648

13 individual samples were extracted as described above
and were kept at —20 °C until cleanup. For comparison
of PBDE congener profiles with a popular seafood, a
lipid sample from pooled fillet of seven horse mackerels
at the average length of 27 cm used in a previous study
(Akutsu et al, 2001} was also analyzed in the manner
described below.

In brief, extracted lipid (0.5 g) was spiked with
cleanup standard mixtures (‘}*C-labeled PEDEs, #28,
#47, #99, #153, #154; 0.5 ng each). The lipid was sa-
ponified with alcoholic potassium hydroxide solution
under room temperature and PBDEs were extracted
with n-hexane. Further cleanup was performed on a pre-
washed multilayer silica column packed vertically from
bottom to top with 2% KOH-silica (1 g), neutral silica
(0.6 g), 44% and 22% H,80,-silica (2 and 1 g), neutral
silica (0.6 g), 10% AgNO;-silica (1 g), neutral silica (0.6
g), and Na;S0; (34 g), using 200 m! of hexane as an
eluting solvent. The eluate was evaporated to near dry-
ness and spiked with ‘*C-labeled BDE-77 in n-nonane as
a recovery standard. Each PBDE congener in the sample
was identified by comparing the GC retention time and
ion-aboundance ratio of two exact m/z’s with the cor-
responding retention time of an authentic standard and
the theoretical ion-aboundance ratio of the two exact
m/z’s, and was measured based on relative response
factors from the corresponding cleanup standards listed
in Table 1.
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3. Results and discussion

In our previous study, we applied a fast cleanup
method (automated gel permeation chromatography
and mini-column chromatography) and GC/low reso-
lution MS with negative chemical ionization for
screening analysis of PBDEs in marine fish (Akutsu
et al, 2001). The method showed acceptable perfor-
mance in the first international interlaboratory study
concerning the analysis of PBDEs in eel, porpoise, cor-
morant, mussel, and sediment samples (de Boer, 2000,
2002). However, in the present study, for the purpose of
performing more accurate PBDE identification/quanti-
fication, a conventional destructive cleanup method and
GCrhigh resolution MS with electron ionization were
applied in the PBDE analysis of the human milk sam-
ples. In the present study, the recoveries of the respective
cleanup standards for the 21 milk and one fish samples
were almost within the acceptable range (60-120%).

Table 3 shows the concentrations of PBDE congeners
in the 21 milk samples (8 pooled and 13 individual
samples). Firstly, as shown in Fig. 1, the sum of all
PBDE congener concentration (3 _PBDEs) in the pooled
samples continuously increased during the period be-
tween 1973 (all of the individual PBDE concentrations
were below the detection limit of 0.01 ngfg lipid) and
1938 (1.6 ng/g lipid). After a decrease at the beginning of
the 1990s, the concentration of > PBDEs seemed to

Table 3

Concentrations of PBDEs in human milk samples (ng/g lipid)
Sample  Congener ¥ S"PBDEs
ID #28 #37 #75 #47 H66 #717 #100  #99 H#85 #154 #1533 #1138 K183
081973 ND ND ND ND ND ND ND ND ND ND ND ND ND -
051978 0.07 ND ND 0.03 ND ND ND ND ND ND ND ND ND 0.10
0351983  0.15 0.01 ND 0.26 002 ND 0,02 004 ND 0.01 0.07 ND 0.01 0.59
OSI988 047 009 ND 067 006 ND 0.05 0.08 ND 002 018 ND 0.02 1.64
0S1993  0.17 0.02 ND 032 0.02 ND 0.07 0.06 ND 0.03 0.21 ND 0.06 0.96
081998 .10 0.01 ND 1.03  0.02 ND 0.22 0.53 004 005 0.29 ND 0.02 2.31
051999 0.1l 001 ND 062 002 ND 018 016 001 003 029 ND 002 145
082000 Q.09 0.01 ND 0.53  0.02 ND 0.17 0.15 0.01 0.03 (.34 ND 0.04 1.39
KA99-1  0.09 ND ND 057 0.02 ND 0.17 018 0.01 0.03 0.43 ND .09 1.57
KA99-2 030 004 ND 037 ND ND 01lI 012 ND 002 031 ND 009 136
KA99-3  0.28 0.02 ND 215 002 ND 028 039 0.03 0.03 0.27 ND 0.04 3.51
KA99-4 003 ND ND 0.30 ND ND 008 014 ND 002 0.17 ND 0.04 0.78
KA99-5 0.14 0.02 ND 052 0.0 ND 0.10 0.1t ND 002 0.35 ND 0.06 1.33
KA99-6 0.18 002 ND 082 006 ND 021 023 ND 006 026 ND 008 192
KA99-7 0.05 ND ND 020 ND ND 005 006 ND 001 016 ND 003 0356
KA99-8 377 1.10 049 187 324 011 27.2 211 2.05 1.33 10.2 0.22 0.08 291
KA99-9 023 0.03 ND 225 004 ND 0.38 0.45 0.05 0.06 0400 ND 0.08 397
KAS9-10 0.12 ND ND 0.58 ND ND 10 0.11 ND 0.02 0.14 ND 0.03 1.10
QK99-1 0.22 ND ND LIl 002 ND 012 G¢l4 ND 003 0283 ND 003 195
OK$9-2 0.14 0.01 ND .06 005 ND .21 0.55 0.04 007 033 002 0.5 2,53
OKS9-3 (.03 ND ND 0.27 ND ND 0.07  0.08 ND 0.02 024 ND 0.02 0.73

ND: not detected (<0.01 ng/g lipid).

Not shown congeners (BDE-71, 119, and 190) were each below 0.01 ng/g lipid in all samples.
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Fig. 1. Time-trend of PBDE concentrations in pooled human milk samples collected from mothers living in Osaka between 1973 and

2000.

increase again and began leveling off. The levels and
time-trend of 3_PBDEs in Japanese mothers’ milk were
not remarkably different from those in Swedish mothers’
milk (Meivonyté et al,, 1999). However, unlike the
Swedish study, our study revealed that the contribution
of BDE-28 and 153 during the 1983-1993 period was
obviously higher than that of BDE-99 (a main compo-
nent of penta-BDE): 18-29% for BDE-28, 11-22% for
BDE-153, and 5-7% for BDE-99. These characteristic
congener profiles would partly be explained by past use
of tetra-BDE and hexa-BDE in Japan. Both tetra-BDE
and hexa-BDE are peculiar products used in Japan (The
Chemical Daily Co., 1987-2001; IPCS, 1994; Nishizawa,
1987), and to our knowledge, there is no report on
production or use of these products in other countries.
Tetra-BDE is reported to be used in Japan until 1990,
and the annual demand of it is 1000 metric tons/year for
the period between 1986 and 1990 (The Chemical Daily
Co., 1987-2001, data before 1985 are not reported).
Unfortunately, the chemical composition of tetra-BDE
used in Japan is unknown. Tetra-BDE is supposed to be
mainly composed by Tr-TeBDEs, especially para- (4-
and/or 4'-) and ortho- (2- andfor 2'-) substituted cong-
eners such as BDE-47 (2,2',4 4'-) and BDE-28 (2,4,4'-),
based on the known composition of a commercial penta-
BDE (Sjidin et al., 1998). Obviously, further retro-
spective researches are necessary to clarify the details of
tetra-BDE (manufacturer, trade name, composition,
etc.) used in Japan, and it is important to investigate
whether the classification of tetra-BDE reported in the
past research is scientifically correct or not. On the other
hand, there is a clear evidence for past use of hexa-BDE
because “hexa-bromodipheny! ether {Ref. No. 3-2845)"
has been registered in “The Existing Chemical List for
the Law Concerning the Examination and Regulation of
Manufacture, etc. of Chemical Substances” (The Japa-

nese Government, 1973). The chemical substances on
this list were confirmed to be industrially manufactured
in, or imported to, Japan at the time of 1973. It has been
suggested that a commercial hexa-BDE product (Plan-
elon HB-60P by Mitsui Toatsu Fine Chemicals) consists
of a single major hexa-brominated congener and other
minor congeners (Ogino et al,, 1987). We obtained a
bulk substance of technical hexa-BDE {bromine content,
73%; mp, 155-157 °C; trade name, uncertain) manu-
factured by a Japanese company before 1991. In the
preliminary capillary GC/MS analysis, one major peak
(>90% contribution) and three minor peaks were found.
The major peak was identified as BDE-153, and the
three minor peaks as BDE-183, 154, and 99, respec-
tively. Unfortunately, statistical data on past dermands
for hexa-BDE or penta-BDE in Japan are not available.
There is the only limited evidence that some commercial
hexa-BDE and penta-BDE were produced/distributed
from Japanese companies in 1980s (Nishizawa, 1987).
According to the voluntary commitment by nine Japa-
nese companies with global operation (Asahi Glass Co.,
Ltd, et al, 1995), any PBDE products besides octa-
BDE and deca-BDE are supposed to have not been used
as flame retardants in Japan since 1993, The commercial
production, and use of hexa-BDE and penta-BDE have
been probably discontinued in JYapan since early 1990s as
in the case of tetra-BDE which was cancelled in 1991. In
fact, Ohta et al. report that the concentrations of PBDEs
(Tr-HxBDEs) in the stocked fish samples obtained from
Osaka Bay remarkably decreased between 1989 and
1999; i.e., from 449 to 23.2 ng/g fat in Japanese sea bass
(Ohta et al., 2001).

In the Swedish study, PBDE congener profiles in
human milk samples are relatively constant through the
period between 1972 and 1997 (Meironyté et al,, 1999),
On the other hand, the congener profiles in the milk
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samples collected from mothers living in Osaka changed
dramatically from 1988 to 1998; i.e., the concentrations
and contributions of BDE-28, 37, and 66 decreased (con-
tributions; 29-4%, 5-0.4%, and 4-0.9%, respectively),
while those of BDE-99 and 100 increased {contributions;
5-23% and 3-10%, respectively). Additionally, the con-
centrations and contributions of BDE-47 once decreased
from 1988 to 1993, and then increased (Fig. 1}). The
decrease of the concentrations of Tr-TeBDEs (BDE-28,
37, 47, 66) from 1988 to 1993 could be explained by the
abandonment of the use of tetra-BDE in Japan in 1991,
However, the increase of the concentrations of BDE-47,
99, and 100, which were predominant components of
penta-BDE, from 1993 to 1998 secemed difficult to be
explained. The increase might be related to delayed
leakage/disperse of these congeners from the flame-
retarded materials in Japanese environment. The upward
trend of the intake of foreign foods among Japanese is
considerable. The calculated import dependence ratios
of several food items (e.g., fishery products, meats, and
oils) gradually increase in the last quarter century in
Japan (The Ministry of Agriculture, Forestry and
Fisheries of Japan, 2001). For example, calculated im-
port dependence ratios of fishery products except feeds
and manures in 1975, 1980, 1985, 1990, 1995, and 2000
were 0%, 3%, 14%, 28%, 41%, and 47%, respectively.
There is no report about PBDE levels of imported foods,
but a number of reports strongly suggest that the envi-
ronmental penta-BDE contamination expands through
1990s in North American region (Ikonomou et al., 2000,
2001; Stern and Ikonomou, 2000; Lebeuf et al., 2001;
Luross et al., 2001; Moisey et al., 2001; Betts, 2002; She
et al, 2002). North American countries are large food
suppliers for Japan (The Ministry of Economy, Trade
and Industry of Japan, 2002). Consequently, the Japa-
nese intakes of penta-BDE components from foreign

foods might have synergistically increased through 1990s.
Moreover, according to recent reports, serious penta-
BDE pollutions are still occurring in North American
countries (Hale et al., 2001a,b, 2002; Betts, 2002; She
et al., 2002). Therefore, imported foods should also be
monitored.

The recent levels of 3 PBDEs in 12 out of 13 indi-
vidual milk samples were low (0.56-3.97 ng/g lipid),
whereas a value of about two order of magnitudes
higher (291 ng/g lipid) was found in 1 sample (KA99-8)
collected from a mother living in Kanagawa (Table 3).
The concentration of PBDEs found in KA99-8 was
comparable to the highest concentrations in human
samples reported previously (She et al., 2002); e.g.,
breast adipose tissue samples of the California women
was 86 £ 114 ng/g fat (mean = SD, n = 23). The levels of
the dominant PBDE concentration and congener pro-
files excluding the outlier value (KA99-8) were similar
among mothers living in three regions of Kanagawa,
Okayama, and Osaka (Fig. 2). As Ohta et al. have re-
ported (Ohta et al., 2002), the ratios of BDE-153 and
154 are remarkably different between the human milk
and marine fish (Fig. 2), and the number of detected
congener peaks in human milk samples is clearly less
than that in the marine fish (Fig. 3). These results sug-
gest the difference of the uptakefexcretion capacity for
PBDEs between human and marine fish. Interestingly, a
characteristic congener profile was found in KA99-8; the
contribution of Hx-HpBDEs was significantly lower
than that of other milk samples (Fig. 2). A high level of
PBDEs with the stmilar congener profiles to above was
also observed in a serum sample collected from a KA99-8
donor in 1999 (data not shown). The result indicated for
certain that body burden of PBDEs in the KA99-8
donor was higher than that in other donors. On the
other hand, the levels of organochlorine contaminants

Hurnan milk
28— Fish 300r  (unusual)
Human milk
P N | E3ER!
T at- 77
& - st 4153
o 200
E 15k ([0 #154
& 150 #39
.g 10} T #100
9] 100
£ [ w7
O o5+ 50 #28
IESEESDENE
Kanagawa Okayama Osaka Horse Kanagawa
Av. (n=9} Av. {n=3) (051999) mackerel (KA99-8)

Fig. 2. Levels of PBDESs in Japanese mothers’ milk samples collected from mothers living in three different prefectures in 1999, and

pooled fish sample from the Seto Inland Sea in 1998.
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Fig. 3. Representative chromatograms from (A} a standard 16 PBDE mixtures, 0.5 ng/ml each in n-nonane, (B) a human milk (KA%9-
1), (C) a human milk highly contaminated by PBDEs (KA%9-8), and (D) a pooled horse mackerel.

(e.g., PCBs, DDT, and HCBs)in the KA99-8 milk sample
in our previous report were not higher than those in
other nine individual milk samples collected in Kanag-
awa; Le., total PCB concentrations in the KA99-8 donor
and other nine individuals are 49 and 42-192 ng/g lipid,
respectively (Hori et al., 2001). Therefore, intake of fatty
marine fish, which was a major source of organochlorine
contaminants for Japanese (Konishi et al., 2001}, would

not be a main cause of the high PBDE concentration
found in KA99-8. The survey was conducted by a brief
questionnaire to the KA99-8 donor in 2001, but decisive
exposure source was not ascertained. As the cause of
extraordinary PBDE concentration found in KA99-8,
the intake of accidentally PBDE-contaminated foods as
with Yusho incident and respiratory exposure of PBDE-
treated materials (e.g., furniture, electrical appliances,
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textiles) in her living/working environment were con-
sidered, but not confirmed. Long-term follow-up survey
may be desirable, although no serious health effects were
observed in either the KA99-8 donor or her child at
the moment. Additionally, it was uncertain whether the
most widely used PBDE product deca-BDE (BDE-209)
degraded to highly accumulative/toxic congeners (Tr-
HxBDEs) in the actual environment. Obviously, there
are many unidentified homologue peaks on the chro-
matogram of the marine fish sample, although they are
of relatively small amount (Fig. 3). A number of them
might be decomposition products from technical PBDEs
by comparison with the known simple composition of
penta-BDE (Sjodin et al., 1998). Therefore, it was also
important to continue and develop the environment/
human monitoring studies, though the recent levels of
Y PBDEs seemed to be stable or decrease in both Jap-
anese and Swedish mothers’ milk samples (Meironyté
and Norén, 2001b),
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Table 1. Characteristic of incineration plants and subjects

EHEE46%, 2004

A B C D E F G
Incinerator
Year of beginning of operation 1988 1980 1975, 95 1981 1986 1979 1974, 83
Number of incinerators 3 3 4 1 2 2 2
Type of incinerator Stoker Stoker Stoker  Fluid bed Fluid bed  Stoker Stoker
Instrument for removing dust ™ EP EP EP, BF BF EP EP EP, BF
Operating hours (h/d) 24 24 24 3 16 16 8 24
Incinetated veolume (ton/d) 160 300 600 20 40 60 170
Number of operation workers 28 38 74 7 7 13 29
Dioxin concentration
Exhaust gas (ng TEQ/Nm** 89-42 082-14  0072-12  (22-590  11-260 11-53  0021-40
Fly ash (ng TEQ/g)** 42-43 29-35 1.1-20 17 10-34 22-200 1.4-55
Subjects
Number 10 10 10 7 7 6 10
Age (yr, mean (SD)) 504 (54) 454 (34) 478 (44) 441 (b5 406 (111)y 387 (83) 556 (46)
Employment duration {vr, mean (SD)) 220 (5.3) 94 (30) 226 (33 11061 10334 157 (73 310 27
H I J K L M

Incinerator

Year of beginning of aperation 1973, 91 1983, 93 1992 1978 1993 1992

Number of incinerators 3 2 3 2 3 2

Type of incinerator Stoker Stoker Stoker Stoker Stoker  Fluid bed
Instrument for removing dust * EP, BF EP BF EP BF BF

Operating hours (h/d) 24 24 24 24 24 24

Incinetated volume {ton/d) 450 80 450 180 120 270

Number of operation workers 44 26 76 33 26 36

Dioxin concentration

Exhaust gas (ng TEQ/Nm?** 0002-27  10-46  0042-50 001-14  0003-33  0.0003-18

Fly ash (ng TEQ/g)** 0.27-88 7.1 30 73-120  084-35 57-87

Subjects

Number 10 3 10 9 5 20

Age (yr, mean (SD)} 481 (3.8) 430 (11.3) 444 (69 363 (70) 430 (61) 408 (5.6)
Employment duration (yr, mean (SD)} 254 (25) 147 (16.8 20.1 (5.8} 93 (36) 184 (42) 133 62}

*: EP=Electrostatic precipitator, BF=Bag filter,

* P . - . - -
: The minimum and maximum values are shown for incineration plants with two or more regular mea-

surements.
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Table 2. Characteristics of incinerator workers and controls

Incinerator workers Controls  Significance

Workers (n)

Age (yr, mean + 5D}

Age distribution
20-2% yr (n (%)
30-3% yr (n (%)
40-49 yr (n (%))
50-60 yr (n (%))

Employment duration at incineration
plant (yr, mean £ SD)

Dietary habit (times/wk, mean + SDY
Fish
Meal
Milk

Current smoking habit:
Smokers (workers, n (%)
Ex-smokers {workers, n (%)
Non-smokers (workers, n (%))
Smorking habit index

(cigarcllcs/d X yr, mean * SD)

Body mass index (kg/m?% mean’+ $D)

117 50

44778 458 £ 72 ns*
32D 1 (20) ns**
28 (239) 7 (140

56 (47.9) 26 (520)

30 (25.6) 16 (32.0)

175 + 87 0

63*33 74+32  p<005*
6.1 %32 63+ 30 ne*
36 x40 42+ 48 ns.”
63 (53.8) 23 (46.0) ns.**
29 (248) 13 (26.0)

25 (214) 14 (28.0)

470 + 443 378 + 369 ns.*

234 + 32 243 *+ 3.1 ns.*

*:ptest. xz-test
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Table 3. Concentrations of PCDDs and PCDFs in the deposited dust on beams in the incineration plants (unit ng/g)

A B c D E

F G H I ] K L M

2.3 7 8TCDD 025 003 041 002 0.01
1,2 3 7 8PeCDD 16 0.30 20 011 18
1,2 3 4, 7 8HxCDD 21 0.65 29 014 53

1,2 3 6 7 8HxCDD 438 13 53 026 53
1,2 3 7 8 9-HxCDD 33 087 38 017 31
12,346 7, 8HpCDD 41 11 51 19 790

CCDhD 87 29 130 34 1300
2,3 7 8TCDF 041 007 059 014 072
1, 2 3 7 8PeCDF 13 034 - 23 058 50
2, 3.4, 7. &PeCDF 17 043 27 0.57 74
1,2 3 4 7 8HxCDF 30 081 4.2 087 13
1, 2 3 6 7 8&HxCDF 29 078 41 080 17
1,2 3, 7 8 9-HxCDF 033 014 037 011 24
2,3 4,6, 7 8HxCDF 359 13 48 16 54
1,2 3 46 7 8HpCDF 15 6.1 24 34 120
1,2 3478 9HpCDF 30 0.82 27 085 45
OCDF 17 45 14 30 210
TEQ-PCDD 33 072 41 021 19
TEQ-PCDF 22 061 31 071 14
TEQ-PCDD/PCDF 55 13 73 092 33

033 1.0 034 020 046 016 003 o0
32 80 20 13 26 15 017 005
42 13 32 18 40 26 024 010
11 20 56 36 75 2.7 056 027
85 18 46 29 6.0 38 034 o022
73 170 50 30 86 54 27 20
150 390 170 72 360 150 46 79

0.65 18 076 052 083 04 004 004
20 6.4 24 16 32 21 019 039
25 85 26 18 32 27 020 056
44 H 49 29 6.9 46 020 064
49 15 46 29 67 50 020 066
18 6.2 18 14 29 23 006 065
92 29 9.8 6.0 13 10 0.30 17
32 91 38 16 59 35 110 53
44 17 49 34 89 68 009 17
25 79 29 15 61 37 040 92

6.7 16 42 26 57 34 034 0.14
38 12 40 25 55 41 0.20 0.73
11 28 82 51 1 75 054 087

The dust samples were analyzed after being pasSed through a 32 um sieve,
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Table 4. Mean conceptrations of PCDDs and PCDFs in the serum of the incinerator workers in each incineration plant
{funit: pg/g lipid}

A B C D E F G H I I K L M

2,3 7 8TCDD 2 2 3 y 1 2 3 2 2 1 1 1 1
1,2 3 7 &PeCDD 9 10 13 8 8 8 13 8 8 8 6 7 6
1,2 3 4 7 3HxCDD 3 3 5 3 5 4 7 3 4 3 3 3 3

1,2 3, 6 7 8HzCDD 24 48 62 19 25 24 54 42 36 38 38 35 28

1, 2 3 7 8 9HxCDD 5 3 12 4 7 7 11 5 5 6 4 5 5
1.2 3 4,6 7. 8HpCDD 24 29 41 3 45 24 55 22 28 28 15 14 24
OCDD 260 499 521 356 249 253 679 416 368 554 141 233 170
2.3 7. 8TCDF 3 1 1 1 2 2 2 1 1 1 1 1 2
1 2 3 7. 8PeCDF 2 2 1 1 3 1 2 .1 1 1 1 1 3
2.3, 4, 7. 8PeCDF 13 15 18 16 21 14 24 15 16 12 11 il 24
1, 2 3 4 7, 8HxCDF 6 6 6 6 13 5 11 6 5 5 6 4 19
1, 2, 3. 6, 7. 8HxCDF 6 7 23 8 19 8 7 7 8 5 33
1. 2.3 7 8 9HxCDF 1 1 1 1 2 i 1 1 1 1 1 1 3
2. 2 4, 6, 7. $HxCDF 4 6 4 3 22 5 11 3 4 3 4 1 24
1.2 3, 4.6 7, 8HpCDF 15 19 9 8 50 12 39 9 7 13 14 3 82
12 3 4 7 8 $HpCDF 1 1 1 1 5 1 2 1 1 1 1 1 9
OCDF 2 2 1 3 1 1 1 1 1 1 3
TEQ-PCDD 15 18 24 13 14 13 24 15 15 14 12 13 12
TEQ-PCDF 9 10 11 10 17 9 17 10 10 8 7 7 21
TEQ-PCDD/PCDF 23 28 35 23 31 23 41 24 25 22 19 20 33

(14-32) (16-37) (21-69) (13-39) {15-58) (11-36) (22-82) (16-47) (13-36) (15-29) (14-24) {(11-31) (14-60)

{ ): Range of TEQ-PCDD/PCDF

Table 5. Concentrations of PCDDs and PCDFs in the serum of the incinerator workers and
controls {unit: pg/g lipid)

Mean SD  Median Range Mean 5D Median Range

2,3, 7. 3TCDD 2 1 2 (ND-6) 2 1 2 (ND-4)
1. 2 3, 7. 8-PeCDD 9 4 3 (3-32) 9 5 8 (3-34)
1,2 3 4, 7, $HxCDD 4 2 3 {ND-13) 3 2 3 (ND-13)
1. 2 3.6, 7. 8HxCDD 37 19 34 {9-100) 36 20 32 {11-78)
1.2 3 7 8 9HxCDD 7 4 5 (ND-29) 7 5 6  (ND-24)
1,23 4,6 7 8HpCDD 30 24 23 {7-130) 31 37 23 (7-230)
oCDD 350 450 180 {(49-2100) 410 570 230 (73-3100)
2, 3, 7, 8TCDF 1 1 1 (ND-5) 2 1 1 {ND-8)
1, 2,3, 7, 8PeCDF 2 2 1 {ND-1¢) 1 1 ND (ND-7)
2,3, 4. 7. 8PeCDF 17 9 15 (5-52) 15 6 14 {6-34)
1, 2 3 4 7 8HxCDF 9 7 6% (24D 6 3 5  (ND-12)
1. 2 3 6 7. 8HxCDF 13 13 9 (2-79) 6 3 8 (2-15)
1, 2. 3. 7, 8 $-HxCDF 1 1 ND (ND-7) 1 0 ND  (ND-ND)
2,3 4, 6 7, 8-HxCDF 9 10 4*** (ND-59) 3 2 3 (ND-11)
1,2 3 4.6 7 8UpCDF 28 34 4™ (3-170) 6 3 6 (3-16)
1. 2 3 4,7, 8 9HpCDF 3 4 ND (ND-21) 1 0 ND  (ND-NDj
OCDF 2 2 ND (ND-10) 1 1 ND (ND-3)
TEQ-PCDD 16 7 14 {5-52) i6 7 15 {6-41)
TEQ-PCDF 12 8 0% (4-43) 9 4 9 {4-21)
TEQ-PCDD/PCDF 28 12 25 (11-82) 25 10 23 {11-56)
Incinerator workers: n=117, Controls: n=50, **: p<001, ***: p<0.001 by the Mann-Whitncy U test
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Fig. 1. Relationship between dioxin concentration in
deposited dust and that in serum. Both x-axis and
y-xis are the logarithm of the dicxin concentration.
Black circles are plants J, L and M, where the
deposited dust may be different from dust inhaled
by workers. The correlation coefficients were cal-
culated using the ten data except for the data
obtained from plants J, L and M.
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Relationships between Dioxin Concentrations in Deposited Dust and those in Serum of
Workers at Municipal Waste Incineration Plants

Shinji Kumagal', Hajime Opa', Takeo TABUCHT', Susumu AKASAKAL,
Hiroshi Kosaka®, Jin Yosuma', Shigeki Kopa® and Ippei Mourr®

'Department of Environmental Health, Osaka Prefectural Institute of Public Health, 1-3-69 Nakamichi, Higashinari-ku, Osaka
537-0025, Japan, *Kochi Medical School and *National Institute of Industrial Health

Abstract: Relationships between concentrations of poly-
chlorodibenzo-p-dioxins (PCDDs) and polychlorodiben-
zofurans (PCDFs) in deposited dust and those in the serum
of incinerator workers were examined at 13 municipal
incineration plants. The following results were found. 1)
Dust analysis showed that dominant constituents were
octachlorodibenzo-p-dioxin (OCDD) and 1, 2, 3, 4, 6, 7,
8-heptachlorodibenzo-p-dioxin (HpCDD) among PCDDs,
and 1, 2, 3, 4, 6, 7, 8-heptachlorodibenzofuran (HpCDF)
and octachlorodibenzofuran (OCDF) among PCDFs. The
toxicity equivalents (TEQs) of total PCDDs and PCDFs
in the deposited dust were 0.54 to 33 ngTEQ/g, which
were about 1,000 to 10,000 times as high as those in gen-
era] so0il, 2) The mean of serum TEQ of PCDDs, that of
PCDFs and that of total PCDDs and PCDFs in the incin-

erator workers were 16, 12 and 28 pg TEQ/g lipid, respec-
tively, for all the incinerator workers. Concentrations of
hexachlorodibenzofurans (HxCDFs) and HpCDFs in the
serum were significantly higher in the incinerator work-
ers than the general population, which suggests that these
workers had inhaled these chemicals during their work,
3) The concentration of 1, 2, 3, 4, 6, 7, 8-HpCDF and the
TEQ value of PCDFs and in the serum were positively
correlated with those in dust except for three plants where
large-scale remodeling of the equipment was conducted
within the past seven years. Consequently, deposited dust
analysis may be useful for judging whether health exam-
ination containing blood dioxin measurement is necessary
or not.

(San Ei Shi 2004; 46: 1-9)
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QUALITY OF POP ANALYSIS
The Proficiency Testing of Determination of Dioxins in Food

Rieko Matsuda’', Tomoaki Tsutsumi', Masatake Toyoda®, Tamio Maitani’

'Nationa! Institute of Health Sciences, Tokyo
2 Jissen Womens University, Hino

Introduction

Food intake is the main route of human dioxin exposure, making the
determination of dioxins in food indispensable for risk assessment and risk
management of dioxins. The uncertainty of analytical results, however, can be very
great because of the low concentration of the analytes and complicated cleanup
procedures. The risk assessment of dioxins based on analytical results also suffers
from a similar degree of uncertainty. The Ministry of Health, Labor and Welfare of
Japan has published “Guideline for the Determination of Dioxins in Food” to
standardize the analytical procedures. The guideline contains the quality assurance
procedures to obtain reliable analytical results and recommends participation in the
relevant proficiency testing scheme. The proficiency testing provides the fair
evaluation of the analytical results. The central science laboratory in England and
the food and drug safety center in Japan offer the proficiency testing on food. The
National Institute of Health Sciences of Japan (NIHS) also has carried out
proficiency testing of dioxins in food since 1998 to assure the quality of analytical
results for dioxins. In this presentation we will show the results of 5 rounds of
proficiency testing.

Methods and Materials
Samples The samples used in the proficiency testing are listed in Table 1. Table 1
also shows the number of participants and the TEQ of each sample.

BCR CRM607 and BCR RM 534 were prepared by the European
Commission’s Institute for Reference Materials and Measurements. Eleven certified
value for PCDDs and PCDFs were given to CRM607. Eleven values were assigned
for PCDDs and PCDFs in RM534 although not certified. CARP-1 was prepared by
the National Research Council of Canada. Eighteen concentrations are certified,
including PCBs. The custom-prepared standard solutions containing native PCDDs,

ORGANOHALOGEN COMPOUNDS —Volume 66 (2004) 576
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PCDFs and PCBs were prepared by Wellington Laboratories (Canada).

Other samples (freeze-dried fish and freeze-dried spinach) were prepared by
the Japan Food Research Laboratories. The homogeneity of the samples was
verified by the Japan Food Research Laboratories and the NIHS.

Analytical methods All participants determined dioxins by HRGC/HRMS as
stipulated in the “Guideline for the Determination of Dioxins in Food”,

Statistical analysis The mean and the standard deviation (SD) of the concentrations
reported for each compound from the participants were calculated. There was the
possibility of outlyers, but the application of tests for outlyers such as the Grubbs
test was not advisable due to the small number of participants. The robust mean and
the robust SD were then calculated using algorithm A'. The RSDs of TEQ in Table
1 were calculated from the robust mean and the robust SD. Examples of the
statistical results are shown in Table 2. One participant reported a very high
concentration of OCDD. This outlying high value lead to the high mean (2.85 pg/g)
and the large SD (6.33 pg/g). The robust mean and SD of the same data were 0.67
pg/g and 0.25 pg/g, respectively, after the effect of the outlyer was eliminated. The
z-Score of each participant was calculated using the robust mean and robust SD.
The techniques of participants who gave a z-score of more than 3 or less than -3
were regarded as unsatisfactory, and review of their analytical procedures was
recommended.

Results and Discussion

Year 1998 A CRM was used to verify the trueness of the results. The participants
used the same standard solution, provided by the NIHS. The mean values of the
results reported for two isomers were out of the confidence intervals of the certified
values. All the results reported by two participants fell within the 95% confidence
interval of the certified value. The other 4 participants reported results outside the
95% confidence interval but *the number of the outlying results was only 1-3.
Reproducibility calculated from the 6 participants was 2.8-48 % RSD for each
isomer and 6.6 % RSD for total TEQ.

Year 1999 The same CRM was used to compare the results with those in 1998.
Many reports suggested that fish is the main route of dioxin intake, making the

reliability of analysis of dioxins in fish crucial’. CARP-1 was then included in the
proficiency testing. One plausible reason for poor reproducibility was the difference

ORGANOHALOGEN COMPQOUNDS - Volume 66 (2004) 577

—334—



QUALITY OF POP ANALYSIS

among the standard solutions used by the participants. Mixed standard solutions of
PCDDs, PCDFs and PCBs were used to estimate the variation in standard solutions
among the participants.

For 6 isomers, the mean of participants was outside the confidence intervals
of the certified values. The reproducibility for CRM607 (TEQ) was 11% RSD and
larger than that in 1998. The decline in analytical performance probably arose from
the difference between standard solutions. In 1998, all participants performed the
determinations using the same standard solution. In 1999, each participant used
their own standard solution. The number of participants increased to 15 in 1999,
and inexperienced laboratories were included. This explains the increase in RSD.

The difference in the mean of the reported value for the mixed standard
solution sample and the stated concentration was below 10%. The reproducibility of
the standard solution sample was 8-15 RSD %. Bavel reported the RSDs of reported
values of participants in proficiency testing in which a standard solution was used?.
The RSDs after removing the outlyers were, with one exception, 10-17%. These
results are similar to ours. The analysis of the solution required no cleanup
procedure and the results were expected to represent the variability of the standard
solutions of participants. According to the manufacturer’s statement, the range of
standard solution concentration is 5%, corresponding to an RSD of 2.9%. The
higher reproducibility suggested other causes, such as the change in the
concentration of the internal standards due to unsuitable storage conditions.

The mean of the reported values for CARP-1 was within the confidence
interval of the certified value. The reproducibility of TEQ was 8.0% RSD. The TEQ
of CARP-1 was 79 pg/g and was fairly large compared with the CRM607 (3.3). The
large TEQ of CARP-1 led to its small reproducibility RSD.

Year 2000 Another RM and a standard solution with different isomer
concentrations were used. The mean of the reported value for the RM was lower
than the reference value for all compounds with reference wvalues. The
reproducibility of RM534 (TEQ) was 18% RSD. The reason for this poor
reproducibility was not clear. The bias and reproducibility of the mixed standard
solution sample were comparable to those in 1999. Differences in the standard
solution used by the participants could not explain the large negative bias or large
RSD.
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Year 2001 As mentioned above, dioxin intake from marine fish is of great concern,
and the use was requested of samples from wild polluted marine fish. The TEQ of
CARP-1 is higher than that of wild fish, so it did not seem appropriate for
proficiency testing aiming at the assurance of quality for analysis of common foods.
Because no appropriate samples made of marine fish were available, we attempted
the preparation of our own samples. Since 1998, no vegetable samples had been
used in the proficiency testing, in spite of public concern about the contamination of
leaf vegetables by dioxins.* For assurance of the performance of the vegetable
analysis, a sample made of spinach was also prepared. Both samples were
confirmed to be homogeneous and were thus suitable for proficiency testing. The
reproducibilities of TEQ for the fish sample and spinach sample were 10% and
30%, respectively. The TEQ of the spinach sample was quite low (0.34 pg/g) at
1/20 of that of the fish sample. The large RSD was not extraordinary taking the low
TEQ into consideration.

Year 2002 Another marine fish sample was prepared from grey mullet. Grey mullet
contain more fat than sea bass and require further cleanup procedures. The results
are likely to represent the actual analytical performance. The reproducibility was
7.1% RSD and comparable to the result of CARP-1.

The results of 5 rounds of proficiency testing revealed several problems with the
determination of dioxins in foods. The variability of the standard solution is of
major importance. Periodical confirmation of the validity of the standard by the use
of CRM or by participation in proficiency testing is strongly recommended.

Although the TEQ of sea bass or grey mullet samples was about 1/10 of that
of CARP-1, the reproducibility RSDs were comparable. These results show that
repeated participation in proficiency testing improves the analytical skills of the
laboratories. It is clear that for proficiency testing, the use of samples representing
actual foods is preferable. Our attempted production of samples led to sufficiently
homogeneous samples of fish and vegetables that could be prepared by freeze-
drying. This technique opens the possibility of preparing samples from a variety of
foods, leading to enhanced the effectiveness of proficiency testing.
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