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~ri; .. ,~1t M.1I1 $ i!~-+- M: {PIlDEs) ;ij Jlt iR;ffl @..~~¥n!-1M:. 1 !:till. fl. .Jt,J<j.lt- 11fJ ."t- hl • 1; J\.t(~ 4t-M:J£#
,::,; JIl Accla im 120 C.. ( 5 p m .250 tIlm X 1. 5 IJl lrl ) @" 1I-,ti. , ;,,1. ;\la, f fPO, •KJ t, P(J , !;i "" ill *, or A.f- 1t 'h it i/J :+I'I

*- ft;ft\ Jt itJ1t . tt ill'l iJt* fJ 225 nru. it '* tt til fll fJ 1~4 mg / L. -t t1J PI lit. -~ fJ 99. 29 %~ 100. 70 %•RS]) fJ

O. 03%~O. 52 %. t.-.ot * 4l it«-*1t~ ;it .JA s: ifJ •or it h l'HDEs ifJ Jt *-;fa @..~ 11- iJT :-t::}.

i:.it#j , ;ij Jlt iRiIl @.. ~,,!- ; $ i!~ -+- M:

'f Jil 1r~-t,O 652 . 53 :t. 4t# i1.~ , A
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f iItJIk 1t lit< PIlDE, )1t j; - +I' i' .Jl- '" if lJt, I!i*it~ 4'1 •./E f " ';j:liU JJ'. of !111t IJt ~UJ • '" j ....

-T? £-.;fjI"t.? £-J,l#- Jt..-l- 11 1
• 1iJt 'it. - ~ -#J 4h!t At

Jt",.1. 4'1 ~ :!! '11- , jt " '11- .. 1. 4'1 ~'" '11- it PlJll £ ,

!I\i·~ ,Pt it j,E; PlJllb -r>tA !I\ *-Iii •lit • 'It 'f
~'t f1. 21# fL k m.. R ft >Jl: k m. . 1. m. k m. ,.,1£ 1. ,~.

'11- ... 'Ii .11- 4 '11- . -H; ." Iii '" iL -l!- , H '" 2l '* 'J lit
fJ'H '. ,Ul>Mi "'«'" 't./E'" T'" '\. it s- of I~ ~J

it ,l\'1 Jt ~ 1f1i :Ih JJt ~;(, 2002/9 :i/ EC 1- ~:f 4'"»
( RoHS ~:f 4'" ) , -:l- * --t 2006 -+ 7 )l 1 a{E.~t-l!t

~~'~ ~ M~H.~Aw~ fi ~~~~T'~

!I\ ""r- , ... '\. iJt~ of III~J it !II '" j. PlJll£, ./E '" '"
~..it j[, rtft-1f'!-. 4h JJt l4I. JJp'* :k... {E. 2006 -+ 'r: 7.i /"}- ~Jt

of •<!c'it h-'li ~I ;t!l\ f '" llll1t III "' Jl.¥. ilt 7'1A"
'f«",, %*-..PJt~jt",1I: 1999HU I''' .

~ "' e. j~i!!I\ PHDE , h-# ~"' i.Jl-1f "'- j ,
~ if i!-.~;ffi t!.. -if~ 1;-- Ilt it¥ m4-- ;fJj-L6- 6J ~. off] U.

e. ;;<j~i! '" PHDE, "'- j , @,,*h-# ~"' . ,,"it 'it *­
m1'1"1't N Af fJ it -n.J• t J\. .w. ~; m A cd llilll 120

Cl g ( S j.-tffi, 250 mrn X4. 6 mm ) ~-j" ii .I1), ::--la~

TlPO• •KTI, PO . ;V-r "'-.. 'I' <H i' '" iAl ;! " iJiJt '"
Iti'Ut . >t PlJD£ , iJiJt T h-# . 'o # ", ;t -ic . ~if
Jlt~ iii>t T -f it,...-"- j\. Ah-,.. I!j !it if Jlth- if, • Jk
!df Jt;fo*.lJ\Jt £. r.l1 .~ -T PHDEs :>} ;fJj- ~l ~ ~ n- i!­

ll: iJiJj, if 1c.Jl-~ "'-.

1 ,*~~,,'"

1. 1 iJ<. ;a
r.ii M. i&Atl t!.. -j-l-R( :k !~U\~1."-~ !£.!'" ) •DlO;.JEX

1'680 H P LC P um p -=- Jt. *-. ,Solvent Rack SOR 100

iii- M !;"olt '\.lJt" uioxex uvm70U j\' ' ' ';''01
~.~-ifti ;)J Acclaim 120 CI 6 ( S pm.250 mm X

1. 6 mmj , ",- " @,iH, jt -IiC~. if ,nt "" # 'l' iJ<. ~
if l~'" '1±J');SXT· 06 !l1 1< I<. ¥. lJ';aU . ;;; ill!'

151.. ~ it "' if 11l /~ ~ 1.?) ; RE-52C ~ ft# 14:!t.. 2­
("" 5l., "'"l ' 'i' iJ<. ;a if I~ ',; '1 ± i' ) ; A1.204 'Ii ...
'j- JkJli x+('*it 1h '" t 'if iJ<. l:\ if I~1,' '11. n .
1. 2 'J;.lit# # 2l iUI

:-JazHI '0 4( J: itt i!<. - 1t ff il<. mif nt/A-- J] 4.. )~ •

1)-# It) .K H,PO, ( " if.110 'l' iJ; *1r 1. J' •h-#
it ) . if- ]1:) Af( 'f' mI!. Pi ~ ffl 1:.J4. 1t. 'f: iR. ,n;J /~ J] 1­
,.,1£ , ft # ~) . If ~ ( k. :k...1t 'f #;'-J1'lJ r 1. ,.,1£ , ~~
tot) ~ tt ;t J1<. (lJt 1'Ii*~~tt;t ;}<:..1f FI~.JA-- J] 1. ,.,1£ ).

PHDEs # ;it :Ih .It: P HDE- I He. PHDE- 2He.

I'HDE-3Hr . PHDE-1Mr. PHDE-SHc. PHDE-GHe.

PI3DE-7Br . P I3DE-a I3r . PI3DE-9I3r.PEDE-I OBc ( *-­
mAccus\(ltl t!an l /A-- J] 1.?-), JJt -I-*Jt~ :h (50. 02

1 2. 000) /lg/ mL, i:?;' J1'IJ fJ -Jt-f-:l:it.

lC L-Il> # # ("' 111 " ,Ii '" '!'# ~J ""if 1ll1,' '1
1.? ),% 2. O% PBDE- lOBr.

;J. 'i'ill: "'- ( pH ~7)"''''' ~1 ,# lJ'./E 70· C!l\ -f

~ 'I · IIt~ KHzl'0 43. 39 g:fa ~a2 Hl'04 3. 55 g,it­

'tIt'"*of .*"'''H.1L.
PHDE s ~ f'Ji1t ~# *.it- iit ~ .!!i?."*,J: m-Jf-]1:") I1l

'it PHDF~ # ;i'- iii- "'- "'#A 'J, # "' j; 10. 00 pg/mL

!I\1iIi~ ill •-If jjt.. " # ;l';.Jl-. !II*,; "l-"';ItA ftJf ;l';

Of r'l ii<-it '" 'J< j;--# ;it iii- "'- .

# J't> : 11"#}!J lfri! ~ i/l ~ t. lt.;f;t.7~ ok # tt .2
~#j;.11 "' ''-'i' 'l1- lC1t L- Il> HIPS. 3 ~jfj;'

1It.~El" .#}J, 2008 - 02 - 27

1tit f,;'j 1)-, fill 'Jf:{l973 - ) . ]$ • ~l:. "* A..• .IIh ffJ: ;fl ~. ,ijf Jt :-t~ , ;k ~ @,-jt11- i>f.
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11 1<\ IA*' It ""* l'-~ '" it , 1 -'f# 5IJ " 11 1<\ I< *'
ADS .:r..tl~#.

I.' 1<1&ct*
1.3. 1 j,llj',t,}# ;R)jJ" I'<.j,llj',t * . ;~jfk" j ""l ij):

ilHAiJU, , Jt '" .."1" '" ilf ~ ;'f.!i'# jj) , J<t It " !l>
1<\ ij): ilf ~,;!]if!" *"T i!o';1:;;; it*-;, ~ iH"# ct *, '"
~1<1&;R)jJJt"'''~5IJij):M.5IJ~~#I'<.j,lJj',t~~

otl'l , !,C it ""*## '" #H'% I. 00 d < 6 %+.ft
;ff .y:.tif~Af1Jit-1H .H-*J,j,t lft- 1, 2,3,4,5,6 h.Jt-.fIi

Jf~M. -~H-- )1L~] 85.8 % , 92. 1% , 98. 1% , 98. 2%,98.

2%.98.4%. dJ Jlt "f j;p . ~ t ~i:i Jft lit 1"1 :i! j lJ 3 t,
'" ,j,l~<;t*K;Oj. I'I ;t ,~ 1<1&1<\jU''}#~ ~ 5IJ
1'1::;11- ]1:plf.1t fJ it-1l<L '* ;\.f.tlft- 3 h.

ftV£ #-J'tt lit , i-t#-J'<t JJt J-1-~ JiAl: tl' 1 mm *-.J.
1<\ "" "- , lj',t~ ic ;f ". , ,t Jj- '" .. 5IJ j,l lj',t it *1, " I'<.
;Vi.lft- 3h. * ..!f .f. 'i: i3- , ~ '* ?f:- *-- , ;t 1f- .f­
100 . 00 m L , a. 4:i ILm -tr;fJL£JI1€ii ;Jt~itt# .

1. 3.2 ~~,}# ;R)jJTI'lI<\i)-#,}#iOI~,'"

1i' PIlDE, ilt*,#;fl<\ i)-" it!l,- l;!;*-~~ ,;;,,,;,;
:#IfJ 100 % If Ill llt. PHDE- l Hr . PHDE-2Hr 11$*1If

~* :t" 1: ; PHDE 3Br ~ PBDE 4Br *1t" eft ; PBDE

61:\r Ej 1'1:\0£- 71:\r * :1" -i:. j~>!!!?*i'f; x. *:t.itH---Jt.
5IJa~i)-#,}# ,••;';~"'.A~ ic.~*-".

»ullt.A±. M)j[, :~HI'11J If l\f. l ti if $;1t = 95/ 5 lI<f , k. Y
Me PlJIl£d 'J~Uf ;t !i' ili . ;; "'-)jJ ;f' It ilL'" ot , "'-)jJ
-Jt-¥,; 1It~t<. #J~1'l;AJ If fij-/ & it i.t-- ill = 95/5 , 15 min~ •

48.0

44,0

''';,;~ 'l: 5IJ '!' " 1ft~ $.'*~ loo/o,." ,}# T ,
PIlDE, ilt*,;'f. ;fJiJ ~,ifit i)-" .

il:!}-'>1~~ 1< l< ""~~-ft)j\-# ,

t.~ti :Ardaim 120 C18(5 ILm, 250 mm X

1.6 mm);~~#J;ffi :A f;t*it-~( pH = 7). H If'l'i¥-;
#Jt~JlIi.: O min B% = 95 . 15 min B% = 1 00 ; ~*,

:it: 1. 0 1IIT./rnin ;.fk lJ!1JiIt*-: 225 nm , tii:- : 25 'C ;

*-#-1": 20 ILL.

1.3. 3 itJf- m](.t.A:. (Chromeleon)ifl~I'It!,-jt

i)-#jt#iil:ir4tjfk""',*",iR X~JtiJt5IJ 0. 1,

~jfk PHDE, #;"".1<\ *ill at fi] ~'I±, "'-)jJ Jr# *
p .1i.tLiE~ >t.

2. 1 !l, 'I±;l~,;'~"' f~

i)- MIlL;,J- ~. ,.) '" 1'1 J.Jt >t *-It '" CHilE, ilt
*,# * ij): ,* , . ~ ~ I<\ ~ ~,}# T ~~ ~A Me#

1'l -*-Jt#* Aij):*- ,. £~.~#*"'iRR~

·J" f 2% at, '" e, -'>1 ;t '" ~ il\- ,} # iii: j r i)-#.
rIm Es ,1t~## BlJ t.~ OO:ltu 00 1 ftiT >F, l§ z nt-1f
~w..i! L 8J ftJj- _'i. J.t BlJ ~Jltifl~1'! t!,itOO ( 00 2) ll'! tt , ftJj­

'1: 1<\ -f J,I,*.:!." "- .J' ,~ Ii<. i)-* "- " if it "" j)- " ,

PHDE, '"~ '" f~ , !l, '1± i/, I!I ,1l $,-!l, .I±~ ;l ~dt !<o

~ 1 ftJf '" , -If*' i)- # 1\ell-.

\VVL :22Snm

40,0

-'6 0

.uO

28 O

"
24,0

.§
20,0<

160

12 ()

" 0

4 0

Wr0.0

-4.0

00 4 0

PBDE- ll3r

PDDE- 2 fir
I' KDF-f KT

IW 12.0 16.0 20.0 24 .0 . 2~.0 32 0 36.0 40.0 44.0 41W 52.0
(fmm

!l 1 PODEs ,]£.-*'#*¥-6'1 ~it!l

Fig. 1 H I'Le chromatog ram of a mi xture of "HDEs Stand nrdx



20 f. 30 -t.

.f. # -tfdHJ-/ (,,,g ' L ') fl.-ti !£nl/ (,,,g· L ' ) ill *5..ft ~

PRDE JR , , a 80 0.991

I'FlDF.-2Rt 3 3~l:W 0 . 992

P tlDE 3Br Z 2~8 () 0. 996

PEDE-illr 1 { - -80 O. 9n

PFlDE-5Rr Z 2~SO 0.999

I'FlDE-6Rt , 2~l:W 0 . 999

PBD E 7Br Z 2~8 () 0. 997
PBDE-8Br Z 2--80 0. 99-1

PFlDE-9Rr 1 1 ~80 0.996

PRDE-l 0R r 1 1 ~80 0.997

2. 2 #J'" iJ!'l:.t

j;LJoi&'~ !Jit.,it ,,;til''''!; I .,. # , 2 .,. # ,3

.,.#,. 4 .,. ,f]itt," I '" •J)- '" I;!;JIU,,,~ 2 '" oF .

T able 1 Tkt cc tioTl limits . linCH HITlf{CS and cOTTd ation

coefficiems of I'HDEs

30 min

10

2515 20
Ilmin

7

"

,

5

40

;l~+ lt; 1I) , T;l~+ lt

a a ;1f 1:.4ll- iV/f JLJ£li? !'HDEs tiJitillilii!.-il-ltl

Fig. 2 H PLC ch romatogram report of a mixture uf

PRDEs STandanls

;£ ,1 ,4 it~ +. $1;2,4 , 4' z: illl$. '*- ;3,3 .3' •4 .s, it~ $. '*-;
1 , :1,3 ' , 1 , 1 ' - !'J i!~~M. ,5 , 2 ,2 ' ,:1 .a' , 1, 1 ' -r. ~~:JtM.: 6,:1,

3' . 4, 4' , 5 Ait :«:.:f.lt ; 7 ,2,2 ' , 3. 4' ,4. 5. 6 --tit :«:. $. 1ii ;8, 2 .

2 ' ,3 .3',1,5, 5' . s . e'.«, i!.« :Jt Ilt , 9,2,3 ,3', 1, l' ,5, 5 ' , 6-A

10

o

-IOOl--,----.:,-"---,;;:--K-"'-;;;;.

~ 2 if.R. 'I' I'HDEs Ii? '*--i"
T able 2 l'HDEs conten t s i ll samples

$ -i: ~ 1l: / %

peDE I Br PHDE 2t1T PBDE 3He PtlD E 4Br PtlDE 5Br peDE 6Br PBDE 7Br PBDE 8t1r

,.# 3 % . J)- "1"'Al' r'l "''''''" 4'i; 1'IlDE, ,.

"" •"I '" iu '" -$. Al. '" !; -*"~ •it 1'- ""4' " I '" 5 IJ:..
",••,.••a;;:•••~~ 3"'oF.

4 -t #-

2. 3 '" >Ik 4' ,.tt iii It;;:~
JI1 PEDE, ~. " j;lti- ff.;jl.il\: ,UUttt iii s.«

~. *- JI1 i\'d" * J)- " 1UUt l' "" '" '" "" 4' !; '" >lkf.
ll'l :.t , Jfl Gjp~~.IU:rs». i¥J rim Es If. Jlj ,1!.11- 'i1J.-*..

!- 3 I!!1ljt -'f- if<>t~ '8f Jt i>I: -It M- "-

nta

0.62

0. 51

1). 49

PBD E 9Br P tlD E 10]1r

0.03 1. 95

0. 21 11 . 14

0.02 1. 18

1).08 17.48

T able 3 Rn;u lt s o f TceO' TTY and llHx:is ioTl teSTIS fOT t he mnhod

'" !'FlTlE- JRt I'RTlF:-2R t I'FlDE-3Rt I'RTlE- 4R t I'R TlE-SRI I'RTlF.-6F\r PHOE-7Th PHOE -8Th I'RTlE-9Rt I'FlDE- 1ORt

;f-~/m!!: 10. 04 11). 02 Ill. 02 10. 05 10. 03 10. 05 10. 1)4 to . oa to. 04 10. 1)3

;if> ho-i: /m~ 10. III ill. OS Ill. 04 10. 04 10. 02 10. 03 10. oa to . ll4 to. 03 10. oa
5 *-itl JtfrIJ 20. 068 20. 10 20. 088 20. 088 20. 061 20. 071 20. 086 20. 092 20. 061 20.12
-t-~U-/mg

RSD/ % 0.08 0.14 0. 17 0. 32 0. 31 0. 32 0. 28 0. 23 0.52 0. 16

-t-~ !<101t-f- % 99. 29 100. :1O 100.28 99.98 100 . 11 99.91 100.26 100.32 99.91 100.70

~p"~/ ,,,g 20. 02 20. 03 20. 01 20. 03 20. 05 20. 02 20. 03 20. 06 20. 05 20. 03

5*- lll'l;t~ 30. 01 8 30. 032 30. 076 30. 038 30. 118 30. 04-8 30 . 152 30. 05 30. 02 8 30. 04- 2
-t J.Jj ft / ml(

RSl)/ % 1). 27 1). 25 0.04 0.30 0. 12 0.41 0. 12 0. 37 0. 28 0. 37

-t'- -J.Jj I"-1 J!t -f- / % 99. 79 99.91 100.23 99 . 79 101). 19 99 . 89 100.41 99 .85 99.69 99 .91

"l'ho-i: / mg 40.09 41).07 41). 05 40. 04 40. 07 40. 06 40. 1)7 40. 1)8 40. OS 40. 1)6

5 ,iUtL":.frIJ
50. a s 50. 091 50.126 -19. 928 50. 18 50. 138 50. 066 50. 088 50. 068 50. 05 6

-t-J.JjU-/mg

RSD( % ) 0. 10 0.09 0.03 0.09 0.03 0.09 0.06 0. 12 0. 1:1 0.03

-f-J.Jj li<lolt-f- / % 99. 80 100. 0 1 100. 11 99. 60 100.20 100.07 99. 89 99.97 99.95 99.92

~ .lit'ii.~'~ •iKct*4' '" '" ~t+'" 99. 29 % ./<.4 f-i] >It 4'- 11 «- rtfff.. tt.R

~100. 70 %, ll'l-if#;jt1iil b. RSD '" o. 01 % ~ Table 4 Comparison results of recovery and precision tests

O. 52 %. 1:j-tlIt:#l ~AIU.! [a ] l'r1 ni~ H:4"1-,;ij- Iff! /tiP ft * 'l R J::-i't ~ lIU! .. ~
*~Jtk ~, JIII:.t n- * kJJ<r~·:.t, *~. tt.~ #i *'- ["1 Jjt "" 91. 0 % 10 1. 2% 99.29 % 100. 70 %

;fij "-U·P!t -IIl; .i RSD <3 % 0.03% -·0. 52 %
..,~ 1 '''oF.
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i' "'0'!'t. ,& i t ~' A " " ~ ik . ... j;, o<t"'- -;tr j~ it "
PBDEs itl 9ti/(.;fij ~ it~# }kilt T ~i!. 11 itT Ji .:;i.
1 -tI' JN~ l'HDEs k!J ~M-iaAI'l ~itH-#* . tt.-R

"'-."j~it" PODE, ""t, ie.;t"-liTiL it< ~ ik"'-It
~;t , PHDE:; -3- tll H-~ ill1;{fltt1t ~ .tt %' ltf<> ;il~

it~ ~ , ";ifit1t. PHDEs k!J ~ .it ill ll'li!.~ 7/-lJf .
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HPLC analysis of polybrominated diphenyl ethers

ZIlOlJ Li , XIANG Linn-min

( Schoo l of Chemical Eng ineering and Pharmacy. Wu han Instit ute of T echnology . Key Laboratory for Green Ch emical

Process of MiTli sTTy of F-ducat ion . Tluhei K(,y Lah of ;..rove l Reactor aTl d GHTTI Cfwtnical T cclmoiOKY.

Wu han 430074 . China)

Abstract ; Determining Pol ybro mi nated Diphenyl Et he rs ( PHDEs ) by high pe rformance liqu id

chroma tography was descr ibed. Using Acclaim 120 c'8Columnr Sum 250 m m X 4. Smm ) , U ltraviolet

absorpf.ion det ect or ( 225 nlll). gradient eluen t as mo bile phase , th e analyres were quantified usitlg

external standa rd cali bration cu rves. T he limit of det ection is 1~4 mg / L. T he rcanlt s s howed t ha t the

relative standard deviation ( RSD) from O. 03% to o. 52% . The reco veries ranged fro m 99. 29% to

100. 70 % . T he results indicat e t his m ethod could meet t he demand of analys is PBDEs.

Key words: high performance liqui d chro mat ogra phy ; pol ybrominat ed dipben yl e t.het s


