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Determination of Polycyclic Aromatic Hydrocarbons in Processed
Chestnut Products

Ilwon Seo, Hejung Nam, Dong-Hyuk Kim, and Han-Seung Shin*
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Abstract Concentrations of polycyclic aromatic hydrocarbon (PAH) in processed chestnut products were determined by
HPLC/FLD. The methodology involved procedures of sonication with water, extraction with hexane, and clean-up on a
Sep-pak florisil cartridge. The PAH limits of detection (LOD) and limits of quantitation (LOQ) ranged from 0.012 to
0.382 pg/kg and from 0.042 to 1.273 ng/kg, respectively. The coefficients of variation for intra- and inter-day assays were
0.02-4.48% and 0.37-9.83%, respectively, and the accuracies were 81.95-125.44% and 79.89-116.53%, respectively. The
overall recoveries for eight PAHs spiked into the processed chestnut products ranged from 87.83 to 100.56%. As a result,
PAH contents were not detected in the processed chestnut products.
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ZAA 373 Aol weh 2HRHEe] AFel] Wi dalol
oA o o uiet B AFEe] A Utk ohd
k= gksl<4=4-91 PAHSs(polycyclic aromatic hydrocarbons)= U
A ol Ed R QA =FEo] 548 veRdth 17k
PAHsol W3t =22 5o B¢ dx, AeAt v, Hld
7] & B BEY A, o719k 22 @6 =E2HAY AF
z8 Al A7k, AFAENL e FrE S A,
FEZ o8 7 2 A Ard 34, FAFE T
A & Bl 27k AdAsks AEel sl edE 4 JeH(-
3) olAF =] ti-Eol AFEa dEEo] Avk@). AF F
of WAsk= PAHsE FE2 TrskeE, A, @A 5o 12 vh
Al sl Slair APEH olF di= Edweldd T
e g e ez IHA AUTH3,5). ©lol EPA(Environ-
mental Protection Agency)t= PAHs & $4 tiA&EZ 1652 A
A3F92.1(6), IPCS(International Programme on Chemical Safety)
EPACIA A€ 1652 PAHs 2t 918 245 2k 9l
17%¢] PAHsS Tlete] 33%9] PAHsS AAsIsich o8 &
15%2] PAHSs(benzo|a]anthracene, cyclopenta[cd|pyrene, chrysene,
S-methylchrysene, benzo|b]fluoranthene, benzo|j|fluoranthene, benzo
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anthracene, dibenzo[a,/]pyrene, dibenzo[a,e]
pyrene, dibenzo[a,iJpyrene, dibenzo[a,A]pyrene)= =<l A=} vt
e dove Aoz YA TKT). FAYAT7] (International
Agency for Research on Cancer, IARC)OIME 42H522 E7F3}
of oM EFS #=ElaL 9o I F PAHs SHHES Y
Sk AQAAAGEHAZ EFF group 2A(benzo[a]pyrene, dibenzo[a, /]
anthracene)®} ANA A U7MsEZAZE EFE group 2B(benzo[a]
anthracene, benzo|[b]fluoranthene, benzo[k|fluoranthene, indeno[1,2,3-
cd]pyrene)Z F2] =L UTHEB). o= A 3}3HE<l PAHs2] 93l
d rke dEEAe] 548 7R AduEAd7A15 (Toxic Equiv-
alency Factors, TEFs)E 3l 718 &xl= PAHs 315HE 5
dholAo] 7 =& Benzo[alpyreneS 71S(TEF=1)2.2 AlS
AAGE Askal ATHO-12). PAHsY thet SAo] waiAwA 2+
FoME AHRES A AHFS AR Qi) olgg
ol= AEFS B3 HFAsk= F PAHs AF S 3 pg/day ©l3tZ,
ol PAHs AFAZES 14 pg/days A8l 9Jom(13), $2vk
oA AEL Fa Y3 19 PAHs AFHFS 927 pgke, Wl
Zad AFH S 2.02 pgkgl 2 ZAMAATE o3 AE S vlE
o= 20019FE AFREIAIME AU fEHE &7 2
a2 7RE, ASAR, o9lR B 2 7EE, FAIFCl tigk PAHs
LHAAHE A=Y BUEE A3 A7 A A E
93] PAHsY == ArH(14-17).

W FhRstel &ale W] guiEA 59| i A
Tolal Age] iy Ao g o]Fojx Utk HHEL o]Fo
2 FHojlon HRdde o] wd AEo] Eo%o] Hant
< it} olye vk AFe] A5 JHEx s AFH A
U FHE 7|EAFenh e RS o]
Ao e HEol Hlgte] o] gl dde] ko] wo
H(18) YA HMRE 1 FFo Aozt ol A7) 7

benzo[g A,i]perylene,
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Fig. 1. Flow diagram of chestnut product process.
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Fig. 2. Structure of 8 polycyclic aromatic hydrocarbons.
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PAHs®| ¥FE2ZF benzo[a]anthracene(BaA), chrysene(CRY),
benzo[b]fluoranthene(BAF),  benzo[k]fluoranthene(BAF),  benzo[a]
pyrene(BaP), dibenzo[a A]anthracene(DahA), benzo[g A, iperylene
(BghiP), indeno[1,2,3-c,d|pyrene(lcdP)e] 8%-S 173l Fig. 20l
Lrebh Sict.

U# 3+ EZE 3-methylcholanthrene(Supelco, Bellefonte, PA,
USAYS AHg-3tl o, 4o AME-§F A9k n-hexane, dichlo-
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PAHs EZ8% =X

8579 PAHs ¥5E2S 77} acetonitriledl] 8314 1,000 pg/
kgE =2 AL 5SS TYe HE&E E£Fste] PAHs £
3 EFE 500 pgkgs AT ol WAER 3|4 sk
0.25, 0.5, 1, 5, 10, 20, 50, 100 pg/kge] &3 XF8AS A5}
AT}

2| 2y

ANEE A 3tk o 52 A4
e Eob = 100mLE ¥l 9077 &9 FE2 Sl
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I mL %7Fste] homogenizerZ 5%7F #23tE 3§ Tt 30
<=3 stk #d3t @ Alse A1)l
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Table 1. Condition for HPLC/FLD analysis of PAHs in processed
chestnut products

Instrument Dionex P680 series HPLC
Column Supelcosil LC-PAH Column (25 cmx4.6 mm)
Gradient method
Acetonitrile Water
0 min 80 20
Mobile phase 27 min 100 0
33 min 100 0
37 min 100 0
39 min 80 20
Excitation (nm) Emission (nm)
Wavelength 0-21 min 254 390
21-38 min 254 420
38-45 min 269 498
Flow rate 0.8 mL/min
Injection vol. 20 pL

Stk ©]oJA p-hexane 10 mL9} n-hexane:dichloromethane(3:1) 8
mLE 77} &2 F o] §FE 40°C o8t & AdolA
Aa7rs sl Ee Bl F F-ES acetonitriledl] o] S
ImLZ 3}aL, ©]& 045 um membrane filter® &3}5le] A]g-8-
o7 ARgERTh
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Fig. 3. HPLC/FLD chromatograms of 8PAHs for standard (A) and spiked sample (B). BaA, benzo[a]anthracene; CRY, chrysene; BAF,
benzo[b]fluoranthene; BAF, benzo[k]fluoranthene; BaP, benzo[a]pyrene; DahA, dibenzo[a,h]anthracene; 1S, Internal standard; 3-
methylcholanthrene; BghiP, benzo[g, A i]perylene; IcdP, indeno[1,2,3-¢,d]pyrene
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71718 =A Table 2. Limits of detection (LOD), limits of quantification
PAHs 5412 93 71712 DionexAF] P680 pumpS 323 (LOQ) and recovery of each PAH in processed chestnut products
HPLC(P680, Dionex, Sunnyvale, CA, USAYE A&-3}93, fluo- Recovery Ccv LOD LOQ
A= 3 PAHs % % k k
rescence detector(Waters)e 53l F37= 3ISith. A¥2 LC-PAH (o) (o) (ng/kg) (ng/kg)
column(25 cmx4.6 mm, ID. particle size 5upum, Supelco, Belle- BaA 93.87 0.97 0.012 0.042
fonte, PA, USAYS ARSI £4171719] 272 Table 1] U} CRY 94.94 2.67 0.021 0.071
E i) BAF 93.26 2.01 0.023 0.078
BAF 90.90 3.41 0.032 0.108
43| |0 M BaP 87.83 2.04 0.024 0.080
wAe) HES AFI] A Bl A, 4Y DahA = 8835 0.60 0312 1052
A, AAA, A 2 AU S o] Rale] Frelginh B BghiP 92.09 3.76 0.382 1.273
AR AZ 7Pse il 7&’%{5]'7:]]0_40]))9} By 3 ledP 100.56 2.75 0.240 0.802
ZF 7hss HaAEe JE ‘§‘_ ](LOQ)—— gLy 7o Alog A= BaA, benzo[a]anthracene; CRY, chrysene; BAF, benzo[b]fluoranthene;
a9}, BAF, benzo|k|fluoranthene; BaP, benzo|a|pyrene; DahA, dibenzo|a,h|

&34 (LOD)=3.3x0/S
A =3 (LOQ)=10x0/S
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Fig. 4. Linearity of the standard calibration curve of PAHs.
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o7l 3|=19} PAHs EEEE TG W Aolxl v=10] W
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8F 2 PAHs X892 FAE9 Hrisly, AT FHS
A% % HPLC/FLDE o]&3le] dojxl AZntEaz sz} thaA]
Eol WF3xEF8%(3-methylcholanthrene)S spikingdt F Aol
ARvfETBL Fig 33 72t}h PAHsE HlFA %ol wWelA BaA,
CRY, BbF, BiF, BaP, DahA, BghiP, ledPe S 2 AZHATE. o5
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Table 3. Accuracy and precision for the determination of PAHs

A=}
A

polycyclic aromatic hydrocarbons & #-4] 343

HESH o HEsH
Ztzke] PAHO! th3l ZAZ3HA(LOD)S 4 #3HA|(LOQ)E Table
20 YERNAT AE3IAE 0.012-0.382 ugkgol Atk BghiP7h
0382 ugkg® 2 7Fg =& & Hlouh, v Wk ol
ok AFIAIE 0.042-1.273 pgkegS 2 AEEAL, BghiP7t 1.273
nghkg 2 7HE w2 e HSIARE v vl el ik

s+

7}7te] PAHel gk El
%)= Table 2] LFERAL
kgS #7tste] 33] wkEa
100.56%0] 1, AthEE=H
oNA AAT= 80-120%0]

& (Recovery, %) JUZZHZH(CV,

t}. FAIE0| PAHs EFEFEN 50 pg/
e 3 A3 FA3]5E2 87.83-
2= 0.60-3.76%=Z EU(European union)
=S 2] A#Srh.

g w3l 4

A A3S sl 8572 PAH EFRTEZES 0.25-100
pgkgs =2 A %3kl HPLC/FLDE E3lo] £33 thFig. 4).
EFED 35 X5, JAUYE YHOE oo HEds A4

SJiTt. Z7ke) PRl Tiste] AT AFA Ao HAg v

Intraday (n=3)

Interday (n=3)

Concentration (pg/kg)

Accuracy (%)" CV (%)? Accuracy (%) CV (%)
0.25 82.33+2.08 2.53 88.22+6.78 7.68
BaA 10 104.50+£0.45 0.43 103.20+1.97 1.91
50 95.64+1.75 1.75 96.70+£1.79 1.85
0.25 87.57+£3.48 3.98 94.35+7.85 8.32
CRY 10 100.14+0.25 0.25 99.89+0.37 0.37
50 96.94+4.48 448 97.73£2.97 2.97
0.25 125.44+4.20 3.35 116.53+11.45 9.83
BbF 10 99.95+0.38 0.38 99.59+1.79 1.80
50 96.36+1.73 1.80 97.08+1.84 1.90
0.25 113.63+2.04 1.79 108.35+6.03 5.56
BiF 10 102.10£3.49 3.41 101.11+£2.47 2.44
50 95.39+1.93 2.02 97.19+2.44 2.51
0.25 93.32+3.92 3.67 94.76+5.51 5.82
BaP 10 104.69+0.02 0.02 103.38+1.47 1.42
50 96.62+4.33 448 98.53+3.48 3.54
1 119.38+1.89 1.58 114.51+£6.58 5.75
DahA 10 101.70+2.22 2.18 99.68+3.03 3.04
50 96.59+1.34 1.39 99.07+3.66 3.70
1 93.61+4.00 428 96.10+3.88 4.04
BghiP 10 94.98+0.56 0.59 95.49+0.82 0.86
50 88.33+2.84 3.22 90.41+£2.92 3.23
1 81.95+2.72 3.32 79.89+2.97 3.71
IedP 10 96.13+£3.09 3.21 96.82+2.41 2.48
50 110.29+£3.34 3.03 111.55+£3.29 2.95

YAccuracy(%)=[1-(mean concentration measured-concentration spiked)/concentration spiked]x100

ICV(Coefficient of variation, %)=(S.D./mean)x100

BaA, benzo[a]anthracene; CRY, chrysene; BbF, benzo[b]fluoranthene; BAF, benzo[k]fluoranthene; BaP, benzo[a]pyrene; DahA, dibenzo|a,h]
anthracene; IS, Internal standard; 3-methylcholanthrene; BghiP, benzo[g, A,i]perylene; IcdP, indeno[1,2,3-c,d]|pyrene
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e AFHIFER)Z] 0.997-0.9998 33 ZAAS VeRAS)H.
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8PAHs ¥F89 % 025, 10, 50 uglkgs HPLC/FLDOl F<13h
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%) AHEZAZHCV, %)7HS%EA P FEA, 20%)01H o]
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