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Abstract — Polycyclic aromatic hydrocarbons(PAHs) contents were analyzed by measuring benz(a)anthracene(BaA), chry-
sene(Chr), benzo(b)fluoranthene(BbF) and benzo(a)pyrene(BaP), and the related risk characterization was conducted for 113
samples out of 14 different agricultural products used for food and medicine. Detection rate of PAHs was 90.3% as a whole,
and the highest one was 80.5% for BaP. The detection rate of BaP exceeding the maximum permitted concentration of Reh-
manniae Radix Preparata and Rehmanniae Radix, 5.0 ng/kg was 1.8%, and the detection rates of BaA, Chr and BbF were
within the range of 2.7~10.6%. The highest average concentration of BaA was 3.41 pg/kg detected from Lycii Fructus, while
those of Chr, BbF, BaP and PAH4(sum of detected BaA, Chr, BbF and BaP) were 5.00, 1.79, 2.36, 12.36 pg/kg, respectively,
detected from Rehmanniae Radix Preparata. As for the risk characterization on PAHs, the overall MOE(Margin of Exposure)
values were measured within the range of 10°~107, which is unlikely to cause direct health concerns, but the worring values
of MOE were measured 6.57x10* for BaP and 6.10x10* for PAH4 from Rehmanniae Radix Preparata, which may require an
improvement plan to reduce BaP contents.
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PAHsy= 271 o)<l wiAl vz} 3 meke] UHE 122 EZ(Group 3) 5 IA 4172 FRF3ML UTEY PAHs=

olFoiA Sl RVISRIERA, FEHIR] 79 Fol o] HAARE AMgeE A9 T4, A A 0 METRS,

2 YieA FolEdolis s AR AR717o] 2H7] B9 A T 19E a1 s AR, A
A 5% ZFste] QAo XA felEdE A 9 T 22 AAH gRlow MY 4 A, AFoM e =
th'? 21 ZF benzo(a)pyrene A=A o] st 71, ¥4, ¥ T e 22 B 7R Al AFEe] FES
200613 <A 9<1 4 (International Agency for Research on EeslE, Tl A o] Eel = AARETS) f 2%
Cancer, JARC)*IA] HAEA (Group NE EF3AT AT L 2 FA54S Yelll= 1582 PAHs
dibenzo(a,h)anthracene 5 3%&2 &7 Hs=2 (Group 2A), oA 80%<] H&E AA|st= 4% PAHs[benz(a)
benz(a)anthracene 5 1152 -2 &2 (Group 2B), anthracene, chrysene, benzo(b)fluoranthene, benzo(a)pyrene]

o tiate] Ho) 51-8A1E 44 (4% PAHs Fo=A, 1133

B 50.0 pgke sk, TR 20.0 pgkg o3k, 21877

* WA ZHE-mail) - youngcim@seoul.go.kr 4 T - 5 =
(Tl +82..2- 9409812 10.0 pg/kg ©13}, FEAFZ Fol2lE 1.0 pgkg ©13t %)

170



Vol. 53, No. 3, 2022

&te] PAHsE A8 SIth? o] wkste] $-2ludt=
benzo(a)pyrene®l] tHalARF <218 B 2|8} 5.0 pg/kg ©lslh,
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AISTNE - 20213 1€01A 1297FR] A2 A7l
FEEHL UE A FFE TAAE F
143558 A3k Z2297), Z=(1071), 774(54),

i}

EAHOA), AFHOA), SA(R), oV E=(74), s (7
7), F71(67) 5 113712 o= AAREE ARSI
AF= Aol ARgsE7] A 2)-oFag-stekA] AsA A
of mt Mg BASE AT AEEFEAA dhef
Al 73747 AL E L gl e o|FF wrpel
Al 719 5 ZEAALE wekom, 23 7](SMX-M41KP,
Shinil, Korea)2 ZHA| Zopr] g ARSI 2] 258
EUNE AR FES ZEdEd vl Yol 18T o]
alo] W5 3(GSSD 3123, Liebherr, Postfach, Germany)©ll
B3I oH, ST =) A E o] Qe A5
ok ul MZEQof| w2} Radix, Rhizoma, Folium, Fructus,
Herba 5 57X 2 57331 tH(Table I).

HEESE E A -2 o8 5-diE 5 vl
EF8}4=4(polycyclic aromatic hydrocarbons, PAHs)E 4
3171 $I51¢1 Benz(a)anthracene(BaA), Chrysene(Chr), Benzo
(b)fluoranthene(BbF), Benzo(a)pyrene(BaP) 5 4% ¥5=4
I}, WF-EFE22 3-methylcholanthrene(3-MC)S Sigma-
Aldrich(St. Louis, MO, USAP} A2 AR83lth Als A
2] 9 ol ui= o] gH FAh oM EVELY, tER
Zr|ek Fisher Scientific(Pittsburgh, PA, USAY}2] HPLC
= AlES ARk o5 &l B HA el ARSSE =2

Table L. List of the agricultural products used for food and medicine analysed for polycyclic aromatic hydrocarbons

Classification Agricultural products used for food and medicine No. of samples
Platycodonis Radix 12
Liriopis seu Ophiopogonis Tuber 10
Radix Puerariae Radix 9
Astragali Radix 6
Rehmanniae Radix Preparata 5
. Glycyrrhizae Radix et Rhizoma 10
Rhizoma L .
Zingiberis Rhizoma Recens 5
. Nelumbinis Folium 7
Folium - .
Visci Ramulus et Folium 7
Corni Fructus 9
Fructus Lycii Fructus 9
Rubi Fructus 9
Menthae Herba 8
Herba .
Houttuyniae Herba 7
Total 113
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2 A ZAAMIl-Q EQ 7000, Merck, Burlington, MA,
USA)E o33t 321 /758 ARSsIiTh

EFEZMo| =AM - FFEZ<2! BaA, Chr, BbF, BaP2] &
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MC) 1 mLE %3 SEA Y] #(Omni Macro ES, Omni
International, Kennesaw, GA, USA)Z 527 783 4&
3087 239 FE3I9 A, Y4E-2]71(3,700 gx10 min,
MX-301, Tomy Seiko Co. Ltd., Tokyo Japan)Z | iHE2
Eg]ste] w7 (el &4k B AlEFel F4F 100 mL
£ ¥ 3087+ F=7](SR-2DW, Taitec, Koshigaya, Japan)=
o]-g&ate] XRFZN o, AX g & 4TS et
Lz 7| (Dell &A Fakict. & il & 50 mLE
i g5 AT & £S5 WA, B2 e 7

S RIEF (Wako Pure Chemical Corporation, Osaka, Japan)S-

Kor. J. Pharmacogn.

B AR g5 g o dgko] oF 2 mL ES W
742 40C 8204 79F5571(EYELA SB-1300, Tokyo
Rikaikai Co. Ltd., Tokyo, Japan)yg ©]-&3}o] ik 3]akA]
A EFsIAtE F5AE BAst A FEN R ARE-E]
3, vEF=2re 10 mL ¥ 4 20 mLE o=
FIAA Szl E284 7HEZA(1 g20 mL, Bond
Elut-FL, Agilent Technologies, Santa Clara, CA, USA)°l| $]
oy} I ane E3G:1, vA) 20 mLE &
MUE YA 27 2300 £ EEAFT 850
35C 8220 AAFZ7](N-EVAP™112, Organomation
Inc., Berlin, MA, USA)E ©]&3slo £0E 3J|gA]7| oL, 7+
FE oAEYUEY 1 mLE Yol & £33k T 02 um
syringe filter(Titan3™, PTFE hydrophilic, Thermo Scientific,
Shanghai, China)= o7}ale] A8 o2 ARE-EH
717184 =71 - PAHs &3S Aksl7| $lsik -T’f—r‘?ﬂxﬂ
AZvE 22 3](HPLC)Q! Thermo UltiMate 3000(Thermo
Fisher Scientific Inc., Germering, Germany)2 A1831¢] BaA,
Chr, BbF, BaP & 435S #4131t} 37 E71(3400RS,
Thermo Fisher Scientific Inc., Germering, Germany) 2
SUPELCOSIL™ LC-PAH(250x4.6 mm, 5um, Supelco,
Bellefonte, PA, USA) ZH-S AF&-81310H, HPLC] 717]
A 28 gigRlisebde] Wlxdd duAEy e o
- HAPAA *]‘9“3}91‘:} FIHE719 AA719pg 9 FEa
T 250 F Uhro] ARESISL, Rl E S

Table II. The analytical condition for polycyclic aromatic hydrocarbon by HPLC-FLD

Parameter Analytical Condition
Instrument Thermo UltiMate 3000
Column SUPELCOSIL™ LC-PAH(250x4.6 mm, 5 pm)

Mobile phase

A: 100% Acetonitrile B: Distilled Water

Mobile Phase

Time (min)
A(%) B(%)
. 0 80 20

Gradient

10.5 80 20

25 90 10

30 80 20
Flow rate 1.0 mL/min
Column temperature 37C

Injection volume 10 pL

Fluorescence Detector
BaA", Chr?, BbF?
BaP¥

Detector

(Ex/Em) 274 nm/420 nm
(Ex/Em) 294 nm/404 nm

UBaA: Benz(a)anthracene
IChr: Chrysene

3BbF: Benzo(b)fluoranthene
“BaP: Benzo(a)pyrene
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LADD)C & A=3aiitt. H7h e o84 2958 &
AR 1459] YLH-8F 2F0] KR 71 (National
Institute of Food and Drug Safety Evaluation)ollA] 23} 3F
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AR A=20 AAIE v FY AR FHAER] 66.55
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CP(Concentration of PAHs): Al 5.9 thehaf=etsls4s
5 (ng/kg)

DD(Daily Dose): U dE-8-3F(g/day)

ET(Exposure Time): =2 7]7H(year)

EF(Exposure Frequency): =211 (day/year)
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BW(Body Weight): %45 (kg)
AT(Averaging Time): 7|t (year)
CF(Conversion Factor): ©-%]2H:F12}(day/year)

Hlo| =2 Qg WS Ve Wixvdl o
PAHs®] $131%= A% (risk characterization)S A A|8l= 73
Unkx 0 Z w29k ed (Margin of Exposure, MOE)S A&
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LADD(Lifetime Average Daily Dose): Human exposure
(ug/kg b.w./day)

SHEN - 2E Y dolele 33 W 2Ysl B
+ EFAXZ RN AL, 2352 SPSS 24.0(Statistical
Package for the Social Sciences, IBM SPSS Inc., Chicago,
IL, USA)S o83l dui=] 24HE4] (One-Way analysis
of variance, ANOVA)S- AA]3}31 . Duncan’s multiple range
tests ©o]-&3lo] NF T p<0.05 FAM A F 7R 79
A3l zpel& A5 skih

A o
MY fed HE - 37549 /848 45L 1 9

[¢)
3ted BaA, Chr, BbF, BaP Zt7+e] w&=7} ¢F 1, 5, 10, 20,
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FFgN bl ZH} 50 pe/L7t HEE ek o8
FAE7E Bt AAA, HEIAI(LOD), 4 FSH
(LOQ) ¥ MEAITF(CV)E 543 A= Table I 2T}
BaA, Chr, BbF, BaP2] AR 25 0999 o] do =
A3k HMAS eI, LODS LOQE Z+2} 0.062~
0.236 pg/kg, 0.189~0.716 ngkgo 2 =% =HAth LOD,
LOQ Zt7te] ZFUAE HFo =2 Uw #Hel Cve
1.50~5.63%% YEFS S, Roger®= CV 15% ©]stkd ol
LOD2} LOQzEe] Al@Ado] 453k Ao R B sty glons
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Table III. 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 of polycyclic Correlation coefficient LODV LOQ? cv?

aromatic hydrocarbons (R?) (ug/kg) (ng/kg) (%)
Benz(a)anthracene 0.999 0.095+0.002 0.289+0.008 3.01
Chrysene 0.999 0.236+0.003 0.716+0.010 1.50
Benzo(b)fluoranthene 0.999 0.115+0.006 0.350+0.019 5.63
Benzo(a)pyrene 1.000 0.062+0.002 0.189+0.007 3.87

YLOD =3.3%(c/S), ?LOQ=10%(c/S) o: standard deviation of the response, S:slop of the calibration curve, ’CV = (standard
deviation of the LOD and LOQ/mean of the LOD and LOQ)x100

Table IV. Recovery of polycyclic aromatic hydrocarbons in the agricultural products used for food and medicine

Recovery(%)

Compound of polycyclic Spiked conc.

Liriopis seu Rehmanniae Radix

aromatic_hydrocarbons (nghke) Ophiopogonis Tuber Comni Fructus Preparata
2 89.66+2.15" 93.00+2.09 95.03£1.37
Benz(a)anthracene 109.71£1.33 94.024£2.19 92.07+£0.61
10 94.66+0.97 96.38+1.66 97.13+0.91
2 100.12+3.41 99.53+5.05 94.234+2.64
Chrysene 101.8742.25 81.08+1.64 96.90+1.93
10 85.54+3.65 81.04+3.21 86.17+0.99
2 89.36+0.64 90.91+2.96 102.77+1.70
Benzo(b)fluoranthene 102.33£1.31 90.16+0.49 97.50+1.95
10 92.32+1.32 92.80+0.79 99.53+1.33
2 95.90+1.81 93.43+0.21 105.18+0.93
Benzo(a)pyrene 97.30+0.85 99.47+1.50 102.04+0.83
10 94.58+0.30 95.14+0.63 103.52+1.12

DMean + RSD(Relative standard deviation), n=3

AL F5d Zow Addn, Wi, Af, $AF AT L F Wz HAEEo] 80.5%= 7MY =%
5 3259 ZA]F9) BaA, Chr, BbF, BaP E£33F 84S O} 5.0 pgkeEAS 2 Ao vzl Hjs]8-3) ol
717} 2, 5, 10 pgkg FE=Z H7eE & 3585 S5t g S-S dz)Ro] 1.8%2 71 Wk, Wiy o)<
A4S Yeld A3 Table IV 22t} BaA, Chr, BbE, PAHs®] 5.0 pgkg ol AEES 2R =2 2.7~10.6%=

oy

aP Z}7} 89.7~109.7%, 81.0~101.9%, 89.4~102.8%, 93.4~
105.2% WY& EAE05, CODEX CAC 7lol=a}ele] 3]
& APHS 70~110%F TR 2 Fost A7l 502
=

CleHlsksEtstrA g2 - 2 oF8 & i 1455
11374 thA S 2 PAHs 4%(BaA, Chr, BbF, BaP)2] &
$(Table V, VD@ 3K(Table VIS VER Aap= oheat
7}, BA7k0] HAEFH (BaA 0.095, Chr 0.236, BbF 0.115,
BaP 0.062 pg/kg) PITro = =4H 749 BEHESE A2
T} Table VoIl Hi= ufe} 7ho] 2] -oFg-8 F-QikE
Al 1137 5 10271(90.3%)°141 PAHs7F &= 313, BaA,
Chr, BbF, BaP 217} 63.7, 40.7, 59.3, 80.5%%] 7A&42

UERITE BaA, Chr, BbFe] 718 127]5 AA o] A
2o} m= EU S9)AE BaA, Chr, BbE, BaP 459
o 2x A& (XS E 50.0 pgkg, 21841 10.0 pgkg
5re st F2E AREiaL AokY 2 A4 BaAgt
Chre] 5.0 pgkg °1’d HAEE°] ZH2} 10,6, 9.7%°] 3, 4%52]
32l PAH49] 10.0 pgkg ©1d HAE&°] 142%2 YehY
Wl zuldo] 7AE89 1.8%ET €53 58 2108 Hol
Uil A% PAHsS] /87| e 459 PAHs 2
24 383S 44T et Utk Table VIOIA S} 7o)
2] ok 5 dikE B oS Esleae] Hd 4
S A HEHE, 77|24 BaA7} 341 pgke= 7HE =71
Vel <228kl 4 Chr, BbF, BaP 3% 2+2} 5.00, 1.79,
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Table V. Detection rate of the polycyclic aromatic hydrocarbons according to officially admitted standard in the agricultural
products used for food and medicine

Detection rate(%) Polycyclic aromatic hydrocarbons
(No. of detected samples) BaAD Chr? BbF? BaP? PAH4Y
Detected ?732; ‘(‘4?6; ?697?; ?38 (91(())23)
Detected more than 5.0 pg/kg é]02§ (9]']7) ?3; ;22; 18'62)6)
Detected more than 10.0 pg/kg :22; %3; (()8 (()0(; 0( (()))7)
Officially admitted standard (ug/kg) - - - 5.0 /10.07 50.0'%

DBaA: Benz(a)anthracene, 2Chr: Chrysene, *BbF: Benzo(b)fluoranthene, ¥BaP: Benzo(a)pyrene, JPAH4: Sum of detected BaA, Chr, BbF
and BaP, YDetection rate of exceeding 10.0 pg/kg(PAH4 standard of edible oil in EU), "Detection rate of exceeding 50.0 ug/kg (PAH4
standard of dried herbs in EU), ®Officially admitted benzo(a)pyrene concentration of Rehmanniae Radix Preparata and Rehmanniae Radix
in Korea, “Officially admitted benzo(a)pyrene concentration of dried herbs in EU, '"Officially admitted PAH4 concentration of dried herbs
in EU

Table VI. Detection rate of the polycyclic aromatic hydrocarbons in the agricultural products used for food and medicine

Detection rate(%)

Classification Agricultural product§ . No. of (No. of detected samples)
used for food and medicine samples : 3 y S
BaAl Chr? BbF® BaP¥ PAH4Y
. . 83.3 50.0 83.3 91.6 91.6
Platycodonis Rad 12
yeodons Tac (10) (6) (10) (1) (1
L . . 70.0 20.0 60.0 70.0 90.0
Liriopis seu Ophiopogonis Tuber 10
P Priopos Q) @ ©) % ©)
. . . 33.3 33.3 222 44.4 66.7
Radix Puerariae Radix 9
(3) (3) 2) 4) (6)
. . 83.3 16.7 333 100.0 100.0
Astragali Radix 6
£ (5) (1) ©) (6) ©)
. . 60.0 40.0 40.0 100.0 100.0
Rehmanniae Radix Preparata 5
P (3) 2) (2) (5) ©)
. . . 60.0 20.0 20.0 60.0 70.0
Glycyrrhizae Radix et Rhizoma 10
R ey (6) 2) (2) (6) @)
fzoma 40.0 60.0 40.0 60.0 80.0
Zingiberis Rhizoma Recens 5 ’ : ’ : )
& (2) (3) (2) (3) “4)
.. . 57.1 71.4 100.0 100.0 100.0
Nelumbinis Folium 7
. 4) (%) (7 (7 7
Folium 85.7 85.7 85.7 143 85.7
Visci Ramulus et Folium 7 ) ) ) ) )
(6) (6) (6) (D (6)
. 66.7 33.3 77.8 100.0 100.0
Corni Fructus 9
(6) (3) 7 ) )
. 77.8 55.6 77.8 88.9 88.9
Fructus Lycii Fructus 9
Y (7 (5) (7 (8) ®)
. 100.0 44 .4 88.9 100.0 100.0
Rubi Fructus 9
) 4) ®) © O]
50.0 50.0 62.5 100.0 100.0
Menthae Herba 8
4) 4) (5) ©) ®
Herba 0.0 0.0 143 100.0 100.0
Houttuyniae Herba 7 : ) ) : :
Y () (0) (1) () ™
Total 113 -

UBaA: Benz(a)anthracene, ?Chr: Chrysene, *BbF: Benzo(b)fluoranthene,”BaP: Benzo(a)pyrene, YPAH4: Sum of detected BaA,
Chr, BbF and BaP
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Table VII. Concentration of polycyclic aromatic hydrocarbons(PAHs) in the agricultural products used for food and medicine

Agricultural products used

Average concentration of PAHs(ug/kg)

Classification . (Detection range)
for food and medicine : 2 7 s
BaAV Chr? BbEY BaP¥ PAH4Y
Platveodonis Radix 2.9444.659209) 2.10+4.15 1.3942.41 1.5142.54 7.95+13.68
ty (ND”~16.03)  (ND~14.83) (ND~8.49) (ND~9.42) (ND~48.77)
Liriopis seu Ophiopogonis Tuber 0.29+0.30° 0.14+0.29 0.17+0.17 0.1120.09 0.72+0.61
P pPhIopog (ND~0.90)  (ND~0.85) (ND~047) (ND~026)  (ND~2.07)
Radix Puerariae Radix 0.15+0.23% 0.91£1.29 0.0620.11 0.11£0.18 1.2442.17
(ND~0.62) (ND~2.82)  (ND~0.29)  (ND~0.57) (ND~3.60)
Astragali Radix 0.87+0.94%0) 0.40+0.89 0.59+0.88 0.5620.64 2.4242.79
& (ND~2.32) (ND~2.39) (ND~2.24) (0.10~1.96)  (0.28~6.49)
Rehmanniae Radix Preparata 3.22+3.78% 5.00+7.83 1.794+2.48 2.36+1.88 12.36+12.33
P (ND~10.33) (ND~20.22) (ND~6.30)  (0.16~4.54)  (0.16~33.04)
Glvevrrhizae Radix et Rhizoma 0.50:£0.53%9 0.39+0.84 0.18+0.37 0.63+1.42 1.72+1.91
Rhi yey (ND~1.46) (ND~2.62)  (ND~1.04)  (ND~4.85) (ND~5.12)
1zoma
Zinerberis Rhizoma Recens 1.26+2.07%% 3.70+4.35 0.28+0.43 0.26+0.22 5.51+6.23
& (ND~5.33) (ND~9.43)  (ND~1.11) (ND~0.49)  (ND~16.36)
Nelumbinis Folium 1.16+1.04%% 2.24+1.85 1.33+0.70 0.38+0.13 5.10+3.12
Foli (ND~2.43) (ND~5.06)  (0.21~2.51)  (0.22~0.61)  (1.37~10.38)
oltum
Visci Ramulus et Folium 2.93+2.61% 3.4442.78 1.44+1.01 0.11£0.27 7.9246.10
(ND~6.84) (ND~7.68) (ND~2.88) (ND~0.76)  (ND~16.57)
: 1.17+2.29%% 1.69+4.03 1.69+4.14 1.07£1.73 5.62+10.96
Corni Fructus
(ND~7.59) (ND~13.02) (ND~13.40) (ND~5.60) (0.46~36.31)
Fructus Lycii Fructus 3.4143.349 2.2342.20 1.26+1.17 0.94+0.89 7.85+7.54
¥ (ND~7.68) (ND~5.41) (ND~2.85) (ND~2.20) (ND~17.91)
Rubi Fructus 2.90+1.44%) 0.85+1.08 1.13£0.55 1.35+0.78 6.23+2.95
(0.24~5.84) (ND~3.14)  (ND~1.92)  (0.11~2.74)  (0.36~10.99)
Menthae Herba 0.70£1.06% 0.80+0.94 0.53+0.49  0.58+0.56 2.61+2.75
Herb (ND~3.16) (ND~2.68) (ND~1.17)  (0.17~1.90)  (0.17~8.90)
T
eroa Houttavniae Horba ND? ND 0.03£0.06 0441018  0.47:0.14
Y (ND) (ND) (ND~0.54)  (0.18~0.73)  (0.29~0.73)

Each group(a to c) has statistically significant difference by Duncan’s multiple range test at p<0.05
UBaA: Benz(a)anthracene, 2Chr: Chrysene, ¥BbF: Benzo(b)fluoranthene,”BaP: Benzo(a)pyrene

YPAH4: Sum of detected BaA, Chr, BbF and BaP
®Mean+SD(Standard Deviation), n=3, ”ND: Not Detected
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No. of detected samples exceeding 5.0 pg/kg

— Chrysene

# Benz(a)anthracene

| Benzo(b)fluoranthene

177

I Benzo(a)pyrene

Fig. 1. Aggregated number of the detected samples with polycyclic aromatic hydrocarbons more than 5.0 pg/kg concentration by the

classification of agricultural products used for food and medicine.
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