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Establishment of activated carbon treatment conditions and
analytical methods to reduce polycyclic aromatic hydrocarbons
contents in soybean oil and perilla oil

Young-Ae Park*, So-Young Jung', Nam-Hoon Kim', Young-Ju Lee', Ju-Yeon Jo', Ouk-Hee Kim',
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Abstract After adding eight different kinds of PAHs to soybean oil and perilla oil samples, changes of PAHs contents
after activated carbon treatment with different conditions of activated carbon concentration, temperature, and time were
investigated. PAHs contents decreased in both soybean oil and perilla oil with increasing activated carbon concentrations.
Neither of the PAHs were detected in the soybean oil samples after the addition of only 0.05% of activated carbon, while
the contents of most kinds of PAHs decreased below the limit of quantification in the perilla oil samples after the addition
of up to 0.4% of activated carbon. PAHs contents decreased as the temperature of the activated carbon treatment increased,
and most PAHs were not detected in the soybean oil samples at temperatures above 80°C. With regards to the activated
carbon treatment time, the PAHs contents also decreased as the treatment time increased. In case of soybean oil, four kinds
of PAHs were not detected after treatment with 0.05% of activated carbon at 70°C for 10 min.
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W7 s E3 (Group 2A), benzo(a)anthracene (BaA) 5 1152 vt
192122 (Group 2B), benzo(gh,iperylene(BghiP) & 45%& d+
dEdz BRHA & EF(Group 3) T 4LFOE R
HSESHATHIARC, 2006). 2184 242 Ashago] & 252
PAHso| 2¥€ 7Fs/do]l Z7] w&ol|(Chung 5, 2004) AlA z}
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oM e &2 F PAHsol Wik 71E& AAsI o
EU(European Union)o|Al= PAHs % 71 ZAdo] 733t wlzsj=l
o §A F HUl &S 2ppbE AT U (Ledicia &,
2008) olg&o}f, 2=l, 28]& oA WAl 7E 71 ]3]l
heavy PAHs % 8FRES 7|52 /¥ 2ppb ©13}, S Sppb
otz AAS T o Morete} Conte, 2000) ZdoM = F
PAHs 25 ppb, heavy PAHs Sppb ©|3t= 7|&g AAstaL ATt
(Pulpin®} Toledo, 1996; Speer &, 1990). $-2lUgllMe 28
A & Wzad Hs]f 2ppb olste] 71ET A o] gl
W F PAHso| tigh 7152 A= YA & AA o)
AF7A 715 52l benzo(a)pyrene T 574 B W3} AT
(Kim %, 1993; Speer 5, 1990), F71E AZ2TH F B 2L9
7kl W PAHso| FHRistel] #E A7(Seo F, 2009), 71
B o4 F 2k 4719 AAMIEe w2 benzo(a)pyrene
o] A7+3t AF(Kim3Z Song, 2008), FFAE o] &3 FHS9
benzo(a)pyrene A 7+3H(Choi 2014) 5 FH71E W3
benzo(a)pyrene & B Atst Ave FEd] F@EHL ot
2 2] g8X]ol 3 benzo(a)pyrene X PAHs®] $HaF B2 2
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2010) Choi 52 7|15 &2 A28t benzo(a)pyrene T+
< A Azl s 2ag bl ti(Choi 5, 2014). wEkA]
B A7E Hojd FH58S /K 2AeS TS E7180
A2lsled PAHs S A7et A1 ¢ e A ARzde
3tz 519

Mz W
Mz

AYANEE CIAILAZ G )(Inchon, Korea)ollA A4td F7]&
I 27158 THE FAE ARE ARSI

=23 U Al

PAHsZ #4]3}7] 913le] benzo(a)anthracene (BaA), chrysene
(CRY), benzo(b)fluoranthene (BbF), benzo(k)fluoranthene (BKF),
Benzo(a)pyrene (BaP), dibenzo(a,h)anthracene (DahA),
benzo(g,h,i)perylene (BghiP), indeno(1,2,3-c,d)pyrene (IcdP) & 8
9 ZFEAN YR EFZE4AQ 3-methylcholanthrene(3-MC)S
ARSI T BE ETEZ L Supelco (Bellefonte, PA, USA|ZE
< ARSI AR AAE] B EAE AR R AR oA E
HEY, WehE, o|&SH, Al|Z2HA tFE2 ek Merck

Co. (Darmstadt, Germany)?] HPLC &+ A|&& ARFE3Io™ Al

EH

EE AAs] 915t AME-g FFER|A]E Strata SDB-L Styrene-
Divinylbenzene Polymer (1,000 mg/6 mL)= Phenomenex (Tor-
rance, CA, USA)Y Z& ARSIt A2 ARSS €4
(activated charcoal, 100 mesh)< Sigma-Aldrich (St. Louis, MO,
USA) AlFS 78k ARSIt
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=] [ EyLm =_— =

aA, CRY, BbF, BKF, BaP, DahA, BghiP, IcdP) °F
10mge 27k 100 mL 8% E2kiTe] FH3h & o EHEZ
B3IAA °F 100 mgkee] =7t HES At REU o=
SkaL, 859] HEANE UAw
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Ztz} #7138t ¥ shaking water bath (BS-31, Jeio Tech)ollA] &
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Table 1. Analytical condition of polycyclic aromatic hydrocarbons (PAHs) by HPLC-FLD

Parameter Analytical conditions
Instrument Agilent 1200 Series
Column SUPELCOSIL™ LC-PAH (25 cmx4.6 mm, 5 pm)
Mobile phase A: 100% acetonitrile, B: distilled water
) ) Mobile phase
Time (min)
A (%) B (%)
Gradient 0 80 20
20 100 0
27 90 10
30 80 20
Flow rate 1.0 mL/min
Column temperature 35°C
Injection volume 50 pL
Fluorescence
Detect BaA", CRY? (Ex/Em) 254 nm/390 nm
ctector BbF”, BKFY, BaP®, DahA®, BghiP” 254 nm/420 nm
IcdP® 254 nm/498 nm

YBaA: benzo(a)anthracene, ?CRY: chrysene, BbF: benzo(b)fluoranthene, “BKF:

benzo(k)fluoranthene, *BaP: benzo(a)pyrene, “DahA:

dibenzo(a,h)anthracene, "BghiP: benzo(g,h,i)perylene, ®IcdP: indeno(1,2,3-c,d)pyrene
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Table 2. The correlation coefficient, limit of detection (LOD), limit of quantification (LOQ) and coefficient of variation (CV) of
polycyclic aromatic hydrocarbons (PAHs) by HPLC-FLD

Compound Correlation coefficient (R?) LOD" (ug/kg) LOQ? (ug/kg) CV (%)
Benzo(a)anthracene 0.999 0.091 0.276 2.8
Chrysene 0.999 0.070 0.212 5.9
Benzo(b)fluoranthene 0.999 0.072 0.220 3.6
Benzo(k)fluoranthene 0.999 0.014 0.043 52
Benzo(a)pyrene 0.999 0.027 0.082 2.8
Dibenzo(a,h)anthracene 0.999 0.197 0.597 6.0
Benzo(g,h,i)perylene 0.999 0.166 0.503 6.1
Indeno(1,2,3-c,d)pyrene 0.999 0.187 0.566 7.0

YLOD=3.3 X (s/S), ?LOQ=10x(s/S), s: standard deviation of the response, S: slop of the calibration curve
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Fig. 1. Chromatograms of 8 kinds of polycyclic aromatic hydrocarbons (PAHs) standards (10 pg/kg) according to wavelengths. BaA:
benzo(a)anthracene, CRY: chrysene, BbF: benzo(b)fluoranthene, BKkF: benzo(k)fluoranthene, BaP: benzo(a)pyrene, DahA:
dibenzo(a,h)anthracene, BghiP: benzo(g,h,i)perylene, IlcdP: indeno(1,2,3-c,d)pyrene
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Fig. 2. Chromatograms of 8 kinds of polycyclic aromatic hydrocarbons (PAHs) according to wavelengths in soybean oil blank. BaA:

benzo(a)anthracene, CRY: BbF:

chrysene,

benzo(b)fluoranthene,

BKkF: Dbenzo(k)fluoranthene, BaP: benzo(a)pyrene, DahA:

dibenzo(a,h)anthracene, BghiP: benzo(g,h,i)perylene, IcdP: indeno(1,2,3-c,d)pyrene

Agilent 1200 series (Agilent, Santa Clara, CA, USA)E AMH-31%
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Table 3. Recovery of polycyclic aromatic hydrocarbons (PAHs)
by HPLC-FLD in soybean oil and perilla oil

Spiked Recovery (%)
Compound conc.
(ng/ke) Soybean oil Perilla oil
5 88.69+0.85)  85.1241.20
Benzo(@anthracene 10 83.04£034  91.29+1.34
20 83424201  94.52+4.92
40 85.96+0.90  85.78+1.19
5 88.1241.85  80.01+0.83
10 80.82+0.52  91.19+1.04
Chrysene 20 86.82+133  88.48+1.45
40 77.53+0.50  85.79+0.65
5 100.9443.53  100.44+3.78
Benzoyluoranthene 96.0143.08  85.01+0.74
20 93754227 89.1040.53
40 95114174 90.10+0.76
5 100.65+3.45  88.504.40
10 8037133  84.53+2.63
Benzo(kfluoranthene 0474£170  84.77+1.02
40 91.91£1.09  85.62+0.82
5 105.02+1.86  104.22+3.16
Benzo(apyrene 10 9438+2.64  97.77+3.39
20 101.02+1.79  99.62+0.86
40 104.65£2.12  100.81+0.76
5 93.91+4.12  81.79+4.98
, 10 86.40+1.64  88.87+4.27
Dibenzo(a,manthracene ) 88.13£6.69  82.57+1.65
40 87274225  82.27+0.78
5 95.6842.46  84.01+:4.30
_ 10 88.33£546  87.58+5.53
Benzo(gh,perylene 20 96.98+0.77  80.93+£0.90
40 95434217 89.51+0.18
5 77804122  82.36+6.66
10 93.04£127  92.6842.55
Indeno(1,2,3-c.dpyrene 98.03+0.84  93.55+3.64
40 96.7242.05  96.58+1.47

YMeantSD (standard deviation), n=3

53 E7150 Uldt 8% PAHs9| S4E&2 77.53-105.02% M=
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PAHs % 7F¢ =7 Jeldth 2412572993 (Codex Alimen-
tarius Commission, CAC)°IA 3& AZHSI7E 70-110%3] A
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Fig. 3. Decrease of polycyclic aromatic hydrocarbons (PAHs)
contents after the addition of activated carbon in soybean oil and
perilla oil. BaA: benzo(a)anthracene, CRY: chrysene, BDF:
benzo(b)fluoranthene, BKF: benzo(k)fluoranthene, BaP:
benzo(a)pyrene, DahA: dibenzo(a,h)anthracene, BghiP:
benzo(g,h,i)perylene, IcdP: indeno(1,2,3-c,d)pyrene. Soybean oil
and perilla oil were treated at 70°C for 30 min.
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Fig. 4. Changes of polycyclic aromatic hydrocarbons (PAHs)
contents of soybean oil and perilla oil after the addition of
activated carbon for different treatment time. BaA:
benzo(a)anthracene, CRY: chrysene, BbF: benzo(b)fluoranthene,
BKF:  benzo(k)fluoranthene, BaP: benzo(a)pyrene, DahA:
dibenzo(a,h)anthracene,  BghiP:  benzo(g,h,i)perylene, IcdP:
indeno(1,2,3-c,d)pyrene. Soybean oil and perilla oil were treated
with 0.05% (w/w) activated carbon at 70°C.
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Table 4. Change of polycyclic aromatic hydrocarbons (PAHs) contents of soybean oil and perilla oil by activated carbon treatment

temperature
Treatment temperature PAHs content (ug/kg)
Q) BaA" CRY? BbF” BKF" BaP® DahA® BghiP” IcdP?
Blank 10.83£0.13” 13.9240.07 13.61+0.07 13.70+£0.04 14.24+0.05 12.98+0.05 13.87+0.07 12.83+0.03
30 2.27+0.05 3.47+0.02 2.15+0.05 1.39+0.01 1.41+0.01 N.D. 4.97+0.06 4.85+0.04
40 1.07+£0.05 3.06+0.04 0.77+0.01 1.54+0.03 1.01£0.05 N.D. 3.93+0.03 1.89+0.03
Soy- 50 N.D.'? 0.83+0.01 0.92+0.01 0.83+0.01 1.14+0.07 N.D. 0.99+0.02 0.96+0.01
bean oil'” 60 N.D. 0.77+0.01 0.57+0.01 0.85+0.01 0.70+0.01 N.D. 0.23+0.01 0.18£0.01
70 N.D. 0.51£0.01 0.52+0.01 N.D. 0.75+0.01 N.D. N.D. 0.09+0.01
80 N.D. 0.36+0.01 N.D. N.D. 0.54+0.01 N.D. N.D. N.D.
90 N.D. N.D. N.D. N.D. N.D. N.D. N.D. N.D.
Blank 9.94+0.02  11.35£0.01  13.35+0.01 13.39£0.04 11.68+0.04 10.92+0.30 13.51+£0.07 12.61%0.06
30 3.95+0.01 7.25+0.04 6.81+0.05 5.79+0.01 5.83+0.05 3.14+0.09 5.79+£0.09 7.39+£0.13
40 3.784+0.09 7.15£0.13 7.34+0.12 6.67+0.15 6.86+0.09 2.77+0.13 6.74+0.13 6.51+0.08
. . 50 3.46+0.09 6.50+0.07 5.73+0.11 5.51£0.14 5.59+0.06 3.07+0.05 6.07+0.02 7.00£0.02
Perilla oil 60 3512005  6.50£0.19 521015  5.18£0.16  523+0.15  2.73:0.17 472013  6.78+0.17
70 3.49+0.06 6.42+0.20 5.19+0.09 5.02+0.06 5.32+0.23 2.50+£0.27 3.55+0.07 3.76+0.06
80 2.79+0.07 5.63+£0.16 5.26+0.14 4.48+0.08 4.64+0.11 2.02+0.12 3.60+0.04 3.20+0.18
90 2.43+0.16 5.51+0.08 4.22+0.14 4.06+0.07 3.74+0.17 N.D. 3.38+0.09 2.85+0.11
YBaA: benzo(a)anthracene, ?CRY: chrysene, BbF: benzo(b)fluoranthene, “BkF: benzo(k)fluoranthene, BaP: benzo(a)pyrene, ®“DahA:

dibenzo(a,h)anthracene, ”BghiP: benzo(g,h,i)perylene, ®lcdP: indeno(1,2,3-c,d)pyrene,

"Mean+SD (standard deviation), n=3, '“not detected,

"DSoybean oil and perilla oil were treated with 0.05%(w/w) activated carbon concentration for 30 min.
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