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ABSTRACT: As new kinds of persistent organic pollutants (POPs), polychlorinated naphthalenes (PCNs), te-
trabromobisphenol A (TBBPA) and hexabromocyclodocane (HBCD) have received considerable attention. Due
to their high lipophilicity, these pollutants can bioaccumulate and biomagnify with food chain, and finally
create health problems. The main pathway for PCNs, TBBPA, and HBCD to human exposure is considered to
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and humans are necessary.

KEY WORDS: polychlorinated naphthalenes; tetrabromobisphenol A; hexabromocyclodocane; foodstuffs;

human exposure

EELWHE: (21205117) (201209016)

Fund: Supported by National Natural Science Foundation of China (21205117) and the Special Environmental Protection Foundation for Public
Welfare Project (201209016)

*EBIES: , , , E-mail: chenjp@dicp.ac.cn
*Corresponding author: CHEN Ji-Ping, Professor, Dalian Institute of Chemical Physics, Chinese Academy of Science, No. 457, Zhongshan
Road, Shahekou District, Dalian 116023, China. E-mail: chenjp@dicp.ac.cn



448

=
Ju
il

(polychlorinated naphthalenes, PCN5s)

A(tetrabromobisphenol A, TBBPA)
(hexabromocyclodocane, HBCD)

,PCNs HBCD

tants, POPs)

POPs s
POPs
PCNs
s 75 s
1833 ,
) PCNs

1 TBBPA HBCD

, 1(b ¢) TBBPA

, 2004
170000 ' HBCD
HBCDs 23000 ©
HBCD 3

B-HBCD  y-HBCD) 2

¢-HBCD),

1%~12% 10%~13%

75%~89%
PCNs

’ T X
HO
CI\/ 7 ’/cy\
(@)
1
Fig. 1

(persistent organic pollu-

a-HBCD B-HBCD »-HBCD

PCNs (a) TBBPA (b)

PCDD/Fs  PCBs,

hydrocarbon hydroxylase)
O-deethylase)

AHH (aryl
EROD (ethoxyresorufin

HBCD-

(a-HBCD

PCNs
, 4 TBBPA
R HBCD [2.3,5]
( )[6-8]
[9, 10] [11-13] [14]
[15] [16,17]
PCNs TBBPA HBCD s
1(a)
PCNs TBBPA HBCD s
PCNs
PCNs TBBPA
HBCD
PCNs TBBPA HBCD,
, 2010 > PCNs TBBPA HBCD
s PCNs TBBPA HBCD
PCNs TBBPA
(0-HBCD HBCD ( )

PCNs TBBPA  HBCD

Br
(b)

HBCD (c)

The structure of PCNs (a), TBBPA (b) and HBCD (c)



449

Jiang

2 9
INER= S ’
2 STE PCNs PCBs
Kannan (2% PCBs
TBBPA HBCD ,
[26] [27] [21]
PCNS [28] _ [29]
TBBPA  HBCD ; (300 Carignan ¥
ng/g  pgl/g s s - (1:9)
, 90 'C 1500 psi ,
(1:1)
21 & : ’
PCNs TBBPA  HBCD
[18-20] (ASE)[zl, 22] -
3
(SPE)* *
(UAE) (MAE) , ’
2.3 LENHH
s PCNs
- (HRGC-LRMS)
, - (HRGC-HRMS)
) PCNs HRGC-LRMS, PCNs
( ) HRGC-HRMS PCNs
[24]
Tang HBCD , HRGC-HRMS 5%
> 4 - PCNs
s PCNS
22 & ,
, PYE
, Marti-Cid @ HRGC-HRMS
[18] PCN:s, 0.8~2.1 ng/kg (wet
[20] [25] weight) , )
/ PCNs
PCNs TBBPA , ,
- (GC-MS)
(22] TBBPA

E)



450 5
- HPLC-MS/MS SRM
(LC-MS/MS) Hayama " HBCD TBBPA
TBBPA , Shi ~ P7 UPLC-MS/MS
, (SRM) TBBPA  HBCD, TBBPA @-HBCD f-HBCD
, 4.1 pglg y-HBCD 0.07 0.04 0.02 0.01
HBCD - ng/g, 0.1 0.06 0.03 0.04 ng/g,
- (GC-ECNI-MS) ,  GC 0.06 0.05 0.03  0.02 ng/g,
(331 a-HBCD p-HBCD y-HBCD 0.05 0.02 0.03 0.02ng/g
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) , ( ) PCNs TBBPA
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[30, 34-36]
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Table 1 The concentrations (ng/kg) of PCNs, TBBPA and HBCD of food samples from different countries and regions

/ ™ ™ ) )
0.18~59.3(17) 0.18~13.41(33) 0.23~2.22(15) 0.12~3.13(21) [40]
0.53~37.29(13) 0.19~5.69(9) 0.48~8.29(9) 0.19~6.09(9) [39]
’ 2.7~226.9(14) 1.7~5.8(9) 4.3(1) 0.5~22.7(4) [32]
PCNs
93.8~1300(21) - - [22]
190~3300(30) - - [46]
19~31400(22) - - [20]
TBBPA <70~2044(12) <70~1386(12) <50~692(12) <60~848(12) [37]
<60~2224(12) <40~872(12) <20~1156(12) <50~853(12) [37]
” <50~8900(35) - - [44]
HBCD 0.012~5.2(22) - - [45]
<59~352(7) <60~196(8) <11(1) <128(8) [47]
0.016~4.397(429) - - (48]
* wet weight, lipid weight; ** a-HBCD ;- ;N
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HBCD TBBPA HBCD
3.1.1 PCNs , TBBPA ,
2003 , Domingo ¥ HBCD, o-HBCD ’
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(477 ng/kg), (71 S-HBCD )
ng/kg), (39 ng/kg), (36 ng/kg), Shi 7 12 662 TBBPA
(0.4 ng/kg) (0.7 ng/kg) HBCD ’ 70%
4-CNs  5-CNs , 8-CNs , TBBPA, ’
6-CNs 2008 , Marti-Ci 1% ’ . HBCD
’ PCNs <LOD~9.208 ng/g(lw), S-HBCD
(47 nglkg), y-HBCD , HBCD
(22 ng/kg), (15 ng/kg), (12 ng/kg), TBBPA HBCD
5-CNs , PCNs  lUene
Fernandes o) 40) HBCD , 0.012~5.4 ng/g,
HBCD ,
PCNs R
PCNs
PCNs cNsueo 32 AR
, CN52/60 , PCNs TBBPA HBCD R
CN66/67
PCNs >
Jiang *% PCNs >
, 0.0938~1.3 ng/g(lipid weight, Iw) ) )
) PCNs
, POPs
3-CNs  5-CNs PCNs ) POPs
, 60%, 2
PCNs ( ) PCNs TBBPA
HBCD
3.1.2 TBBPA #= HBCD 3.2.1 PCNs
Sjodin 1! TBBPA Lunden 1972~1992
,2004  Saito 4 PCNs , 3.081 ng/g(1972 )
TBBPA , 0.483 ng/g(1992 ), CN52
2006 , CN66/67
(European Food Safety Authority) PCNs ,
Covaci ™ 2009 Kunisue B
TBBPA , 43 PCNs, PCNs
TBBPA , 0.061~2.5
HBCD ng/g  0.021~0.91 ng/g, CN52/60  CN66/67



452 5

%2 ARIERMHX AKELHF RS PCNs, TBBPA #1 HBCD HIiRE
Table 2 The concentrations (ng/g) of PCNs, TBBPA and HBCD of human tissue samples from different countries and regions

(N) (N) (N)
0.483~3.081(70~140) - - [49]
* - 0.0924~0.744(61) - [54]
PCNs
- 0.5~14.0(12) [51]
- 0.061~2.5(43) [50]
0.062-37.344(34) 0.97~10.12(54) - [55]
<0.06~5.124(24) - - [37]
<0.06~12.46(55) - - [26]
<0.04~0.65(34) - - [56]
TBBPA <0.03~0.55(43) [28]
<0.1~2.0(447) - [52]
0.08+0.02(n=7)*** - [57]
0.0062~0.0087(5) [19]
- - <0.0033~0.464(60) [35]
ok <50~2.776(24) - - [37]
ok <0.05~71.18(92) - - [26]
1.04~22.37(34) - - [56]
0.36~8.0(43) - - [28]
HBCD 0.01~3.2(67) - - [58]
o <0.1~122(33) - - [11]
<0.24~3.4(50) - [59]
6~856(20) - [53]
- <0.0026~2.41(60) [35]
*  CN66/67 ,#E a-HBCD ; HEE ng/mL; - i N:
, , N.D.~2.776 ng/g(lw) N.D.~1.543 ng/g(lw),
TBBPA  HBCD , 63%
Schiavone ! PCNs TBBPA
, PCNs 0.5~14 ng/g, 6-CNs TBBPA HBCD
, 5-CNs  3-CNs, , 103
Halowax1014  Aroclor]214 TBBPA ~ HBCD 2l , TBBPA
3.2.2 TBBPA # HBCD HBCD <LOD~12.46 ng/g(lw)
TBBPA HBCD <LOD~78.28 ng/g (lw), R
Shi b7 12 1237 TBBPA , HBCD
TBBPA HBCD , , (BMI) .
TBBPA N.D.~4.458

ng/g(lw) N.D.~5.124 ng/g(lw), a-HBCD 2012 , Carignan [*® 43



2 , A 453
TBBPA HBCD , (37%) (37%) , (23%),
HBCD (3%) 24  PCNs
TEF TEQs
Thomsen 2 TBBPA Shi [B7 12

, TBBPA <LOD~2.0 ng/g, TBBPA HBCD ,

Thomsen % , 1~6 (7.8 kgy TBBPA YHBCD
HBCD 5.094  5.837 ng/kg (bw)(

, R 0.256 0.432 ng/kg (bw)); ,
a-HBCD  y-HBCD , 60% TBBPA  YHBCD 0.232~0.28
39%, Weiss 1 ng/kg (bw) 0.258~0.432 ng/kg (bw),

HBCD (a-HBCD ,
»-HBCD 1~3%) ,
HBCD
2008 , Johnson [ , ,TBBPA HBCD
TBBPA  HBCD , 1.304 ng/kg (bw) 1.723 ng/kg (bw),
TBBPA HBCD ,
TBBPA HBCD , TBBPA HBCD ,
,  TBBPA [26],
HBCD , 2.34 24.89 ng/kg (bw) ,
TBBPA PCNs TBBPA  HBCD
,TBBPA HBCD ,
[47]
— 0.179 0.013  0.029 ng/kg
4 ANEFFTKFE [45] 0.45~34 ng/ke
PCNs TBBPA HBCD
’ PCNs TBBPA
POPs HBCD , PCNs TBBPA HBCD
Lin 0%
, Domingo 1% PCNs 2.7 fg
( ) PCNs  TEQkg Nio [l
(ng/day) (PMys  PMy) ,
(45.78) (43.32) (39.68) TBBPA  YHBCD
(33.98) (33.62) ’ 43.2 93.2 pg/kg, 966.2 2079 pg/kg
Marti-Cid ~ ©*? PCNs
’ TR ngd 5 s inReE
POPs PCNs TBBPA  HBCD POPs,
Fernandes R
(401 PCNs
0.14 pg TEQ /kg (bw, ), PCNs TBBPA
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