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DIETARY INTAKE OF HEXABROMOCYCLODODECANE IN JAPAN
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Fukuoka Institute of Health and Environmental Sciences, 39 Mukaizano, Dazaifu-shi, Fukuoka, Japan;
*National Institute of Health Sciences, 1-18-1 Kamiyoga, Setagaya-ku, Tokyo, Japan

Intreduction

Hexabromocyclododecane (HBCD) is a brominated flame retardant (BFR) that has been used for many
years in plastics and textile coatings around the world. In Japan, the domestic use of HBCD has recently become
more common, as it has increasingly replaced or supplemented other BFRs. A total of 2,600 t of HBCD was
produced in or imported into Japan in 2011.

HBCD’s toxicity and the environmental threat it poses are subjects of current discussion. HBCD has been
identified in environmental samples from birds, mammals, fish and other aquatic organisms, as well as in soil
and sediment. In May 2013, the Stockholm Convention on Persistent Organic Pollutants (POPs) added HBCD to
the Convention’s Annex A for elimination. In May 2014, Japan added HBCD to its list of class I specified
substances of the Chemical Substances Control Law to enact a ban on the import and production of HBCD.
However, HBCD is still diffusing into the environment from waste materials that contain HBCD.

It is important to estimate humans’ dietary intakes of HBCD. A total diet (TD) study is a useful method of
estimating the average dietary intake of contaminants. We reported that the Japanese populace is exposed to
HBCD mostly via fish and shellfish among the TD samples studied"”. The dietary intake of HBCD can thus be
estimated in an analysis of TD samples consist of fish and shellfish. In the present study, we analyzed HBCD in
the TD samples and estimated the daily intake of HBCD across Japan.

Materials and methods
Chemicals

Non-labeled and "Cy,-labeled o-, p-and y-HBCD analytical standards were purchased from Cambridge
Isotope Laboratories (Andover, MA, USA). Dichloromethane, n-hexane, acetone, cyclohexane, methanol and
distilled water (washed with hexane) of dioxin or pesticide analysis grade were purchased from Kanto Chemical
(Tokyo, Japan). The 44% sulfuric acid-impregnated silica gel was purchased from Wako Pure Chemical
Industries (Osaka, Japan).

Samples

TD samples were prepared at 10 locations in seven regions across Japan in 2012. The constituents of the TD
samples were designed based on the official food classification and consumption data obtained by the National
Health and Nutrition Survey in Japan. The collected various kinds of fish and shellfish were cooked or prepared
in typical ways for consumption. The samples were then blended for TD samples. The TD samples were
maintained at temperatures below —20°C until analysis.

Sample Preparation

The protocol for the HBCD analysis is illustrated in Fig. 1. Each 5 g of TD sample was mixed with 5 g of
diatomaceous earth powder. After mixing, the sample was spiked with '>Cy,-labeled o-, B- and y-HBCD, and was
extracted using a Dionex ASE-350 Accelerated Solvent Extractor (Thermo Scientific, Sunnyvale, CA, USA)
under conditions of 1,500 psi, with acetone/hexane (1:3) as an extraction solvent. The extracts were shaken with
5% sodium chloride solution, and the organic layer was dried over anhydrous sodium sulfate and concentrated to
dryness in order to determine the lipid content gravimetrically. The residue was dissolved in 10 mL of
acetone/cyclohexane (3:7), and 2 mL of this solution was subjected to gel permeation chromatography. HBCD
was fractionated over 12.5-16.5 min after large molecules such as crude fatty acids eluted in 10—12 min. The
fraction was concentrated and dissolved in 0.3 mL of hexane, re-purified with a 1 g of 44% sulfuric acid-
impregnated silica gel-packed mini-column, and then reconstituted to 50 pL using methanol.

Analytical Methods and Instrumentation

The HBCD concentrations were determined using liquid chromatography/mass spectrometry (LC/MS)
performed on a Quattro Ultima Pt mass spectrometer (Waters, Milford, MA, USA) connected to a 2695 liquid
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chromatography system (Waters). The HPLC column was a 150 mm x 2.1 mm i.d. 5-pm Inertsil ODS-3 (GL-
Science, Tokyo, Japan). The detection limit of both a- and y~-HBCD was 0.02 ng/g wet weight (ww); that for p-
HBCD was 0.01 ng/g ww.

Results and discussion

Table 1 presents the results of the HBCD analysis of the TD samples (aggregated sample of cooked fish and
shellfish following those consumption data). HBCD was detected in all samples prepared at all 10 locations. The
concentrations of detected total HBCD were 0.17-1.24 ng/g ww when ND was assumed to be zero. The mean
concentration of total HBCD was 0.68 ng/g ww. The concentrations of the isomers of all samples were in the
order: a->y- > B-HBCD. We observed no correlation between the HBCD concentration and the fat content.

The estimates of HBCD daily intake basing on the concentration and consumption data are summarized in
Table 2. As mentioned earlier, the Japanese populace is exposed to HBCD mostly via fish and shellfish, so that
the daily intakes estimated basing on the concentrations of the TD sample consist of various kinds of fish and
shellfish can be considered the entire dietary intake. The daily intake of HBCD was estimated to be 13.1-86.9
ng/day. In the case of 50 kg of body weight (bw), the daily intake was calculated as 0.26-1.74 ng/kg bw/day. In
Japan, it was reported that the no observable adverse effect level (NOAEL) for HBCD was 10.2 mg/kg bw/day.
Using an uncertain (safety) factor of 100, this suggests that the total daily intake of HBCD should be less than
0.102 mg/kg bw/day. Compared with this value, the levels of the HBCD obtained in this study are not
considered a serious problem.
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Sample l 5 g of TD sample

€¢— "C_, o, B, 7-HBCD 1ng

Oven temperature: 100 °C

Accelerated solvent extraction
I v Solvent: acetone/hexane (1:3)

(<§— 5% sodium chloride solution 120 mL

I Liquid-liquid extraction ‘
[

Dehydration | Anhydrous sodium sulfate
I

Concentration

|
I Measurement of fat content Heated at 105 °C

GPC cleanup l Column: Shodex CLNpak EV-2000 AC

Sulfuric acid-impregnated silica gel cleanup

I
l LC-MS/MS measurement |

Fig.1 Protocol for HBCD analysis
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Table 1 Concentrations of HBCD in the TD samples

Fat content HBCD concentration (ng/g ww)

No Location
(7o) @-HBCD  B-HBCD  v-HBCD  Total HBCD

1 A 7.15 0.71 ND 0.08 0.79
2 B 6.27 0.66 ND 0.09 0.75
3 C 5.13 1.14 ND 0.10 1.24
4 D 5.98 0.70 ND 0.12 0.82
5 E 5.38 0.62 ND 0.10 0.72
6 F 4.76 0.43 ND 0.08 0.51
7 G 5.04 0.17 ND ND 0.17
8 H 3.38 0.30 ND 0.04 0.34
9 I 3.90 1.14 ND 0.08 1.22
10 I 531 0.22 ND 0.03 0.25

Mean 0.68

Table 2 Daily intake of HBCD in 10 locations in Japan

Daily intake
(ng/day)

65.9
495
81.8
67.1
58.9
32.8
13.1
22.5
86.9
17.8

Mean 49.6

No. Location

O e u O U A W N e
>

- = o Q = @O QW

—
(o3

Organohalogen Compounds Vol. 77, 416-418 (2015) 418
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Introduction

The hydroxylated polychlorinated biphenyls (OH-PCBs) are well known as metabolites of polychlorinated
biphenyls (PCBs). The major route of OH-PCB formation in biota is oxidation via the cytochrome P450 enzyme
system.! OH-PCBs of para- and meta-substituted OH with an adjacent chlorine atom have relatively high affinity
for the thyroid hormone transport proteins.” The concentrations of OH-PCBs and their distribution in human
serum and other biological and environmental media have been reported recently.*™

The thorough elucidation of OH-PCBs in foods is very important to our understanding of both the metabolism
of OH-PCBs in biota and the persistence of OH-PCBs in human tissues, neither of which has been determined.

Materials and Methods

Chemicals and reagents

Non-labeled OH-PCBs and PCBs, °Cj,-labeled OH-PCBs and PCBs were purchased from Wellington
Laboratories (Guelph, ON, Canada) and AccuStandard (New Haven, CT, USA). Solvents such as acetonitrile, n-
hexane and methanol of dioxin-analysis grade were purchased from Kanto Chemical (Tokyo).

Samples

The seafood samples for the OH-PCBs Table 1. The seafood samples used in this study

and PCBs analysis were purchased from Producti F

fish markets in the Kyushu district, g Sample roduction at content

Japan during the period 2013-2014 regions (%)

(Table 1). Each edible parts were 1 Sardine Chugoku-Shikoku 1.3

collected, cut into small pieces and

blended. The samples were maintained 2 Mackerel-1 Kyushu 3.8

at temperatures below —20°C until 3 Mackerel-2 Kyushu 4.1

;naIYS;& tion for OF-PCE 4 Yellowtail Kyushu 3.5
ample preparation for OH-PCBs

The protocol for the OH-PCBs analysis 5 Japanese seabass-1 Kyushu 0.54

is illustrated in Figure 1.* First, °C»- 6  Japanese seabass-2 Kyushu 0.41

labeled ~ OH-PCBs  (mono-  to 7 Sea bream-1 Chugoku-Shikoku 5.0

heptachlorinated 11 congeners) were

spiked as surrogate standards in the 8 Sea bream-2 Kyushu 0.96

samples. ~ The  samples  were 9 Tuna-1 Kyushu 18

homogenized twice in acetonitrile, _

added to 10% NaCl(aq.) and extracted 10 Tuna-2 Kyushu 2.8

two times with n-hexane. The extracts 11 ~ Horse mackerel-1 Kyushu 0.39

were fractionated using a Florisii 12  Horse mackerel-2 Kyushu 0.11

cartridge column (Sep-Pak Florisil Plus, _

Waters, Milford, MA). Non-polarity 13 Horse mackerel-3 Kyushu 0.32

compounds were removed with 0.5% 14  Horse mackerel-4 Kyushu 1.4
diethyl ether/n-hexane, and then the 15 Cod Tohoku 0.078
OH-PCBs were eluted with 50% s

acetone/methanol.  OH-PCBs  were 16 Largehead hairtail Kyushu 2.9
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derivatized to methoxylated PCBs (OMe-PCBs) by reaction with dimethyl sulfate and 3N KOH/ethanol (70°C
for 1 h). OMe-PCBs were extracted twice with n-hexane and then purified using a Florisil cartridge column. The
fractions were concentrated to 0.05mL and spiked with 13Clz-labele:d PCB111 as an injection standard.

Sample preparation for PCBs

The protocol for the PCB analysis is illustrated in Figure 2.° The sample was loaded into the extraction cell
filled with Isolute. *C ,-labeled PCBs (tri- to decachlorinated 20 congeners) were spiked as surrogate standards
in the extraction cells. N-hexane was used as the extraction solvent of an accelerated solvent extractor. The
extract was cleaned up using 1IN KOH/ethanol, concentrated sulfuric acid, and a multilayer silica gel column.
The clean-up solution was concentrated to 0.05 mL and spiked with C,-labeled PCB111 as an injection
standard.

Analytical methods and instrumentation

We identified and quantified the OH-PCBs (OMe-PCBs) and PCBs by gas chromatograph (GC; 6890GC,
Agilent, Santa Clara, CA)/high-resolution mass spectrometer (Autospec Premier, Waters) at the resolution of R
> 10,000 (10% valley). The injector temperature was 280°C, and 2 pl. samples were injected in the splitless
mode. The HT8-PCB capillary column (60 m x 0.25 mm i.d., Kanto Chemical) was used for the GC. Tri- to
decachlorinated congeners of PCBs and mono- to heptachlorinated congeners of OH-PCB were determined.

Results and Discussion:

The concentrations of OH-PCBs in the seafood samples

Table 2 shows the concentrations of OH-PCBs in the seafood samples. OH-PCBs were detected in all of the
seafood samples collected in this study. The concentrations of ZOH-PCBs were 0.014-0.98 ng/g wet weight
(ww); the mean concentration was 0.18 ng/g ww. The ZOH-PCBs in the seafood samples were unrelated to the
fish species or the fat content of the fish. The dominant congeners were classified as those in the fish species that
exhibited OH-MonoCBs and OH-DiCBs and those that exhibited OH-PentaCBs and OH-HexaCBs.

The concentration of PCBs in the seafood samples

Table 3 shows the concentrations of PCBs in the seafood samples. PCBs were detected in all of the seafood
samples. The concentrations of ZPCBs were 0.20-50 ng/g ww, and the mean concentration was 9.2 ng/g ww.
The ZPCBs in the seafood samples were related to the fat content of the fish samples. The dominant congeners
were pentaCBs and hexaCBs.

Comparison of the persistence of OH-PCBs and PCBs

Table 4 summarizes the presence of ZOH-PCBs/ZPCBs in the seafood samples. The concentrations of ZOH-
PCBs/ZPCBs were 0.00094—0.25, and the mean was 0.051. The ZOH-PCBs/ZPCBs in the fish samples were not
related to the fish species or the fat content. The levels of ZOH-PCBs were low compared with those of ZPCBs
in all of the seafood samples. Our study findings demonstrate that OH-PCBs are accumulated in the human body
by the intake of fish.
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---------- Spiked with ¥Ci-labeled OH-PCBs as swyogated standards
1} 10% NaCl aq 250 mL

2) n-hexane 50 mL {twice)

10 g of the seafoad sample

Solvent: Acetonitrile 30 mL (twice)

1) Prewash with 10 mi of 0.3% diethy! ether/n-hexane
2) Sample load

30 o of the seafood sample
.......... Spiked with #Curlabeled PCBs as suwrrogated standards

Sobvent: n-hexane
Oven teraperature: 100°C

Alkaline degradation { N KOH/Ethanol 100 mL

l

{ E..)qmd‘qumd extraction ] 3) Concentration < TmlL

Flotisit col feanup ] 3) Washed with 6 mL of 0.5% diethyt ether/n-hex;
4) Eluted with § mLof 50% acetone/methanot

5} Concentration

) Dimethyl sulfate 0.5 mL
l Derivatization I 2} 3 N KOH/ethanol 3.5 mL (76°C for 1 h)
3¥ 5% NaCl{(aq.3 4 mL
4) Extracted with 2mL of n-hexane {twice)
3} Dehydration and concentration,
1) Prewash with 10 mE of 5% diethy! ether/n-hexane
P 2} Sample load
Flarisil ! i
[ s N 3} Eluted with 8 mb of 5% dicthyl ether/n-hexane
4y Concentration

Spiked with ¥Cye-labeled PCBI11 as an injection standard

v

( HRGCHRMS analysis ]

Figure 1. The protcol for OH-PCBs analysis.

£} 10% NaCl(aq.) 100 mL.
2} n-hexane 50 mk (twice)
3} Concentration < Sml

L:q;ud-hqmd extraction

cone. Hx8O: 10 mL

1) Prewash with n-hexane 100 mL
2) Sample load

3) Eluted with 100 miLof n-hexane
4) Concentration

Spiked with ¥Ciz-labeled PCB111 as an injection standard

[ Sutfuric acid treatment

Multi-layer silica gel column cleanup ]

( HRGC/HRMS aradysis ]

Figure 2. The protcol for PCBs analysis.

Table 2. The concentrations of OH-PCBs in the seafood samples.

g/g ww)
OH-MoCBs OH-DiCBs OH-TriCBs OH-TeCBs OH-PeCBs OH-HxCBs OH-HpCBs XOH-PCBs
Sardine 0.14 0.12 0.010 0.023 0.0058 0.0032 0.0034 0.31
Mackerel-1 0.016 0.084 0.0035 0.010 0.0063 0.0029 0.0029 0.12
Mackerel-2 0.038 0.19 ND 0.032 0.010 0.0040 0.0031 0.28
Yellowtail 0.016 0.074 0.00071 0.0097 0.0080 0.0084 0.0040 0.12
Japanese seabass-1 0.037 ND 0.0031 0.013 0.0015 0.0064 0.0032 0.064
Japanese seabass-2 0.0038 0.0026 0.0010 0.0019 0.0021 0.0033 0.0037 0.018
Sea bream-1 0.011 0.020 0.0016 0.0077 0.0042 0.0031 0.0028 0.050
Sea bream-2 0.0010 0.0020 0.0010 0.0023 0.0020 0.0035 0.0031 0.015
Tuna-1 0.27 0.44 0.0018 0.039 0.21 0.0082 0.0083 0.98
Tuna-2 0.066 0.097 0.00023 0.011 0.058 0.0079 0.0051 0.24
Horse mackerel-1 0.17 0.16 0.014 0.026 0.0049 0.0042 0.0039 0.38
Horse mackerel-2 0.011 0.0088 0.0013 0.0040 0.014 0.0035 0.0058 0.049
Horse mackerel-3 0.013 0.016 0.0090 0.026 0.024 0.012 0.0062 0.11
Horse mackerel-4 0.0058 0.013 ND 0.0015 0.0044 0.0043 0.00012 0.029
Cod ND 0.00098 0.00059 0.0018 0.0016 0.0044 0.0051 0.014
Largehead hairtail 0.013 0.036 0.0013 0.0020 0.0053 0.0037 0.0046 0.066
Mean 0.051 0.079 0.0031 0.013 0.023 0.0052 0.0041 0.18
Min. ND ND ND 0.0015 0.0015 0.0029 0.00012 0.014
Max. 0.27 0.44 0.014 0.039 0.21 0.012 0.0083 0.98
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Table 3. The concentration of PCBs in the seafood samples.

fig/g ww)
TrCBs TeCBs PeCBs HxCBs HpCBs OcCBs NoCBs DeCB XPCBs

Sardine 0053 022 041 075 038  0.066 0.0094 0.0074 1.9
Mackerel-1 0.062 0.18 0.43 0.76 0.41 0.049 0.014 0.012 1.9
Mackerel-2 0.19 096 2.4 33 1.4 0.19 0.038  0.028 8.5
Yellowtail 0.26 1.6 5.4 10 4.9 0.66 0.093 0.086 23
Japanese seabass-1 0.14 0.65 1.2 L5 047 0.072  0.0053  0.0019 4.1
Japanese seabass-2 0.34 1.3 2.5 2.7 0.90 0.14 0.012  0.0046 7.8
Sea bream-1 0.35 1.1 1.9 2.4 0.99 0.12 0.015 0.011 6.9
Sea bream-2 0.94 2.6 4.5 5.6 2.4 0.31 0.038 0.023 16
Tuna-1 079 5.1 15 20 8.0 L1 020 012 50
Tuna-2 0.16 0.82 2.5 3.3 1.4 0.22 0.043 0.027 8.5
Horse mackerel-1 0.030 0.12 0.35 0.62 0.34 0.046  0.0028 0.0011 1.5
Horse mackerel-2 0.047 023 0.58 1.1 0.77 0.12  0.0083 0.0047 2.8
Horse mackerel-3 0.039 0.11 0.20 0.35 0.22 0.038 0.0049 0.0042 0.96
Horse mackerel-4 0.065 0.20 0.44 0.71 0.43 0.071  0.012 0.014 1.9
Cod 0.029 0061 0.064 0040 0.0093 0.0010 ND 0.00037  0.20
Largehead hairtail 0.18 0.80 1.9 4.4 2.5 0.32 0.018  0.0047 10

Mean 023 1.0 25 3.6 1.6 022 0034 0022 9.2

Min. 0.029 0.061 0.064 0.040 0.0093 0.0010 ND  0.00037 0.20

Max. 0.94 5.1 15 20 8.0 1.1 0.20 0.12 50

Table 4. The presence of XOH-PCBs/ZPCBs in the seafood samples.
Fat content XPCBs XOH-PCBs
(%) (ne/gww) (nglgww) Y OH-PCBs/ZPCBs

Sardine 1.3 1.9 0.31 0.16

Mackerel-1 3.8 1.9 0.12 0.063

Mackerel-2 4.1 85 0.28 0.033

Yellowtail 3.5 23 0.12 0.052

Japanese seabass-1 0.54 4.1 0.064 0.016

Japanese seabass-2 0.41 7.8 0.018 0.0023

Sea bream-1 5.0 6.9 0.050 0.0072

Sea bream-2 0.96 16 0.015 0.00094

Tuna-1 18 50 0.98 0.020

Tuna-2 2.8 8.5 0.24 0.028

Horse mackerel-1 0.39 1.5 0.38 0.25

Horse mackerel-2 0.11 2.8 0.049 0.018

Horse mackerel-3 0.32 0.96 0.11 0.11

Horse mackerel-4 1.4 1.9 0.029 0.015

Cod 0.078 0.20 0.014 0.070

Largehead hairtail 2.9 10 0.066 0.0066

Mean 2.9 9.2 0.18 0.051

Min. 0.078 0.20 0.014 0.00094

Max. 18 50 0.98 0.25

Organohalogen Compounds Vol. 77, 386-389 (2015) 389



I FC&®IC

2015 4F 6 B2, KE FDA #TRMICEESh
B9 v ARELZ &imE (A KERMm)
% GRAS (generally recdgnized as safe : —#%HY
IREEARREIND) PHAT LV RRRER
ol TR ERERTR [+ 2B
k] 2w EETEVWRHATHRES N, ERIC
u:ﬂub7>2%%%%ﬂéﬁﬁ®éi§i&
HEXORHRERBETHY, bIrABRHEREERRZ
&%botkﬁzagaﬁfm%ﬁ%Kéﬁm&
BT TEEREWMEZONBEIERHED 2D
T, T THMERILOTHE.

I b~ Zh%@tﬁﬁw

1 MU ABMBROESR :

T, [ Vo VR L MAR>] THED,
BHEMEZEVH 2 TIEHBOBEES Th 5
BN L, P YABOZERAELOD

v ARRRHER I

D, Thr, LALERHED LS
LTREIIX b%?%%ﬁf;%tcéo B REWI
KIRHED F 5 Y APBEZ SO A1) kit

BR_EREE2EDEINEIDNTH S, BERDEE
EFEO LT Y ARPROBEHETCET 53557
TRI-F v 7 ARBAIBVWTHEREN - E%
LR [P Lb—2BLEDOXFVYETR
THON b Y ABOERBRE - REZERS
% 0 BATRAE IR R O S A A IR B
TRTOEMBMELK] LEELTWE, 2K
RETED } 5 ¥ ARRIE N H5ERY) ) —
VBRI DS VARSI EE Vv 79 VAT
ix AFSSA (3 ANSES) #% 472 kb —oBlk
@:Eﬁ%ﬁrﬁyXKaofwémﬁWﬁ%
Bl 2BAL, —ERAOMEREIROEEIC
;a&m%~oﬁb%&01—y@%}avx%
BilcEtr, S HICAL AR LR TREREO S
v ARBIZ100 g 2g Tl L vok #2247 o
TWAY, Z0HE, ABRZETEFINIRA
HED D OIS, LA LTV, BETE

156



|| B2mEmE Vol .65, No.11(2015)

HRICRIREZED & PIZ oW TR bREWE ST
HBo

WENDEREZHAVEHETD, REZEPLH
CHE GBS BRIk B O RRBERD S 0
Tl 7% { EA7KFREMAEYHAE % 178 5 BB AR
WMELTELATALID NS v RG] Tdh %,
ARTEBIHOLWERYD, bI Y ABEHRIZH
ROEFZRLR 5,

2 BREE

P U ABHBOBRREEICOVTRE, B
LS v ARBHBENEDSZ WETORET, +J
v AR OEREN S\ L BEIRRE Y RS
DBLEDBIERRINT VS, Bl IRERWRIE
ZWF 22 CTd % Nurses Health Study Tig, #x
ANVF-EREICED L T ABHEREE
20% LEDTRBELBo TV BEICHRT, &
DL BEoTWBE 13U U TOEIZI4ERD
7+ U—7 v THH TOREEIIR IR E DT Y A
ZH503 %6 071 (REEMEBOEBREICLY
Bd) LEWIEBRHRESNTHEY, FF Y
ZBERFIZ M LDL 2 VA Fu— ViEEA BT,
HDL I VAT U — VigEZ TITAIZ LHERS
NTWT, BEBUTRBRTZRAVF-ERED 2%LL
L TCREREBRGERY A 2 LT L3R 0E
BEHEFPBVET LS. —H CHLERBERD T~
AR TCIZED L) 2B EALONEVE NV
HEDHHY, HBMPALENLL T Y REN
BED A% KEWCENT 2 DEIATMEELZOT, K&K
O +SVABHCIBRENZVEW) L) EE
HPNELBBETERZVWOTHA D, LBREEL
EL LT AEHRERE IRV F —ER
BED 1%KL 2% 5,

- WHO T b Y ARDIBREREIRT AV
F—ERED I%BUTE2EHEL TV, BHILE
RAE »EHAEBICHEE - SBREZMEL T

16

1%UTCTOHEERENRDH L EV)ERDLH B,
BEREICHERSNT VS DI TREV, 252
ENEREIR LI ETERETIR R, B
XBOMETH B, b7V ABRFBREREOS.
WAZLBIIMORFERICOMEOS 25645
{, BEIRTA 7RI A NVERELKHEDNH LD
T, HLABREOETEE L CHEZBRTRET
»5ba

I b5 ARRIERMEDRRE

b5 v ABRBFBICOW T DERNRELE LI
FLOHTH

AID b5 v R EREE % &LEA K E RN A
ERCELEDNS X 5 127% o 72 D1% 1980 4
ThobLENb, YERIZBWEORIZS 8
RSO MR DREEC & {20 TR
BRI ICB A RZ B LTI VRENICLS &
ERENTIET oL, 2F )5 —-2
TV VDEINRINEVITETHo72, R
BHAEBO—ETH 5 b5 Vv ABHROEZE
DWTRFELMOENT W Eh oz, 1990FE£412
IV 2 & ERKERRIEICE TN 5 Y RIRHS
B OREREIZOWT O - BiERRAFEES
NAXHI2% D, 2002 F 121X WHO/FAO & *
ERETHFI =5 ARBOESE
RL, EREZBOT L 2BETEY, 2hU
&, £EP IV ABHROBENEZROT -
DI EER AT oTEe FREDIX 2003 E
WF V= BERFO NS VY ARREED -
REFEDLHBIZIT 0722 EThHL, FOMDE
DEEOBEINREEFLEVEMOERES
o TRE ZIZ LY, TREROE=yY &
TERLIZN E VoI TRAILhONESE & 5T
59, BATH 2004 SEIERELEELN L 5
Y ARRBIZOWTOT 77 b= eRELT
Wi, ZLTEEOTGRENERLEMERS



BAZED b T > REHBRO U X FERE DL ||

#1 MICRBHRBICOVWTOERLZE ,
& A w4t | B %

1980 1t RE “éﬁa‘»‘n FEI~DREEH 5 E A KERIME YR OE
. ﬁi iﬁ?ﬁjﬁo .
1990 £4 NS VABRBOLIEREREICHT 5 RENH
Xi é L] :
2002 A%, #EBIUEWEETFHICET S WHO/FAO|

EREMAREKE]), bV ABHBROTFHERELZ —
HH7Z) ORI ANF—EBNED 1%KRHE LT 5 EE

ZRT o
2002 KREMZET I T I-OHERERZERNW N7 VR
BFEREIITEARILRLTHIINE,
2003 Fre—7, B feshsERIcEINE T

ABEHERIZOWTR, RRERICETNAMHIEINg

H72Y 2g WA TSR WET HHEL

2004 12 | , ‘ BERTEZBEEMN NI ¥ AEHREIZ
: ' WTHT7 77 by—rA%K

2004 12 | FRIN EFSA, FHRESRESE LTOI ) NHEHET b
SYRAEHEEZ T IIRR BEDY—FY ¥
& & T HIRIEAS 1%LV T 2 018 LT 4% B0 k).

2004 TVEYTF v, BERMT Y AEHROHIRE EfF.

- 2005 12 | A1) ¥, FEESFRIC T Y R EFBRE #E.

2005 4 | {L AFSSA, PV ABEBBROBEZLBEZHE,

2006 1| RE, RERSERCL TV REBE &L,

2006 TVEYTF Y, EmHOANLM 7 ¥ ARHROFRZ
' £H.
2006 7 | Codex £ 29 HIRE CTRERRAA FFA4 VITH T
A RERRBR D FE 2% % 1B Mo

2007 7| =a—3—7T, BEXOS Y AENRE—EHT:
b O.Sg %iﬁ Kf‘ﬁﬂl‘ﬂo .

2007 12 | BE KFDA (4B), ¥ERSERRC M T v AP

EHEH o
2007 |12 | EEIFSA, 7V AEHIHLTREEMNT S0
| FRER,
2008 Az —FVERR 2007ED S v AR

RREZRESR, Ava—FVRRANKIOTEARERL
DOFFETHIGLCELS, #REfTokTFye—2 L

I RALERTHEE L
2008 1 | B8, FEHRSFERCLT v AIBE L&,
2008 AVAAFY, bV ARBBREENHoTnA L
%%o ’

17



| 2R#&EME Vol .65, No.11(2015)
E A i 4 B &
2008 | 4| AA4R, AEMEYIEIEI00g H7Y kT AREREO
MEIZ2gZ2BBLTIEEZLRVEV)HRBIZEA,
2009 |9 | A—AMUT, EERAFNALNT YV AIEIFES100g
B 2g U LDMWMBOENTEZZ L, RIS
0% RKFBEOMITERSL 77 A M7 — FIZ2oWnTI,
NI T V ABBBRORKGEEESEEL RN
100gH72h 4g & L
2009 9| 7YF4vaauver, AL vAEBHEOAER
REFEZTOFEHGE, FHITA T RTOT—F1 ~
RVIED + T ¥ RAPBREIERRIERE D 2% LT, F oo
ﬁmLOWTm#h%€E®5%HT(&<T@&E
vk Lz
2009 |11 BEHENEFSGEYSKRENS S
CABBBOEEENRRORN %
HEEBETICIERLE] EE224RT
%‘Q f:o
2009 |12 EBEFR T ¥ REHBRIIRLIER
DIE - REICET AHRATERY
BESE (B—nE) .
2009 |12 74 Y5 ¥ FEVIRA, R—#F ) YR 7 Ly FHE
DT AR RWEHE (Lzdso CREICR
B7Zvy),
2010 7 | FE, FERSFREBL. T CARBBEZED.
2010 ﬁ!ﬁ;ﬁ/i\éﬁ [ERIZ&EINnE b
77z5%&JLow1564m%
BAtA,
2011 1AV 7v=7MN, ALV REWRRLYELE (—E
H7=H 05gLLT)o
2011 2 HEET, [ b7 Y AENBROERE
TR B8] 2 A%,
2012 3 EREEEEER, [ERI&Tha b
S v ABERhEE) OFmELREE,
2012 5| Yy HR—N, EREWEO NS VARHED ERZ
2% R Eo
2012 |11 | EVIRA, ERHCHEYEE SRR 2% ED b S
” YARBFIIMH I N R
2012 12 | KFDA, b VABHBROEEERRATHERELZER
(99%75‘ 02 g %ﬁ) o
2013 EEGRREE NMIELO NS Y ARBBEEIIMHEY
o T3 &Wn) i,

18




HRAEED.h 5 > RBEBBOY 2 7ERCONT ||

oz w4t H * }
2014 HEERERAERETHEEIER S
N7t 7V ABRFEECETAEHO
NT, [ERTRERESEMNEERE
EMoOME] L INTWAESIEE
EBRRSTWBIEDND, ARERESE
B RENIAT - - AR S
fili % BT 5 G 8% 2d T,
2014 WEEEES BRV-Fv/ .7
V=T TERNDEE - FREIOVT
) DIRET B
2014 FNEYFY, MIERO TV ABEFEE BB |
5%LAPII S
2015 BN =2—Y—FYFFSANZ, #—2}3YTL
Za2a—Y—S5 Y FOERED T v AR EIME:
72O FEROEBLITTELLTE v LS,
2015 BRFRERIT.
2015 WREZERAZT—FV/ yh—
7, Mo v RERBFBRICETAE D F
| | L] 2 RE,
2015 FDA, 2018 #L\BAT b5 >R EER5EE# GRAS #°5
VISR TN
2015 A SRS Ko Wingman 8+, BOKERN
IBOEHZZEL T A5TEIZBIFICIZRWERES,
2015 British Medical Journal tZ [ b 5 ¥ A FERHIZFETS R0
REVAZOKREWI L LBET 5, SRR
ELZW] vy L a—0BEINT,

DR L% DT THEEDERFEERSFERIC N
7Y RAEBREBOEREMA Y, BEEOD
BAEELRDED Lo - BRI L £ L
TWVo 2022000 ERPITETH D, ERFE
5D EOKFBRINEDRFO N7V A EHBREE
FEIRL7Z D, BOKERMEENOMIEICEE
Lzt wnoZ-mEr e h, 285 v A
BENE IR Fo TV oiz. BARICERDD B MR
Hr LTk, 00481 BACEERRALR Y
LCHER S T\ 5 bR BN CHRET 5105
720, BMTRERBRORWHRAERIIOWT
i EFSA O SHli S hETH 5 DTEHM % ZT 7
EZAh, P VRABEMBREE;4%ULEZ VD

T—RDOEYMEARED 1%RFICTIT2 L2355
ENTwRY, LIAPERRETELAD 772
FY— P IOREREAEEROMEY, AX0
AFLTHEY EIFB 2 L33 A h o,
—HFT2007 EWX=a—F =7 HHFVAIS VT
RESNZERFO NS v AEHBRARICER
R0 o TR ZENERTER SN
WMEINTH 010 FEETIZRBIELALDET
b IV ABEHBICOVCTOMRIIHES, 1
DEFEE LTHROBEREMET LTwaz &
fx LREREN TR,

20004, HATHEBETZHEETI LIz
- REMENBEFEAEYKEY NI v 2 B

19



|| ES®&EmRE Vol .65, No.11(2015)

Fz2 FIUOAEBRO—ANBH LY DOERE

i - BRI AVE—I2 | #EHE (0 RIS VA5
LHBZNERE (&) | wuzmia (%) T
BA () 156 0.7 EEEN»SHTE (1998 4)
13 0.6 | EEED SR (2006 F)
07 0.3 FEA LTI (2006 4)
KB (BATRY) 58 2.6 FEAH EITHR (1994 ~ 1996 48)
EU #H A ETHR (1995 ~ 1996 48)
BEFY
B/ME (¥ ¥ ¥) 12 05
BRE (TA4AA5VF) 7 2.1
ZEFH
w=ME (K ¥ x) 1.7 0.8
BKE (7TA4AX5 > F) 41 1.9
F—ZA+SYT 14 0.6 A LT HR (2006 48)
(2 L)
ma—Y—=5VF 17 0.7 A LT AR (2006 4F)
(15 Ll E73y)

DEREMREITHIIERL, TNITELAY
B & Do o BAREN TOFERIRE BT -
720 2009 FEDEH B BT ORRDOIBE ORRS
AREEFELTOFNE, HEEEELTORER
S D o 72, FEAE RITEAAYITI 2004 FFRF
BTHD7 727 y— bRk BERAOBRER
B MBI RZLIZ LIV ENVIBDTH-
720 WRTOB)E & KL L TEFR OB IR
LV ERFO LT ARRERILIOIHST
Wz DT, FREED RIS RO LER IR
T EFHRENTYE (2
ZLTHATRD b5 v A EHBEREOS »
ED—DTHo/T A4 TIX, 2006 F I EF
BURF ASSRBBRAFRIC b 7 Y AR & B2 RS
B & EFBILLTLE, MNP LAV TEmP
OEREEZRTZD LTIV, BAZER
BT v ARBERIZE - TWwo iz, ARICER
DELLBHNEDLD, 2013412 USDA 3R L
72, 1989 45 2010 £ F TICHFH =T I i

20

BEROBRPRBICHTA2BRARREALT LR
EEIZXBE, FPISYREHERREDLNT VR
%%K%?%ﬁ%%%MZWHMNFWEM&
L, 2010 EDFATIZ D IXREHTRRZ VT
YTHok®, TIH LI EEERIC, FDAR
2013 SEIZE KR INIMAE % GRAS » b 443 &
LERELY, 015 FCRBRELLEOTH
b0 BFIIIZELEITII 2018 FE L BT D
52720 WELR DB LWERBEIZHE LT 20T
%<, RRZAZVPLEAITHRERILLTE
DTHY, bLHBEZHhORFETHITHAEH
Br SN TWIIEENLL LD EITE Lo
7o d Lz v, EBICIZESEbnTwizBE
DH Bz, BEIL 2 NER+4LHlsh
BIRMIZ0 72D THRBNTE o 72, 2018 £LLJEE
SIOKRIINBIE & E V- WEA L, FRoAR
WL LTREEIZET 527 - 282729 2
TFDA KRWZHET A LIlh 2,



HAEED b5 > XEHEOY 2 TERCONT ||

. | e
X Iiii' IHI'
e ] 7Y _

vFEY
T
z=7

b
P

BizhlL SERHRER

EREE L AEE

M1 FSLREBEEXZHENT XA —-K

V &EOERE IS

WET, YU ABHRICOVCIREREET
VBV BRRISATE BT LB, FREK
MBI LB EMIDEI2kb, Bick sy
R E LTRSS Lz, DEARICENR
REHTL, RRRSETOEBL BCL)E
BEERLEYERFOEREEDEZYTE, O
VB (38 AT & A7 L CEBIC Tz, b &
LEEIED VT Y RIRBOBRERE R 5T
WizAs, BBEPZERE LTREREOSVE
E BN B R To TV b, ZRIBSATIED
5%, bLdLOENENAEETHoTDLE)
WiSELTWREALH B, ALEATz—FY
EFEv—27i3d B ERAL L) REBIURRT
botht, BIEAHEE LTRAY 2 =7V hih
X EEMMBREERLAZOIRL, Fre—
JRECEIVEROEEZRD L EWVIEL D
BETole EHOOEREE LTI Y AK
BOBIE R TR, 7Y v —7 IEEE R
ELZRETHo 2L, AVa—FVIiIEE?
o7z L THIMST I L T & TRAMND
ROBR Y F ol TRENFEEFHELT
who B, BE, ¥ VAR VIEREENTK

LIFHSERADTHED L b T Y RARBOE
WEBE LD oz, ENTHERERY YV HK—
VRERFOEELREL TV, BHOBAR
B L RHIGERT S LD A EREL D i
LACHEELRZVOT, EEPRELLILICE
LEMBEBRDRIFAATH B, BEEFoT
EREFFVERET S L CHRYEL S¢S
EWIFREELTWAIIF, Z0L) B
RERFEC@MZHEEL TV I0RENI

2, VY—ROFEYHTRE, BEH) A2 YA
DERTELTVELEZ LIS, bbBALD

I RYRSEBERRLAPEEOESL LR

REREZLTHD B, BEEDL) hFEE
Yol OREBBENBRESEL, FRIONT
DEEELED-HREOEERIILETSH
5o ’
BRELTRIEBEITRTOEATAIN NS v 2
BEFEE DERE T > TV 5,

Vi 2

EIAT, BEHED T Y ARIBERE %5
L3I LORRDEMIZ, BEMRLCEEZRST
L ThBH, RREEMRGRBIZERH T 1980
ERUBIERIE D BT TWb, FIRIZKET

21



|| ER2EEME  Vol.65, No.11(2015)
800
700 =
-
~

D
(=
(@)

Ve

g ~
= ~ <
< -
2 500 =
I -~
[ . ~ .
=3 . >~ -
<= 400 = < = — Total
8 N — ~
3 ~—— ~ . -—=Women
. S~ —— -~
I3 -~ N ——
&, 300 =z = Men
————
Q —— ~ o
R T ~—
S T ——
24 . ~~a
200 S~ —
e
\\~N~
100
O T T T T T T T T T T T T T T T T T T T T T T T T T T T
SO~ NN MM LD O D0 O =N L WO 0O M S WO,
D~ CO 00 CO 00 00 00 00 CO CO OO0 Oy O OO Oy O O O O O O © O © © © O © © © O
S O D OO OO OO OGO O OO OO0 OO0 0 Q000
—_ ot S o o o ™ o et ] e " o e e =~ AN AN AN AN N AN NNANAN
Year

M2 25 FLEOKRERAOBEIROEEIC & 5 ERERETE®

D 25 F L E OB A OREENIR- LR B X 5 ERA
BRETREIR 20X T, T AEHERENR
WZTW 1980 ERTHHSLTWED, + 5
VARFERERT AYAEEEL 3 ebol
F—Z 5 7 THBENREBRDOERERILE
SIRT LI CABETH LY, TLTHLDEM
KiZEBEIRGEERPEZ R EVEEATHERIL
TWwh, THITEENK L EREWRE L, iz
1987 4£12 FDA 2B D R ¥ F Vv REEF
Ay FrEBALTLUER, R&¥FrREEMITA

BICEASND LI o7 BATEEMD &

HL7e BBBANT VAPRIEEN RN LD A
EEORELFEERFTEHAHIN, TAVAIA
DIRHEEZRBRY, 7 AU S AOEEFENE L
BolEEZHDOEEE LV, CDCICL2E 187
PLED7 AU 7 NORB#H (BMI 4% 30 kg/m® BLE)
DEEIE, B 1999 ~ 2002 4E 1T 1 26% 75 o
=DA% 2007 ~ 2010 4E42 14 33%, ZCHEIE 1999 ~
2002 4E 7% 32% T 2007 ~ 2010 4E 1% 35% & FEIC

22

Bz TwasY, BEIEEROGERDY 27 BRE
THB, TAY A NGBS LT
BEIRE BRI L B IRECEEANICET LTS
DTHbB., ZD2d, 7 v ARKHBROBNE%
WMo L7mC e 2 BB R E ST 0
CHESLTVWLDOPZHEETLIDOEHELV, b5
HA—FEDRED D ZITFHETLZ L RTRT,
2015 4E 6 B FDA DRFETEZS LFEND
EWETELTNT Y ABHBOBRENH KT
ANDEEHEbd EETE L Twa,

Z LTI OREENIREBDOKRIBLZBRIED 5 —
DORPEBEAE L2, TNT TRERAEED
VR 2 BEE ST & 7 SRR O W
L#EL BohDTH B, HARAOREZNS
WIESIZIRENIEEEEZ 2B/ R2o1750
BHBHEETH S, LrL, BEMHIERL
ECHBEE 7L LTOWRE L THERE
WK 2B DO TITESFIIBIERD b5 v R gk
BROBFEICY A ZERZ b v, B



HREED b5 > XEHROY X 78ROV T |

Deaths per 100,000 population

3500 7

3,000 1

. 2,500

2,000 +

1,500

1,000 S

500

Men aged 40—-54

Men aged 70+

Men aged 25— 39 R Women aged 25-39

— — — Women aged 40—54

Men aged 55-69 == 0====- Women aged 55— 69

-~ - — Women aged 70+

Notes:

1. Age standardised to the Australian Estimated Resident Population as at 30 June 2001.
2. Deaths for 2009 and 2010 are based on revised apd preliminary versions respectively and are subject to

further revision.
Source: ATHW National Mortality Database.

Figure 2.1: Trends in age-specific CHD death rates, 1579-2010
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Abstract: The purpose of this study was to examine whether a simple bioassay used for the detection
of dioxins (DXNs) could be applied to detect trace amounts of harmful DXN-like substances in food
products. To identify substances with possible DXN-like activity, we assessed the ability of various
compounds in the environment to bind the aryl hydrocarbon receptor (AhR) that binds specifically
to DXNs. The compounds tested included 19 polycyclic aromatic hydrocarbons (PAHs), 20 PAH
derivatives (nitrated, halogenated, and aminated derivatives), 23 pesticides, six amino acids, and eight
amino acid metabolites. The AhR binding activities (AhR activity) of these compounds were measured
using the chemical activated luciferase gene expression (CALUX) reporter gene assay system. The
majority of the PAHs exhibited marked AhR activity that increased in a concentration-dependent
manner. Furthermore, there was a positive link between AhR activity and the number of aromatic
rings in the PAH derivatives. Conversely, there appeared to be a negative correlation between AhR
activity and the number of chlorine residues present on halogenated PAH derivatives. However, there
was no correlation between AhR activity and the number and position of substituents among nitrated
and aminated derivatives. Among the pesticides tested, the indole-type compounds carbendazim
and thiabendazole showed high levels of activity. Similarly, the indole compound tryptamine was
the only amino acid metabolite to induce AhR activity. The results are useful in understanding the
identification and characterization of AhR ligands in the CALUX assay.

Keywords: aryl hydrocarbon receptor; reporter gene assay; food hygiene; polycyclic aromatic
hydrocarbon; pesticide; amino acid

1. Introduction

Food products can be contaminated by a number of harmful substances, including dioxins (DXNs)
and polycyclic aromatic hydrocarbons (PAHs); previous studies have focused on evaluating the health
risks associated with these substances as well as ways to manage these health risks [1,2]. Human
exposure to DXNs mainly occurs through foods, such as fish, meat, and dairy products. PAHs are
formed mainly during cooking and during processes, such as smoking. There are currently 16 PAHs
that are considered worthy of health concern by the EU (EU priority PAHs); the EU has set maximum
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