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Table 1  Several events of dioxins pollution in feed additives in recent years
AEA) Year V5 YL Pollution sources [E % Country
1996 B P ESE|
1998 T U e
1999 &R FEA
2000 XML T TR | LA B AP
2002 Z WG e K
2003 SR AL EE mEX
2004 LCE il ik RRCE S i 2 | FUAI I A
2005 W ER R EC ] I A i 22
2007 IR Z I B
2010 Tl TS IR i R fEE

1 #RE5FEE
1.1 #RAEm

W13 (P C) Frid iy — MBI AL &9 i A% IE A
WV 8 AR IR W BT I SObR i L o B
R AR AET VR Ak N AR 1 TR BT ISR AR I 2
W [ 2 [ &1 1 [ 437 3R 55 5 %8 20 7] ( Cambridge Iso-
tope Laboratories, Inc. ) , 2 =98% , & 15 T %1%
1.2 RFFn{Les

IEC ke A G A LR g R A H
Mt 1 & A ik ), 240 3 8 [ Merck 24 ], A
B AR (70 ~230 H) W B 7E [ Fluka 23 7] , 44
4B (70 ~230 H) Il B #8 [ Merck 23 A,

= BESOM 63/ Ay BE BT 3 AL ( Ta-
ceGC2000/MATI5XL, % [E Thermo 4\ &) . H 3l
afifk 2% & ( Fluid Management System, 3¢ [E ) | il 3
V7 26 BUAL ( ASE ) I R 3 7K i L Rk i
AR A B AR A R A (A A
1.3 HmRE

T2006 4F 3 H 2010 4 7 H 1 [A] R 4R 1)
AR A ACRE B AN 4E A2 R K, A5 3T 46 iy, K
T EACEER 17 £, 4E4E R K, 29 £, 73 % AR
it BN W vk B R T AR

1.4 HmaribiE

FRE— 52 2 A B B T A TG A, A C AR
ICA PRI AR, AR EE 101 i S 4 L IE
CL TR B TR S T 701, SR T hm 8 e 7] 26 OIS A7 42
B PR BOR M4 2 1 mL 245, A 120 mL JEC
BEFN 50 g 30% FRIEREIE , £ 70 TR PR#E 1 h,
g B IR AR LT, A1 mL IE O BRI R
I C BRIC 1 Ak I BRI, KK 45 FMS H
B2k 7 G0 hir Wz B AT v A | R M A ISR AN AR AL AR
FE AL, 55 R S B H AR A & W k47 ik
JRIF A o R AWM 4 & 10 L A4, A
10 wL “C FRic i HERE bR, £ B AL
1.5 {X&|oh

S A S5 . DB —5MS (60 m x0.25 mm x
0.25 pm) B4, JEFE HEEE 280 C (L
280 C, Aript ke, A 1. 0 mL/min, Ff
BT 120 CT143#5 1 min, ) 43 C/min EFFE
220 C,F-LL 2.3 C/min f3# F F £ 310 C, 3%
#F 10 min,

J % 3 A 25 A1 < v sy Ok L & (BT I,
HLFBE & 60 eV, B F IR IR B 260 T, Jin # fy JE
5000 V, 53 HF3£ 10 000, LA #EE 25 A6l ( SIM)
B H AR & 9 S LR AL R N bR A& W 8
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K FH IR, 28 # R 2 R % o0 A e 1 3k
Xcalibur X #E 5 1 17 A~ ZRESE R AL A 9 SR SR 7
FE L, R B i B F (WHO-TEF) 115 8 M 24
R R DB R Y & (TEQ) W ¥ Kk,
P it e e — A [R) R W B AU T 0 1 e A A s R
{E(MDL) B, 452 A 1/2MDL %7K
1.7 RERIE

R S AR A S p SIS W RN = S DA
g oL B B ik (% EE K B AR
EPA1613) " S RE i 40 A7 3k R 0k AT B 1, B4
Bm ) HER M. 38 S AT R BRI n
P EHSCR X R G R e M T PR o o S 4
Bk 2 WU (RS 3L LA BF 58 BT ) 4l 210 — 3
1 B R BEXE, DR T 7R R R T 5 Y
AR RN TR P

2 & B
2.1 SLREmFNgEE R K, (ARLRMF 2Rk
LEWMKE

H12¢ 2 A 0L, SAE AR AR A S RS s e
YKV X W 2 4. 370 pg/g, P Bk R
1.573 pg/g, WL S 0. 065 ~26. 250 pg/g; 7
P R S 0. 184 pg WHO-TEQ/ g, i 4k
W 2 0. 135 pg WHO-TEQ/g, 35 [l 7 0. 015 ~
0.908 pg WHO-TEQ/g, 4’k & K, k& — Mk
KACE YTk 2 13. 871 pg/g, th AL 5Ok &
J&5.186 pg/g, i [l A Ak th & 84. 062 pg/g, B
PE 2 5k A 0. 379 pg WHO-TEQ/ g, 4K
W BE J& 0. 127 WHO-TEQ/g, 35 Bl i 0. 003 ~
2.093 pg WHO-TEQ/g.

AT FE A B, 2 AR RS I AR g W v B A
25T (H S 7K P E A T R R 1 PR = AR
#E(0.75 pg WHO-TEQ/g) , Hoth A 1 A~ G4k IH 7%
FESLFT S A 4EAE R K, FF i o B R 19 B 4
FRifE, 2554 0. 908 ~ 2. 093 pg WHO-TEQ/g, ~
[ ZEA R K, R 75 Jerkor 22 AR K, el R A
B A A B 84. 062 pe/g.
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Table 2 Concentrations of dioxin compounds in choline chloride and vitamin K,

(L JIEHK Choline chloride (n=17)

Y A= 2 K, Vitamin K, (n=29)

EEX PR YR PR Y R 34k BE B 2 U
Name of homologen Average Toxic equivalent Average Toxic equivalent
concentration/ concentration/ concentration/ concentration/
(pe/g) (pg WHO-TEQ/g) (pg/g) (pg WHO-TEQ/g)
293’758 - w%:%#%u@
. . . 092 .
2.3.7.8-TCDF 0.077 0.008 0.09 0.009
1,2,3,7,8 — HLAZIRIH- Wk
.059 . .221 .011
1,2,3,7,8-PeCDF 0.05 0.003 0 0.0
2,3,4,7,8 - 5l
T LS AT 0.090 0. 046 0.218 0.109
2,3,4,7,8-PeCDF
1,2,3,4,7,8 = NE IR0k Img
0.312 0.032 1.007 0.101
1,2,3,4,7,8-HxCDF
1 7233s6’798 _ﬁ%:ﬁﬁﬁnﬁ
0.129 0.014 0.331 0.033
1,2,3,6,7,8-HxCDF
293’4567758 _ﬁfiiﬂﬁ%%ﬂ%
12 .01 .2 .02
2.3.4.6.7.8-HxCDF 0.123 0.013 0.268 0.028
1,2,: 9 — NE Ik
02,3,7,8,9 = NFZAIFIRIN 0. 064 0.007 0.379 0.038

1,2,3,7,8,9-HxCDF
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ZUALEFE Choline chloride (n=17) 4k 2E % K, Vitamin K, (n=29)
EEX A XU FEME Y R IR E B Y VR
Name of homologen Average Toxic equivalent Average Toxic equivalent
concentration/ concentration/ concentration/ concentration/
(pg/e) (pg WHO-TEQ/g) (pg/g) (pg WHO-TEQ/g)
1 92 ’3 54‘ 76 57 98 - ‘b%:ﬁg#@i\ulﬁh
) ) 2.2 .02
112.3.4.6.7 8-HpCDF 0.807 0.008 85 0.023
1,2,3,4,7,8,9 - LA ZHIFnkmg
.319 .003 1.219 .012
1,2,3,4,7,8,9-HpCDF 0 0.00 0.0
NG —FE ) OCDE 1.863 0. 000 7.488 0.001
— UG AR
2.3,7,8 - U _ATpxf — I3 ND 0.003 ND 0.002
2,3,7,8-TCDD
- WA FE I R
1.2,3,7,8 — B AR B ND 0.026 0.001 0.005
1,2,3,7,8-PeCDD
_ — ) o — ]1]@444
1,2,3.,4,7,8 - AN AT I 0.074 0.008 0. 004 0.001
1,2,3,4,7,8-HxCDD
« B = | T+ — ]]‘QR—H—
1,2,3,6,7,8 - AW AR IS 0.057 0. 006 0.012 0.002
1,2,3,6,7,8-HxCDD
— AR AR I
1.2,3.,7,8,9 - AR AR I 0.047 0.006 0.006 0.002
1,2,3,7,8,9-HxCDD
— LA I R
1.2,3.,4.,6,7.8 — LR AIpA — I3k 0.116 0.001 0.136 0.001
1,2,3,4,6,7,8-HpCDD
NG 2RI x — IRESE OCDD 0.234 0. 000 0.204 0.000
A= kg PCDFs 3.842 0.134 13.506 0.370
L4k = xt — WESE PCDDs 0.527 0.050 0. 364 0.010
— ¥4k 4 ¥ Dioxin compounds
SEH4{E Average 4.370 0.184 13.871 0.379
FR {7 % Mean 1.573 0.135 5.186 0.127
3l Range 0.065 ~26.250 0.015 ~0.908 ND ~ 84.. 062 0.003 ~2.093

ND /R K#: H ., ND means no detect.
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2 FIE 1 Al 0L, iR 2,3 ,7,8 — IO R
Fext W3 (2,3,7,8-TCDD ) Fl 78 5 1k JIH i 71 4k
AR K ARSI AR, R 1,2,3,7,8 -
FA IR WESE (1,2,3,7,8-PeCDD) {L1F 1
MR K, FEa AR o S IR B R 4E A R
K, B g RS A & W 1 DL 2 I ik
(OCDF) Jyf £ L W15 YL M 2= Y, 4 G Sk B2 1Y
42% 1 53% ; k& 1,2,3,4,6,7,8 - L4 K
JEwkmg(1,2,3,4,6,7,8-HpCDF) , 73 ] i Sk JiE
() 18% 1 24% ; PCDFs 7t G Ak IH 6 F1 4 4= &% K,
T T kR ) SR B 88% F 9T % . X 1L
2 FAaEBHAS N7 44 L) PCDFs 2 £ 35 e ¥y, B A
e BE Y — Bk

& 2 BT, AR IR A 4EAE R K, e TEQ ¥

BE GTRR R I I 2,3,4,7,8 — A R kg
(2,3,4,7,8-PeCDF) 1,2,3,4,7,8 - NA _HIf
MR (1,2,3,4,7,8-HXCDF) , 43 5 5 TEQ ¥k # 11
41% F 55% . S AL mE ik 1,2,3,7,8-PeC-
DD .1,2,3,4,7,8 = N& 50t M (1,2,3,
4,7,8-HxCDD) .1,2,3,6,7,8 — A& I x4 —
WE¥5(1,2,3,6,7,8-HXCDD) #11,2,3,7,8,9 — 7%
AR FEXT Mg (1,2,3,7,8,9-HxCDD) ¥k fF
mTYEAER K,

3 4t

AHIFSE K B, 2 BRI R) b SR S G R AR
F %2 OCDF Ml 1,2,3,4,6,7,8-HpCDF, # {34
HIRIE R FZE TR 2 2,3,4,7,8-PeCDF 1,2,
3,4,7,8-HXCDF, 5457 % [ W41 X5 7K 7= 3l 4
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F1 F2 F3 F4 F5 F6 F7 F8 F9 F10 D1 D2 D3 D4 D5 D6 D7

F1:2,3,7,8 - PU& — K Hmkif 2,3,7,8-TCDF,F2:1,2,3,7,8 - H.4 3tk 1,2,3,7,8-PeCDF,F3:2,3,4,7,8 —
HAE T EHKIR 2,3,4,7,8-PeCDF,F4:1,2,3,4,7,8 - N #3F0kmg 1,2,3,4,7,8-HxCDF,F5:1,2,3,6,7,8 - A%
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memg 1,2,3,4,7,8,9-HpCDF, F10: /\ & — -0k il OCDF,D1:2,3,7,8 — U4 — % IF%f ¥k 2,3,7,8-TCDD,D2:1,2,
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3,6,7,8 - N&E A FFExF —MEWE 1,2,3,6,7,8-HxCDD,D5:1,2,3,7,8,9 — A 26 Ffx — M9 1,2,3,7,8,9-HxCDD, D6: 1,
2,3,4,6,7,8 —-L& "IN —NEDE 1,2,3,4,6,7,8-HpCDD, D7 : /\’& — 2K -5t — FE3E OCDD, FE[Fl, The same as below.
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Fig.1 Distribution characteristics of concentrations of dioxin compounds in choline chloride and vitamin K,
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Fig.2 Distribution characteristics of toxic equivalent concentrations of

dioxin compounds in choline chloride and vitamin K,
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Feed Additives of Choline Chloride and Vitamin K, .

Dioxin Compound Concentrations and the Distribution
Characteristics of Monomers

LIU Zhibin'? ZHANG Jianging®* JIANG Yousheng® ZHOU Jian® LI Shengnong®
(1. School of Public Health, Sun Yat-Sen University, Guangdong 510080, China;
2. Shenzhen Center for Disease Control and Prevention, Shenzhen 518055, China)

Abstract; This study was conducted to investigate dioxin compound concentrations and the distribution charac-
teristics of monomers in two kinds of common feed additives ( choline chloride and vitamin K, ). Seventeen
samples of choline chloride and 29 samples of vitamin K, were detected. Dioxin compounds were extracted by
accelerated solvent extraction system ( ASE) , purified by fluid management system ( FMS) , and quantitative
analyzed by isotope dilution high resolution gas chromatography/high resolution mass spectrometry ( HRGC/
HRMS). The results showed as follows: the concentrations of dioxin compounds in choline chloride and vita-
min K, were 4.370 and 13.871 pg/g, respectively. The average concentration of toxic equivalent was 0. 184
and 0. 379 pg WHO-TEQ/g, respectively. The toxic equivalent concentration in 1 choline chloride sample and
5 vitamin K, samples exceeded the executive standard of European Union (0. 75 pg WHO-TEQ/g). OCDF
was the dominant contributory congener both in the samples of choline chloride and vitamin K,, and the main
contributors of toxic equivalent were 2,3 ,4,7,8-PeCDF and 1,2,3,4,7,8-HxCDF. Furthermore, PCDFs ac-
counted for 88% and 97% of total toxic equivalent in choline chloride and vitamin K, , respectively, and was
the main pollutant in the distribution characteristic of pollutional congeners. [ Chinese Journal of Animal Nu-
trition , 2012, 24(10) :2006-2012 ]

Key words: feed additive; dioxin; isotope dilution; HRGC-HRMS; choline chloride; vitamin K,
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