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Abstract

Bisphenol  A(2,2°-bis(4-hydroxyphenyl)propane), known as BPA, is an organic
compound with the chemical formula(CHs3);C(C¢H4OH),. Having two phenol functional
groups, it is used to make polycarbonate polymers and epoxy resins, as well as other
materials used to make plastics, and is used as an antioxidant in PVC plastics. The
purpose of this study was to develop an analytical method for detecting BPA using
liquid chromatography- electrospray ionization-tandem mass spectrometry(LC-ESI-MS/MS)
and to monitor the BPA concentration in canned and bottled food using this method.
The precursor ion(Q1l) was 227 Da, and the quantitative ion was 211.8 Da(Q3). Each
sample was extracted in a mixture of hexane and acetonitrile with bisphenol-d;s as an
internal standard, and cleaned with HLB cartridge. The LOD of this method for BPA
was 0.3 pg/kg, and the LOQ was 0.9 pg/kg. The recoveries ranged from 94.46~111.13%.
We analyzed 181 commercial food samples(128 samples of canned food and 53 samples
of bottled food) to determine their BPA contamination levels. BPA was detected in 124
out of 181 samples. The value of BPA in canned(using iron) food, canned(using
aluminum) food, and bottled food was 0.3~332.0 ug/kg, 0.2~14.3 pg/kg, 0.3~60.0 ug/kg,
respectively. The TDI of BPA is 50 ug/kg per day in Europe(EFSA, 2008). So the TDI
of BPA is 3000 pg/60 kg bw in adult. These results indicate that the detection levels of
BPA in commercial canned food and bottled food were less than the European TDIL
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Bisphenol A(2,2-bis(4-hydroxyphenyl)propane,
BPA)& phenol + A2} acetone 3 417} &
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E20079 91.5%, 20084 132.1%, 20094
139.1%, 20109 143.5E0 % F3h 9ko] AlLE
Ha des & 5 ATH(2). o] Il BPA
7b FEd AREE I 9lom T An wvlEe] A
£ 0% BPAY =EHal 35S AlAFST

A FolekRobd o s et E, o, A9,
. SAE S WAFAAS] BPA

FolA Z¥zt 4.08~12.41 pg/ke, 3.72~13.66 ne/ke,
6.43~7.47 ng/kg, 6.15~9.45 ug/kgo & o A
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725 old ®syl ASA HES dart St
i3] National Toxicology
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Health Canadadll w29 BPAS A&
A # =% (Provisional Tolerable Daily Intake,
PTDD+= 0.025 mg/kg bw/dayel™ (7), FH41%
oA (European Food Safety Authority,
EFSA)& TDIZ 0.05 mg/kg bw/day = AA|3}aL
AtH(8). V= 274853 (Environmental Protec-
tion Agency,EPA)oA+= Reference Dose(RfD)
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2. TA2[dh
ANE F9 BPA £4& AFookEordA] o
ABRE A A 2AFEATA LA A1}
A3 HI(3), Gallart-Ayala H 5¢
(10), Ana BG ¢ W% (11), Bing S 59
(12)& #AEste] guje} FlEYAER 35
T F sk AbgEr e A

(]
Ko

)
2 Mo o % 2 U

r2
nH

iy

18 2
=
oo
o
[
ot
'
s
=
>
rtl
lo
:>|J:"4
j}_{n{
o
T
lo

A ojokZobd X (Ministry of Food & Drug
Safty, MFEDS)ollA] Al&tet 253 el wet AA|
aar(13), AAgHAS o 2ok Blixer
5-plus(Robot-Coupe, France)S o]&3}o] n}lay,
30 g= Aol ol A, F-EFE=4 (bisphenol
-dis) S H7F acetonitrile 50 m¢9} n-hexane
50mE 1093+ &3, sharkskin filter® 3},
NaCl 10 go] H71 AztHolA &3t 9 S7e], &
2 ¥ acetronitrile® 10ml %3, AaFZ7]0lA
50C S, 1 ml methanoldl €33l 5/
T Ime} &3t HLB cartridge (MeOH 5md,
%2594 bmlE Mg conditioning)9l loading,
HLB cartridge cleaning(5ml <5, 5 ml 40%
methanol, 1 ml methanol A Z), 3ml
methanol 2 &%, T3, 70% acetonitrile 1 ml
of Algalste] AFEM (AT FHATE 6)L

= ot

3.717| ¥ 2MZ=A

BA17]7]% Agilent Technologies 1200series
(Foster City, CA, USA) HPLC% LC-3200 Q
TRAP MS/MS(Applied Biosystem, Singafore)
AZFEA7E ALgston EA4d AREsh Ad
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3mm, CA, USA)oltt, EAZAL HAAZWUH
AR FAG sdg Farde] yes
sto] Akt B AMRE o] FA
acetonitrile® distilled waterE gradient®4
o7 ARSI, §42 0.5ml/min, precursor
ione bisphenol A7} 227 m/z°]aL bisphenol -
dig2 241 m/z, product ionS. 2= BPA7} 211.8
7 132.9m/z°]3L bisphenol -dig 2233 142

m/zolth, AFARD EM 1S # 13 2

% International Conference on Harmonisa-
tion of Technical Requirements for Registra-
tion of Pharmaceuticals for Human use(ICH)
ol  A|Agt Q2B guideline®] Text and
Methodology (Q2R1) el we} ZF F&ef wa
Slope9} Intercept @ Intercepte FFHAES
o] g3t ZA3stATH14).

HFALE BPA ¥+3ES T70% acetonitrileoll

Table 1. Analytical conditions of HPLC for BPA

3k A
3t
ok
5
EER

acetonitrile = 50 mollA 10 S sl AA 7
stal HE 12 Z=ASA T webA Eas Ay

Ho] FE= 27 10.0 pg/L, 100.0 ng/L o™
g9 BAYT FdstA 53] wHE d3st]

Aaldeh. FFeAEe AAE 15579 ¥z

F2EF HLE IFFHE AAEsied, A

AFEel A% R BPA7F #AEHo] 34&

o Abg3 4= glojA] WEGAET Lt

o] Md= ¥ A(~HA, A~ 9E) PET

2 249 A0

Aude] W9
A A
24

7F HEE FEede 2Aleta, vl
& ol g3ty T HFIAFA 3

FolS 500.0 ug/L
1mes 0.1mee Hrpsk

Column Phenomenex Luna(150 x 2.0 mm x 3 um)(USA)

Time Distilled Water Acetonitrile
_ 3min 30% 70%
Mobile Phase Amin 0% 100%
Flow rate
Tmin 0% 100%
8min 30% 70%
Polarity Negative
Curtain gas(psi) 20.00
Collision gas Medium
Ton spray voltage(V) -4500
Temperature(C) 600
MS/MS Ion source gas 1, 2(psi) 50.0, 50.0
Parameter STD / ISTD Q1 Q3 DP CE EP CXP
i 227 211.8 -55 =24 -6.0 -2.0
Bisphenol A(m/z)
227 132.9 -55 -30 -6.0 -2.0
) 241 223 -43 =27 -6.0 -1.0
Bisphenol - dis(m/z)
241 142 -43 -35 -6.0 -1.0
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Sample 30 g (in seperation funnel) + Intemal std ‘

+ 50 mL Acetonitrile, 50 mL n — Hexane

Shaking ( 10 min) ‘

Filter (Sharkskin filter) in squared bottle with NaCl 10g ‘

Shaking ( 1 min) & Collect Acetonitrile layer (in test tube) ‘

‘ Evaporate (50 C) ‘
I
] Dissolvewith 1mLMeOH & Loading at HLB Cartridge \

I

\ Cleaning with 5 mL D.W. , 5 mlL 40% MeOH, 1 mL MeOH |
I

‘ Elution with 3 mL MeOH, Evaporate & Dissolve with 70% Acetronitrile ‘

LC-MS/MS Analysis

Fig. 1. Flow chart of pretreatment procedure.

ARET 3ag 544 Qg (intra-day) <
A7 A% (inter-day) 2] RSD(Relative standard
deviation, %)& S4sto] H7ksller]l A=
© ool AdS 53 '*]3}04 Zdsila, U7y
e 5Y7t TYAdS WSt ﬂxqﬁbﬂjr 3]
T SAA UFETE ‘(Internal standard) =

bisphenol - dig5 A&-3te] HAE HAEA

’
9
LOQ(ug/kg) & =43 A3 LODE 0. 3ﬂg/kg°]

Table 2. Recoveries of BPA for product

lom LOQ+ 0.9 pwg/kgolek. 1eivt A& A
A el A FFAF 65 sk AR
ox 4T F A ¥%= LODE 0.05us/ke
o] LOQE 0.15 pg/kgoltt.

A A& sk 100, 50.0, 100.0,
500.0, 1000.0 ug/ks 52l standard &S Al
Zoto] FE peak] WAS SAsL RS
ARt 1 A gEAe] ARASFe?) whe
0.9998¢1%oH  3]74& y=915x-0.00285°] 1
AR a9 29 2

Fig. 2. Calibration curve of BPA.

358 54S 918k 10.0 xg/LeF 100.0 pe/L
Lo AEFEE =A% 34-ee 7h7k Ao
98.56~111.13%, 427} 100.13~110.10%, &
o] 101.79~107.73%, "1d57}F 94.46~96.13%
AFTHE 2).

Intra-day(n=5)

Inter-day (5 days)

Product Concentration
Recovery(%) RSD(%) Recovery(%) RSD(%)

Spam 10.0 pg/kg 105.27 3.83 98.56 6.02
P 100.0 pg/kg 111.13 3.02 100.09 3.99
Source 10.0 pg/kg 108.13 2.96 100.13 1.12
100.0 ug/kg 110.10 4.01 100.60 1.35
Pickle 10.0 pg/ks 103.57 3.49 101.79 1.99
100.0 ng/ke 107.73 1.02 103.18 3.41
Plum iuice 10.0 pg/kg 95.93 3.16 94.46 7.86
um Ju 100.0 ug/ke 94.97 3.89 96.13 5.67
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, 2227} 2.96%9F 4.01%,
Fo] 3.49%9 1.02%, "WALE7L 3.16%%
3.89%0°]91aL, U7k RSDE 7zt ~3o] 6.02%
S} 3.99%, A7 1.12%$ 1.35%, ¥ Fo
1.99%<} 3.41%, "Vd-&57F 7.86%< 5.671%%

HE 2). & 979 chromatograme 13 39

ST 500 - Bispheaol (Standard) 227.0°290.8 DF - sauple T of 53 from Dats 028wl
Area: 1.0Te 005 counts Helght: 17 fasddcps RT: 202 min

Al BPA9] product ion$l 211.8 m/z, bisphenol
-dis9 product ion! 223 m/zE standard$} A
59 MRM(Multiple Reaction Monitoring) &2
Ztzy AAEAaL, 2" 49 1% bolA= TIC

(Total Ton Chromatogram)® BPA2] product

ion®l 211.8, 132.9m/z¢} bisphenol -diol
product ion¢l 223, 142 m/z% standard$} A&
2 747y A AEk T

STO 800 - 15 (Bisphan ok WNSNSanda1d) 241 02230 Da- sample 7 o153 from DatatiZe i
Ara 2 850+004 counls Haight 8 97 «+003 cps RT: 1 98 min
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Mrea 2 23+ 005 counts Height 7 A2e+004 ops AT 202 min

0= 10 15 20 25
Tims, min
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Aira 2.50e+009 counts Height 9.20e+003 cpe RT: 200 min

] 200
i ;
& E 000
g 80000 182 £
1w f|
0o — o
o5 e 15 20 25 05 1o 15 z0 FE
Time, mis Time, mis
898 - Buphene! (Urkngwn) 237 02112 Do« sample 13 of 53 from Data 003 wiff B4 - 15 (Buphane b A18Y15) (Unkrowen) 241 V2233 Da - sample 13 of 52 Bom D2 1028 wafi
Ay B024+00d caunls Huight: 2 S0w+004 eps RT: 203 min Ara 1306+004 counts Hasght 5.014+003 cps BT 1909 min
i3 169
| 20w ;0 148
£ £ @ H
5 1o § 000
E E [
182 1o |
0o+ . g o s
05 10 1.5 20 5 0s 10 5 20 25
Time, min Timd, min
Fig. 3. MRM chromatogram of BPA & bisp- henol -dis product ion by LC-MS/MS.

: MRM chromatogram
: MRM chromatogram
: MRM chromatogram
: MRM chromatogram
: MRM chromatogram
: MRM chromatogram
: MRM chromatogram
: MRM chromatogram

of bisphenol
of bisphenol
of bisphenol
of bisphenol

T QTNMmog QW e

of BPA product ion(211.8 Da) for STD(1000 ppm)
of BPA product ion(211.8 Da) for
of BPA product ion(211.8 Da) for sample 9
of BPA product ion(211.8 Da) for sample 13

STD(500 ppm)

-di¢ product ion(223 Da) for STD(1000 ppm)
-d;¢ product ion(223 Da) for STD(500 ppm)
-d;¢ product ion(223 Da) for sample 9

-d;¢ product ion(223 Da) for sample 13
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Fig. 4. TIC chromatogram of BPA & bisphenol -ds; standard by LC-MS/MS.

: TIC chromatogram of BPA product ion(211.8 Da) for STD(500 ppm)

: TIC chromatogram of BPA product ion(132.9 Da) for STD(500 ppm)

: TIC chromatogram of bisphenol -djs product ion(223 Da) for STD(500 ppm)
: TIC chromatogram of bisphenol -djs product ion(142 Da) for STD(500 ppm)
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Fig. 5. TIC chromatogram of BPA & bisphenol -d;s for Pacific saury by LC-MS/MS.
: TIC chromatogram of BPA product ion(211.8 Da) for sample(Pacific saury)
: TIC chromatogram of BPA product ion(132.9 Da) for sample(Pacific saury)
: TIC chromatogram of bisphenol -djs product ion(223 Da) for sample(Pacific saury)
: TIC chromatogram of bisphenol -djs product ion(142 Da) for sample(Pacific saury)
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2. |29 bisphenol A &Rt

Az BPA %S d A% LFuE A4
3 freElgAEeR BRat A Ay 2 7
AES 108709 AlFE T 96709l BPAZE HE
(88.89%9 #AEE)HNLH HAEFEE 0.3~
332.0 ug/kg ©IAtk. Ll WAEFE 207] A
T F 107094 H3(50.0%9 HE=E)9IA A
5T 0.2~14.3 ug/kgol At Al
53709 A= F 1870914 7HE(33.96% <] HE
B)HAeH HAEFEE 0.3~60.0 ug/kegol At
A WAEFY dFuE AAE L FEEAE
BPA #irske Z+zb 34.5 ug/ke, 5.0 pg/kedt
5.8 ug/kg o2 Ueht A A Fo] dFnF WA
=3 FeAEe] Telel et FAE B

FAE Bk a8y A §rtgEI AR
¥ At sEe 47 421 pe/ket 42.5 pg/kg L.
72
:

I,

A AAES] Ftro =2 FAE By 1

3. SlsiA™I}

MABAZ|FE(WHO) ol A= BPAS HUjF-2-&
(e FEA% No Observed Adverse Effect
Level, NOAEL)S 5mg/kg bw/day= #AstaL
At = 60kg A2 1919 1¢ BPAE AHd| 300

Table 3. Concentration of BPA in canned(iron) food, canned(Aluminum) food, bottled food

Detection range Average

Product No.of sample No.of sample detected (ug/ke) (u/ke)
Canned(iron) food 108 96 0.3~332.0 34.5
Canned(Aluminum) food 20 10 0.2~14.3 5.0
Bottled food 53 18 0.3~60.0 5.8
Total 181 124
Table 4. Tolerable Daily Intake(TDI) of BPA
3 3 0, 0,
Product concentration serving size BPA 1ntak§ am(?unt PTDI-TDI %PTDI .ATD.I by
(meg/ke) by 3 serving size 3 serving size
Clam chowder 0.3320 239¢ 0.238 mg 15.87~17.93
Meat products ) o0y 100g 0.0126 mg 0.84~0.42
average
Marine products 0.025~0.05 mg/kg bw/day _
average 0.0425 100¢ 0.0128 mg (1.5~3.0 mg/60keg/day) 0.85~0.43
Losepam 0.0143 100 g 0.0043 mg 0.29~0.14
freshian water g5, 100 g 0.018 mg 1.2~0.6

tuna
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mg A3t E 548 UERA eFethe Aol
a2 vl FDAIA = BPAS] 3870l il
EPAS reference dose(RfD)E 4 &3}
0.05 mg/kg/day2 #A|Alsta 9l=H o] BPA7L
AER TR oL o] &Aool ofu]r] wjio] dUMHF
&2 (Acceptable Daily Intake, ADD)S AlA|
£ # glons EPAY 7|&s #4843 Aot
ool frE A EH A (EFSA) A= TDIE
0.05 mg/kg bw/day® AAstal 4iL, Health
Cadana®lA+= PTDIE 0.025 mg/kg bw/day®
ANEHE 5 A= 0.025~0.05 mg/kg bw/day
£ AAsta e o] & A9l 60 kgo 2 3kt
1.5~3.0 mg/dayelth. ¥ 23S 53 4& Az
o] BPA §5E5 134T Fata I 33] A
Fgth= 7Skl 3343 HE 60 kgl Ad<lo]
=Z5 T BPAY ¢S AEs & flolA AlAg
715 (PTDI-TDI) 1.5~3.0 mg/60 kg day<} ®]a
SIATHE 4). AA AFFl 7V =& w27t 4
=3 AES C*soup=A 03320 mg/kgo] it}
olF 13AIF#H 239 g7t F3 F 33 AlTHT
BPAS] & Alxtstd 0.238 mgollﬂr. ol 1.5~
3.0mg/60 kg/day2] 15.87~7.93%°l &idale
Folt}, mgk WAE(H) F vuF =& FE
Hol AlgrlaE —’F—/}}gﬂl*o Hisk: 42.1
g/kg¥ 42.5 pg/kgs 33| AT Gt 7
Zy 0.0126 mg¥ 0.0128 mg&i PTDI- DIA
0.84~0.42%, 0.85~0.43%% e} &F
' WAF T 7P B vEE HEd L**é‘
0.29~0.14%, ‘H‘E]H:]Xﬂ‘ﬁ‘ T =S R
¥ F*tuna:® 1.2~0.6%% YERH(E 4) A
& Aa7be S A B AR AlRdT
g A S Ao g3 F+ BPAY
=57} 10 pe/ke bW/day Hop g2 Al
S neld R (4), YA 60kee! 49 0.6mg/
60 kg bw/day°ﬂ st As T M EE
2 AZFHAY C*soupd] 33] Azl A5
+ BPA7} 0.238 mgol2& 39.7%° d3st=
BPAE A & = v} wabx C**soup
SHAFEHE AR e AT B
& 7= BPAsREY 2%  glon S

o7} A gsttt st
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1. 2 d+4dA = LC-MS/MSE ¢]
A5k, AR g oA acetonitrile®} n -
Hexanes ©ol&3ste] 2% 59 BPAE F=3}
¥ HLB cartridges AH&3te] AA519) 0
WHEEFEAZ bisphenol - digE AHESFS
LCY EAMzAL o]lgAoZ jcetonitriled
distilled water® AFE3¥ 1, F5L 0.5ml
/ming e, MS/MSZ712 product iono =
BPAZ} 211.8% 132.9m/z°]a bisphenol
~digS 2237 142 m/zoITh. § AR
ol &4 BPAQ LOD(ug/kg)9t LOQ(ug/
ke)©= 7H7F 0.3 pe/ke?t 0.9 pe/keol At w5
AT 62 1t AlEdA FA4T & e
TEE A7 0.05 pe/ket 0.15 pg/keol
10.0, 50.0, 100.0, 500.0, 1000.0 ug/kg F%=
oM AT AFMe AuAFG)HS
0.9998°]1%1ar, 10.0 xg/Le} 100.0 pg/L F%=o
A FA4gk geeS 23o] 98.56~111.13%,
227F 100.13~110.10%, F°] 101.79~
107.73%, "ASE7F 94.46~96.13% 7. A
U gGrlellA du RSDE 1.02~4.01%°] 1
A7k RSD+ 1. 12~7 86% %3 tt.

. & H WAFe] 88.89%
(10871 = 967H), A WAES 50.0%
(2074 A& = 107H), frelBAES 33.96%
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