'tuut'lt'l11::'1lU-lLfllffll'flt~tl~flfiTflLL~::nqlJV1~e~.-fi'l1lJ1~ 
th ::n DU u1'SV'l L fllfflim tJ a mtfi mnv'lu-l1tlr m rua11 LlJVI1Ua 1 aVi~11 u<JJ u ~ fl1'rtJufm1tuwmnvlP~ 
(Common DAPs) 6 'liUfl ~~u'l'::nuu;}1tJfl1'l'LlJVI1Ua 1aYiDMP DMTP DEP DETP DMDTP U.il::: 

DEDTP 'tmJtlt'111::'1m.JLfl'lffi'ifl'l'~U~flW1fl iifi1LU~tJLt'll1fltUPl (geometric mean: GM) Lvhnu 

o. 13 o .16 o. 77 2.43 o .oo tta::: o. oo 111 Lf11nflJIJiunflJfl1Lv~Ou trlmu1vurVivutl7lJ1rut'l1l' L1.l'Yl1 

uu hYivY-l'VIl.JYl (Total DAPs) "i'::'l'll1-lLfll'tmmlJuaflfiTntLa::fl~lJ~1.Jii.JV'lu11UTlJ1Wt'l1't LlJV11UU 1aYi 
" " . 

vY-lY!lJflL uu 2'1?111 ::'IJB-3 1 n'lffitfl"i' ~tltJ nfl1 niifi1 ~ -:J n-l1u11J1ru L1.l'VIu e 1 ~Yi't u n~lJ~1-.lti.Jmh--1iiuvri1fi OJ 

( P <0.05) LY!ttth m~V<JJB-l?l1't Ll.JV11uo1aYivY'l\1l.H'l'luu~UI11:::'1Ja.J Lfl'lffifl'i'th.l ~nfl7nii~1at.JLU'lh~ 0.06-... " " 
28.41 1lJ Lfl'1nfJJI'ianflJf11 LBfiuu LL'ii::t11 Lu~v'\lil-3fl1r LlJmu€l1flYivY-3l1lJI'l'tuut'I?I11::'1JtNnalJa1-3ii~ • 
ilf'i1B~LU'Ii1'l 0.04-0.75 1lJtfll'nflJ~Bnfllfl1Lf:lPJUULU'llru::~m'i'nnl't1'11B~ ftlJfln~ §U'VIlJ11'l 

( 2009) L ~ a-Jmttl'l::: dJu n·wifw1t'lt'111Lfl iiri1.;'1'1fil'ltiii'llfl~1JuBf m t urlu fl LWfl 'tu1 fllffl1flt~tl ~fli'IOfl 
LUOJ't1l1fl ~1UM1~VlUlJ 01lflBfi1\'ll'lUlJ ;~l'l')fiUfl'l''r'lUlJ tl'ltJnfl~lULfl1ffi1fl1-;l')U1U 20 flU fiU'h 

fl1t LlJ'Yl1uu 1'iiYi'Uu'lt'l1'i' Lflii ri1.;fl~fltfi'llouim t uwofl 1 vlfl't '\.nJ?It'111::: Lnlffl,4" 1;; LLnfl1'l'LlJVI1ue 1t~Vi 
DMP DEP DMTP DETP LL'ii::DEDTP Utl.J1W~I'l't1-,V'ltJLLIJit~::'llill'liifi1LO~tJLT'Il1t'ltUI'!B~~ 33.80 6.69 

1.47 0.85 U'i'l:: 1.68 1utfltnfmiBnfllfl1Lv?iOu ft11.lft1fiu
1
7JChalataiLLa::flru:: (2011) UiRn~ 

t::fi'U?I11Ll.JVI1U€l hVi'llV-lfi11Lfliiri1.;'flf'Tfl~Y'l'll (Dialkylphosphate, DAPs) 't UUt'i?l11::'11tNtn1ffi'tn'i' 

U'i'l::mvufli''l tl-r::L'VIfllvm Lflttfin~LUifl1ffi'i'fl'i'~tl~nrrn;1u1u 16 flULL~::Ln1ffil'fl'i'Qvi1t'I1Ut.Je Hi 
;1U1U 16 flU wu11~11 LlJ'Yl1'UO 1'i1YivY~l'llJflLUUf!fi11::'1Ja-lLfl1ffin1~U\}flrJflLLfl::vi1?11U&Ja 1iJlifi1LQ~tJ 
Lt'll1firul"'B~~ S 1.11lJlMflfl..l~Uflfl.JflTLU?iUULL~:: 122.21lJtf11flflJ~UflflJI'l1Lefi0ummi1!'i"u(11 J ~-l 
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ff'llJTHlVltJ4'11'HlJVI1tJtJ h'I-1Yjn'lfil?t LUt>~-.1mmm'i'n'l'i:irm·'l~i'11TLflihwne.~'llilfl'lum'i'ul'lwu ?i1u 

'tl?l.l1ru 1'111' L1JVI1tJt>1 aVI~ih•h LLI'l n¥h -1nu'l. u u.~ a:: n1 'l'fi n'l:fl,!U1J1,1nV~q~ n'l''l'l.ln1'l' '1. -iiff1'i' Lfdju a::n·w 

i:le~nu~ul'l'11tJi"'UL~N~ul'ln\Ji1~nu 

.,,n CJa m1 ~l.lm'ticiwu11 ~l'lt"JU LLtJtJ~llm'liru ?i1u't M\\iiirn 'l'fin'l:fltl~"l U'l' ::t'lu'tl'l'::tlllfint!l'l t flV 

~ 1u L'r\ \ll L n'lii'l'i'mvh m'i'tl ~ nw1 nuu~u~'llt>.Jrtu L tJ-l u.a ::\'hMih~<iflwmnr Lfliiri'lffltirttif'll;}1 VflULC.J 

4'f'l'l'Lfli:i~uvlJL-iflu~u~'li'l~q~LVl1::tl~nfieflaefl'Yt1vtu'i'ILUUfiu\l'ltJ'*11tlLmffi'lfl1'TUtJTn11'fl'llfl1W 
1'1flLNVIt11U1tl?i-lL1'11llff'U.fl1W~huaLL'i1::1;)i'trlielJaL~V'lflUf111'L~ilf1'l'Lfliifhffltil'l'i'W'il'"91fl'llfl1'lf1m'i' . . ~ 

L n'tii'l'l' 'l u~u~ Ln'lil'l'l'miim'l' 'l-i!~tl m·cii.ltJ ~nu~um1v~tJ1' 1liiitl'l' ::~Vlfi.rnw 'l um'l'i:l~Hnu m 'l'~l.l £4 \'\ 

\'11'l' Lfli!V!vh 'l ~'i'l1'l' Lfl lirhfflfil'ltW'il'\'11lJ1'i't1 L .U:~i1 ~m v1fimh~ 1 'i'nmlJ uil Ln'lil'l'ffl'i' fhu'l M CiJ-,::ii 
fl11lltfl'l1l.J L-ih L 'II LL 'il::iilif'lu fl Vi'l u L~tl ~m 'i' 'l cif?l1'l' Lfl iirhfi'll'i'l'ltW'lfEl~L u1::t'lufi LLvl Lfl1ffi'i'fl'IV-l'll1flfl'l11J 

l'l 'l' ::'r'i u 11 L U L ~'D-l'Utl.J f11'i''i'l'llJ Lff~tl fl'i' tUUtJ.J nu~UI'l '11tJ ft'lUtjflfl fl L ~6U6-30Un11~lJrJflet11'Lfliit'l.:J,fU 
f11''l'nill:flfl'i'::U1Ufl11fll'lfl1'l'Lcifl:f1'i'Lfliirhft~tifl'l'W'lfLf1'DLflllfl'l1lltltltl¥llltl;llU'i'l'Uil1W'UtNLn'til'l'lfl'l' .. ' 
tl\Jnntn u.a::,l.J'il'u ;.Jd~uL~tJ.J~m'lnn'li'lvie ttl 

.J1U1;vifififum'l'ffUU'i'IUU,1fllfl'i'~nTl'~-lL'll1'1lf11'l'1ftJLUtlflllnfl'l:f1Ufi::~~U111'1111Vlt11~tJ1fu • • 
LLM-l'lf1~ mv'l~thun.J1uflru:: n'i"i'lJ m1m'i'~fl1Jn nt!l'l tlT::·hu~utl'l'::lJ1ru 2ss6 
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