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Introduction

PCDDs and PCDFs belong to the well-known group erfsigtent organic compounds (POP), commonly called
dioxins. These compounds have been detected intal#igeoils and are considered as undesirable substances.
Therefore Regulation (EC) 2375/2001 in force siigly 2002 and subsequent modifications establishrtaximum
contents accepted in human food, being 0.75 pgid Weight for vegetable oils. Recently these litfiave been
modified by Regulation (EC) 199/2006, which add P@Bxin like’ in their estimation.

Bunge Ibérica S.A-La Corufia is dedicated to theviédgtof crushing and refining oilseeds. Accorditmgits strategy

of productive improvement and to HACCP criteriahéts developed the present study for removing uradids
substances in edible vegetable oil. This studybeas supported by Xunta de Galicia (Project PGDIFI3L9E).
Bleaching with earths is a common practice appliethe refining of vegetable offé. Since 2005 Regulation (EC)
208/2005 establish a limit value of 2u9/kg of benzo(a)pyrene for fat and oil for direcntan consume. However
Bunge Ibérica S.A. has successfully used activasgtion as a specific adsorbent for removing bepgg(@ne
during refining of crude soybean oil since 2001e resent study was conducted to compare the esflics of
different types of activated carbon, with differgttysical-chemical properties (internal surfaceaaparticle size,
etc.) for removing PCDDs, PCDFs and benzo(a)pyjandy.

Materials and Methods

Bleaching Tests

Bleaching or clarification reactions were perforniea jacketed reaction vessel with different nefoksmechanical
stirring, vacuum pump connection, temperature obrdnd addition of activated carbon and bleachiaghs.
Neutralized soybean oil was used as reaction médter clarification reactions the oil was filtereshder vacuum
with Albet FV-A glass fibre filters (Sant Boi dedbregat, Spain) before analysis.

Analysis of Benzo(a)pyrene

Benzo(a)pyrene analysis was based on ISO 15302WHRAC 2.608 method. The oil sample was dissolved in
hexane and an aliquot was cleaned-up using alusbhemns and hexane. The hexane was removed byy-+otar
evaporation and replaced with acetonitrile. Analysvas performed by HPLC. An Agilent 1100 (Agilent
Technologies, Bellefonte, USA) equipped with a My@1.8 201TP52 column (250 mm x 2.1 mm i.dund particle
size; Hesperia, USA) and a fluorescence detectar wgad. Benzo(a)pyrene were eluted in isocraticen{88%
acetonitrile : 12% water) and detected in prograchfherescence mode.

Analysis of PCDDg/Fs

Oil samples were spiked with labelled PCDDs/Fs daaas (EPA 1613-LCS, Wellington Laboratories, Ointar
Canada) and then dissolved directly in n-hexane.fats were removed by treatment with sulphurid éziobtain a
successful clean-up.

Clean-up was performed on the Power Prep FMS sy@tknd Management Systems, Waltham, USA). Procedur
based on solid/liquid adsorption chromatographyngisi set of disposable columns: multilayer siliolumns, basic
alumina columns and PX-21 carbon columns. A findlaet in toluene was recovered. This extract wagentrated
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up-to 2 mL using a rotary evaporator (Blchi, Fla@litzerland) and the remaining solvent was rerdowvéh a
gently stream of ) Before HRGC/HRMS analysis, samples were rebudith #he recovery standards;h of EPA
1613-1SS (Wellington Laboratories, Ontario, Cangaa$ 10uL of nonane.

PCDDs/Fs analysis was based on US EPA Method I818AT 95 XP coupled to a Trace GC 2000 series gas
chromatograph (Thermo Electron, Bremen, Germanyjpggd with a CTC GC PAL autosampler (CTC Analytics
Zwingen, Switzerland) was used. Analysis was peréat using a DB-5 capillary column (30 m x 0.25 mi@.25
um; Agilent Technologies, Bellefonte, USA) with hati as carrier gas at 1 mL/min in the splitlessatigm mode

(2 pL). The temperature program was from 140°C (2 rton200°C at 11°C/min, and then to 300°C at 3 °C/min
Transfer line temperature was set at 290°C. Thes sectrometer was operated in El mode (45 eWgusiultiple

ion detection (MID). Source temperature was s&68PC and the spectrometer was tuned to a minineswiution

of 10,000 (10% valley) using FC-43. The two mostiratant isotope peaks (Mand [M+2] or [M+4]") of each
PCDDs/Fs congener were used.

Identification was carried out using chromatograpietention times and isotopic ratios. Quantifizativas achieved
by isotopic dilution method using relative respofesetors (RRF) obtained by analysis of standardtsni mixtures
(EPA 1613 CVS solutions; Wellington Laboratoriesit@io, Canada).

Results and Discussion

Reaction media was prepared with neutralized soylmhspiked with a known concentration of the rieed
compounds using commercial standard solutions: di@jayrene (10 nglL in acetonitrile; Dr. Ehrenstorfer,
Augsburg, Germany) and PCDDs/Fs (NK-ST-A in nonaiellington Laboratories, Ontario, Canada). Thealfin
concentration was determined with the proper aitalytechnique for each compound.

The investigation undertakes three different aspect

Kinetic Experiments

The kinetic experiments were carried out followitiie decrease in the content of benzo(a)pyrene rnplss

obtained at different times. These experiments wengied out with different types of activated aarbat a
concentration of 0.03% in the oil. Characteristi€ghe different sorbents are shown in Table 1. &ime of these
experiments was to establish the necessary cotitaet between sorbent-adsorbate for reducing thel lev

contaminant under the legal limit. Figure 1 showpegimental data of benzo(a)pyrene (ppb) conceatratersus
time (min). Fractional degree of removal (%DR) wafulated at reaction time of 25 min (real Resigefnime for

bleaching step in the industrial refining process)ompare the effectiveness of the different attig carbons.
These values are also shown in Table 1.

Table 1. Physico-chemical properties of different typesdiivated carbon based on manufacturer’s datatiénat
degree of removal (DR) expressed as percentage.

BET surfacearea(m?/g) Particlesize(um) lodineindex (mg/g) DR (%) at 25 min

c1 * 15-35 1,000-1,100 93.78
C2 650 With > 150 (4%) 750 83.45
c3 1,000 With < 75 (>90%) 950 81.70
ca * * * 54.70

(*): not available.
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10 Benzo(a)pyrene removal Time c1 c2 c3 c4
° 7 o (min)  [B(a)P] [B@P]  [B(@P] [B(a)P]
5 . (Pb)  (epb)  (ppb)  (ppD)
= ! 0 7.07 5.74 9.29 9.67
o 7 —4—C3
g v cCa 2 1.03 1.76 2.86 6.18
e 6 5 0.72 1.42 2.55 6.16
S s 10 0.61 1.22 2.04 5.25
§ 2] 15 0.57 1.15 1.82 5.05
E 20 0.45 0.95 1.90 4.89
g 3 [ 25 0.44 0.95 1.70 4.56 |
2 R S ——— 30 0.32 1.76 4.38
1 F-\.\I\ BI limit=1 ppb 35 0.31 1.68 4.38
Tr———— . .. 40 0.33 1.73 3.16
0 10 20 30 40 50 60 70 50 0.27 151 3.16
time (min) 60 0.27 1.55 3.03

Figure 1. Kinetic of benzo(a)pyrene removal with differemtigated carbons (Reaction Conditions: Reaction T#:
100-105°C; Reaction media: 1,500 g of neutraliz®gbean oil; Adsorbent mixture composed of Bleactiagth:
Activated Carbon (93:7); Percentage of activateaain the oil: 0.03%). (*) Bl stands for Bungetita S.A.

Adsor ption Experiments for Benzo(a)pyrene Removal

Experiments were carried out by measuring the cordecrease of benzo(a)pyrene using different ptages of
activated carbon in the oil. The applicability bfde types of isotherms, namely Linear, Langmud Breundlich
isotherms, was investigated. Figure 2 shows thelinear fit of experimental data to the Langmuiruation.
Isotherm parameters were obtained for characterihie interaction between adsorbent-adsorbed stibstr

S = 0.67475699 . . X Ce IF:10))
r=097145245 Langmuirequation — = ———
NS% m 1+b ECE
2] where:
‘E w2 x/m: adsorbed_ substrate (be_nzo(a)pyrene) in mg per
= adsorbent (activated carbon) in g
; o] Ce: equilibrium concentration of B(a)P in ppb.
§ o a: constant related to the area occupied by a mgepla
- of adsorbent substrate. It's a measure of sorption
o capacity (mg/g).
b: It's a measure of the intensity of sorption psxe
c"P‘\ao_l (g/llg)
Ce B(a)P/ppb Inthiscase: a: 0.016 mg/g, b: 2.65 g/1g

Figure 2. Curve fit of experimental data to Langmuir equatideaction Conditions: Reaction T2: 100-105°C;
Reaction Time: 60 min; Reaction Media: 1,592 g efitnalized soybean oil with 2.14 ppb of benzo(agpge
Adsorbent mixture composed of Bleaching Earth:G230); Variation of percentage of activated carbothe oil:
0.004-0.03%).

Adsor ption Experiments for PCDDs/Fs Removal

Experiments were carried out by measuring the cdntiecrease of PCDDs/Fs using different percentajes
activated carbon in the oil. The applicability dletsame types of isotherms (Linear, Langmuir arelikalich
isotherms) was also investigated. However, goodetations could not be drawn conclusively. Figursh®ws the
plot of PCDDs/Fs concentration (expressed as puyld/HO-TEQ pg/gys. percentage of carbon.
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Figure 3. Comparison of 2,3,7,8-TCDD removal with C1 and (@R comparison oEPeCDF removal with C1 and
C2 (b); comparison of WHO-TEQ (pg/g ) removal with and C2 (c).

As it can be seen in the kinetics results, a peagenof 0.03% is enough to reduce the benzo(a)pyentent under
the legal limit, and even the internal limit, fol GQJsing C2 yields a worse result. Neverthelessithinsufficient for
removing dioxins when concentration ranges fron6 1/ 3.2 ppt (WHO-TEQ). This represents 2 and Zsirthe

legal limit (0.75 pg/g lipid weight) in raw matekiaPercentage of 0.1-0.15% ensures an efficientovainof

benzo(a)pyrene and PCDDs/Fs even in these conglititemoval efficiency of both carbons was comparedrms

of fractional degree of removal (%DR) at a costegdht carbon percentage of 0.12% (Table 2).

Table 2. Removal efficiency of C1 and C2 at a percentage 1i?% in terms of fractional degree of removal (D

DR (%) 2,3,7,8-TCDD DR (%) ZPeCDF DR (%) WHO-TEQ
C1 91.90 95.14 95.65
Cc2 89.06 34.12 63.07
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