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B OE HEMISEARE A Z 45K H il ( epoxy bisphenol A diglycidyl ether, BADGE ) J&— b4 i 43
filt b4 RS PR AR, R TR ERRRE T, W T A E R AR NR)E.
BADGE f] Wik 2 T8, I & A 7K 55k 2% ) i A= A% L BADGE-2H,0. BADGE-H,0 A E B LA T 4E
Y BADGEs. Hij, BRI KK (KMHAMBRY ) . EHNESR. KEERENTAPE LR T
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Environmental distribution and toxicity characteristics of bisphenol
A diglycidyl ether

LIU Yanxiang LIN Xiaoya ZHANG Yingjie GUO Ying ™
(Key Laboratory of Environmental Pollution and Health of Guangdong Province, School of Environment, Jinan University,
Guangzhou, 510632, China)

Abstract Epoxy bisphenol A diglycidyl ether (BADGE) is a polymer monomer in some food
packaging materials, mainly used in the coating of food cans, as well as the coating of organosol
containers. BADGE can migrate from the coating and undergo chemical reactions such as hydrolysis
to generate several derivatives (defined as BADGEs), which are mainly BADGE-2H,O and
BADGE-H,0. By far, BADGEs were found in various environmental mediums, such as wastewater
(both water phase and particles), indoor air and indoor dust, especially with high concentration levels
in dental sealant. Besides, BADGESs were also detected in model animals in the labs, sea mammals,
and human body (urine, blood and lipid), which indicated they could be accumulated by biota. The
results of toxic experiments demonstrated that similar to bisphenol A, BADGEs have cytotoxic,

reproductive and development toxicities, and the potential to disrupt endocrine system. Urinary
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BADGESs were usually determined to monitor human exposure. The available data showed human
were exposed to BADGEs at a relative low level, and the daily intakes were lower than the maximum
value of 10 mg-(kg-Bw-d) ' suggested by the European Food Safety Agency in 2004. Canned foods
are the main exposure source. BADGEs are plasticizers and may pass through the placental barrier.
Considering their toxicity characteristics, we suggest pregnant women should eat less canned and
bagged foods to reduce related exposure. Besides, we call for more researches on the biological
toxicity of BADGEs and related mechanisms.

Keywords Dbisphenol A diglycidyl ether, environmental distribution, toxic characteristics,

human exposure and source.

PR G BB A 45 7K H I B (epoxy bisphenol A diglycidyl ether, BADGE ) J& H1 42 58 A % 15 W
M A(bisphenol A, BPA) TEZ B ALENAATE T 4 & SO A iU Tl AL 0, HE5H IR B .

AL P
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BADGE #{ FH T #E 3k & SRR A 2 a2t R B b, WREX TR R B e AR
FERNIEAF 3o v AL e b Ak D KB 1k & TR RS B R BT S, BADGE S Y A A i A
(R B, o FEAETH bR PVC A p= Hr st b R A U 591, BADGE )32 Fl TRATAY H 8 A 16, i Bk
BEL R | AR B SE. 2003 4F, BADGE (14 BRAE = B ik 95.7 J7 i),

2005 4F, 2 [ [ K O 22 4 5 (@ FEWF 5T rfs BADGE A2 R4 = 28 80m M s 28 7, BIA R A
FEVEA BUR Y. SR, B PRSI TR 2% AR H 2 1) & R, O £ 1 1 5% R ] BADGE H A5 it 14 5f
PEFECEPE. 41 BADGE 875 DNA JERUINA ¥, 38 0T LI o 7548 7 FH 5% i) 240 i 36 D9 i) 2638, IR e IR
Hh sz v s IR H AT O O, 4R 18, BADGE K HUK fif 7= ik Ak B4 40 i i B A 13 SR, HL
BADGE B i mef-7 FL 98 40 M i 385 58 . 1 S — 253 %3 5%, BADGE ] B 28 IR & 28 6L, -5
AR 6 25 440 B i I A ) g ) A,

BADGE M HATAY) (Ge#Kk i BADGES) 7E R 5 2 FE7E, WK IREEY -9, 3 N 28 SRR AR 01 45
LAk, VB MR 2 K 5), BADGESs g% AL 1R )2 b B B & b, 2 i T a2 0 S s e g i i
H MR R AN, FEARPRI 7 M3 s . BRI AE E  SE A o ek L R, B
Wi BADGEs S 7E IR S/ 0. & fh P TS5 YIRS, T Mz 289 00 AR W2 i b, XA 2 28 9 0 3R 5%
F A B 1) 5 i A7 2 L

1 BADGE K HAGF4Y (BADGE and its derivatives)

BADGE &1k #% (PR AR, 43 T4 340. BADGE /K PER LT (5 mgL™, 25 °C), [AlHtt B —5E
(R B s 1 (S B K A3 e RO 3.7—3.9), BRI TR 276 & T 25 0 R s I AR 7, DL 3RAS: f2 6% ) e
23t 5 E Ak, A E IR IR R IEA IR s, X5 &R BB O S5 B T | T ko A A
Sk, DL R A 2R R 2 kM BB AE . (R Y R A A M sk [ A i B RS 8 A ), AT RE 2 A
BADGE &b F oK &2 b (RS . BADGE A [ by 16 4, 401 ] T MUk 2 ol B8 20 4 v, 2 78 i TR A7
fitt i T vh R A= AP RN : /NS 3 BADGE IR /K fife ;s M SRR b 5K B sl vk 2 S 2 it , i 2P
i BADGE H/K &5 25915 LA, KR53 BADGE ¥ 52 32, 5 Ak, BSR4 & A F 2.

BADGE 74 ¥ 3+ % £ §f BADGE-H,0, BADGE-2H,0, BADGE-HCI-H,0, BADGE-HCI, BADGE-
2HCI %2, &4k A7 /£ % BADGE-HCI #1 BADGE-2HCI1 A= Jit T Sk N 4 )2 #48% i #2 b, Tf BADGE-2H,0
#1 BADGE-HCI'H,0 /& BADGE 42 i€ 7K fi# 74, H: v BADGE-2H,0 J& FEE /K i~ 9. Kl 1 B 1
BADGE N HAT AW Z [ B 5460 &R . 7EAN R B 5L B v, BADGESs £77E B 205 Wk BE 7K F AN S AR [] 122,
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Fig.1 Chemical conversion relationship between BADGE and its derivatives
WFFEE A, HESL IR 2 N1 1] BADGE 50K ) PR 4R IR TR 237 A2 XUy A(BPA)Y. BPA %
P A= AR BR 6 28 RE . T T <6 Jm WE LR A B0 S8 I, DL BVE 22 BDORHH B dh, BB L KA | OKR%E
ey IRBEBE A | 183l 2 e | A PHRR . BT A FAE T LU B 1 . BPA ARG N
AT, RITTRR BT 2011 4R TR AR 2K 1F BPA 7E22 LI At i) 38 00 B v A A FH , ik [ 0048 117 i
A LA LR (] BPA.

2 FEHE. IR R BADGEs BI75 §RZ(BADGEsS in sealant and environmental media)

BADGE 1 # AR AR B J5ORE, T2 1 & A TR 2 A0 2 R 255, 28 AR A st 5k Ak~ 1
W, BRI RA . BT, © 2 7EKE (BRI BURLY) ), 255, B A 5 3R 5 A T b A I 2]
BADGEs HITZ1E.
2.1 FRMESEE T BADGEs

5 FFE B2 BADGEs — MMREIR B SR 5. AR 25 3 I AT (45 28 5 JE il 2 T 1l i i i R, 728
B2 T B 2F .t T LB S AR EOR, IR B e L= b R B . F 1988 4
LIk, SEEDLE AL A RS B 0 NP BB IR S RRIE Y 2 L AR A RN, BFE R
B S RS W FE Ak 2F L AR, 7] LA BADGEs 2| M S 85 . Xue 5GE T AN W] [ R 7 B B
t BADGEs 1975 J /K- (55 1) P4,

Fz 1 AEEZRABE Y BADGEs W JLA % E (pgg?)

Table 1 Geometric mean concentration (ug'g") of bisphenol A diglycidyl ether and its derivatives (BADGES) in dental
sealants from different countries

Ciiy n  BADGE BADGE2H,0 BADGE'H,0 BADGE-HCI BADGE-2HCI BADGE-HCI'-H,0  BADGEs
ESE| 51 0.30 125 1.36 0.30 2.10 1.96 50.2
i 10 0.29 15.9 228 1.24 3.99 12.0 543
A i 4 n.d. 31.1 n.d. n.d. n.d. 8.15 415

G A 1 n.d. 6.29 n.d. n.d. nd. 2.46 10.7

YA 1 n.d. 1780 n.d. n.d. 3.67 352 1820
HZR 1 n.d. 1.45 n.d. n.d. nd. nd. 3.64

e n.d FOREE S B AR TS H R (MLOQ) 8 %E R (LOQ); BADGE-2H,0. BADGE-H,0. BADGE, BADGE-HCI-H,0.
BADGE-HCIFIBADGE - 2HCIf#G i FR 7350 1,31, 2.19, 0.44, 0.44, 0.44, 0.88 ug-g.

Note: n.d. means the average concentration of the sample is lower than the limit of detection (MLOQ) or limit of quantification (LOQ);
The limits of detection of BADGE-2H,0, BADGE-H20, BADGE, BADGE-HCI-H,0, BADGE-HCI and BADGE-2HCl are 1.31, 2.19, 0.44,
0.44,0.44, 0.88 pg-g', respectively.
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XIS Tk A 5 AN B 70 AW 3 A BH % B, A FEA T 2 /04 —Ff BADGESs # £
th. BADGEs (14 &Sk BE il o <MLOQ-1820 pg-g™', H FEZ 1744 & BADGE-2H,0, BADGE-HCI'H,0
H1 BADGE-2HCI(4%: 1% J3 3 sk ) 241, WL4% 1) BADGE FH AT 4 bk BADGE-H,0 W15 A= Wik 15 22 [ 47 7F
25 MR G, 3X R W AT RE ir & BADGE 117 A W #R IR H BRI AL & ) BADGE. A [R] [E 58 1) 4 B 25 34 i
BADGEs M B /K VP AA A b 3 22 5, 2 IR o 1) 25 07 A2 0 0 Wk B2 7K1 RS, 1 R 9k e v . TR i, ] —
[ R[] i L =22 [8] 1Y) BADGESs & J8 th A AR R 25 57, A3 S 80485 WA AN [ b B 22 8] 19 BADGES ) il
W BE A 22 AN B . T L% 150 BADGES 19V BE HOWU 5 2—3 U 2. N AR 2 B H )
Wy AT e R A S fik BADGES Y& 422,

2.2 R E T Y BADGESs

VBN E R 1% FH JREH BADGE # H FRESL IR 2 b B2 R BRI AS Y, i b B vl g2
VAT RS, JF s B S S . B AR08 2 R i BADGE TE AN T sl Fe v ] DL & 2k 4 b s 46,
TESRYESIE T, SRk W) b 716 3, BADGE n & iR R AL & W 16 8 & 5 A R Kb &
Yy £ i ik W% 2 BADGE Y PR ™. BADGE HYITR% . /K i Al A AL 1 A W 0 1 32 B2 % 2R 7
K it #EH, 1 BADGE 58 b 28 1 RO 3 2k A e T Atk #2 v, B 5 BADGE i 88 Gl it 1Y
ANER A3, T o i R A X TR — A AT R IR, — 5 1, BADGE 5 8 1 5 il sl ™= 2 i)
2250 . BRI R ) ANV 4B 50— D, MG %5 B BADGE B HUK fff =y Fn e Ak
YR IR, 2 T 5B AR YRI5 BADGE . Ak, — ST 5T R W, TRl
FH KRN NaCl s 806 FE Sk 4T KB 1)k #2 op, v] LUZE B BADGE-2H,0 1 BADGE-H,O; 1M 764 J 7
LT, FhIR VL B EAAN I R M Vs W AT K B, & AT DLy 4 BADGE-2H,0 #il BADGE-HCI-H,0 .

TERERE A b, EAEAE A 2472 ¥ BADGE-2H,0 il BADGE-HCI-H,0, Cao “5:f 57 & Bl H & &
B BIAT ik 675 ugkg! A1 274 ugkg ™!, 1 BADGE. BADGE-HCI, BADGE-2HCI #1 BADGE-H,0 iy &
TR SR A 20, S A L, BERE ORI () BADGE 1A% BARAS 22, 33 S o H R B A R AR X 5k
UL LR A1 BADGE-2H,0 38 Y J2 f 25 Ok H fE— BE 4R 3] ) BADGEs ¢,

BADGEs T 7% 3 % 5 % % 1 & i oF BADGEs 9 & i, 1 52 i A\ {4 %% #2 7K -7, BADGEs [T
BHCRGDUT N EH UM G |, TR K 2 B0 Sk & 5 2 SR a8, et gy
BADGE 235646 /K ST A A AT AW, XA — B R b5 1 b B8 R 7, K, Aift A i [] A
fitt A7 I BE . — T9ONT 55 P4 B 6 Sk UL BADGE (0] £ i 5400 4 Hh i 8 i 5T K B, R AT LA
BADGE Wi 2. M50 i & Y AN [F], 78 8RN BE 2 (W] i OC R AN S AR ] 41, BADGE iE % i
R A7 FLAE A S PR i SO I S e 8, T T R O, RE & i IR D5 B & 5 BADGES [1iE
FE TR I 25 M G, R D B i A g, R AR P,

23 FEWNKET BADGEs

H A6 T2 k2L vh BADGEs BYHE A R, {2 BADGEs 758522 o iy & 5 3 AIG, Hoik 3 KO — i
M 1.0 pgeg ! A PR A T I T T AR A R SRR AN, & AR %R 5 T BADGES [ 7E A .

H i, 25 E AT — 2 E R GE T % N KA A h BADGESs 1975 441/ 0L (35 2) . ZEE Wk 22 e
¥: 91 #] ) BADGEs 44 4% : BADGE-H,0. BADGE-2H,0 fll BADGE-HCI-H,0, H: f7 BADGE-2H,0 /I
BADGE-HCI'H,0 J& BADGE Hfs i 7K fif 4], BADGE-H,0 Wt BADGE 5 KA H 7K 43 B T i,
W 2 FR, AN E K E N KR T BADGESs W B 7K F A7 78 ik 35 22 5. B p AE A h BADGESs 9 Bk i
il 23.0—1750 ng-g ', PR ALK 184 ng-g ™, HI(E 430 K 16 (1350 ng-g ") . H[E (1410 ng-g') . 5
[ (2380 ng-g!) Fl H A% (2020 ng-g )ik T 7. 8. 11, 134500 fE S, fp [ 5 E M H A, 4 Fh
BADGESs 19 ¥ £ 53 7 1f (0 AH 1Ll : BADGE-2H,0 /& iz EZ AL &1, o S FE 19 44%—80% ; IR /&
BADGE-HCI'H,0 1 BADGE-H,0, JUL{i]*F- 244 B 4351 4 131—444 ng-g™' F1 21.0—80.0 ng-g'; BRA& L
%) BADGE (1 B, JEHOZ X T3 [H (<LOQ—12.0 ng-g ™) Al H A& (<LOQ—8.20 ng-g ™) IR AFE
. {E 51 B AY L, BADGE 9 ¥ ¥ 5 BADGEs [ S W 5 2 [0l A7 6 B B A e, Xl e 5
BADGE K HK fift p= ) J A2 52 24 AL SO N A 2% {H )& BADGE-2H,0 #l BADGE-HCI-H,0 f9 ¥ [ & fl 5
BADGE 93 i 52 1FAH ¢, 2 B ax 264k & 4 i) B ELAT [T,
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x2 ARIEZZENKL T BADGEs T (ng-g") LA KA 2 (100%)
Table 2 Concentration (ng-g") and detection rate (%) of bisphenol A diglycidyl ether and its derivatives (BADGES) in indoor
dust from different countries

. FESEL ) .
JAVAS 5 ]
IR (0D Sample ﬂﬁ“‘.‘ BADGE BADGE2H,0 BADGE-H,0 BADGE-HCI'H,0 BADGEs X
Country (year) Location Reference
number
o 40 1.30(77.5)  1060(100) 21.0(100) 132(100) 1300 [10]
(2006,2010)
3 =21 1080(33.0)
4 KB 2940(75.0)
7 N 3680(42.9)
5 MRS 1000(20.0)
[ (2014) ) [9]
13 NI 7770(69.2)
26 fF 4760(65.4)
12 SR 3540(66.7)
13 VAR 7460(61.5)
h[E(2010) 55 5.60(100) 997(100) 67.0(100) 131(100) 1380 [10]
#EE(2012) 41 13.0(100)  2300(100) 80.0(100) 352(100) 2890 [10]
H7%(2012) 22 1.54(77.3)  1990(100) 24.0(95.5) 444(100) 2760 [10]
16 £ 9.00(68.8)  243(100) 27.4(100) 44.2(100) 324
i 18 FE#T 35.1(722)  343(100) 74.3(100) 39.6(94.4) 491
R (2014) [11]
7 k= 32.5(100) 226(100) 67.7(100) 38.9(100) 365
5 IANZE 12.5(80.0)  168(100) 29.9(100) 8.21(100) 219

24 I5/KAERT IR R BADGES

BADGEs %453 T /KB RSk 15 /KA BT, 235 KA B ) HEH 9 BADGESs 2 i HoAl: = i 19 3.5%,
L5 7K A B HE IO 3% S £ B DA K AR AR 35 88 i 38 R Al PR 85 A 5 ) 2 LR E ™. BADGE K HoAT A=
YILE R K AR 2R (K . ORI L 15 08) AR T g AS . LA SE B PRANTS K A BT R ], 5 AR A SR B A i 2
{81, BADGE-2H,0 J& % 7K ' BADGEs [ = 2L a3, -~ ¥5 /K A # T i 7K 7K A H BADGE-2H,0 14 JL A7
XU FE4Y M 6.48 ng L' Al 2.25 ng-L !, HY A BADGE-H,0, #E7K HJ LA] S35 5 5351 A 1.50 ng-L!
H1 1.94 ng-L™; 11 75 WKL 4 ', BADGE 1 BADGE-2H,0 #4232 85 it 43, Hoke B A . — i &,
BADGE TE7KAH B ¥ B2 B, BAE B0k A vh Hk 52 4%t BADGE-2H,0, 3X 2 [H iy BADGE fi [] W ff T+
WKL B . WA 5 K b BT Bk K RS h BADGE 1Y JLA S 44 ¥€ BE 43 5 A 63.4 ng-g™! 1 25.6 ng-g!,
BADGE-2H,0 (1) JLAA] S 273 B 43 51 4 66.7 ng- (g-dw) ™' 1 36.4 ng- (g-dw) s 7ET5Je P, 75 /K b 3 )
BADGE-2H,0 #JF 44 £ /3 %] & 505 ng- (g-dw) ™' F1 388 ng- (g-dw) ™', BADGE #Y ¥ 14 JLA] #e 5 43 9 Ky
89.0 ng: (g-dw) ' F141.0 ng: (g-dw) ' .

F ETG KA E ST IR K B, 45 KA FE ) AR B S BADGE A& BRR 45100 18% Fl -21%, iX 3
W5 K AR B /) T 2060 T4 Bk BADGE Jf AN FEAR, 171 K BRBCE BT T i5 K A3 A e A RTIK YY)
A e B BADGE®. 4341 & 8, Hip—A~i5 7K 4b #1752 H BADGE-HC1 Al BADGE-2HCI ¥ i 2 [H] £7 7
W E IEA (P <0.05), X R W, 15 KA #E7K hAA7E B 5025+ ] T BADGE-HCI #l BADGE-2HCl
(TG B, B ZUTRRAE TS Je . teah, X b 55 ANV K A BT 76 TAE H AR R Z 0], B EMALARZ
1], 75 U i BADGE PV B2 4 A WA 31 Ik 2 22 S (E AR E A2, 1518 E 2 M T bt AL, 5508 Xt
e E L — s R TS Y. PR AN B, BRAE A S8 V5 K Ab BT HERL 2 2600 ke i) BADGES, H: b 50% %
60% 575 & - e,

3 HEYfkd i) BADGEs(BADGEs in biota)
b ik, BADGEs 75 AN 5 | B 5 FIK BB b vz AR 7, (153X 2895 e i Ay vl ek AR
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PIRER AR, 76— A 0F T 6 AR R 7= A Jal . R L5 22 T 2 W (b BADGES 1175 Y15 L.

BADGE 7t 4= ¥ 4k i vf 19 B2 PR ¢ 25, AR O H 32 25 B RR @ n9 AR ™ ¥, BADGE-H,0 #ll
BADGE-2H,0 J& 46 /R 4= ¥) 7 5% T BADGE Wy fe bR i) IR T (-30 °C), BADGE 7E Ifil 3¢ F1 R i 35 o1
REfa i fefig 5 dU; T 28 L 45 1 S AE4i% 18 h J5, BADGE 7 Ifil 3% 52 5 v i) B 5643y 2.4% , 7 R Wk 358
i 60.7% . [Fi}, FE % BADGE & 12 fU8 70, BADGE-2H,O 1) 1 3% A B AN, DR it G 2 1ok K fi = )
I R M B: BADGE 14525, T BADGE 23 5 8 1 i) & F BT & 42 SO, 4 BADGE (%46 25 AT fig
S PR A 5 35 o v 1 S B R AN R 1 B R R T RO BN AR I A — TR 5T SR F], BADGE M H K i P e
AW P R R e M HoO > PRI > I3, X AIESE T BADGE il [ 5 58 5 b il Hofth il o0 % A o
S I% R R R T RO R S ER AR S AT, R E LA AR 3L B, BADGE-2H,0 HH X AR E, Hik ok
BADGEH,0, 1fii BADGE fie AN &E. L, B 1732 BB B, R 5 &38R, K, & F 5 A At sk oy
) 52 1% AT i 2 A AE AR i BADGE 6 HH 4 5 A5 (0% Ay o 82 Ji PR 1),

3.1 BADGE 44105

Bentley :1/f5% T BADGE TE3I A N A, & 2 BADGE 7] 8 /)N B P A B4 48 A 400 7K Fif i o
KA, EL R JRAVOREAA I 1 HU A Rz 0 40 375 152w 2 B A AROREAA T7% 1 ve 24 10 A5, i 4 FE /DN B, K BN
T ARAS B BT E PR 4 AT IR A S8, 3 P BADGE (14 9 /1> B 48 35 [ 10 33 b 7K Sk LT 1l A 07 49 30—
1, Bl BADGE-2H,0. 3% $6 525 ¥4 R Wi 5% 3] BADGE JE il BPA FUER . 72 . K BRI BB T L il F1 Bz
JER IR0 RS 5 AN [) A% 4 K H S ik R 38, 45 SRR & B BADGE JE J BPA 114 BH (. fiE 40 2. [ # 1l
XN ERGEEAT 1 IR B 28 e 45 2454 58 BADGE R, % B/ B & BADGE J&, BADGE Ui K &= fE it
PR RN v 3 7t A AR e S AR SIS 45 SR — B, JFIESE T BADGE AR 3 1) 3222 7= 2 A4
AR, 2% 0 B i — 25 (I s 2 A A A L R R, L e HE T v o R G T 31 BPA. 3 SE R Py 4
5% Ui i BADGE Joik 784 Py A it 72 v % ik BPAPY,

3.2 YA NE BADGEs

BADGEs 1] 9 A5 9 W W 355 ] — SRR 9 £ S5 [V Vg 7K S 1 06 1 i L 3 P 1 N & 3T BADGE 1)
BRI . Xue 25 N\ LA S5 [ 3 28 BRI, 0488 2 S0P , A Tt P R e 34 o 1 94 7 ek R 4B 1) 8 b I P IR
FLah Wy (AL RE . TEMIIEIK . BESOIEIK . BE T AKX . FUEEIK . /NERAf  BE VAR L i gist) S x4z,
R0 T 4045 I, B, S 0 0 R E P B 121 S GURE . 45 R R, 78 10 LW AE AT IERE S b A
9 M3 BADGE-2HCI, V-394 R (162 + 124) ng-g ™. 78 20 MK sh W IFMERE & b, Hi 16 4> & 310
T BADGE-2HCL. %) J0 £ 1 5 WD 13 K | 58 DT K . BRSO IR . RS U K . T BE I . /INACHR: it 1) JHE O
RS B B 43 5] SR (275 £ 284)ng-g !, (388 +£361) ng-g !, (467 £ 151) ng-g ', (286 £ 165) ng-g', (956 £
450) ng-g' M (91.7 + 110 )ng-g . EA7 494 B4l 0 A 5 o A7 & 3 BADGE-2HCI 19V i 5 3 1) 41 i £
TEA S MERY ZWF ST AE SN b % B BADGE-2HCI, -3 5l 364—264 ng-g ™!, WX Fl ik & 918 i
T M S

1 FL 3 W & A BADGESs R J5 K] AT Rl J2 0 5 M A0 a0 7 A6 9 19 22 il v 152 it 47 4
BADGE 1E R JZM B i fhiTt, 2004 4F 2RI FEM IR AW IR T, 2045 8.4% T - g 40, 1 578 Fofh
A RO, AR VR A Y BADGE-2HC v B2 i, 33X mT B2 R ok 2 g 1 1) A SR B T T
Kb, SEAR) 5 IS P ) S o B L 55 7K A B g S B BADGE-2HCL LS 7 I IE th AR R, — e I
U w0 O AR A 22 R R . I A VA R 0 38 35K 1 9 M L sh v
¥ % ¥ BADGE-2HCI, %1 BADGEs 71 FEIREE th i3 A |12 B,

3.3 Af&H1(% BADGEs

BADGEs # A ARG, 0] LA T — RFMR L1 . 155040 B Al 78 AR BR, M3 LA R g Wi REAR
Hi % BT BADGEs HI1E1E.

PR3 & BADGEs % i fi 7 I 56T, 2 L T E L Al B SE E 488 Hii T BADGESs
FENR PRI Ak BE K- (3 3). AR 3 W LU Y, JR ' BADGE -2H,0 i EZ W . bR A EWh 4z
% A BADGE-2H,0 4, BADGE F1H- At Aij 4447 [z 75 A A4 9 (9 A5t 7T DL #F BADGE-2H,0 [9JE B, 1%
YA S . N (2010) . HRE(2012)  SEE L EPBEREAS th LAl S 29 BE 43514 0.700., 0.515. 0.502.,
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0.601, 12.2 ng-mL "7 3% & A ¥ JR & *F BADGEs & ¥ & (19 JLAa] - 34 {4 3.00 ng-mL ™", & " & il A
(1.33ng-mL " )FULHE(1.07 ng-mL " )PPEREIER) 23 4% Mz iEhRIEE T BADGES BAREER UAPTEARIE N
0.9 ng'mL"™", 51 E .
*® 3 AMEILFh BADGEs UM (ng'mL") LA AS: H % (%)
Table 3 The concentration (ng-mL™") and detection rate (%) of BADGEs in human matrix

i K UGy i
R ERER) BADGE  BADGE-2H,0 BADGE'H,0 BADGE-HCl BADGE-2HClI BADGE-HCI-H,0 ik

Matrix _ Country year References
FE(2010)  0.0930(100)  0.515(96.2)  0.0760(92.3) 0.0350(53.8) [3]
H1E(2012) 0.139 0.502 0.0460 0.0420 [3]

R Mo 0.121(100)  0.601(100)  0.0650(93.5) 0.0520(63.5) [3]
7l (2012) nd. 0.700(90.0) n.d.(9) n.d.(19.0) [17]
ENJE(2012) 24.8(99.0) 12.2(78.0) [17]

Mgy &R (2002) n.d.(25.0) 3.44(60.0) n.d.(15.0) n.d.(5.00) n.d.(5.00) n.d.(20.0) [18]

M3 3EE(2003) n.d. 7.15(70.0) 2.26(65.0) n.d. n.d. n.d. [18]

IMiE1 i [ 0.628 0.439 [19]

IML7E2 ] 0.457 0.154 [19]

T HFRYITE PRI BE o JUART P33 B2, i 107 R 3% Py e B2 g mh (S K50 BE s M o AR AL T AR, i 2200 A Ak T
IERWN 2N

Note: The concentration in urine is the geometric mean concentration, and the concentration in fat and plasma is the median
concentration; Serum 1 is a sample of non-petrochemical factory workers, and serum 2 is a sample of petrochemical factory workers;

IEAl, Xue %5087 T AR ABE R BADGESs #4341, & 822 {0 IR+ BADGE i & BADGEs
FeE S T B R, NS B, ZUEFIE YIS A BADGE B K SF- Lot T 58 0, XA g e £ 3
N FAASE] TR UE. SR 25 55 0T AR SR B B M Lo MEXT BADGEs AS [R] AR & 42 5 e,

I35 05 7 Hh BADGES (1941 38 AH %48/, {H BADGE K He 5 #7281y 34 a] Bl iy (35 3) . Bg i ke
A, BADGE-2H,0 A6 R h 60% , T KHEE Ny 45.4 ng-g ' (JB 5 ) ; BADGE B % 25%, i Kk
¥4 5.16 ng'g'; i BADGE 15 BG4 ¥, 4035 BADGE-H,0-HCl, BADGE-HCI #1 BADGE-2HCI H 7E
W D BREA TP H (<209 ) . AL, 16 BT A3 AT B8 709 4 I AR S T 2270 R 3R T 6 # BADGE it —Fi,
1M 3% 6 F BADGEs Ft #¢ J& S FIFE Bl 2 0.78—64.6 ng-g ™', W7 4k {4 M 4.80 ng'g™. BADGE /K&
T A= RS 2R 2978 65% , BADGE-2H,0 4 1037 00 B4 7.15 ng'mL", J& BADGE-H,0 H {7 0¥k i
(2.26 ng'mL™") Y 3 £i%.

AR AR A AL T B8 W EORE, 76 i 18 2E = o B A A o] RE S B BADGE. — IR 52 5 T 4
FEA AL T T ARG AL T T AL o BADGE (2 52 /K (36 3). R P4l A RE I3 22 6] Y
e BE AT LLR I, A4k T T ML 19 BADGE Hl BADGE-2H,0 ¥ FE AR 25 T4 4k) T A0

4 BADGEs WEMIFMEMBEAREREE W (Toxicity characteristics and potential adverse health
effects of BADGEs)

W I 1) 45 K R i B2 P T B ARk B 0 T B DR S MR A RN ) I SR A U L B
BADGE £ H 451 th A7 72 A 31 4 4, Tl BADGE-H,0 #1 BADGE-2H,0 {UAF7E — PR 40 AL, PR i 2 i
|+ BADGE B & 1:1E %5 T BADGE-H,0 #1 BADGE-2H,0. BADGE-2HCI 115 1.4 it A [, %4k &)
FIRA BA AT IR, (B S BADGE-H,0 #H2Y, X A RE /& 1 T U A A 7E D
4.1 BADGEs (40 i 244

BADGE % 55 7] [P A% Jf0 5 43 2L BH v 189 5% 5 % Ramilo 25 ISR 40 L R W98 0t 42, ¥ H R R/ T
BADGE 1, M 5¢ % B 24 BADGE ¥ J3 38 Jinisk, i 55 4 24 B vty 184 5 6 450t 28 AR 0L [RIRE 1, 76 AR 1Y
A1 196 8 200 B A A% S 0 v, P B8 ™ A 4 R RE PR 800 ) i ) BADGE YL B, i B0 J5 43 S4B i
B IE F5 40 BADGE 7134 I in T paes),

BADGE %2 &2 % 40 Jjfl 3 5 A 1 FH A — 2% 9] i : BADGE 4353t MCF-7 F 98 41 i 36 5, 7 S 250



3360 7N 54 1t 2 41 &

AN AE T B T, 1 BADGE 16 A %5 I B iR 98 Caco-2 411 2k /b 40 it 38 58 0F i S I 8 A8 Ak LU
T R 2 R s 7 38,

BADGE # % B A7 8 %8 2 1 . Hemminki %5 38 1o 45 FE V0 1] [RBA . K g #1 T R0 I8 B 11 45 1F Al 17
BADGE 3248 1. & 3 BADGE 78 J5E A% A=) b HA 8o A8 1, (A JCie ek T (LA 2B W) 2 A5 A AR
P, BADGE #5826 Ho = A g8 A 040, 2485 BADGE o H F K BRUIF A B, & 30 °E 2 48 in 2
i L 2k 24 0, BAA A2 45 R e 0BR[] B 0 73 40 B Y. E — T A X SR AR I PP R B, SRR AR A R T
P K 2 #5 T BADGE & 8UL R B i st it & B H KA1k, 76 & BADGE &9 LI 37 1 4l il
I 240 Af 5 i i A B, (L3 i 4 200 A B B i e AR 2. 14, BADGESs 1I DLl it 2 ik 215 S K
FFTE A-T X B, Horf, BADGE-H,0 #5428 /£ 1] it BADGE %5, BADGE-2H,0 #l BADGE-2HCI
WAL A 17572 1 .

BADGE # % 1] g /2 JE Bk 1 — A~ R 28 . LB 53 3% W] BADGE J& it S8 Ak ) il 1 334 5 400 16 Ak 32 1
(PPARy) (4l %1, 177 PPARy J2& i 1 20 Jifd 5 IR 32 35 Fn 43k i = ZE 008 2, B) BADGE 2 9 1l g 15 400 Jfd
() A B A 3 A 9 & 3 BADGE 1] LAl i — = 2% . e B4 19 B PPARy $540 51 BRI 1 (1 AL
i, 5B ) 78 5T 240 RN T A 07 20 AR 0 g 5 26 . ZEAR S rh s &2 3, BADGE 234 i#F A F/N
Bl P 1) 70 J5 1 40 0 1) B A7 4 A, E 2 R4 itk , BADGE T8 AF A 9 il B K, 1 AS 2 A5 RS
K JEE,

4.2 BADGEs I)— et flk & # i

Hutler %5 1 YCE S IR i (HE B B0 A58 h & 31 T BADGE O SUAE AN 80504, £ 336 h i 4L 2
#5 R E b, B R B BRI JE X BADGE S fUR R B B, Ho it s AR i, oA 2
# T BADGE ¥ JE X T 0.5 mg' L' 9 i & IR A BB A0, (2 06 IR IG & R AE TR B 2F A,
BADGE X %)) #t () B¢ 1 1 5 K T X i i 2 1, 4288 T 10 mg-L ™' ¥k B2 ) BADGE K, 4l BUAE 500Nt
J5 B AP 225 AR, (HAE 336 h 322 i B PR S FET, T 252 T 15 mg L 'BADGE [4h HU7E
TR L/ ER A BURRE, SRS FE T BADGE X RIG A4 BT fE T 22 7% 5 % B M BEIE & %
A 75 Al B R R AR OGS, IR 0 I BP0 55 1 2 B 2R B R A 40 S RN K 75 AR 2%, 1T 4 AL I BOPE KR
TSR G, BRI R X o 35 ) AL I R JRR BRI .

f= 7 i BADGE % 8 7] 3 B K RPE 1. 78 — T X 22 BLAy oF 58 o, L 0L 375, 1500, 3000
mg-(kg-d)" ¥ BADGE 5 F KM 78 /MR & 5 13242 L. 21 d J5, 3000 mg-(kg-d)™" i 7] 5 2% 8 5 o 41 B
A AREIETZ, 1500 mg-(kg-d)! H1 455 B 58 LK 4] 70% K FIETS, 1 375 mg-(kg-d)™ IR & 2% 55 5 41
5% B2, KRR & B S A 28 R S B BRAR AR, 7R 5 — 0O 3 A A B R AT
HEPE K B BADGE 1R £ 22 58 FE 23 5114 0, 150, 450, 1500, 4500 mg-(kg-d) ™. AR FH & 5 71 4 7K S (9 K
SLCED 4500 mg-(kg-d) ") HHBRLE 470, FHAEMI IR 20 JEI IS 23040 T, (H P HR FI1ZH 25 BR 244G A5 oK & B0 2
PEFRAE. M58 BUG 2 B, X 6 K R B B R KA B2, A R O ) e A 398 . ok 1 388 n
JIE 8 5 2 Ah, 150 mg-(kg-d) ' Fl 450 mg-(kg-d) ' SC A 19 K B R BoR B 5 X R4 W E
SO — TR 2 KRR B B AR T, BRI 5 e IR B BADGE £ 7= A — Se R ) R AR M i iR
BADGE ¥4 500 mg-kg ™ B R RS AE eI %, HA4 B A H JF 2w A 2.

BT H R 57 41, Breslin 2538 o B2 IR H2 ik 424 H 8T 04 =% (A %2 64T BADGE B PEMFSE: B KDL 0.
100, 300, 500 mg-kg ™" HY F) 640 B 4 99.3% 1) BADGE Jiti J T2 G i K2 B . 45 5232 0, ZEATAar i) ik
FIHET, 754 G ) AR LS B AR  F P VR . (HJ2:, 78 300 mgkg ™! F1 500 mg-(kg-d) ™ 71 52 41 ) 4b 2
H ZR A e e T R R R R, R BRSO B LT BERG N, e R E S, IO A 1 RN K ek A5 B e,
FERE 5 O M R R IFSE T, R A T iR 28 d 5 B RR R B ANER . PIERIENBE AR Ak, 5% IR LA b, FEAT AR
S5 2H P AR L B it BRI 5028 S i e 12 i 3 3 n e, RDR UE4% 81 BADGE W& & 21
43 BADGDESs 5 #bE

R4 BADGE (1Ml 2275V H BPA K24 100 1%, 12 Lyons U428 BADGE-2HCI1 #1 BADGE-2H,0
FC) M D8 2505 M L BPA A E K 2% 3 A 5 7. Nakazawa 45 FH AR U 98 40 B 2R A7 Ml R 2 RS S 5
SEEFSY T BADGE-2HCI Fil BADGE-2H,0 HMER R 16 M, 45 Rk sE 7 FLMERER 6 4 & T BPA, X &
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& BADGESs [1) M 26 P 5% i AN BE ok 200, FLA W ZEF 57 X 28 BADGEs X AE 5 D) RE & 6 A FE L iF
ZAFSEIESE T BADGESs RYMERZR 6 PE R BOW A= JE B2 % 9140, #F BADGE 23 EUK B T8t b,
A= BRWPRE FIORS T35 1 TR, B2 S80S R AT ILAh, 8 & B T BADGE SRR fEvE I & &, 178
— 50 I R RS2 ALK BIFSE R, LR JE S 500, 750, 1000, 2000 mg-kg ™' () BADGE MK B, 45 R %
1750 . 1000 . 2000 mg-kg™" S 40 4 () HEPE R B, S2 AU B AR SCBGE 19 o7 L BT S 3G s, g — 3506 A4
IR % P2 2% T BADGESs 19 5 1 T 1 BR300 38 R /KT F A 22 i R, 17 B0 76 0 93 28 1) R A1
SR MRS T B8 .

5 BADGEs W A& ZZE i (Human exposure assessment of BADGEs)

BADGE i fi T4 IR B/ B, 2B A48 R AR TE 46 fik BADGEs. BADGEs 1l LUt i3 #% A (2 %)
BB AR ), WA (5 SEOBURE ) LR TR Wi (3 242 ) S i AR E A AR T LA B 2 5 o v 7 B B R R
BADGEs & 1535 A FR 1) BADGESs #Afi5% BADGEs Y4 H A 2t (DI). DI B35 anA = 1 Fis:

DI=CxV/M (D
EDI=DIX fxp 2
A, C IR BADGE BB (ng L), Vo 8E HHEH BRBUE & (L), MO AR (kg). 1%
T3 AR BT A $% A K BADGE #283dd JRGAE T, 052 b A i 2 BADGE 1l 3 i R 100% Fi Hh 451,
1M 345 BADGE ¥ f 7E R N . PRI AR T H S0 8 A & (0 5 A — 8 R 22 . 0 1 SRS ff PP A B A B
Wang %50 32 1A% H i At EDICAR 2), Hh, £ BADGE (14315 244, p s BADGE 4 1 Z 4L

F AN TS E KR R X BADGESs (194 H 2% 58 1 & o] GER . i3 4 T UL, A AGE A dA
BADGEs F 7] 2t Fifi 4 i £ 3 1< 7 B A%, JL 2538 o K 42 45 H 5 A B9 BADGEs Fb il A 8% A Y 57 2 5
2.7 i X A% A\ BADGEs 57 Bk £ K 1 A i Sk 2 i AR I 5 [ Sk £ b BADGEs 114 J 7K P HE 5
EDI 4 590 ng-(kg-Bw-d) . £, 1, # M H4E A BADGEs (1) EDI 4314 690, 280, 410 ng:(kg-Bw-d) ",
FHORIE T & S RE L 9 EDI KT8 EDI, 3 7] GBJ2: i1 AN 6] AR A LA KOS [6] (0 459 07 12 3 30 . 25 Fh i
TERIF T, 3 AW B H BRI ) BADGES ) AR, R B Rl BB A IR, AR T
FOALERER, (HJRE i AR B AR T B BADGESs 5 38 1§ S £ b 35 A A9 7] Ak TR — B 4
P 3 A 2B B AR 7R v PN BORE R, LG aE e AR A A 5 v 4 DB, HLZP RN B IRE L
P R AR, X e R TP AN E A Z 6 9 EDIs & B, KA E K ARE A BADGEs $# A KA 224K
K, FAUDFE—RE 2%, H EDIs iefK TR 522 RT 2004 4EME 0EE H i KR AR 10 mg-(kg Bw-d) .
(LR W 2 T T A 2, X B0 AR i PRI T BADGESs 19 3 82 Ak 30 1% 2 58 70 0, T oA %5 T B HE A DAL,
XA KA T REAR TS PR s ) £

x4 AFEZRERN BADGEs 4 H #FEF i (ng-(kg-bw-d) )
Table 4 Estimated daily exposure doses of BADGESs based on potential sources in different countries(ng:(kg-bw-d)™)

P AR ARt V37 S A 2! AR Bt
Country Age Dust Clothing Canned food Dental sealant Total
2L 0.690
L 0.736
fiteg] L 0.409
A 0.221
A 0.158
2L 9.58 25.8
4L 11.41 20.9
FH JLE 5.70 835
HA 2.24

LN 0.90 590 239 690




3362 E7 N R (- 41 4
2k 4
P AR Hxt A0 S B e URE sy S
Country Age Dust Clothing Canned food Dental sealant Total
JL#E 3.22
Gl ‘
A 0.66 280
B JLE 6.77 845
L ]
A 1.38 241
JLE 6.45
HA
LN 1.40
JL#E 825
Al X
A 236 410

6 #5558 (Conclusions and perspectives)

YERT 12 N ¥R B, BADGESs ) 4 76 4 P SR B840 0t LA KA i bl )z ki Sk Bl L =
B2 0 RBL R B 25 AR 5 58 T BADGES (1 3 76 58 U5, He rb i Sk £ 50 A0 B A T R U
BADGES £ £~ 3 0 1 19 43 4 5 5 AR A R], 51 WA J2& o A (%) 56 47 BE Aol 1) BADGE K AT AEH. 1
AL £ X BADGEs X A A B 52 i i T34 22 BOBF5E : 36T B A0 7 B2 500 Al 2% & 10 ER 8ROk
-, 2002 47, BRI ZE 3 2315 4518, BADGE A 23X AR AE B % & B 77 2R 2R L RO B &2 2 R fE
2004 4F-$i 15 # B3, BADGEs JG [N 43 W % P, FLXF A 09 B B A G L & & 1% A B0 1E H 3OS L 52
2005 43¢ [ 1 52 Bl 22 4= 5 {a@ B 95 BT BADGE 1A 8 b 28 = 28 808 W) A A8 7], B AR JC 80
Pk AHAH G 52 38 W BADGEs /5 5 A7 — & 9 240 il s Pk A AR B d, B 2 A2 78 TS5, BADGES (1)
W 355 2R 1 P A BT A 458 B A B2 MR 5 RS T 2 3 Y O 2012 A 1 R FE AR IR & B T BADGEs 1Y
fEFE, 2016 4F 1 IR & 3L T BADGEs X} 8l ¥ it i (19 30 8 /8 1, B8R H A & A B 8 19 I 3 3= B
BADGEs X A {4 14 it B 5 38, (HA75 0 % 5 2 82 0. 48 T BADGEs B 7F 8¢ 1%, JF 238 1 & o e Sk
AN, @2 DL B 4 LS & /0 B Sk £ 8. AT, BT BADGESs 78 J 5841 Jit o 1) 4 1 AH %
B, i — D BE9Y BADGESs 7EFR5E i A B8 &% Ak S AR SCHLEE; Ik b, B T BADGE 5 2 [ 50N ™
YA 24 . TR R ) M ANTE RE, N iE— 25T 5T BADGE 5 88 11 5T (4 I A L3, sk fo PR 220
5 A B AAE =Y mi kA BADGE 9 EE .
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