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Table 2

Recoveries of representative BFRs, PCNs, PCBs, and PCB metabolites from tissue samples
Classes and individual Adipose (cattle) Heart (swine) Kidney (swine) Liver (swine)
compounds Spiked 5 nglg 1 ng/g 1 ng/g 1 ng/g

Fraction Mean (Std) Mean (Std) Mean (Std) Mean (Std)
(%) (n=3) () (n=3)  (A) (=3) (%) (n=3)
Lipid content (%) 86.5 (i4) 3.88 (0.16) 6.05 (0.14) 523 (0.06)
PBDEs (tri-to heptaBDE)
triBDE-17 A 88.0 (2.6) 83.5 (n 70.9 4.6) 74.5 (10)
triBDE-28 A 86.3 2.3 0.1 (1 68.2 6.7 70.1 (9.6)
tetraBDE-47 A 99.8 9.3) 93.7 (11 75.8 (1.0 879 (11)
tetraBDE-66 A 88.5 (2.0) 80.1 .1 70.3 4.9) 728 (8.0)
pentaBDE-100 A 94.9 4.1) 858 (1) 74.1 (5.3) 71.6 (6.3)
pentaBDE-99 A 93.5 (5.4) 86.6 (7.6) 74.2 (6.0) 7.5 (6.4)
pentaBDE-85 A 103 3.8 91.8 (13) 80.5 (5.2 84.0 3.0)
hexaBDE-154 A 112 (3.8) 104 {14) 89.4 (8.3) 80.7 (7.8)
hexaBDE-153 A 115 {3.6) 106 {13 88.2 (5.8) 924 (9.0)
hexaBDE-138 A 109 (5.2) 101 (13) 85.4 (1.0) 816 (5.9
heptaBDE-183 A 119 (5.2) 113 (12) 95.3 (7.5 86.9 (4.5
TBBP-A B 41.2 (14) 21.6 (7.0) 78.6 (15) 34.8 (14)
Polychlorinted naphtalenes (PCNs)
pentaCN-52 A 98.3 (.5 91.3 (13) 77.1 (8.8) 77.8 (11)
hexaCN-66 A 69.0 2.3) 87.3 (11) 75.3 (6.8) 76.9 (11)
heptaCN-73 A 96.1 ©.1) 923 (12) 71.7 6.2) 81.2 (9.5)
octaCN-75 A 113 (4.6) 102 (13 87.7 9.3) 94.9 (12)
PCBs (penta-to decaCB)
pentaCB-92 A 843 Q.1 80.6 (11) 67.0 (6.1) 70.3 (9.2)
pentaCB-101 A 84.6 3.7 84.0 an 69.9 (6.1) 72.3 (9.0)
pentaCB-119 A 98.5 (14) 86.7 21) 70.7 (5.6) 79.8 an
pentaCB-118 A 834 (1.8) 754 (9.5) 63.7 (4.6) 66.4 (10)
pentaCB-105 A 81.6 (1.2) 80.9 (18) 62.5 4.3 839 (11)
hexaCB-151 A 82.3 (1.4 76.8 (10) 64.5 .1 618 (9.3)
hexaCB-144 A 82.5 (2.3) 77.3 (10) 64.9 5.9 61.7 9.9
hexaCB-134 A 81.0 (1.6) 747 9.5) 62.0 5.2) 65.5 (11)
hexaCB-158 A 82.6 (1.0) 76.3 (10) 64.2 4.8) 672 9.7
hexaCB-128 A 80.9 (1.4) 74.3 (10) 63.1 (4.6) 66.2 (9.3)
hexaCB-157 A 81.0 (1.8) 74.1 .1 62.4 (4.9) 66.4 8.5
hepaCB-191 A 83.6 (1.3) 76.6 (11) 63.9 (4.4} 68.1 (7.8)
hepaCB-190 A 81.8 (1.8) 74.5 (10) 62.5 4.7 66.7 %))
nonaCB-208 A 83.6 (L.0) 76.8 9.8) 64.0 4.4 68.1 (8.8)
nonaCB-207 A 83.0 (1.8) 76.4 (10) 63.5 (4.6) 674 8.7
decaCB-209 A 81.8 24 74.9 (9.8) 62.8 (4.6) 66.3 (1.9
Hydroxylated PCBs (HO-PCBs)
4-HO-pentaCB107 B 64.6 4.9 474 ©O.n 68.8 7.9 404 6.7
4'-HO-hexaCB130 B 63.1 (5.5 57.3 (8.2) 68.2 37D 437 (8.7)
4-HO-heptaCB187 B 58.8 (5.7 56.3 (9.8) 57.5 (6.2) 36.2 5.1
Methylsulfonated PCBs (MeSO,-PCBs)
4-MeSO,-pentaCB87 B 64.2 (1.5) 106 (14 93.8 (16) 82.9 (20)
4-MeSO;-hexaCB132 B 69.4 6.7 87.0 (1) 87.6 (14) 73.7 (17)
4-MeS0;-heptaCB174 B 75.8 a.n t19 (16) 73.5 76.1 (16)
(n=1)
conducted using tissue samples of swine heart, kidney, widely used to extract the lipids from marine animals
liver, and cattle adipose tissue. The reference method is {Jensen et al., 1969). The lipid content obtained by both
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the ASE method and the reference method were quite
consistent with each other as shown in Fig. 3.

3.5. GPC cleanup

A sulfuric acid decomposition method or an alkaline
digestion method have been the two major methods used
for the cleanup of environmental pollutants such as di-
oxins, PCBs, OCPs and BFRs in biological and envi-
ronmental samples. However, it is well known that
certain kinds of organochlorine pesticides such as diel-
drin, endrin and DDTs are decomposed by these
methods. We have, therefore, tried GPC as a non-
destructive cleanup method. The elution profile of the 59
target compounds and the efficiency of the lipid removal
were examined using a GPC column of Bio-Beads §-X3
with DCM/hexane (1:1) as the mobile phase. All of the
target compounds were eluted in the fraction from 90 to
160 ml (18 to 32 min retention time). When the elution
profile of the lipid extracted from swine liver was
examined, the majority of lipids was eluted in the first 90
ml of the eluate (0—18 min retention time). The GPC
cleanup gave an excellent efficiency for the lipid removal
as shown in Table 1.

Table 3

379

3.6. Fractionation by SPE and methylation of phenolic
compournds

A silica-gel SPE procedure was used to examine the
removal of a small amount of coextracted impurities
that still remained in the fraction eluted from the GPC
column. This procedure fractionated the non-polar
compounds such as the PCBs, PBDEs, PCNs, and most
of the OCPs from the more polar compounds such as the
PCB metabolites (HO-PCBs, MeSQO,-PCBs), TBBP-A,
PCP, and certain kinds of OCPs. The reasons for the
fractionation step were that some phenolic compounds
such as HO-PCBs and PCP required derivatization prior
to the GC/MS analyses, and that the levels of the
metabolites were low compared with the parent com-
pounds.

When the elution behavior of the above mentioned
target compounds during silica-gel SPE chromatogra-
phy was examined, the PBDEs, PCBs, PCNs and most
of the OCPs were found in the 5% DCM/hexane 8 ml
Fraction-A. On the other hand, the PCB metabolites
(HO-PCBs, MeSO,-PCBs), TBBP-A, PCP, 5-HCH,
endosulfan II, endosulfan sulfate and endrin ketone
were eluted in the 10% methanol/DCM 8 ml Fraction-B.
In addition, the coextracted substances that interfered

Recoveries of representative organochlorine pesticides from tissue samples

Classes and individual Adipose (cattle)

Heart (swine)

Kidney (swine) Liver {swine)

compounds

Spiked 5nglg 1 ng/g 1 ng/g 1 ng/g
Fraction Mean (5td) Mean (Std) Mean (Std) Mean {Std)
(%) (n=3) (%) (n=3) (%) (n=3) (%) (n=3)
Organochlorine pesticides
Pentachlorobenzene A 40.9 (0.8} 50.8 (12) 48.8 (9.5) 243 {5.2)
Hexachlorobenzene A 79.2 (3.0 64.5 (16) 56.3 (14) 46.4 (8.3)
o-HCH A 68.0 (2.2) 66.5 (13) 54.7 9.4) 50.7 (9.9
B-HCH A 80.1 (4.9) 75.9 (14) 68.5 (3.3) 66.8 an
y-HCH A 88.7 (16) 834 (16) 72.6 (1 63.4 (14)
§-HCH B 73.8 3.0 71.4 (18) 594 (5.6) 60.9 &4
Heptachlor A 79.4 (16.1) 742 (15) 60.2 (9.6} 464 (11)
Heptachlor epoxide A 80.7 6.2) 664 (9.6) 53.6 (4.8) 538 3.9
o-Chlordane A 82.8 (2.6) 71.5 (10) 64.9 (6.3) 65.7 (10)
y-Chlordane A B1.7 (2.8) 81.3 (1) 63.6 (6.4 65.4 9.6)
4,4-DDE A 85.5 2.1 68.1 (9.5} 58.5 (4.9) 63.0 (10
Aldrin A 111 (20} 110 0 90.0 (11) 84.3 13
Dieldrin A 64.6 (5.9 43.7 4.8 319 (2.6) 36.3 5.1
Endrin A 52.5 (2.6) 454 (5.9) 37.6 (3.5) 376 6.3)
Endrin aldehyde A 479 (2.3) 452 6.1) 391 (3.3) 371 (5.5)
Endrin ketone B 72.7 (6.4) 122 (38) 71.3 B8.5 (14)
(n=1)

Endosulfan I A 82.7 (3.6) 78.0 (10 65.0 (7.1} 65.0 (10)
Endosulfan II B 79.5 2.9) 88.5 (14) 73.3 (6.6} 79.2 84
Endosulfan sulfate B 70.1 (6.6) 83.3 (13) 67.8 (5.5) 65.8 (11
Octachlorostyrene A 94.5 (7.0) 904 4 75.3 (9.2) 76.5 (11)
Pentachlorophenol B 94.0 (1) 92.6 23) 82.2 (12) 106 (1
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with the GC/MS measurement were also sufficiently re-
moved,

Methylation using diazomethane, which has been
widely used, was adopted for the GC/MS measurement
of the phenolic compounds such as HO-PCBs, PCP and
TBBP-A. These compounds were sufficiently esterified
within 3 h at ambient temperature,

3.7. Recovery study

The optimized sample extraction and cleanup meth-
od was evaluated by measuring the absolute recovery of
the 59 compounds. Swine liver, heart, kidney, and cattle
adipose tissues spiked with each standard compound at
1-5 ng/g were used for the recovery study, according to
the scheme shown in Fig. 4. Table 2 summarizes the
recovery data, which were considered satisfactory, and
there were no problems encountered during the evalua-
tion. TBBP-A, pentachlorobenzene and endrine alde-
hyde, however, appeared to have relatively lower
recoveries Table 3.

Swine kidney occasionally gave interferences for the
determination of 4-MeSO,-heptaCB174 in Fraction-B,
although no interferences were detected from the other
matrices. However, the interferences could be removed
by passing Fraction-B from the kidney sample through a
22% sulfuric acid silica-gel column (0.3 g of 22% sulfuric
acid silica-gel packed in a disposable SPE cartridge) with
5 ml DCM as the eluent.

In this research, lipid extraction by ASE, GPC
cleanup, and silica-ge! SPE fractionation were auto-
mated. Manual work was still needed for parts of the
liquid-liquid distribution extraction, the eluate concen-
tration procedure, and the centrifugation.
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For dioxin analysis, the establishment of the appropriate analytical method and the
quality control procedure are indispensable for reliable measurements. On the
other hand, a method that is simple, rapid, inexpensive, and highly sensitive for
the screening of dioxins has been highly demanded by the public and the
government. One of the methods that may satisfy these requirements is an
enzyme-linked immunosorbent assay (ELISA), and there have been some reports
on the measurement of dioxins using ELISA. We have already reported the
development of a dioxin toxicity evaluation method for human milk by ELISA
(Sugawara et al. 1998; Ishizuka et al. 2001; Sugawara et al. 2002; Saito et al.
2003a). However, the dioxin analysis by ELISA usually requires a sufficient
cleanup similar to the GC/MS method due to the extremely low content of the
dioxins, though ELISA is generally said to have the ability of high specificity.

A cleanup method for the analysis of human milk, in which an alkaline digestion
step and a three-layer H,SO,/silica-gel cartridge were used, was reported in a
previous paper (Saito et al. 2003a). Although an excellent cleanup effect could be
obtained by employing this method, it required an overnight alkaline digestion
treatment (about 12 hours) and a liquid-liquid distribution extraction using hexane.
Accordingly, a more effective cleanup method was developed using the tandem
column combined with a commercially available multi-layer silica-gel cartridge
and an alumina cartridge. Furthermore, in order to assess the usefulness of the
proposed cleanup method, the assay validation was carried out by comparing a
conventional GC/MS method and the proposed ELISA method for the
determination of dioxins in human milk samples.

MATERIALS AND METHODS

All of the dioxin standards were from Wellington Laboratories (USA) and were
diluted with decane to the appropriate concentrations. Most of the organic
solvents such as hexane, acetone, dichloromethane, toluene, diethylether, ethanol
and methanol {MeOH) were of dioxin analysis quality from Kanto Kagaku (Tokyo,
Japan) or Wako Pure Chemicals (Osaka, Japan). Decane was of special quality

Correspondence to: K. Saito
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grade and was redistilled prior to use.

The multi-layer silica-gel column packed in a disposable cartridge tube was from
GL Sciences, Inc. (Tokyo, Japan). It is made of 0.9g silica-gel, 3g 2%
KOH/silica-gel, 0.9g silica-gel, 4.5g¢ 44% H,SOy/silica-gel, 6g 22%
H,S04/silica-gel, 0.9g silica-gel, 3g 10% AgNOs/silica-gel and 6g sodium sulfate.
The cartridge was washed with 100 mL of hexane prior to use. The Sep-pak Plus
Alumina (Basic type) cartridge was from Waters (Japan), and was washed with 10
mL of hexane prior to use. The tandem cartridge column of a multi-layer silica-gel
cartridge and a Sep-pak Plus Alumina cartridge was prepared as follows; the
column outlet part of the multi-layer silica-ge!l cartridge was connected in series to
the inlet part of the Sep-pak Plus Alumina cartridge.

The surrogate standard for ELISA, 2,3,7-trichloro-8-methyldibenzo-p-dioxin
(TMDD) was synthesized by Sanborn et al. (Sanborn et al.1998). Goat anti-rabbit
antibody coupled to horseradish peroxydase and 3,3°, 5,5 -tetra-methylbenzidine
(TMB) were purchased from Sigma-Aldrich (USA). All other immunoreagents
including coating hapten III for 2,3,7,8-TCDD and the antiserum for this ELISA
were described in a previous report (Sugawara et al. 2002). All the other
chemicals were of PCB analysis quality grade or special quality grade, and used
without further purification.

The fat was extracted from human milk according to a previously described
procedure (Saito et al. 2003a), and then dissolved with ca.2 mL of hexane. The
hexane solution was applied to the tandem cartridge. After washing the cartridge
with 160 mL of hexane, the multi-layer silica-gel cartridge, the upper cartridge of
the tandem cartridge, was removed, and subsequently the dioxin fraction was
obtained by eluting the Sep-pak Plus Alumina cartridge with 5 mL of 60%
DCM/hexane. To the eluate was added 60 pL of a 100 ppm Triton X-100
methanol solution as a keeper, the solution was nearly dried out by a nitrogen
stream, and the residue was re-dissolved into 60 uL. of MeOH-DMSO (1:1).

The ELISA assay was carried out using a dry plate, which was prepared according
to the reported method (Ishizuka et al. 2001). An outline of the method is shown
below. Briefly, microtiter plates (Sumitomo Bakelite, Tokyo, Japan) were coated
with the optimized concentration (0.5 pg/mL, 100 pL/well) of coating antigens
(hapten HI) (Sugawara et al. 1998) in carbonate-bicarbonate coating buffer (pH
9.6). They were incubated overnight at 4 °C. On the following day, the coated
plates were washed 5 times with 0.05% (v/v) Tween 20 in phosphate buffered
saline (PBS, pH 7.5) and were incubated for 30 min at room temperature with 300
pL of a 0.5% (w/v) bovine serum albumin (BSA) with sucrose in PBS (blocking
solution) per well. After the removal of the blocking solution, the plates were
dried in vacuo for 4 hr at 25 °C. They were then put into separate aluminum bags,
and were packed in vacuo. Standards were prepared in 1:1:2 (viviv)
DMSO:MeOH with 100 ppm Triton X-100 : PBS containing 2 mg/mL BSA
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(PBSB). After an initial blocking step with BSA-PBS, and a wash step, 50 pL of
the standards were added to the standard welis in a microtiter plate. The sample
wells contained 25 pL of PBSB, then 25 pL of a human milk sample in
DMSO-MeOH was added. Next, 50 uL of the antiserum diluted in PBSB was
added to each well. The final ratio of DMSO-MeOH to PBSB was 1:3. The plates
were incubated for 90 min. Following a wash step, 100 pL of goat anti-rabbit
antibody coupled to horseradish peroxydase was added (diluted in PBS + 0.05%
Tween 20). After a 60-min incubation period, the plates were washed with wash
buffer, and 100 pL of an enzyme substrate containing TMB was added to each
well. After 20 min, the color reaction was stopped by the addition of 50 pL of 2 M
sulfuric acid. The resultant color was measured at 450 nm with a Model 550
Microplate Reader (Bio-Rad Laboratories Inc., Hercules, CA) in the single
wavelength mode, and the dioxin levels in the human milk samples were
calculated on the basis of a standard curve derived from a fit of absorbance versus
the logarithm of the concentration.

The analysis of human milk by the GC/MS method was carried in accordance
with a previous report (Saito et al. 2003b). The toxic equivalent quantity (TEQ)
was calculated using WHO-TEF1998.

RESULTS AND DISCUSSION

The multi-layer silica-gel cartridge was made by modifying the multi-layer
silica-gel column (Lamparski et al. 1980; Smith et al. 1984), which has been
widely used for dioxin cleanup in various kinds of samples. A cleanup method for
the GC/MS analysis of house dust, in which the usefulness of a multi-layer
silica-gel cartridge method compared to an alkaline digestion method, was already
reported in a previous paper (Saito et al. 2003b). In our preliminary experiment,
we tried to develop a simpler cleanup method that allows the extracted fat to be
directly treated using a multi-layer silica-gel cartridge without subjecting it to the
alkaline digestion step. The multi-layer silica-gel cartridge was a useful method
that was able to effectively remove the coexisting material of matrix origin such
as the lipids and pigments in the human milk fat. However, the percentage of the
fat content in the human milk depends on the subject. An excess amount of fat
was often observed to spoil the cleanup performance of the multi-layer silica-gel
cartridge. Moreover, the ELISA occasionally showed a false negative value or a
low measurement value due to insufficient purification, even if the level of the fat
content was in the range of the processing performance of the multi-layer
silica-gel cartridge for the purification. We then tried further purification using
alumina column chromatography, which has been also widely used for the dioxin
cleanup. We have adopted the idea and created a tandem cartridge column system,
i.e., a disposable alumina cartridge connected in series to the output of the
multi-layer silica-gel cartridge was prepared in order to improve the cleanup
efficiency. Furthermore, the maximum loading level of the human milk fat onto
the multi-layer silica-gel cartridge was examined.
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Figure 1. Elution profile of PCDD/Fs from a multi-layer silica-gel cartridge.
Forty mL each of hexane eluate was collected as a fraction.
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Figure 2. Elution profile of non-ortho PCBs from a multi-layer silica-gel
cartridge. Forty mL each of hexane eluate was collected as a fraction.
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The maximum loading level of the human milk fat onto the multi-layer silica-gel
cartridge was estimated. Each fat (1,1g, 1,2g, 1.3g, 1.5g, 1.8g, 2.3g) extracted
from actual human milk (six specimens) was applied to the multi-layer silica-gel
cartridge, and the maximum loading level of the fat was judged by observing the
carbonization reaction in the 44% H,SOy/silica-gel layer of the cartridge. That is,
the limit state was that the brown color layer formed along with the reaction in the
H,804/silica-gel layer does not reach the KOH/silica-gel layer. As a result, the fat
level of 1.5 g or less was found to be suitable. Accordingly, the fat maximum
loading level in the multi-layer silica-gel cartridge was judged to be 1.5g.

The eluting fraction profile of each congener of the PCDD/Fs and Co-PCBs was
examined using a multi-layer silica-gel cartridge with hexane as the mobile phase.
The dioxin standards, 10 kinds of PCDD/Fs (200 pg each), and 3 kinds of
non-ortho-PCBs (1000 pg each) were added to the multi-layer silica-gel cartridge,
and subsequently the cartridge was washed with hexane. Each 40 mL of effluent
was collected as a separate fraction. Figure 1 and Figure 2 revealed that al! of the
target chemical substances were eluted with 160 ml. of hexane.

For the ELISA, it was preferable to remove the non-planar PCBs and mono-ortho
PCBs eluted from the multi-layer silica-gel cartridge as much as possible. There
were a lot of PCBs residues in the eluate although the cross-reactivity of these
PCBs in the ELISA is extremely low compared to the PCDD/Fs. We then paid
attention to the alumina column chromatography already used in the analysis of
dioxin, and examined a simple cleanup method with a commercially available
pre-packed alumina cartridge. In that case, in order to simplify the operation as
much as possible, the alumina cartridge was connected under the multi-layer
silica-gel cartridge in series. Such an operation was based on the following idea:
dioxins seemed not to be easily eluted from the alumina cartridge when using a
non-polar solvent such as hexane, because the basic alumina has the ability to
maintain dioxins stronger than silica-gel.  The following method was then
examined: After the dioxins eluted from the multi-layer silica-gel cartridge were
trapped in the alumina cartridge, the multi-layer silica-gel cartridge was removed.
Subsequently, the dioxins were eluted from the alumina cartridge with an
appropriate solvent. The elution behavior of the dioxins from the alumina
cartridge was then examined. As a result, it turned out that both the PCDD/Fs and
non-ortho Co-PCBs were not eluted in the first 160mL of hexane, and were eluted
in a subsequent SmL of 60% DCM/hexane.

Figure 3 shows the relationship between the TMDD equivalents by ELISA and
GC/MS values (Total-TEQ) determined in the actual human milk samples. Fairly
good agreements between the GC/MS values and ELISA values were obtained
from a linear regression analysis (r = 0.947, n =7). The strong correlation between
ELISA and TEQ suggests that the ELISA using the proposed cleanup method
indicated its usefulness as a toxicity evaluation method for dioxins in human milk.
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Table 1. Characteristic of incineration plants and subjects

FEWEE46 %, 2004

A B C D E F G
Incinerator
Year of beginning of operation 1988 1980 1975, 95 1981 1986 1979 1974, 88
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 8 16 16 8 24
Incinetated volume {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/Nm3** 89-42 082-14  0072-12 022-590  11-260 11-53 0.021-40
Fly ash (ng TEQ/g)** 42-43 29-35 1.1-20 17 10-34 22-200 14-55
Subjects
Number 10 10 10 7 7 6 10
Age (yr, mean (SD)) 504 (54) 454 (34) 478 (44) 441 (35 406 (11.1) 387 {83} 556 (46)
Employment duration (yr, mean (SD}) 220 (5.3) 94 30y 23633 1101 103 (34 157 {73y 310 (27)
H I ] K L M
Incinerator
Year of beginning of operation 1973, 91 1983, 93 1952 1978 1993 1992
Number of incinerators 3 2 3 2 3 2
Type of incinerator Stoker Stoker Stoker Steker Stoker  Fluid bed
Instrument for removing dust® EP, BF EP BE 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  00l-14  0003-33 00003-13
Fly ash (ng TEQ/g)** 0.27-88 7.1 30 73-120 0.84-35 5.7-87
Subjects
Number 10 3 10 9 5 20
Age (yr, mean (SD) 481 (38) 430 (113} 444 (69 363 (70 430 (61) 408 (56)
Employment duration (yr, mean (SD)) 254 (250 147 (168) 201 (5.8) 93 (36) 184 42y 133 (6.2

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

LR ] . . . - . .
: 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) 117 50
Age {yr, mean * SD) 4778 458 £ 72 ns.”
Age distribution

20-29 yr (n {%) 3¢ 1 20 ns.**

30-39 yr (n (%) 28 {23.9) 7 {14.0)

40-49 yr (n (%) 56 {47.9) 26 (52.0)

50-60 yr (n {%) 30 (25.6) 16 {320)
Employment duration at incineration
plant (yr, mean £ SD) 175+ 87 0
Dietary habit {times/wk, mean + SD¥

Fish 63+ 33 74+32  p<005*

Meal 61+32 63130 ns.*

Milk 36 % 40 42+48 ns.”
Current smoking habit;

Smokers (workers, n (%) 63 (53.8) 23 (46.0) ns.**

Ex-smokers {workers, n (%)) 29 (24.8) 13 (26.0)

Non-smokers (workers, n (%)) 25 (21.4) 14 (28.0)

Smorking habit index

{cigarcllcs/d % yr, mean + SD} 470 + 443 378 + 369 ns.*

Body mass index (kg/m®% mean"* SD} 23432 24331 ns.”

*:ptest, **: yitest
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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 J K L M

2,3 7. 8TCDD 025 003 041 o002 0.01
1,2 3 7, 8PeCDD 16 0.30 20 011 18
1 2 3.4, 7 8HxCDD 21 065 29 0.14 53
1
1
1

. 2, 3,6 7. &HxCDD 48 13 53 026 53
. 2, 3. 7. 8 $HxCDD 33 087 38 017 31
.2.3.46 7 8HpCDD 41 11 51 19 70
OCDD 97 29 130 34 1800

. 3. 7. 8TCDF 041 007 059 014 072
. 2,3, 7. 3PeCDF 13 034 - 23 058 50
, 3, 4, 7, 8PeCDF 17 043 27 057 74

2
1
2
1, 2, 3 4 7 8HxCDF 30 081 42 0387 13
1. 2 3 6 7 8&HxCDF 29 0.78 41 0.80 17
1
2
1
1

. 2,3 7 8 9HxCDF 039 014 037 ol 24

. 3, 4,6, 7, 3HxCDF 39 13 43 16 54

.2, 3,46 7 3HpCDF 15 6.1 24 34 120
2.3, 4.7 8 9-HpCDF 390 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

0.38 10 034 020 046 016 003 0.01
32 80 20 13 26 15 017 0.05
42 13 3.2 19 40 26 024 010
11 20 5.6 36 75 57 056 027
85 18 46 29 6.0 38 034 022
73 170 50 30 86 54 27 20
150 3% 170 72 360 150 46 79

065 18 076 052 088 044 004 004
20 64 24 1.6 32 21 019 039
25 85 26 18 32 27 020 056
44 14 49 29 69 46 020 064
49 15 46 29 6.7 50 020 066
18 62 18 14 29 23 008 0865
9.2 29 98 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 34 034 014
38 12 4.0 25 55 41 020 073
1 28 82 5.1 1 75 054 0.87

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
{unit: pg/g lipid}

A B Cc D E F G H I J K L M

2,37 8TCDD 2 2 3 2 1 2 3 2 2 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 8HxCDD 3 3 5 3 5 4 7 3 4 3 3 3 3
1,2 3 6 7, $§HxCDD 24 43 62 19 25 24 54 42 36 38 38 35 29
1,2 3 7 8 9HzxCDD 5 8 12 4 7 7 11 5 5 6 4 5 5
1,2 34,6 7 8HpCDD 24 25 41 31 46 24 55 22 23 28 19 14 24
oCDD 260 499 521 356 249 253 679 416 368 554 141 233 170
2.3, 7 &TCDF 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 11 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 8 6 7 23 8 19 8 7 7 8 5 33
1,2 3 7 8 9-HxCDF 1 1 1 1 2 1 1 1 1 1 1 1 3
2,3 4.6 7 8HxCDF 4 6 4 3 22 5 11 3 4 3 4 1 24
1 2 3 4,6 7, 8HpCDF 15 19 9 3 50 12 39 9 7 13 14 3 82
1,2 3 47 8 9HpCDF 1 1 1 1 5 1 1 1 1 1 1 9
OCDF 2 1 3 1 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 SD Median Range

2.3, 7. 8TCDD 2 1 2 (ND-6) 2 1 2 (ND-4)
1, 2, 3, 7. 8PeCDD 9 8 (3-32) 9 5 8 (3-34)
1, 2 3 4, 7, $HzCDD 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)
12346 78HCOD 30 24 23 {7-130) 31 37 23 {7-230)
OCDD 35 450 180 {49-2100) 410 570 230  (73-3100)
2, 3. 7. TCDF 1 1 1 (ND-5) 2 1 1 (ND-8)
1. 2, 3, 7. 8PeCDF 2 2 1 (ND-10) 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% (241 6 3 5 (ND-12)
L. 2 3. 6 7 8HxCDF 13 13 g*** (275 6 3 6 {2-15)
1, 2 3. 7. 8 9-HxCDF 1 1 ND (ND-7) 1 0 ND  (ND-ND)
2, 3 4. 6, 7, $HxCDF 10 4¥** (ND-59) 3 2 3 (ND-11)
1.2 3 46 7 8HpCDF 28 M 14 3-170) 6 3 6 {3-16)
1.2 3 4 7 8 9-HpCDF 3 4 ND (ND-21) 1 0 ND  (ND-ND)
OCDF 2 2 ND (ND-10) 1 1 ND (ND-3)
TEQ-PCDD 16 7 14 (5-52) 16 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 dioxin 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 KumaGar', Hajime Opa', Takeo TaBUCHI', Susumu AKASAKA',
Hiroshi Kosaka', Jin YosHmpa', 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-
eral soil. 2) The mean of serum TEQ of PCDDs, that of
PCDFs and that of total PCDDs and PCDFs in the incin-
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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}



