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Evaluation for Concentration of Residual PCDD/Fs in Pig Feed
Ahn, Yun Gyong - Shin, Jeoung Hwa'

Korea Basic Science Institute, Seoul, Korea

ABSTRACT

Dioxins are chemical substances that are not properly decomposed degradation under natural
photochemical, biological and chemical conditions in the environment, and bio-accumulate
through the food chain, so pose a risk of causing adverse effects to human health and the
environment. Ninety seven percent of human exposure to dioxins comes through meat, fish,
dairy consumption and so on. Pork is the largest proportion meat aspect of daily intake in
the Korean food. Pigs are three times more than Cattle in terms of breeding population and
production amount in the world, and the amount is increasing every year. Therefore, it is
necessary to monitor the exposure level of dioxins in pig’s body. Also, it is required to evaluate
the presence of these chemical substances in the pig’s feed grain such as corn, soybeans, and
tallow. The purpose of this study was to evaluate PCDD/Fs in pig's feed to search the origin
of PCDD/Fs. Feed samples obtained were wheat from East Europe, corn from South America
and America, soybean meal from Korea, America, South America and India and tallow from
Korea. The preparation of samples was based on the EPA method 1613. Instrumental analysis
was based on the use of high resolution gas chromatography coupled to high resolution mass
spectrometry (HRGC/HRMS). The concentrations of 2,3,7,8-tetrachlorodibenzo-p-dioxin
(TCDD) and 1,2,3,7,8-pentachlorodibenzo-p-dioxin (PCDD), which are the most toxic potent
dioxins, were not observed in any of the samples. However OCDD was detected in most of
the samples. The TEQs in the feed samples were ranged from 0 pg TEQ/g to 0.09841 pg
TEQ/g. Especially, the high level of TEQs was observed in the samples of wheat from East
Europe and soybean meal from Korea.
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Table 1. Detail information on the measurement of
compounds in PCDD/Fs

PCDD/Fs Homolog Isomer
TetraCDDs 2,3,7,8 -TCDD
PentaCDDs 1,2,3,7,8 -PeCDD

1,2,3,4,7,8 -HxCDD

PCDDs HexaCDDs 1,2,3,6,7,8 -HxCDD

1,2,3,7,8,9 -HxCDD
HeptaCDDs 1,2,3,4,6,7,8 -HpCDD
OctaCDDs 1,2,3,4,6,7,8,9 -OCDD
TetraCDFs 2,3,7,8 -TCDF

1,2,3,7,8 -PeCDF
PentaCDFs

2,3,4,7,8 -PeCDF

1,2,3,4,7,8 -HxCDF

1,2,3,6,7,8 -HxCDF

PCDFs HexaCDFs

1,2,3,7,8,9 -HxCDF

2,3,4,6,7,8 -HxCDF

1,2,3,4,6,7,8 -HpCDF
HeptaCDFs

1,2,3,4,7,8,9 -HpCDF
OctaCDFs 1,2,3,4,6,7,8,9 -OCDF

PCDD/Fs &2 Wellington Laboratories©l
Al e, v 9 AFAe] HAE5E AL 7St
o] ARgstATE A 2438 EFEZ(Calibration
standard; CS1~CS5)E+ EPA-1613 CVS(Calibration
and Verification Solutions, Wellington Labs., Ontario,
Canada)E AHE3tH o, A& JYERIFEH
(Cleanup  standard)-<- 13Clgi 2]gl=l EPA-1613
LCS(Labelled Compound Stock Solution)E 7l 3}
o AT I5E S8ES S AdR Aot
4 YHEZFEH(Syringe standard)2 EPA- 1613
ISS(Internal Standard Spiking Solution)E -ulj3}<]
AHEEFG O, Table 2~40l b o]d&A ] FF
2 =5 YEAS-
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(EPA-1613CSL)

Table 2. List of PCDD/Fs calibration solution

Native PCDDs and PCDFs

Concentration (ng/mL)

CS1 CS2 CS3 CS4 CSs5

2,3,7,8-TCDD
2,3,7,8-TCDF
1,2,3,7,8-PeCDD
1,2,3,7,8-PeCDF
2,3,4,7,8-PeCDF
1,2,3,4,7,8-HXxCDD
1,2,3,6,7,8-HxCDD
1,2,3,7,8,9-HXCDD
1,2,3,4,7,8-HXCDF
1,2,3,6,7,8-HXCDF
1,2,3,7,8,9-HXCDF
2,3,4,6,7,8-HXCDF
1,2,3,4,6,7,8-HpCDD
1,2,3,4,6,7,8-HpCDF
1,2,3,7,8,9-HpCDF
OCDD

OCDF

05 2 10 40 200
05 2 10 40 200
2.5 10 50 200 1000
25 10 50 200 1000
2.5 10 50 200 1000
2.5 10 50 200 1000
2.5 10 50 200 1000
2.5 10 50 200 1000
2.5 10 50 200 1000
25 10 50 200 1000
2.5 10 50 200 1000
25 10 50 200 1000
2.5 10 50 200 1000
2.5 10 50 200 1000
2.5 10 50 200 1000

5 20 100 400 2000

5 20 100 400 2000

Labelled PCDDs and PCDFs

BCL-2,3,7,8-TCDD
BC2-1,2,3,7,8-PeCDD
C1,-1,2,3,4,7,8-HxCDD
C15-1,2,3,6,7,8-HxCDD
BCi2-1,2,3,4,6,7,8-HpCDD
13C1,-0CDD
C1,-2,3,7,8-TCDF
BC2-1,2,3,7,8-PeCDF
C1,-2,3,4,7,8-PeCDF
C15-1,2,3,4,7,8-HXCDF
C1,-1,2,3,6,7,8-HXCDF
BC12-1,2,3,7,8,9-HXCDF
C1,-2,3,4,6,7,8-HXCDF
BC12-1,2,3,4,6,7,8-HpCDF
BCi2-1,2,3,4,7,8,9-HpCDF
13C1,-0CDD

100 100 100 100 100
100 100 100 100 100
100 100 100 100 100
100 100 100 100 100
100 100 100 100 100
200 200 200 200 200
100 100 100 100 100
100 100 100 100 100
100 100 100 100 100
100 100 100 100 100
100 100 100 100 100
100 100 100 100 100
100 100 100 100 100
100 100 100 100 100
100 100 100 100 100
200 200 200 200 200

Cleanup standard

C1,-2,3,7,8-TCDD

05 2 10 40 200

Internal standard

C),-1,2,3,4-TCDD
13C1-1,2,3,7,8,9-HxCDD

100 100 100 100 100
100 100 100 100 100
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Table 3. List of PCDD/Fs labeled compound stock solution(EPA-1613LCS)

C,, -PCDDs Concentration 5C,, - PCDFs Concentration
(ng/ml) (ng/ml)
3Cl1,-2,3,7,8-TCDD 100 3C12-2,3,7,8-TCDF 100
3C12-1,2,3,7,8-PeCDD 100 5C12-1,2,3,7,8-PeCDF 100
3C12-1,2,3,4,7,8-HXCDD 100 53C12-2,3,4,7,8-PeCDF 100
3C12-1,2,3,6,7,8-HXCDD 100 5C12-1,2,3,4,7,8-HXCDF 100
3C12-1,2,3,4,6,7,8-HpCDD 100 5C12-1,2,3,6,7,8-HXCDF 100
13C1,-OCDD 200 5C12-1,2,3,7,8,9-HXCDF 200
5C12-2,3,4,6,7,8-HXCDF 100
5C12-1,2,3,4,6,7,8-HpCDF 100
5C12-1,2,3,4,7,8,9-HpCDF 100

Table 4. Mass labeled PCDD/Fs recovery standards

Cj»- PCDD Concentration(ng/ml)
13C12-1,2,3,4-TCDD 200
13C12-1,2,3,7,8,9-HxCDD 200
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7t 23] FEIATE AsE T4 OiFEE O
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4. AN Z2XHE|

Qo] FE9 nuAdgd JAsI AmHFS
59 749 20 goll Hexane 50 mlS 7|3t
sonication®l] 208 A= FE3}F o o] HAHL
H o BESH Y T2 ka3 5% solvent
< evaporate = B FEAIZ & fat FAIE A3
Fon, T T FehId STD EPA-
1613 CSS 25 ul(*’C1-2378-TCDD), STD EPA/method

I

‘ Feed sample ‘

-Add Sampling Standard : ¥CI-2378-TACDD

‘ Sonication Extraction ‘

-Extracting Solvent : Hexane
- Concentration
-Add Clean-up Standard : 13C-labeled PCDD/Fs

H,50, Clean-up

-Washing using H,0O
- Drying using Na,SO,

Column Clean-up
Automatic parallelLC columns

Add '3C-1234-TCDD, *C-123789-HxCDD

\ HRGC-HRMS

Fig. 1. Schematic diagram for analytical procedure



1613 LSS 10 ul(°C-PCDDs &"“C-PCDFs)& Y& =
G4k A E eta A, g5 AE stk BA
+ T}o]S-4] FMS(Fluid management systems)Z 73 A
£ 3 ¥ A¥UA STDI EPA/method 1613 LSS 5 ul
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<, 9F712] Hexane 5 ml =& 7I5te] A|gd#o =
7 g@okern, FAE o 49 ¥ HIT Hy
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717] 492 Agilent 6890 Plus Gas chromatography
9} Jeol Mstation 700D high resolution mass
spectrometerE ©]-8-%F EI-SIMH OS2 33T} o]
W HRGCell &z=ojzl 7§82l ZH2 DBs-
MS(60 mx0.25 mmx0.25 um)E AH&-3}% THTable
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Table 6. Result of the recovery test in PCDD/Fs
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Table 5. The conditions of HRGC/HRMS for PCDD/Fs

Item Condition

Hewlett Packard 6890 Plus GC system
JEOL 700D Mstation high resolution
mass spectrometer

Instrument

Column DB-5MS (60 mx0.32 mm L.D x0.25 um)

start temp. : 160C, 1.0min hold,
20C/min to 200°C, 2.0min hold
5.0C/min to 220°C, 15min hold,
5.0C/min to 235°C, 5.0min hold
3.0C/min to 310C, 3.0min hold

Oven temp

Carrier gas Helium, 1.0 mL/min

Injector temp

280C
©)

Injection mode Splitless mode

g M1 [M+2], [M+4], [M+6] E+= [M+8]%]
o] 27 Z(lon intensity) HIZ7} 99 % &G 7tol] &
oled A ERIE Aoz FIY, I
°] 70 %ol A 120 % W0l == Aol o
A JHFS sFHeH, I HYYE Hojy= AR
o tialixl= wlolEl9 AlgAo] e AR #
@ate] QA stk el AEd Aol
= ©Jol th-83l= Labelled Compound Standard

(%)

Sonication Soxhlet
Compound . .
Dichloromethane Hexane Dichloromethane Hexane
7C14-2,3,7,8-TCDD 51 79 44 58
BC,-2,3,7,8-TeCDD 56 81 46 61
BC1,- 1,2,3,7,8-PeCDD 48 77 39 48
BCp,-1,2,3,4,7,8 - HXCDD 82 105 59 104
BC- 1,2,3,6,7,8- HXCDD 78 98 55 97
BCi-1,2,3,4,6,7,8- HPCDD 47 72 34 55
1Cp- OCDD 31 65 2 50
BCip- 2,3,7,8-TeCDF 53 77 50 54
BC1,-1,2,3,7,8-PeCDF 56 88 46 59
BC,-2,3,4,7,8-PeCDF 41 69 43 43
BC,- 1,2,3,4,7,8-HxCDF 82 112 60 109
BC - 1,2,3,6,7,8-HxCDF 85 117 61 111
BC1,-1,2,3,7,8,9-HxCDF 64 94 47 83
BC,- 2,3,4,6,7,8-HXCDF 66 86 59 81
BC,- 1,2,3,4,6,7,8-HpCDF 63 91 46 76
BC,- 1,2,3,4,7,8,9-HpCDF 45 63 34 56
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(LCS)oll tigk ¥H-3-AIS*(RP: Relative Response)E
o]8 Cp-1234-TCDD, “Ci»-1,2,3,7,8,9-HxCDD
2 LCsE AR ATE o83 WREEY

FEROEZAME
Hexane F2°| PCDD/Fsoll HZY& & 5 U

Sonication'H 3}

we} ARtk =g A4 W A 2E ¥ 2. =2|2l=2 AIZLH2| PCDD/Fs &AM
42 JEOL Mstation 700D ZAZEgoQ] 22 2o AEA $7]0dBR 2y =
DiokE AH8-3F3ATH Moz ALE(L4SE BEE & 9o
AFA A7 9B AR BH O pCDD/
. Az 9 23k Fso] 242 Qshdct
Table 7> A AR W] PCDD/Fso] #4174 7
1. =&Y ¥ &304 "l £ Yehga ok Als U] PCDDFse] S5
Table 62 FZW 7 FE8vo] Ax5 yehy 0-2.375 pglge UEHAUT AS vl=it S
Ak FEHA= 4£EYFEHF Sonication (C2)°] AS EE 3fEA AEHA w3ke
FZH = Sonication FEH 9| 3480 »E 35 o 7P 2 TEE Uehd AL JEAE]
EoA o] FEL1]ZA4+= Dichloromethane wodd 4k eXg o, oz 4k Fuh
BT} Hexaned F= 3580 £2 AFE e THEA LU, VA AR, /JIEAE T
Wlth =% o] 34E Fe BHYE Hed ot S44 S0 2 YET
70~120 %E WEES AT 5 AATh TahA 3 SAe @4 B3 oA 9 A&
Table 7. The concentrations of PCDD/Fs in feed sample
(pg/g)
PCDD/F Wheat Corn Soybean Tallow
W1 C1 C2 S1 S2 S3 S4 T1
2,3,7,8-TeCDD ND ND ND ND ND ND ND ND
1,2,3,7,8-PeCDD ND ND ND ND ND ND ND ND
1,2,3,4,7,8-HxCDD 0.088 ND ND ND ND ND ND 0.165
1,2,3,6,7,8-HxCDD 0.124 ND ND ND ND ND ND ND
1,2,3,7,8,9-HxCDD 0.050 0.079 ND ND ND ND ND 0.138
1,2,3,4,6,7,8-HpCDD 0 ND ND 0.110 0.029 ND 0.102 0.293
OCDD 0.176 0.062 ND 1.207 ND 1.030 0.563 1.210
2,3,7,8-TeCDF ND ND ND ND ND ND ND ND
1,2,3,7,8-PeCDF 0.176 ND ND ND ND ND ND ND
2,3,4,7,8-PeCDF 0.176 ND ND ND ND ND ND ND
1,2,3,4,7,8-HxCDF ND ND ND 0.047 ND ND ND 0.138
1,2,3,6,7,8-HxCDF ND 0.088 ND 0.054 ND ND ND 0.156
1,2,3,7,8,9-HxCDF 0.140 0.076 ND 0.091 ND ND 0.057 ND
2,3,4,6,7,8-HxCDF ND 0.057 ND ND ND ND ND 0.275
1,2,3,4,6,7,8-HpCDF ND ND ND ND ND ND ND ND
1,2,3,4,7,8,9-HpCDF ND ND ND ND ND ND ND ND
OCDF 0.245 0.129 ND 0.202 ND ND ND ND
Total 1.176 0.491 0 1.711 0.029 1.030 0.722 2.375

W1: wheat from East Europe Cl: corn from South America C2: America S1: soybean meal from Korea

S2: soybean meal from South America S3: soybean meal from America S4: soybean meal from India

TI: tallow from Korea
ND: not detect



Table 8. The 2005 World Health Organization re-
evaluation of human and mammalian toxic
equivalency factors for PCDD/Fs

PCDD/F WHO 2005 TEF
2,3,7,8-TeCDD 1
1,2,3,7,8-PeCDD 1
1,2,3,4,7,8-HxCDD 0.1
1,2,3,6,7,8-HxCDD 0.1
1,2,3,7,8,9-HxCDD 0.1
1,2,3,4,6,7,8-HpCDD 0.01
OCDD 0.0003
2,3,7,8-TeCDF 0.1
1,2,3,7,8-PeCDF 0.03
2,3,4,7,8-PeCDF 03
1,2,3,4,7,8-HxCDF 0.1
1,2,3,6,7,8-HXCDF 0.1
1,2,3,7,8,9-HXCDF 0.1
2,3,4,6,7,8-HxCDF 0.1
1,2,3,4,6,7,8-HpCDF 0.01
1,2,3,4,7,8,9-HpCDF 0.01
OCDF 0.0003
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7V EA4do] 73k 2,3,7,8-TACDDS] S4E 7]
1R 3t 7 ol gAY A H43E
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Table 9. The WHO-TEQ values of PCDD/Fs in feed samples

(pg WHO-TEQ/g)

PCDD/F Wheat Soybean Tallow
Wi Cl C2 S1 S2 S3 S4 T1
2,3,7,8-TeCDD ND ND ND ND ND ND ND ND
1,2,3,7,8-PeCDD ND ND ND ND ND ND ND ND
1,2,3,4,7,8-HxCDD 0.0088 ND ND ND ND ND ND  0.01650
1,2,3,6,7,8-HxCDD 0.0124 ND ND ND ND ND ND ND
1,2,3,7,8,9-HxCDD 0.0050  0.00790 ND ND ND ND ND  0.01380
1,2,3,4,6,7,8-HpCDD ND ND ND 0.00110  0.00029 ND  0.00102  0.00293
OCDD 0.00005  0.000002 ND 0.00036 ND  0.00031  0.00017  0.00036
2,3,7,8-TeCDF ND ND ND ND ND ND ND ND
1,2,3,7,8-PeCDF 0.00528 ND ND ND ND ND ND ND
2,3,4,7,8-PeCDF 0.0528 ND ND ND ND ND ND ND
1,2,3,4,7,8-HxCDF ND ND ND 0.00470 ND ND ND  0.01380
1,2,3,6,7,8-HxCDF ND  0.00880 ND 0.00540 ND ND ND  0.01560
1,2,3,7,8,9-HxCDF 0.01400  0.00760 ND 0.00910 ND ND  0.00570 ND
2,3,4,6,7,8-HxCDF ND 0.00570 ND ND ND ND ND 0.02750
1,2,3,4,6,7,8-HpCDF ND ND ND ND ND ND ND ND
1,2,3,4,7,8,9-HpCDF ND ND ND ND ND ND ND ND
OCDF 0.00007  0.00004 ND 0.00006 ND ND ND ND
Total 0.09841  0.03006 0 0.02072  0.00029  0.00031  0.00689  0.09049

W1: wheat from East Europe Cl: corn from South America C2: America S1: soybean meal from Korea

S2: soybean meal from South America S3: soybean meal from America S4: soybean meal from India

T1: tallow from Korea
ND: not detect
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