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Abstract

BACKGROUND: Benzo(a)pyrene is a highly toxic
substance which has been listed as a Group I carcinogen by
the International Agency for Research on Cancer. There
have been numerous studies by researchers worldwide on
benzo(a)pyrene. Soxhlet, ultrasound-assisted, and liquid—
liquid extractions have been widely used for the analysis of
benzo(a)pyrene. However these extraction methods have
significant drawbacks, such as long extraction time and
large amount of solvent usage. To overcome these
disadvantages, we aimed to establish a rapid residual
analysis of benzo(a)pyrene content in agricultural products
and soil samples.

METHODS AND RESULTS: A Quick, Easy, Cheap,
Effective, Rugged, and Safe (QuEChERS) method was
used as the pretreatment procedure. For rapid residual
analysis of benzo(a)pyrene, a modified QUEChERS method
were used, and the best codition was demonstrated after
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various performing instrument analysis. The extraction
efficiency of this method was also compared with Soxhlet
extraction, the current benzo(a)pyrene extracting method.
Although both methods showed high recovery rates, the
rapid residual analysis method markedly reduced both the
measurement time and solvent usage by approximately
97% and 96%, respectively.

CONCLUSION: Based on these results, we suggest the
rapid residual analysis method established through this
study, faster and more efficient analysis of residual
benzo(a)pyrene in major agricultural products such as rice,
green and red chili peppers and also soil samples.

Key words: Agricultural products, Benzo(a)pyrene,
QuEChERS, Rapid residual analysis, Soil
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Fig. 1. Chemical structure of benzo(a)pyrene.

HEAIR % % A2 ZH
EARE feluet FUEY F4e Bt o

19
=
& taHl He XuFs FiF, due Ashs % A

B7 XA & 0|83t QUEChERSE ©]&3F Al&iA

g8 FASITE FAEAE B FuF ZuFE AF
A Jske] mhf § &2 10 g, £, FIFE5 g = A
319 om, BT e =R 9 BEYS AAAZ A

Edl :151 2 mm jﬂ oﬂ &) [}
tubeol Wl #41 Al ARE-SFIT

o
=)
<
g

Hx2| 2AH

Benzo(a)pyrene®] tht A& xje] EAH RIS 98
ofe] FRlol AlERAP 0% o] Al=H Al §l= QUEChERS
S dAAe] B 9 FE8ulel e FEEES vl -
EABIGITE B4 8 FaF 3T B A ARE S
3} 7 §lo] conical tube®ll $71 557, acetonitrile 10 mL
= W75, aAEe AEA HF8l 9l benzo(a)pyrene
FES 98] vR5E(3 min, 20,000 rpm)S A&EA L
1 % 7} AlE7F 9795 conical tube®] MgSO,, NaCle|
&Hr¥ QUEChERS 4 kit (4 g MgSOs, 1 g NaCl, 1 g
sodium citrate, 0.5 g disodium citrate sesquihydrate)
5 ¥ Z%(1,500 rpm, 1 min) ¥ A42(3,000 rpm,
10 min)3to] A S 0.2 ym membrane filterol] E3}A] 7
o7} & 771 S Ageelth. wdg 4%el PSA dSPE
& F7RE A4 EAM QUEChERS 4] kitE thal
o] sodium sulfate anhydrous, sodium chlorideE 37}
St A Al digt FEEES FUist & A s A
S ARl Ast AR Aol acetonitrile,
n-hexane, acetonitrile:n-hexane (9:1, v/v), acetones
ZEE sto] Sl FEEES I A FAkE
(&, E3F, F31F) U EYS AR F benzo(a)pyrene 4]
Al Al A EAE gRletaat sigith

77 24 2 =A

1 A= HPLC-FLD (Agilent Technologies, Santa
Clara, USA), GC-MS/MS (Thermo Fisher Scientific,
Waltham, USA), LC-MS/MS (Thermo Fisher Scientific,
Waltham, USA)E o|-&3to] Z+ 7|71 &) 77184 %A
£ Shste] B418 FasSitk HPLC-FLD: #A0EdS &
3 benzo(a)pyrene®] o}713pd WEILS AR $9
7I71EAske] HA 9] AEE Kol 3he ERIEIth 4
A7 Venusil PAH (Agela Technologies, Wilmington,
USA)E AHE3F o™, ¢47]914 260 nm, WE3H 420 nm
ol 7 =& TS Btk GC-MS/MS 2 LC-MS/MS
+ scan A3to] #2]2] Multiple-Reaction Monitoring
(MRM) 275 Ikt

—_—
<

48 A



46 Kim et al.

on, BN FE AAAZ AA 2 mm Ao E3AZ F 10 S 3k BA3EI% o, SPE 3S AAA ¢kal MgSO,,

go AHd 35E APl ARSIt 358 AES % NaClo] &% QuEChERS #4] kits Yi 7% 4 44

1 (10 ug/kg), % 2 (50 ug/kg), % 3 (100 pg/kg)®l ] F ojuete] 24 WA M B Sl FEA

3EEE THHEOR Zh7be) AR slsiglon, 304 Fat &5 B3 tHTable 1).

et FEELS AR 93] FFA0 & Fsisich AT F20 T F2800] wE 3Es 3WE ©
At A3t 4F2] FE8 T acetonitriled ©]8-81 14

o5M AS = o M w2 Y FEAES B3 WHTable 2).

B3 ASEAN Y A1F elel| A E21¥ QUEChERS #41S 283t 2424

o B
= i
4 3t 7o A T, 7 @3 benzo(a)pyrene w4 Al FEE&0] ¢Fate] th
TaA AT Alde Al v 2% H4F AOAC 7hel= Fet HopolA ARgEO] A Q= £EH FEUHY FE
glelo] Fato] FasiTh10]. EES U - B T Al diek 3k 3E
WA, TR BT 80% o1l e 35ES Mol
Zot ¥ o 2& E18 4 9lolti(Table 3).

Hxz| BEMHol ME FE58 2ot S84 885 2y
SAHE 2 E9F AlZ F benzo(a)pyrene A Al A 3tet AL AEY FRE Q8 S uis fad s
AAe EAS AdAeh] Slsl dxg el wE s S Y3tk HPLC-FLD: 5559 78248 245}

Table 1. Extraction efficiency of benzo(a)pyrene by different cleanup procedures

Recovery + RSD? (%)

Sample QuEChERS QuEChERS QuEChERS
(kit) (kit+PSA) (NaSO4+NaCl)
Rice 106.1+4.4 85.5+4.4 97.65.6
Green pepper 93.7+2.6 82.5+7.0 95.7+3.5
Red pepper 86.745.3 69.316.6 76.0£6.7
Soil 88.4+4.5 73.3+4.5 74.948.0

*Means of triplicate + RSD. RSD values were calculated as standard deviation/mean x 100%

Table 2. Extraction efficiency of benzo(a)pyrene by various solvents

Recovery + RSD" (%)

Sample Acetonitrile n-Hexane ,}Hi(;(;tsr}igtfie:v /v) Acetone
Rice 106.1+4.4 70.8+3.2 100.2+3.1 -
Green pepper 93.742.6 60.6+2.2 64.515.6 -
Red pepper 86.7+5.3 37.247.3 58.8+2.0 -
Soil 88.4+4.5 55.845.6 40.7+4.1 -

*Means of triplicate + RSD. RSD values were calculayted as standard deviation/mean x 100%

Table 3. Comparison of extraction efficiency between conventional soxhlet and new rapid extraction methods for residue
analysis of benzo(a)pyrene

Recovery + RSD? (%)

Sample - -
Rapid extraction method Soxhlet method
Rice 106.1+4.4 101.9+3.0
Green pepper 93.742.6 87.8+2.8
Red pepper 86.7£5.3 90.5+2.8
Soil 88.4+4.5 86.245.6

*Means of triplicate + RSD. RSD values were calculayted as standard deviation/mean x 100%
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Table 4. The coefficient of determination (R-squared) for benzo(a)pyrene in HPLC-FLD, GC-MS/MS and LC-MS/MS

analysis
Instrumental methods
Samples
HPLC-FLD GC-MS/MS LC-MS/MS
Rice 1.0000 0.9998
Green pe 0.9993 1.0000
Pepper 0.9999
Red pepper 0.9998 0.9995
Soil 0.9997 0.9992

718712 AAE o, 0.99990]4e] ARAS sheld 4= Q)
2t GC-MS/MS, LC-MS/MS+= matrix matchedd}o] 5
FEO R 71875 A om, 4719 AlFelA BF 0.999
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Table 5. Validation of analytical method for benzo(a)pyrene in HPLC-FLD

a b c
Sample Concentration Rec(%)v)ery R(;)D) (::;/Eg) (LIthO/%g)
LOW 98.2 8.2
Rice MID 93.9 3.0 2.9 8.9
HIGH 97.5 1.0
LOW 88.1 6.7
Green pepper MID 96.6 6.3 29 8.7
HIGH 86.1 11
LOW 93.9 12
Red pepper MID 94.7 2.6 3.1 9.4
HIGH 90.6 12
LOW 90.2 8.7
Soil MID 98.1 7.8 1.8 5.4
HIGH 97.7 0.6

“RSD: Relative Standard Deviation
PLOD: Limit of Detection
LOQ: Limit of Quantitation
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Table 6. Validation of analytical method for benzo(a)pyrene in GC-MS/MS

a b c
Sample Concentration Rec(%ery R(;)[; (lljgciig) (;{C;O/(lgg)
LOW 100.8 3.3
Rice MID 96.9 4.4 2.1 6.4
HIGH 95.0 0.7
LOW 98.7 1.9
Green pepper MID 95.1 5.3 1.8 5.5
HIGH 97.6 0.6
LOW 93.2 3.3
Red pepper MID 91.3 48 2.4 7.1
HIGH 85.8 0.9
LOW 94.5 4.3
Soil MID 96.1 4.9 3.0 9.1
HIGH 94.2 11

“RSD: Relative Standard Deviation
"LOD: Limit of Detection
‘LOQ: Limit of Quantitation

Table 7. Validation of analytical method for benzo(a)pyrene in LC-MS/MS

a b C
Sample Concentration Rec(%ery R(;)]I; (L];gcﬁg) (;ggg)
LOW 105.6 7.1
Rice MID 104.7 1.7 24 7.2
HIGH 101.4 3.1
LOW 91.9 2.6
Green pepper MID 105.2 3.4 3.3 9.8
HIGH 111.9 1.1
LOW 110.7 3.3
Red pepper MID 99.2 4.8 32 9.7
HIGH 102.0 0.9
LOW 86.3 6.1
Soil MID 100.3 2.0 2.3 7.0
HIGH 98.1 3.5
“RSD: Relative Standard Deviation
°LOD: Limit of Detection
LOQ: Limit of Quantitation
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